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Long-term mechanical assisted circulation devices
Silvia Moreira Ayub FerreiraI, Paulo Manuel Pêgo-FernandesII

Instituto do Coracao, Hospital das Clinicas HCFMUSP, Faculdade de Medicina, Universidade de Sao Paulo, Sao Paulo, SP, BR

Heart failure syndrome is the final presentation of a series of cardiac diseases. According to the 
Department of Informatics of the Brazilian National Health System (DATASUS), cardiovascu-
lar diseases are the third largest cause of hospitalizations in Brazil and heart failure is the main 
cause of cardiovascular hospital admissions in this country. 

Despite all the advances in treatments for heart failure, a significant proportion of such 
patients evolve to states of refractoriness to clinical treatment. In these situations, it becomes 
necessary to use advanced procedures such as heart transplantation and long-term mechanical 
assisted circulation devices.

Heart transplantation is still the gold-standard treatment for refractory heart failure and the 
mean survival after this procedure is 11 years.1 However, a large proportion of such patients can-
not benefit from this procedure either because of contraindications or because of lack of avail-
ability of organs.

In the light of this scenario, there has been great pressure to develop therapies that provide 
an alternative to transplantation. This has culminated in the introduction of long-term mechan-
ical assisted circulation devices.2 

The beginnings of the development of mechanical assisted circulation devices date back to 
1950, when an extracorporeal circulation machine was first used. In 1964, the National Heart 
and Lung Institute of the United States created an artificial heart program. Twenty years later, in 
the 1980s, tests on the HeartMate XVE implant began. 

HeartMate XVE was the first generation of long-term mechanical assisted circulation devices. 
It propelled the blood flow by means of a pulsatile pump that attempted to mimic the flow in the 
left ventricle. This device was tested in the Randomized Evaluation of Mechanical Assistance for 
the Treatment of Congestive Heart Failure (REMATCH) trial3 and was shown to provide a reduc-
tion of 48% in the risk of death over a one-year period. However, use of this device presented a 
high rate of complications such as thromboembolic events and hemolysis.

In 2007, a study comparing HeartMate XVE and HeartMate II, a second-generation device, 
was published. This new device had a different mechanism, consisting of continuous axial flow. 
Its technology brought in the advantage of being a smaller device that could be used by indi-
viduals of lesser build, with the expectation that it would be possible to use it for a long period, 
given that it only had a single moving part, its rotor.4 

Subsequently, axial flow devices dominated in the field of long-term mechanical assisted cir-
culation, for a long period. Centrifugal flow devices then emerged, which brought in the advan-
tages of miniaturization, intrapericardial placement and a bearing-free rotor, achieved through 
the technologies of electromagnetic or hydrodynamic levitation. These devices reduced hemo-
lysis and adverse events relating to hemocompatibility.5-7

The latest report from the Interagency Registry for Mechanically Assisted Circulatory Support 
(INTERMACS) showed that 77.7% of the long-term devices used in 2019 made use of magnetic 
levitation, thus showing the growth in this technology over recent years.8

Implantation of long-term mechanical assisted circulation devices can be indicated through 
the following strategies: 1 – As a bridge to candidacy: in situations of clinical conditions that pro-
hibit heart transplantation but which if modifiable would allow the patient to become a candi-
date for transplantation (for example: pulmonary hypertension and neoplasias that are potentially 
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curable); 2 – As a bridge to transplantation: in situations in which 
the device might provide hemodynamic support and clinical sta-
bility until the heart transplantation is performed, within a context 
of progressively increasing severity of the patient’s condition and 
unavailability of an organ for transplantation within the short term; 
3 – As destination therapy: in situations in which the device might 
provide hemodynamic support and clinical stability for a patient 
with refractory heart failure who presents contraindications for heart 
transplantation, thus enabling greater survival and better quality 
of life, in comparison with clinical treatment using medications.9 

In Brazil, experience with these devices remains sparse,10 given 
their high cost and the potential growth in the number of heart 
transplantations that has occurred over recent decades.11 These fac-
tors have left Brazil well behind with regard current treatments for 
advanced heart failure. 

Within the worldwide scenario, what we see is that improve-
ments in the technology of long-term mechanical assisted circu-
lation devices and in the expertise of medical teams have conse-
quentially increased the survival of such patients. This has given 
rise to changes in the range of options for treating refractory heart 
failure. Long-term mechanical assisted circulation devices are 
increasing gaining space: not only at the transplantation point but 
also, especially, as destination therapy, which accounted for more 
than 70% of the indications in 2019.8

REFERENCES
1. Khush KK, Cherikh WS, Chambers DC, et al. The International Thoracic 

Organ Transplant Registry of the International Society for Heart and Lung 

Transplantation: Thirty-sixth adult heart transplantation report - 2019; 

focus theme: Donor and recipient size match. J Heart Lung Transplant. 

2019;38(10):1056-66. PMID: 31548031; https://doi.org/10.1016/j.

healun.2019.08.004. Erratum in: J Heart Lung Transplant. 2020;39(1):91.

2. Kirklin JK, Pagani FD, Kormos RL, et al. Eighth annual INTERMACS 

report: Special focus on framing the impact of adverse events. J Heart 

Lung Transplant. 2017t;36(10):1080-6. PMID: 28942782; https://doi.

org/10.1016/j.healun.2017.07.005. 

3. Rose EA, Gelijns AC, Moskowitz AJ, et al. Long-term use of a left 

ventricular assist device for end-stage heart failure. N Engl J Med. 

2001;345(20):1435-43. PMID: 11794191; https://doi.org/10.1056/

NEJMoa012175.

4. Slaughter MS, Rogers JG, Milano CA, et al. Advanced heart failure 

treated with continuous-flow left ventricular assist device. N Engl J 

Med. 2009;361(23):2241-51. PMID: 19920051; https://doi.org/10.1056/

NEJMoa0909938. Erratum in: N Engl J Med. 2018;379(7):697.

5. Mehra MR, Naka Y, Uriel N, et al. A Fully Magnetically Levitated Circulatory 

Pump for Advanced Heart Failure. N Engl J Med. 2017;376(5):440-50. 

PMID: 27959709; https://doi.org/10.1056/NEJMoa1610426.

6. Mehra MR, Goldstein DJ, Uriel N, et al. Two-Year Outcomes with a 

Magnetically Levitated Cardiac Pump in Heart Failure. N Engl J Med. 

2018;378(15):1386-95. PMID: 29526139; https://doi.org/10.1056/

NEJMoa1800866. 

7. Rogers JG, Pagani FD, Tatooles AJ, et al. Intrapericardial Left Ventricular 

Assist Device for Advanced Heart Failure. N Engl J Med. 2017;376(5):451-

60. PMID: 28146651; https://doi.org/10.1056/NEJMoa1602954.

8. Molina EJ, Shah P, Kiernan MS, et al. The Society of Thoracic Surgeons 

Intermacs 2020 Annual Report. Ann Thorac Surg. 2021;111(3):778-92. 

PMID: 33465365; https://doi.org/10.1016/j.athoracsur.2020.12.038. 

9. Ayub-Ferreira SM, Souza JD Neto, Almeida DR, et al. Diretriz de Assistência 

Circulatória Mecânica da Sociedade Brasileira de Cardiologia. Arq 

Bras Cardiol. 2016;107(2 Suppl 2):1-33. PMID: 27627754; https://doi.

org/10.5935/abc.20160128.

10. Rangel BSS, Biselli B, Quintanilha NR, et al. Early reduction of pulmonary 

arterial hypertension in patients using a long-term mechanical 

ventricular assist device: a cross-sectional study. Sao Paulo Med J. 

2022;140(3):505-8. https://doi.org/10.1590/1516-3180.2021.0944.

R2.18032022.

11. Marcondes-Braga FG, Bonatto MG, Andrade CRA, Bacal F. 

Implementationof Heart Transplantation Program to Advanced Heart 

Failure Patients in Brazil. Curr Heart Fail Rep. 2019;16(1):7-11. PMID: 

30712146; https://doi.org/10.1007/s11897-019-0418-z.

© 2022 by Associação Paulista de Medicina  
This is an open access article distributed under the terms of the Creative Commons license.

https://doi.org/10.1016/j.healun.2019.08.004
https://doi.org/10.1016/j.healun.2019.08.004
https://doi.org/10.1016/j.healun.2017.07.005
https://doi.org/10.1016/j.healun.2017.07.005
https://doi.org/10.1056/NEJMoa012175
https://doi.org/10.1056/NEJMoa012175
https://doi.org/10.1056/NEJMoa0909938
https://doi.org/10.1056/NEJMoa0909938
https://doi.org/10.1056/NEJMoa1610426
https://doi.org/10.1056/NEJMoa1800866
https://doi.org/10.1056/NEJMoa1800866
https://doi.org/10.1056/NEJMoa1602954
https://doi.org/10.1016/j.athoracsur.2020.12.038
https://doi.org/10.5935/abc.20160128
https://doi.org/10.5935/abc.20160128
https://doi.org/10.1590/1516-3180.2021.0944.R2.18032022
https://doi.org/10.1590/1516-3180.2021.0944.R2.18032022
https://doi.org/10.1007/s11897-019-0418-z


Sao Paulo Med J. 2022; 140(3):331-40     331

ORIGINAL ARTICLEhttps://doi.org/10.1590/1516-3180.2021.0541.23072021 

Brazilians’ level of knowledge, attitudes and practices 
towards COVID-19: a cross-sectional study
Rodrigo Galvão Bueno GardonaI, José Vitor da SilvaII, Gisele ArrudaIII, Silvana DaminIV, Edson AbdalaV,  
Christiana Almeida Salvador LimaVI, Leonardo de Souza VasconcellosVII, Wladimir QueirozVIII, Alini Cristini ZandonáiIX,  
Ailla Mazon DanielskX, Ana Carolina Villar de SenaXI, Álvaro Cesar CattaniXII, Amanda BringhenttiXIII, Angélica DenardiXIV,  
Ana Lígia Scotti AléricoXV, Gabriella FergutzXVI, Izabela de Oliveira RibasXVII, Laura Maria Voss SpricigoXVIII, Lara GandolfoXIX, 
Liamara CorreaXX, Jardel Cristiano BordignonXXI, Juliana Girotto de OliveiraXXII, Michel Pandolfo StefanelXXIII,  
Beatriz Castro ReisXXIV, Vilson Geraldo de CamposXXV, Danilo OrtigosoXXVI, Gerusa Maria FigueiredoXXVII

Centro Universitário de Pato Branco (UNIDEP), Pato Branco (PR), Brazil

INTRODUCTION
Through the etiological agent severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
coronavirus disease 2019 (COVID-19) has become responsible for causing respiratory1,2 and 
systemic3 disorders among many thousands of people around the world, including severe 
expressions. These conditions are related to individuals’ intense and disordered multisystemic 
inflammatory response to the disease.1,2

COVID-19 has already infected more than 178,927,817 people and has led to the death of at 
least 3,875,915 people worldwide. In South America, about 500,000 people have lost their lives 
to this disease in Brazil alone. In the first half of 2021, Brazil was experiencing its worst time 
regarding the numbers of cases/deaths since the beginning of the pandemic.4

Therefore, despite the advances in vaccines against SARS-CoV-2, the classic methods of 
non-pharmacological prevention and control, such as proper hand hygiene with alcohol gel and 
use of masks, need to be continued and encouraged,5 along with social distancing, especially for 
high-risk groups.6 Studies have confirmed that the speed with which new cases of COVID-19 
occur reduces as social isolation increases.7

It is likely that adherence to non-pharmacological prevention measures and the success or 
failure of such actions are closely influenced by the population’s awareness of the subject,8 which 
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ABSTRACT
BACKGROUND: Brazil is facing increasing cycles of numbers of infected people and deaths resulting from 
coronavirus disease 2019 (COVID-19). This situation involves a series of factors, including the behavior of 
the population, that can be decisive for controlling the disease.
OBJECTIVE: To determine the knowledge, attitudes and practices of the Brazilian population regarding 
COVID-19.
DESIGN AND SETTING: Cross-sectional survey-type study, conducted using a population sample from 
different Brazilian states.
METHODS: A quantitative, descriptive and analytical approach was used. Sampling was done according 
to convenience and via snowballing. The data collection instrument was a knowledge, attitudes and prac-
tices system. 
RESULTS: 1,655 people from all over Brazil participated in the survey; 80% were living in the southern 
region and 70.15% were female. More than 90% had knowledge and good attitudes relating to the means 
of transmission, preventive care and symptoms associated with COVID-19, although their knowledge and 
attitudes were not fully reflected in daily practices, for which there was lower adherence (80%). Great-
er knowledge was correlated with older participants, larger number of children, female sex and marital 
status; better attitude, with female sex and complete higher education; and better practices, with greater 
age, larger number of children and female sex.
CONCLUSION: A large part of the population has general knowledge about COVID-19, but not all knowl-
edge was applied in practice. Older people, females and university graduates stood out as the best in-
formed and most committed to controlling the disease.
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is endorsed by the theory of knowledge, attitudes and practices. 
This theory, which was first put forward in the 1960s, assumes that 
suitable health-related behavior is divided into three continual pro-
cesses, “the acquisition of knowledge, the generation of attitudes and 
the change in behavior itself ”.9 From this perspective, knowledge 
is the determining factor for a change in behavior, while beliefs 
and attitudes are the “driving force” of this change.9,10 This theory 
builds on the foundations of another concept that was created in 
1950, “the health belief model”, which argues that belief is essential 
for people to adopt healthy behavior, based on preventive pillars.11

Through the media and official health agencies, information 
about COVID-19 has been intensively disseminated. However, given 
the continuing debate and scientific advances relating to preven-
tive care, diagnostic criteria and treatment, this knowledge does 
not remain static.12 Nonetheless, it needs to be asked whether there 
is any process of acquisition of knowledge and adherence to atti-
tudes/practices regarding preventive measures against COVID-19 
among people in Brazil.

Understanding these attitudes, or lack of them, during the pan-
demic can show up any bottlenecks that may exist and the reasons 
for failure, in situations relating to the great present challenge of 
ensuring the safety and effective protection of the population.13 

OBJECTIVE
Thus, the aim of this study was to assess the level of knowledge, atti-
tudes and practices of the Brazilian population towards COVID-19, 
in relation to its sociodemographic characteristics, through using a 
method for ascertaining knowledge, attitudes and practices.

METHODS
The present study received prior approval from the National 
Research Ethics Committee (Comissão Nacional de Ética em 
Pesquisa, CONEP) on April 3, 2020, under the number 3.982.636, 
as provided for in Resolution 466/2012 of the National Health 
Council. The research that was developed was of survey type, 
with a quantitative descriptive-analytical approach. The sampling 
used was obtained according to convenience and through snow-
balling, given the possible ignorance of the study participants. 
This method enabled identification and integration of the sample 
through third-party references.14

We spread word of this study among our existing con-
tacts through the instant messaging application WhatsApp. 
Participants thus recruited were asked to send invitations ran-
domly to their telephone contacts, to try to also enroll them as 
participants in this research. We aimed to reach the largest num-
ber of people and different audiences possible, and to enable par-
ticipation and responses from all Brazilian states. 

The messages sent out provided a link to access an electronic form 
that we developed on Google Forms. This containing the informed 

consent statement, guidelines for resolution, and study questions to 
be answered by people aged 18 years and over. For people who agreed 
to participate in the study, but who because of limitations indicated 
that they were unable to provide responses through the form (this 
was especially the case among elderly participants), the form was 
applied via telephone, in accordance with the ethical guidance of 
Resolution No. 510/2016 of the National Health Council.15

Data collection took place from July to December 2020. 
The sample size was calculated using a scale based on the items/
subject ratio and at least five participants per item, as proposed by 
Pasquali.16 In this study, approximately 71 participants were used 
per item, with the highest possible number of members. This was a 
decisive factor with regard to the internal consistency of the scale.16

Individuals from 23 Brazilian states took part in the study. 
The only states from which there were no responses were Roraima, 
Amapá and Amazonas. Participants answered a questionnaire con-
taining 23 questions with three choices: a) true; b) false; and c) I don’t 
know. These questions sought to recognize clinical and epidemiolog-
ical knowledge;15 attitudes and practices in relation to COVID-19;17 
and sociodemographic characteristics (age, sex, marital status, educa-
tion, state of origin, profession and children).18 This was adapted from 
a previously published knowledge, attitudes and practices system.9 

The questions in this instrument addressed information and 
concepts set forth by the World Health Organization,18 regarding 
etiological agents, transmission routes, protection routes, signs 
and symptoms, the most vulnerable populations, care and related 
beliefs. The instrument was built for use in a general population in 
which people might be unfamiliar with the subject. Therefore, eas-
ily understood questions were recommended: these were evaluated 
from the semantic, conceptual and cultural points of view by three 
consultants, who were specialists in the field of infectious diseases 
and in the methodology of this study.

The responses to all the questions were organized to enable asso-
ciation analysis and were counted in a scoring system. Each item 
in the knowledge, attitudes and practices system consisted of a 
statement with three alternatives: a) true; b) false; and c) I don’t 
know. The alternatives “false” and “I don’t know” were subsequently 
condensed into a single “false” alternative19 because of the small 
number of statements of the type “I don’t know”.

The assertions were graded as correct or incorrect, and scores 
were calculated from the sum of these responses. Continuous/
numerical variables were then subjected to descriptive analysis 
(mean, median and standard deviation); and categorical/qualitative 
variables were subjected to absolute and relative frequency analysis.

Regarding the scores per domain, the maximum score for knowl-
edge was 13, while for practices and attitudes it was five points. Initially, 
the data were subjected to a normality test (Kolmogorov-Smirnov). 
Because the data were found not to adhere to normal distribution, 
nonparametric tests were used for quantitative numerical correlations 
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(age and number of children) and Spearman’s correlation coefficient 
was calculated. For comparative analysis on nominal qualitative vari-
ables, the Mann-Whitney test was used for sex and the Kruskal-Wallis 
test with Tukey’s multiple comparisons was used for marital status and 
educational level. Variables for which the correlations were significant 
(P < 0.05) were integrated with the multiple regression analysis for 
each score, which was performed by using the stepwise method, in the 
SPSS for Windows software, version 19.0.0 (SPSS, São Paulo, Brazil). 

RESULTS
One thousand six hundred and fifty-five people participated in the 
survey, of whom 1,161 (70.15%) were women, and 494 (29.84%) 

Table 1. Sociodemographic characteristics of the study participants
Variables Frequency (n) %

Sex
Female 1161 70.15
Male 494 29.85

Age (years)

18-37 947 57.22
38-57 553 33.41
58-77 148 8.94
78-92 7 0.42

Marital status

Single 754 45.53
Married/stable union 804 48.55
Widowed 16 0.97
Divorced 81 4.89

Children
Yes 808 48.79
No 847 51.15

Schooling

Incomplete elementary school 22 1.33
Complete elementary school 18 1.09
Incomplete high school 15 0.91
Complete high school 224 13.53
Incomplete higher education 471 28.44
Complete higher education 905 54.65

Home state

Acre 2 0.12
Alagoas 1 0.06
Bahia 15 0.90
Ceará 4 0.24
Distrito Federal 2 0.12
Espírito Santo 5 0.30
Goiás 3 0.18
Maranhão 5 0.30
Mato Grosso 23 1.38
Mato Grosso do Sul 16 0.96
Minas Gerais 48 2.90
Pará 4 0.24
Paraíba 1 0.06
Paraná 1041 62.90
Pernambuco 7 0.42
Piauí 4 0.24
Rio de Janeiro 44 2.65
Rio Grande do Norte 5 0.30
Rio Grande do Sul 124 7.49
Rondônia 9 0.54
Santa Catarina 169 10.20
São Paulo 121 7.31
Sergipe 1 0.06
Did not answer 1 0.06

Continue...

were men. The participants were aged between 18 and 92, with 
an average age of 35 (SD 14.55). Regarding marital status, 804 
(48.55%) of the participants reported being married or in a stable 
relationship, and 754 (45.53%) were single. Approximately 50% 
had children. The predominant level of education among the par-
ticipants was complete higher education (54.65%), followed by 
incomplete higher education (28.44%). The majority had some 
form of occupation at the time when they answered the question-
naire. Among the participants, 650 (39.27%) said that they had 
a job in companies, 226 (13.65%) worked in   education and 189 
(11.41%) were students. The other 590 individuals (35.67%) were 
distributed in other less frequent functions (Table 1). 
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Table 1. Continuation
Variables Frequency (n) %

Profession/Occupation

Company employee 650 39.27
Educational institution employee 226 13.65
Distribution company employee 91 5.49
Financial services company employee 35 2.11
Student 189 11.41
Retiree 74 4.47
Unemployed 22 1.32
Domestic employee 43 2.59
Communication service employee 34 2.05
Construction company employee 17 1.02
Environmental services company employee 4 0.24
Healthcare institution employee 45 2.71
Tourist services employee 12 0.72
Entertainment company employee 18 1.08
Transportation company employee 6 0.36
Other types of employment 59 3.56
Did not answer 130 7.85

Among the interviewees, 1,334 (80%) were from the southern 
region, 218 (13.18%) from the southeast, 44 (2.66%) from the cen-
ter-west, 43 (2.59%) from the north and 15 (0.90%) from the north-
east. The participation of 1,041 individuals (62.90%) living in the 
state of Paraná can be highlighted: this was the state in which the 
distribution of the questionnaire began (Table 1).

In the system for evaluating the knowledge, attitudes and 
practices of the participants in relation to COVID-19, the high-
est score (percentage of correct answers) was in the knowledge 
domain (94.84%), followed by the score in the attitudes domain 
(92.20%). The lowest performance, i.e. the lowest number of cor-
rect responses from the participants (80.00%), was in relation to 
the questions in the practical domain (Table 2).

In the knowledge domain, about 98% of the participants showed 
that they knew that “COVID-19 has droplet transmission”, that 
“the flu vaccine does not prevent COVID-19”, that “they should 
avoid crowded places” and that “social isolation is effective for 
prevention of COVID-19.” Moreover, about 88% recognized that 
“younger people, elderly people and immunosuppressed children 
form a group that is more vulnerable to the disease”. When asked 
about preventive care, such as “rubbing one’s hands together for 
20 seconds” during “hand washing with soap and water, and use 
of alcohol gel”, the average percentage of correct responses (knowl-
edge among the participants) also decreased to 96.60% and 90.40%, 
respectively (Table 2).

It was found that 98.50% of the participants were aware that 
they “should seek the healthcare service in the event of fever and 
respiratory distress”, but on the contrary, almost 10% of them did not 
recognize that “COVID-19 can cause respiratory problems”, and 
another 15% did not recognize that “fever and cough are common in 
COVID-19”. In addition, almost half of the participants (46%) were 

unaware that symptoms such as “runny nose and sneezing are less 
common” among individuals infected with this disease (Table 2).

Regarding attitudes, approximately 6% of the study partic-
ipants did not “believe in the effectiveness of the World Health 
Organization and Ministry of Health recommendations” and did 
not “follow them”. For some of them (3.02%), this was because they 
considered that “social isolation does not decrease contamination”; 
while for others (6.65%), this was because they did not believe in 
“the severity of the disease.” However, a higher percentage of par-
ticipants (20%) considered that “the pandemic is non-transitory”, 
and 3.08% showed concern about the disease, through the belief 
that, directly or indirectly, “it is reflected in damage to health and 
employment” (Table 2).

Regarding the domain of the participants’ practices, almost 
50% reported “having normally frequented public places”, even 
though 15.17% of them were “living with people in the high-risk 
group”. Although a large part of the population continued to attend 
public places, the majority (96.68%) claimed to carry out “hand 
washing” and “social distancing” in public places and had started 
to “greet people with gestures” (93.66%). However, in their rou-
tine, “sanitizing your belongings and objects” was not a practice 
for 26.40% of the participants.

Correlations between sociodemographic variables and the 
knowledge, attitudes and practices system showed differences with 
regard to knowledge, attitudes and practices (Tables 3, 4 and 5).

The variables of age, number of children, sex, marital sta-
tus and education were correlated with the knowledge domain 
(P = 0.001). Greater age, larger number of children and longer 
education correlated with greater knowledge. Females and mar-
ried people had higher scores for this domain than males and 
single people (Table 3).
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Table 2. Frequency of correct responses, overall mean and percentage mean (%) of statements relating to the knowledge, attitudes and 
practices of the study participants towards coronavirus disease 2019 (COVID-19)

Statements relating to the knowledge domain
Frequency of correct responses

(n = 1,655)
01. Does COVID-19 cause respiratory problems? 1,507 (91.06%)
02. Are fever and coughing common? 1,400 (84.59%)
03. Are a runny nose and sneezing less common? 894 (54.02%)
04. Is it true that not everyone infected will progress to serious complications? 1,586 (95.83%)
05. Are younger people, elderly people and immunosuppressed children more vulnerable? 1,447 (87.43%)
06. Does transmission occur by means of droplets? 1,618 (97.76%)
07. Is social isolation effective for disease prevention? 1,625 (98.19%)
08. Should I avoid crowded places? 1,630 (98.49%)
09. Doesn’t the flu vaccine prevent COVID 19? 1,608 (97.16%)
10. Should people with flu symptoms undergo isolation? 1,513 (91.42%)
11. Should I seek a healthcare service if I have fever and respiratory distress? 1,631 (98.55%)
12. Can I use soap and water instead of alcohol gel (community level)? 1,497 (90.45%)
13. Should I wash my hands with soap and water for 20 seconds (rubbing my hands together)? 1,583 (96.65%)
Overall mean number of correct responses 11.81 ± 1.18 (94.84%)

Statements relating to the attitudes domain
Frequency of correct responses

(n = 1,655)
01. WHO and Ministry of Health recommendations are effective. 1,555 (93.96%)
02. Social isolation reduces contamination. 1,605 (96.98%)
03. I don’t follow the guidelines because I believe the disease is not that serious. 1,545 (93.35%)
04. I am concerned about the damage caused by the disease (health, unemployment and other matters). 1,604 (96.92%)
05. I believe the pandemic is temporary, despite the difficulties. 1,318 (79.64%)
Overall mean number of correct responses 4.61 ± 0.67 (92.20%)

Statements relating to the practices domain
Frequency of correct responses

(n = 1,655)
01. I’ve been in public places in the last few days. 800 (48.34%)
02. I go to public places even when living with a high-risk group. 251 (15.17%)
03. I carry out hand washing and social distancing. 1,600 (96.68%)
04. I carry out cleaning of belongings and objects. 1,218 (73.60%)
05. I greet people with gestures. 1,550 (93.66%)
Overall mean number of correct responses 4.00 ± 0.97 (80.00%)

Table 3. Average knowledge score versus demographic variables (age, number of children, sex, marital status and educational level of 
the participants)
Variables Knowledge score

Age
Correlation coefficient (P) Total (n)

0.173 < 0.001 1,655

Number of children
Correlation coefficient (P) Total

0.156 < 0.001 1,655
Sex Median (mean ± SD) (P) Total (n)

Male 12.00 (11.59 ± 1.25) 494
Female 12.00 (11.90 ± 1.14) < 0.001 1,161

Marital status Median (mean ± SD) (P) Total (n)
Single 12.00 (11.62 ± 1.18) 754
Married 12.00 (11.98 ± 1.13) < 0.001 670
Widowed 12.00 (12.31 ± 0.60) 16
Divorced 12.00 (11.80 ± 1.54) 81
Stable union 12.00 (11.91 ± 1.04) 134

Educational level Median (mean ± SD) (P) Total (n)
Incomplete elementary school (1) 11.00 (12.00 ± 2.45) 1 < 6 22
Complete elementary school (2) 11.67 (12.00 ± 1.24) 18
Incomplete high school (3) 11.53 (12.00 ± 1.64) 15
Complete high school (4) 11.66 (12.00 ± 1.40) 4 < 6 224
Incomplete higher education (5)  11.63 (12.00 ± 1.16) 5 < 6 471
Complete higher education (6) 11.96 (12.00 ± 1.05) < 0.001 905

Note: To correlate knowledge, sex and marital status, the Mann-Whitney and Kruskal-Wallis tests were used, respectively. SD = standard deviation.
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Table 4. Average score for attitudes versus demographic variables (sex 
and educational level of the participants)

Variables Attitude score

Sex Median (mean ± SD) (P) Total (n)

Male 5.00 (4.54 ± 0.75) 494

Female 5.00 (4.64 ± 0.63) 0.034 1,161

Educational level Median (mean ± SD) (P) Total (n)

Incomplete elementary school 4.00 (4.00 ± 1.23) 22

Complete elementary school 5.00 (4.44 ± 0.70) 18

Incomplete high school 4.00 (4.07 ± 0.70) 15

Complete high school 5.00 (4.56 ± 0.73) 224

Incomplete higher education  5.00 (4.57 ± 0.70) 471

Complete higher education 5.00 (4.67 ± 0.61) 0.038 905

Note: For multiple comparison of attitudes versus the educational level variable, 
Tukey’s multiple comparison test was used. SD = standard deviation.

Table 5. Average score for practices versus demographic variables 
(age, number of children and sex of the participants)
Variable Practices score

Age
Correlation coefficient (P) Total (n)

0.061 0.014 1,655

Number of children
Correlation coefficient (P) Total (n)

0.054 0.028 1,655
Sex Median (mean ± SD) (P) Total (n)

Male 4.00 (3.77 ± 1.01) 494
Female 4.00 (4.09 ± 0.93) < 0.001 1,161

Note: To correlate practices with the variable of sex, the Mann-Whitney test was 
used. 
SD = standard deviation.

Table 6. Multiple regression analysis: knowledge, attitudes and practices in the study population
Knowledge, attitudes and 
practices system

Non-standardized coefficients Standardized coefficients
Beta Standard error Beta t Sig*

Knowledge

Constant 0.074 156.673 0.000
Complete higher education 0.233 0.062 0.098 3.784 0.000
Female 0.302 0.062 0.117 4.868 0.000
Single -0.256 0.061 -0.108 -4.183 0.000
Incomplete elementary school -0.731 0.250 -0.071 -2.922 0.004

Attitudes

Constant 4.539 0.024 185.822 0.000
Complete higher education 0.128 0.033 0.095 3.864 0.000
Constant 4.468 0.035 127.459 0.000
Complete higher education 0.128 0.033 0.095 3.878 0.000
Female 0.100 0.036 0.068 2.792 0.005

Practices

Constant 3.385 0.030 113.540 0.000
Single -0.242 0.044 -0.133 -5.476 0.000
Constant 3.347 0.033 102.262 0.000
Single -0.246 0.044 -0.136 -5.580 0.000
Female 0.134 0.048 0.068 2.787 0.005

*Sig = significant.

Regarding the attitudes domain, it was noted that females had 
higher scores (P = 0.034). There was also an association between 
education and the attitudes of the participants. The categories of 
complete high school and incomplete higher education did not 
differ from each other; however, they presented a lower score than 
complete higher education (Table 4).

Regarding practices, there was a correlation between age 
and the number of children of the participants. Older age and a 
larger number of children increased adherence to correct prac-
tices (P = 0.014 for age; and P = 0.028 for the number of children). 
As in the other domains, females also had a high mean score than 
males (P = 0.001) (Table 5).

Univariate analyses in the multiple regression model also 
showed differences within the knowledge, attitudes and practices 
system in relation to demographic variables (Table 6). Females 
and individuals with higher education had a better relationship 
with the knowledge domain (Beta = 0.302 for sex; and Beta = 0.233 
for education) and also with the attitudes domain (Beta = 0.100 
for sex; and Beta = 0.128 for education). Furthermore, female sex 
also had a greater association with practice scores (Beta = 0.134).

DISCUSSION
The overall results from this study revealed issues relating to 
knowledge, attitudes and practices regarding COVID-19 in 
Brazil. These have been undergoing extensive discussion and con-
tinual updating through the media, government bodies and the 
scientific community since the beginning of the pandemic.

Importantly, the method for evaluating knowledge, attitudes 
and practices has been adapted, built and used in other studies in 
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different countries, depending on the cultural context and local 
reality.8,20,21 As shown in Table 1, most of the population assessed 
had completed higher education (54.65%), similar to what was 
shown in other studies.20,21,22

The high scores observed for the knowledge domain gener-
ally demonstrated that the Brazilian population has knowledge 
about COVID-19, especially regarding the means of transmission 
of SARS-CoV-2 and the care required for avoiding this (96%).

Knowledge about COVID-19 in different parts of the world is 
quite high, but it varies depending on the region.23 Surveys from 
two countries on different continents illustrate the differences 
in subjects’ levels of knowledge: the levels ranged from 62% in 
Paraguay20 to 90% in China.21 The latter percentage was similar to 
what was found in the present study (94.84%) (Table 2).

The level of knowledge among participants in the present sur-
vey showed a relationship with their level of education. Individuals 
who had completed higher education had higher knowledge scores 
than those with incomplete elementary school, complete high 
school and incomplete higher education (Table 3).

On the other hand, in Nepal, for example, where 45.50% of 
the people had not had higher education, the average knowledge 
score was 60.00%.24 

Regarding preventive measures, which were evaluated in rela-
tion to part of the population (10.00%), this knowledge was found 
to be limited. For example, there is misinformation about the use 
of soap and water as an efficient alternative to use of alcohol gel 
for hand hygiene, or in the case of absence of alcohol gel. Similarly, 
in India, the majority of “educated” people and healthcare profes-
sionals were aware of how infection occurs and what the preven-
tive measures are. Even so, about 57.00% of the people did not 
recognize the disease as highly contagious, and almost 10.00% did 
not realize the importance of hand hygiene and social isolation.25

Along the same lines, a study carried out in the United States 
showed that the participants had good knowledge about the forms 
of transmission and symptoms. However, these individuals also 
showed some misconceptions: for example only 37.80% believed 
that use of an ordinary surgical mask was highly effective for pre-
venting from COVID-19, and 25.60% thought that it was wise to 
avoid Chinese restaurants.26 In Pakistan, 54.70% of the subjects 
reported not knowing that physical contact was the main means 
for spreading the infection.27 Contrary to this, in the present study, 
97.76% of the participants knew that droplets are the main means 
of infection transmission.

Appropriation of knowledge relating to preventive care and 
its updates among the entire population has become essential for 
controlling COVID-19. Understanding of simple measures that 
can be applied to indoor environments in situations of limited 
resources, which is the reality for many Brazilian households, 
can be highlighted.

Regarding symptoms, 45.98% of the participants in the pres-
ent study mistakenly said that a runny nose and sneezing were 
common in COVID-19 (Table 3). However, these do not corre-
spond to the classic signs and symptoms of the disease,28 which 
are mainly fever (around 90%), dry cough (67.7%-86%), fatigue 
(38.1%) and dyspnea (18.6%-80%).18 In the Philippines, a con-
siderable proportion (89.5%) of the sample was able to point out 
coughing and sneezing as transmission routes.23

In Brazil, 15% of the participants did not correlate some of 
these symptoms with COVID-19. However, recognition of typical 
signs and symptoms of the disease and the degree of concern that 
these represent, given the clinical condition manifested, directs 
possibly infected people to seek medical and/or hospital care at 
the proper time.

Regarding attitudes, the mean score identified in this study was 
high, thus confirming the findings from recent studies conducted 
elsewhere.23 In this regard, although 20% of the participants noticed 
that the COVID-19 pandemic was not a temporary phenomenon, 
7% still refused to accept and/or follow instructions from official 
bodies such as the World Health Organization and the Ministry 
of Health (mask use, hand-cleaning with 70% alcohol or soap and 
water, avoidance of personal contact and avoidance of situations 
of crowding, among others).17

We observed that attitudes were not necessarily reflected in 
practice, considering that 26% of the participants reported that 
they did not clean their belongings and objects, 50% continued 
to go to public places and 15% were living with high-risk people. 
Thus, although people may believe the recommendations of official 
bodies for controlling the COVID-19 pandemic, in practice these 
recommendations are not put into effect. A large part of the pop-
ulation continues to have contact with many people in their daily 
routine, perhaps because of work needs or the mistaken feeling 
that only people with comorbidities (whether respiratory, cardiac 
or multifactorial) are likely to have a worsened prognosis when 
affected by COVID-19.29 However, the real reason why people were 
going to public places was not investigated, which thus generates a 
limitation to our study. Nonetheless, it can be assumed that peo-
ple were doing this in relation to work needs, as shown in a study 
carried out in Pakistan, where 59.3% of the subjects continued to 
attend mosques to pray, amid the pandemic.27

From correlations and multiple regression analyses, females stood 
out as having the highest scores in all domains, like in other recent 
studies that observed higher mean scores for knowledge among 
women.20,22,30 Different studies on infectious diseases have also show 
that females had greater knowledge of the subject than males.31,32

With increasing age and larger numbers of children, higher 
knowledge scores were observed among our Brazilian popula-
tion. This was put into practice by this population, in combating 
the COVID-19 pandemic. These results corroborate the findings 
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of most previous studies that investigated these socioeconomic 
characteristics.20,22,23,33,34 On the other hand, in a study carried out 
in central Nepal, younger people showed more substantial knowl-
edge, according to the authors.24

People with higher education or who were undergoing train-
ing tended to have scattered knowledge, as demonstrated by the 
present study. There were correlations with the level of education, 
both for knowledge (Table 3) and for attitudes (Table 4). This was 
confirmed through regression analyses (Table 6), such that people 
with higher education had more adequate knowledge and attitudes 
towards COVID-19. Lower levels of education can be considered 
to be a risk factor for the spread of viral infectious diseases and 
for disease progression to death.35

It is important to highlight that the average score for practices 
was lower (80.00%) than the scores for knowledge and attitudes 
(94.84 and 92.20%). In the light of this difference, it can be inferred 
that knowledge alone does not guarantee good practices, or their 
maintenance. As the pandemic advances, non-compliance with 
non-pharmacological practices to protect against SARS-CoV-2 
infection may become more common.

It is worth remembering that the data in this study were col-
lected in 2020, at a time when respondents were mostly aligned 
with preventive practices. However, it can be seen in everyday 
life that many of the measures that were adopted in the middle 
of the pandemic are not implemented with the same rigor today. 
Thus, within the Brazilian scenario of restrictions, psychological 
disturbances (stress and depression)1,36 and narrative wars between 
the various levels of government, the politicization of informa-
tion may have affected not only knowledge, but also especially the 
beliefs of people in this country. These beliefs are reflected in their 
attitudes and practices, as described in the published knowledge, 
attitudes and practices system.9,10 In addition, progressive weaken-
ing of preventive practices may already be a reality in 2021. This 
is very worrying and is one of the factors responsible for the suc-
cessive waves of COVID-19.

Furthermore, limitations of the study relating to sample selec-
tion may have generated some sampling bias, given that the sam-
ple was concentrated in the southern region of the country and 
among people with higher education levels. Thus, based on this 
initiative, future applications of the knowledge, attitudes and prac-
tices system are suggested, in order to understand the population, 
considering the changes that are occurring with regard to the 
COVID-19 pandemic.

CONCLUSION
Through using this knowledge, attitudes and practices system, it 
was found in this Brazilian population that there was a high level 
of knowledge about COVID-19. However, there was less com-
mitment to practical application of this knowledge.

Furthermore, some well-informed and active social groups, 
like older women with children and individuals with higher edu-
cation levels were noted. These groups showed greater implemen-
tation of actions to combat COVID-19. This is an important find-
ing that should be directed towards COVID-19 coping actions for 
less active groups.
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A 120-second stretch improves postural control and 
plantar pressure: quasi-experimental study
Eva María Martínez-JiménezI, Marta Elena Losa-IglesiasII, Sara González-MartínIII, Daniel López-LópezIV, Andrea Roca-DolsV, 
David Rodriguez-SanzVI*, Ricardo Becerro-de-Bengoa-VallejoVII, César Calvo-LoboVIII

Facultad de Enfermería, Fisioterapia y Podología, Universidad Complutense de Madrid, Madrid, Spain

INTRODUCTION
Maintaining balance while standing requires constant regulation because the human body is 
unstable in a static standing position. Balance is regulated through constant adjustment of the 
ankle torque. This adjustment results from a combination of peripheral reflexes, intrinsic prop-
erties of the ankle tissues and regulation from the peripheral and central nervous systems.1 

It has been recognized that physical performance and the risk of injury can be conditioned 
through exercises done prior to physical work.1 Among these exercises, stretching should be 
done 15 minutes before the start of the activity in order to benefit from its effects; in fact, just 15 
minutes before is when the greatest benefit occurs.1 Stretching of the ankle flexor muscles can 
help to improve muscle functionality in different pathological conditions of the foot and ankle.2-7

In healthy people, continuous stretching for 30, 60 and 120 seconds was found to improve 
the range of motion immediately afterwards.8 It also lowered gastrocnemius muscle oxygenation 
levels,9 and decreased sports performance when the duration of stretching was 120 seconds or 
more,8 because post-stretch torque loss is associated with decreased central drive.10

Lower-extremity muscle strength has proven to be a determining factor in maintaining opti-
mal balance. Low levels of muscle strength have been linked to loss of balance among elderly 
people.8 Continuous prolonged stretching over time produces a decrease in strength after 60 
seconds of duration.10

Measurement of the movement of the center of pressure (COP) while the subject is standing 
is one of the usual measurements that have been used in different studies to check postural bal-
ance, as it has proven to be reliable.12 Within neuromuscular management of the pressure center 
to regulate balance, the plantar flexor muscles are of decisive importance.13 They are capable of 
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ABSTRACT
BACKGROUND: There are no studies on long-term bilateral calf stretching in relation to balance and plan-
tar pressure.
OBJECTIVES: To demonstrate that there is better control of posture and pressures after continuous 
stretching of the posterior calf muscles. 
DESIGN AND SETTING: Pre and post-intervention study conducted in a private clinic. 
METHODS: We measured static footprints and stabilometry before and after continuous passive plantar 
flexor stretching of duration 120 seconds, among 24 healthy subjects. 
RESULTS: We found differences in Y displacement with eyes closed (P = 0.010), but not among other vari-
ables with eyes closed: X displacement (P = 0.263); surface (P = 0.940); laterolateral speed displacement (P 
= 0.279); and anteroposterior speed displacement (P = 0.914). There were also no differences in eyes-open 
variables: X displacement (P = 0.341); Y displacement (P = 0.491); surface (P = 0.167); laterolateral speed 
displacement (P = 0.852); and anteroposterior speed displacement (P = 0.079). The plantar pressures in the 
heel (maximum pressure, P = 0.048; mean pressure, P = 0.001) and in the midfoot (maximum pressure, P 
= 0.004; mean pressure, P = 0.004) were reduced, but not in the forefoot (maximum pressure, P = 0.391; 
mean pressure, P = 0.225). The surface became larger in the forefoot (P = 0.000) and midfoot (P = 0.021).
CONCLUSIONS: Continuous static stretching of plantar flexors for 120 seconds improved stance balance 
and reduced plantar pressures (maximum and mean) in the rearfoot and midfoot. It also increased the 
surface in the midfoot and forefoot.
TRIAL REGISTRATION: at clinicaltrials.gov, under the number NTC03743168.
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adjusting the anteroposterior movement of the COP, which com-
bined with the action of the invertor and evertor muscles (which 
control the lateral deviation of the COP) are responsible for adjust-
ment of the COP through movement of the ankle.14

A few studies in the literature have examined the effects of 
stretching exercises on balance capacity.15-19 Behm et al.15 found 
that static stretching exercises had a negative effect on balance. 
Lima et al.15 studied the acute effects of unilateral static stretching 
of the ankle plantar flexor on the COP during a single-leg balance 
task and found that it had a negative effect.15 Costa et al.17 exam-
ined the effects of static stretching exercises on dynamic balance 
capacity. They determined that a static stretching exercise for 15 
seconds could have positive effects on balance capacity. 

We did not find any correlation between balance while stand-
ing and bilateral continuous calf stretching, from reviewing the 
literature. Therefore, our hypothesis is that there is better stabil-
ity when short continuous static stretching is performed, due to 
reduction of muscle stiffness. 

OBJECTIVE
The aim of our study was to demonstrate that there is better con-
trol of posture after continuous stretching of the posterior calf 
muscles for more than 120 seconds because there is less torque 
and stiffness but more range of motion.

METHODS

Subjects
We recruited 24 healthy subjects, comprising 21 females and 
three males. The sociodemographic characteristics of the sam-
ple population are shown in Table 1. The sample size was calcu-
lated by means of the G*Power software (Düsseldorf University, 
Düsseldorf, Germany). 

We aimed to test for differences in the center of pressure, in the 
same was as done in a previous study in which the acute effects of 
unilateral static stretching of the ankle plantar flexor on the COP 
during a single-leg balance task were investigated. In that study, 
it was found that the COP area in the anteroposterior direction 

improved in the stretched limb from before stretching to immedi-
ately after stretching, from 1.06 ± 0.24 to 0.87 ± 0.16 (P = 0.015).15 

To achieve this with statistical 95% confidence, an 80% sta-
tistical power analysis (α = 0.05; β = 20%) and two-tailed tests, 
a total of 18 participants was found to be required. The subjects 
were recruited for a month, from October 1, 2018, to October 31, 
2018. No subjects were lost over the study period.

The eligibility criteria for the subjects were that they needed 
to be healthy untrained individuals15 who had not engaged in 
flexibility training for at least six months before the study and 
refrained from such training during the data collection period. 
The subjects needed to refrain from vigorous exercise and alcohol 
consumption for 24 hours and from stimulant use (e.g. caffeine) 
for six hours before testing.10 They also needed to have not had 
any previous surgery on the lower extremities; have no history of 
injury with residual symptoms in the lower extremities within the 
last year; have no evidence of a leg-length discrepancy (difference 
in distance from the anterior superior iliac spine to the superior 
surface of the most prominent aspect of the medial malleolus) of 
more than 1 cm; have at least 15 degrees of ankle dorsiflexion;20 
and have no evidence of balance deficits, as determined through 
oral questioning regarding falls15 and through using the Balance 
Evaluation Systems Test (BESTest).21 

The demographic data of the study participants were as fol-
lows: 32.2 ± 8.0 years old; 166.20 ± 8.43 cm height; and 62.77 ± 
9.52 kg weight. All the demographic data are shown in Table 1. 

All of the subjects were voluntary participants.22 The Ethics 
Committee of A Coruña University approved the study (protocol 
number: CEIC 28/2016; date: November 28, 2016), and all sub-
jects gave their written informed consent before participating in 
this research. The ethical standards for human experimentation 
were in conformity with the Helsinki Declaration. This study was 
registered at clinicaltrials.gov, under the number NCT03743168. 

All measurements were performed at the same hour of the day, 
between 9 and 11 AM.15 First, a clinician confirmed the inclusion 
and exclusion criteria of each subject and performed a baseline 
balance evaluation.21 

The protocol consisted of the following:
• A pre-stretching evaluation. 
• An ankle plantar flexor static-stretching protocol. The stretch-

ing position consisted of a weight-bearing static stretch: the 
subject stepped up onto a raised platform and placed the fore-
foot of both feet on the edge of the platform, dropped both 
heels off the platform almost to the ground without making 
contact with it, and held that position. There was one set of 
continuous stretch,10 consisting of 120 seconds of static pas-
sive stretching of calf plantar flexors, to the point of discom-
fort,15-16 which was maintained throughout the stretching.23 
The intensity required was 70%-90% of the point of discomfort 

Table 1. Sociodemographic characteristics of the sample population 
(n = 24)
Variable Mean ± SD 95% CI
Age (years) 32.20 ± 8.08 (28.97-35.44)
Weight (kg) 62.77 ± 9.52 (58.96-66.57)
Height (cm) 166.20 ± 8.43 (162.83-169.58)
BMI (kg/m2) 22.71 ± 2.90 (21.55-23.87)
Shoe size* 38.81 ± 2.26 (37.90-39.72)

BMI = body mass index; SD = standard deviation; 95% CI = 95% confidence 
interval; *European sizes.
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(POD),15 where 0 = “no stretch discomfort at all” and 100% = 
“the maximum imaginable stretch discomfort”.24  All subjects 
were asked to assess their POD intensity during all stretches, 
by a clinician.15 

• An immediate post-stretching evaluation,15 on the same day.

The pre and post-stretching evaluations were performed in 
a private clinic, which the subjects attended for the purposes of 
physiotherapy review treatment. During these evaluations, the 
subjects were instructed to stand barefoot on a force platform.22 
In preparation for this: the subjects were asked to take up a dou-
ble-limb stance with placement of their feet on the platform at 
equal distances from the midline,25 and set at 30 degrees to the 
midline.26 The upper limbs were kept loosely alongside the body 
during all examinations.27 The subjects were instructed to stand 
as still as possible, with their eyes open, while concentrating on 
a point about two meters away, at eye level.15 The subjects stood 
on the same surfaces with eyes open (EO) or eyes closed (EC).22 

Two tests (EO and EC) were performed, each of 30 seconds 
in duration,15,22,27 and the order of the EO and EC conditions was 
randomized across the subjects.22 This randomization of the order 
of the tests was implemented using a bag from which the subject 
extracted a piece of paper that stated which test was to be per-
formed. Foot plantar pressure was measured during this bipo-
dal standing, with placement of the patient’s feet on the platform, 
before and after stretching. We did two trials on each condition 
(EO and EC) and the foot area was divided into 3 bilateral areas: 
bilateral rearfoot, bilateral midfoot, bilateral forefoot.

Variables
The stabilometry measurements consisted of the displacement of 
the centers of pressure in X and Y with open and closed eyes,22 
the COP area and the COP speed in the anteroposterior (a-p) and 
mediolateral directions.22

Ground reaction forces and moments were recorded and dig-
itized using the Podoprint system (Medicapteurs; Balma, France) 
with 2,304 sensors in an area of 400 mm x 400 mm, and an acquisi-
tion frequency of 200 Hz, with an auto-calibrated system for any use.

Statistical analysis
All data were explored for normality using the Shapiro-Wilks 
test because the sample size was less than 30 subjects. From this, 
the data were considered to be normally distributed if P > 0.05. 
A descriptive statistical analysis was performed using means ± 
standard deviations (SD) and 95% confidence intervals. For each 
intrasession trial, the intraclass correlation coefficient (ICC) 
was used to evaluate the reliability of each parameter. To inter-
pret ICC values, we used benchmarks as proposed by Landis 
and Koch:28 0.20 or less, slight agreement; 0.21 to 0.40, fair; 0.41 

to 0.60, moderate; 0.61 to 0.80, substantial; and 0.81 or greater, 
almost perfect.

Standard errors of the mean (SEM) were calculated to mea-
sure the range of error of each parameter. The SEM was calculated 
between sessions, from the ICCs and SDs. SEM = s_x.√(1- r_xx); 
where s_x is the standard deviation of the observed set of test 
scores, and r_xx is the reliability coefficient for these data, which 
in this case was considered using the ICC. 

Also, the mean value from two measurements on each variable 
was used. The Wilcoxon signed rank test was performed to test for 
any differences in nonparametric variables and paired t tests were 
used for parametric variables.

Lastly, values of normality (VN) were defined for the sample, 
for all variables. These were obtained from the formula VN = mean 
+/-1.96 * SD. From the result from each variable, VN was used to 
calculate the 95% confidence interval. P-values < 0.05 with a 95% 
confidence interval were considered statistically significant for 
all tests. The SPSS for Windows software, version 20.0, was used 
(SPSS Inc., Chicago, Illinois, United States).

The analysis on the intrasession reliability of the variables 
studied and the values of normality for the total population are 
presented in Table 2.

RESULTS
All the variables showed non-normal distribution (P < 0.05).

Stabilometry and static footprint variables before and after 
bilateral stretching are presented in Table 3. Most of the mean 
values were similar before and after stretching. The exception was 
the mean Y displacement variable with eyes closed, which was sta-
tistically significantly lower after stretching.

After stretching, the plantar pressures (maximum and mean) 
in the heel, midfoot and forefoot were lower. The surface in the 
midfoot and forefoot became larger. A static footprint for a repre-
sentative subject before and after stretching is shown in Figure 1.

DISCUSSION
The aim of this intervention study was to analyze changes to bal-
ance and footprint variables immediately after 120 seconds of 
continuous stretching of plantar flexors. After stretching, the 
plantar pressures (maximum and mean) in the rearfoot and mid-
foot were reduced. The forefoot pressures did not change. The 
surface variable in the midfoot and forefoot became larger. We 
believe that the increase in the surface of the midfoot and fore-
foot contributed to the decrease in the pressures in the rearfoot 
and midfoot.

Limitation to dorsiflexion of the ankle in cases of plantar fore-
foot ulceration has been shown to be beneficial after lengthening 
of the Achilles tendon, with regard to ulcer recurrence, due to the 
reduction of plantar pressures.29 Interestingly, with 120 seconds of 
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continuous plantar flexor stretching, we observed reduced pressures 
in the forefoot, in feet without an equinus condition. Thus, healthy 
people may avoid having foot pathological conditions in which the 
symptoms consist of increased pressure, such as metatarsalgia or 
hallux abductor valgus.30 Additional studies are needed in order 
to ascertain the duration of the effect of the pressure reduction.

The balance variables evaluated with eyes open before and after 
stretching did not show any significant differences. On the other 
hand, with eyes closed, the Y displacement became significantly 
lower after stretching. This finding was concordant data obtained 
in other studies on stance balance. The ankle and gastrocnemius 

muscle are activated through the anteroposterior movement of 
the center of pressure during bipodal standing. For mediolateral 
movement, a separate hip load/unload strategy implemented by 
the hip abductors/adductors forms a dominant defense for stand-
ing with feet side-by-side.31 Logically, our intervention on the gas-
trocnemius affected only the posterior displacement. 

Comparing our results with previous research, the types and 
protocols of stretching differed in all studies, and the results too. 
Behm et al.16 found that static stretching exercises had a negative 
effect on balance, using an intermittent stretching protocol. Morrin 
and Redding18 compared the effects of three different stretching 

Table 2. Analysis on intrasession reliability of the variables studied and values of normality in the total population (n = 24)

Variable
Pretest (n = 24) Posttest (n = 24)

ICC (95% CI) SEM
Values of 

normality 95% CI
ICC (95% CI) SEM

Values of 
normality 95% CI

Rearfoot maximum pressure (kPa)
0.822

(0.549-0.929)
10.24 59.97-155.17

0.990
(0.976-0.996)

1.96 62.13-139.13

Rearfoot mean pressure (kPa)
0.988

(0.970-0.995)
0.62 29.81-52.31

0.981
(0.952-0.992)

0.79 26.16-48.66

Rearfoot surface (cm2)
0.992

(0.982-0.997)
0.94 925.69-884.14

0.995
(0.989-0.998)

0.90 1097.99-1047.69

Midfoot maximum pressure (kPa)
0.996

(0.990-0.998)
0.75 -10.82-35.90

0.812
(0.526-0.926)

6.58 -12.45-47.05

Midfoot mean pressure (kPa)
0.994

(0.984-0.997)
0.44 -5.13-17.59

0.910
(0.771-0.964)

1.90 -4.18-20.66

Midfoot surface (cm2)
0.991

(0.979-0.996)
1.87 383.13-305.51

0.995
(0.989-0.998)

1.33 413.97-340.04

Forefoot maximum pressure (kPa)
0.972

(0.930-0.989)
0.82 49.16-90.94

0.743
(0.349-0.898)

8.16 41.15-103.93

Forefoot mean pressure (kPa)
0.969

(0.922-0.988)
0.48 20.01-30.75

0.496
(-0.274-0.800)

5.08 12.82-40.88

Forefoot surface (cm2)
0.987

(0.969-0.994)
1.55 1269.83-1216.52

0.986
(0.967-0.994)

1.94 1379.85-1309.96

X displacement with eyes open (mm)
0.990

(0.974- 0.996)
0.43 0.21-17.41

0.986
(0.965-0.995)

0.59 -2.15-17.63

Y displacement with eyes open (mm)
0.945

(0.860- 0.978)
1.98 4.07-37.19

0.985
(0.961-0.994)

1.33 -2- 40.76

Surface with eyes open (mm2)
0.986

(0.964-0.994)
0.79 5.17-29.13

0.986
(0.965- 0.995)

1.03 5.17-29.13

Mean speed of laterolateral displacement with 
eyes open (mm/s)

0.865
(0.659-0.947)

0.10 0.65-1.73
0.920

(-1.294-.641)
0.20 -0.09-2.69

Mean speed of anteroposterior displacement 
with eyes open (mm/s)

0.785
(0.457- 0.915)

0.09 0.49-1.47
0.919

(0.794-0.968)
0.11 0.09-1.73

X displacement with eyes closed (mm)
0.950

(0.874-0.980)
1.04 1.31-17.03

0.985
(0.963-0.994)

0.52 -1.73-15.07

Y displacement with eyes closed (mm)
0.972

(0.928-0.989)
1.63 4.68-40.66

0.982
(0.955-0.993)

1.28 -0.91-36.71

Surface with eyes closed (mm2)
0.985

(0.963-0.994)
1.33 2.30-21.28

0.966
(0.915-0.987)

2.58 -3.93-50.95

Mean speed of laterolateral displacement with 
eyes closed (mm/s)

0.768
(0.415-0.908)

0.11 0.87-1.77
0.851

(0.623-0.941)
0.18 0.34-2.22

Mean speed of anteroposterior displacement 
with eyes closed (mm/s)

0.853
(0.630-0.942)

0.12 0.62-1.90
0.092

(-1.294-0.641)
0.94 -0.49 -3.39

SD = standard deviation; 95% CI = 95% confidence interval.
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protocols. The results showed that combination stretching gave 
rise to significantly enhanced balance and vertical jump height 
scores than those from static stretching. Their stretching protocol 
was performed on the hamstring muscles. 

It needs to be considered that, depending on the muscle stud-
ied, different acute effects from static stretching on muscle-ten-
don mechanics can be observed.31 Chatzopoulos et al.19 found that 
static stretching had a negative effect on dynamic balance,32 in a 
protocol consisting of three minutes of jogging followed by seven 
minutes of static stretching. Lima et al.15 tested a protocol for uni-
lateral static discontinuous stretching of ankle plantar flexors and 
analyzed the open-eye condition in relation to unilateral balance.15 

In contrast, we analyzed a bipodal stance, which requires low-in-
tensity contraction of the triceps surae, compared with unipodal 
balance. Lim et al.33 indicated that static stretching exercises had 
no effect on static balance.

There is a consensus regarding the dose-effect relationship 
of the duration of stretching.34-35 Young et al.34 studied the effects of 
the volume and intensity of warm-up static stretching on explosive 
force production and range of motion (ROM) of the plantar flex-
ors. Two minutes of stretching at 90% intensity had no significant 
influence on muscle function in these variables.

We believe that the negative effects on static balance that were 
seen in previous studies differed from ours due to the type of 

Table 3. Stabilometry and static footprint variables before and after bilateral stretching

Variable
Pretest ( n = 24)

Mean ± SD (95% CI)
Posttest (n = 24)

Mean ± SD (95% CI)
P-value*

Rearfoot maximum pressure (kPa)
107.57 ± 24.29
(96.20-118.94)

100.66 ± 19.63
(91.47-109.85)

0.048

Rearfoot mean pressure (kPa)
41.06 ± 5.74
(38.37-43.75)

37.41 ± 5.74
(34.72-40.10)

0.001

Rearfoot surface (cm2)
85.37 ±  10.60
(80.89-89.85)

83.62 ± 12.83
(78.20-89.04)

0.196

Midfoot maximum pressure (kPa)
12.54 ± 11.92
(6.95-18.12)

17.30 ± 15.18
(1019-24.40)

0.004

Midfoot mean pressure (kPa)
6.23 ± 5.80
(3.51-8.94)

8.24 ± 6.34
(5.27-11.21)

0.004

Midfoot surface (cm2)
17.39 ± 19.80
(9.03-25.76)

19.99 ± 18.86
(12.03-27.96)

0.021

Forefoot maximum pressure (kPa)
70.05 ± 10.66
(65.06-75.04)

72.54 ± 16.02
(65.04-80.04)

0.391

Forefoot mean pressure (kPa)
25.38 ± 2.74
(24.09-26.66)

26.85 ± 7.16
(23.49-30.20)

0.225

Forefoot surface (cm2)
91.41 ± 13.60
(85.67-97.16)

99.50 ± 16.43)
(92.56-106.43)

0.000

X displacement with eyes open (mm)
8.81 ± 4.39

(6.75- 10.86)
7.74 ± 5.05
(5.38-10.11)

0.341

Y displacement with eyes open (mm)
20.63 ± 8.45
(16.67-24.59)

19.38 ± 10.91
(14.27-24.49)

0.490

Surface with eyes open (mm2)
10.02 ± 6.72
(6.88-13.17)

11.98 ± 8.75
(7.88-16.07)

0.167

Mean speed of laterolateral displacement with eyes open (mm/s)
1.19 ± 0.28
(1.05-1.32)

1.30 ± 0.71
(0.96-1.63)

0.852

Mean speed of anteroposterior displacement with eyes open (mm/s)
0.98 ± 0.25
(0.86-1.10)

0.91 ± 0.42
(0.71-1.11)

0.079

X displacement with eyes closed (mm)
7.86 ± 4.68
(5.67-10.05)

6.67 ± 4.29
(4.66-8.68)

0.263

Y displacement with eyes closed (mm)
22.67 ± 9.18
(18.37-26.97)

17.90 ± 9.60
(13.41-24.03)

0.010

Surface with eyes closed (mm2)
23.58 ± 10.86
(18.50-28.66)

23.51 ± 14.00
(16.95-30.06)

0.940

Mean speed of laterolateral displacement with eyes closed (mm/s)
1.32 ± 0.23
(1.21-1.43)

1.28 ± 0.48
(1.05-1.51)

0.279

Mean speed of anteroposterior displacement with eyes closed (mm/s)
1.26 ± 0.33
(1.10-1.42)

1.45 ± 0.99
(0.99-1.91)

0.914

SD = standard deviation; 95% CI = 95% confidence interval; *Wilcoxon test: P-value < 0.05 taken to be significant.
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Figure 1. Distribution of pressure in static footprint for a representative 
subject before stretching (A); and distribution of pressure in static 
footprint for a representative subject after stretching (B). The scale at 
the right indicates pressure (g/cm2). 

stretching and its duration, and also regarding the measurement with eyes 
closed. In this regard, Costa et al.17 determined that static stretching exer-
cises with durations of 15 and 45 seconds could have positive effects on 
dynamic balance capacity.

The physiological changes that can occur in short-duration medium-in-
tensity static stretching on the osteotendinous reflex and Golgi reflex are 
probably different from the changes seen through longer-duration high-in-
tensity stretching. Therefore, the input to the central nervous system from 
long and high-intensity stretching, and the subsequent reorganization of 
the central nervous system, ought to be different from the input from short 
and medium-intensity stretching.17  

We consider that medium-intensity stretching with a duration of 120 
seconds has an effect consisting of proprioceptive improvement and believe 
that this was the cause of the results from our study. Any stimulus that 
increases proprioception shows its importance when a proprioceptive route 

as important as the visual route is then removed. However, addi-
tional studies are needed in order to acquire evidence regarding 
the physiological causes of the findings and their possible appli-
cations in sports and rehabilitation.

One limitation of this study was that the sample of subjects 
was not equitable in gender terms. Nonetheless, it is true that 
most studies on stretching have not reflected equity between 
men and women since this factor is not considered to affect 
the result.8,10

The present study showed better stance balance and lower 
pressures in the rearfoot and midfoot. This was probably due to 
the increased surface area in the forefoot. This implies that there 
is a need for stretching among subjects with previous histories of 
lesions due to high midfoot and rearfoot pressures, especially in 
barefoot exercises and in sports that imply a need for greater static 
balance against force, such as archery.

CONCLUSIONS
This study demonstrated that continuous static stretching of 
plantar flexor muscles for 120 seconds improved stance balance 
and reduced the plantar pressures (maximum and mean) in the 
rearfoot and midfoot. Stretching increased the surface variable in 
the midfoot and forefoot.
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Relationship between awareness of cervical cancer and 
HPV infection and attitudes towards HPV vaccine among 
women aged 15-49 years: a cross-sectional study
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INTRODUCTION 
Although the incidence of cervical cancer has decreased in developed countries over recent decades 
through effective screening programs, it continues to be an important health problem, especially in 
developing countries. With 569,847 new cases and 311,365 deaths worldwide in 2018, cervical can-
cer is expected to be the fourth most common type of cancer and the fourth leading cause of cancer 
death among women. Out of these deaths, 90% occur in underdeveloped or developing countries. In 
2018, 2,356 new cases and 1,280 deaths related to cervical cancer were seen in Turkey.1

Human papillomavirus (HPV) is the most common sexually transmitted infection.2 It has 
been estimated that the lifetime probability of acquiring HPV exceeds 80% among women and 
90% among men.3 Different groups of HPVs exist, with different epithelial tropisms (cutaneous 
and mucosal) and life-cycle strategies. Many HPVs are classified as low risk (lrHPV) because 
they are very rarely associated with neoplasia or cancer in the general population. These 
lrHPVs typically cause indeterminate/undetectable infections or benign papillomas that can 
last for months or years but are eventually cleared by the host’s immune system. High-risk HPV 
(hrHPV) types are the cause of many major human cancers, including almost all cases of cer-
vical cancer, a large proportion of other anogenital cancers and an increasing number of head 
and neck tumors.4 HPV infections can be temporary or permanent. Most cervical HPV infec-
tions (around 90%) are cleared by cell-mediated immunity within one to two years of expo-
sure. In lrHPV infections, clearance occurs within a shorter period than in hrHPV infections. 
Among all HPV infections, 5%-10% cause persistent disease.5

Cervical cancer has a long preinvasive period due to lesions associated with persistent hrHPV 
infection. Early diagnosis of these preinvasive lesions using screening methods (HPV DNA tests, 
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ABSTRACT
BACKGROUND: Cervical cancer is a type of cancer caused by human papillomavirus (HPV). 
OBJECTIVE: To determine the relationship between awareness of cervical cancer and HPV infection and 
attitudes towards HPV vaccine among women aged 15-49 years. 
DESIGN AND SETTING: Cross-sectional study conducted at Karabük Training and Research Hospital, Turkey.
METHODS: 500 women who visited the gynecology outpatient clinic of a public hospital between July 
15 and December 31, 2019, were selected through random sampling. Data were collected using a socio-
demographic questionnaire comprising nine questions (created by the researchers), the HPV and Cervical 
Cancer Awareness Questionnaire and the Carolina HPV Immunization Attitudes and Beliefs Scale. 
RESULTS: The relationship between the awareness questionnaire and the beliefs scale was explained through 
simple effect modeling of a structural equation. The women’s knowledge score regarding cervical cancer and 
HPV infection was 4.69 ± 4.02 out of 15. Women were afraid of being diagnosed with cervical cancer and HPV 
infection, but they did not have sufficient information. They had poor information about the HPV vaccine, did 
not know how to obtain the vaccine and did not have enough information about its benefits and harmful 
effects. Women who were afraid of getting cervical cancer, and who thought that they were at risk, had more 
information about the HPV vaccine. 
CONCLUSION: Women need information about cervical cancer, HPV infection and the HPV vaccine. Mid-
wives, nurses and physicians who provide healthcare services in gynecological follow-ups should provide 
information to women about the HPV vaccine and cervical cancer.
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cervical cytological tests, etc.), effective treatment of these lesions 
and administration of HPV vaccines can prevent this disease. 
Most cases of cervical cancer occur in women who have never 
been screened or were screened poorly.4,5

HPV vaccination has the potential to greatly reduce the morbid-
ity and mortality associated with genital HPV infections and is rec-
ommended by the American Society of Obstetrics and Gynecology  
(ACOG) for all women and men aged 9-26 years.6 As cervical can-
cer has a long preinvasive period, it can be diagnosed and treated 
early by means of the screening programs that have been devel-
oped. For this reason, evaluating society’s attitudes and beliefs 
about cervical cancer and HPV vaccine and increasing the level of 
knowledge are important in terms of preventive medical practices.

Greater awareness among sexually active women aged 15-49 
years regarding cervical cancer will decrease the rate of occurrence 
of this disease and increase the levels of knowledge about HPV 
vaccines  and the vaccination rate.6–10 

OBJECTIVE
The aim of this study was to determine the relationships between 
knowledge of cervical cancer, awareness of HPV infection and 
attitudes towards HPV vaccines among women aged 15-49 years. 

METHODS

Research type and sampling
This cross-sectional study was planned with the aim of determin-
ing the levels of knowledge about HPV and cervical cancer, lev-
els of knowledge regarding preventive measures, health-related 
beliefs and awareness about HPV vaccines among women aged 
15-49 years. The study population comprised women (28,356 
women) within this age group who were living in the province 
of Karabük, Turkey.11 However, the sample used in this study 
comprised 500 women, as calculated through G-power analysis 
with a 95% confidence interval and 5% margin of error, assum-
ing 75.2% prevalence. Data were collected at the gynecology 
and diseases outpatient clinic of a public hospital between July 
15 and December 31, 2019. 

Data collection tools 
To collect data, a questionnaire on sociodemographic character-
istics comprising nine questions was prepared in line with the 
literature by the researchers. In addition, the HPV and Cervical 
Cancer Awareness Questionnaire and the Carolina HPV 
Immunization Attitudes and Beliefs Scale  (CHIAS) were used.
(12,13) Permission for this study was obtained from the Bülent 
Ecevit University Human Research Ethics Committee (dated 
June 27, 2019; approval no. 600) and from the institute at which 
this research was conducted. After obtaining permission from 

the women who agreed to participate in the study, data were col-
lected through face-to-face interviews. The study was conducted 
in accordance with the Declaration of Helsinki.

Evaluation of data
The statistical analysis for this study was done with the aid of 
the SPSS 20 computer software (SPSS, Chicago, United States). 
Given that the skewness and kurtosis values of the data remained 
within the +2.0/-2.0 range limit, the data were considered to fol-
low normal distribution.14 Computer-assisted data analysis was 
used for the basic evaluation (correlations and frequencies) on 
the study data. We found that relationships between pairs of 
scales were explained through first-order factor analysis. A com-
puter-assisted analysis program was used for factor analysis. 
Pearson’s correlation analysis was used to determine the rela-
tionships between scales and subdimensions.15 The data obtained 
were evaluated with a 95% confidence interval and a significance 
level of P < 0.05.

RESULTS
The Cronbach’s alpha coefficient of the awareness scale for cervical 
cancer and HPV infection was determined as 0.91 by Ingledue.12 
In the validity-reliability study for use of this awareness scale in 
Turkish, conducted by Özdemir and Kısa, Cronbach’s alpha coef-
ficient was 0.71.16 In our study, the Cronbach’s alpha coefficient 
of the awareness scale for cervical cancer and HPV infection was 
0.81. The Cronbach’s alpha coefficient of the CHIAS was deter-
mined by McRee et al.17 Accordingly, the alpha values for “harm”, 
“obstacles”, “effects” and “uncertainty” were 0.69, 0.69, 0.61 and 
0.66, respectively.17 Cronbach’s alpha was 0.62 in the validity-reli-
ability study for use of the Carolina HPV Immunization Attitudes 
and Beliefs Scale in Turkish, conducted by Sunar and Süt.18 In 
our study, the Cronbach’s alpha of the CHIAS was 0.80; the alpha 
values for the subdimensions “harm”, “obstacles”, “effects” and 
“uncertainty” were 0.73, 0.75, 0.74 and 0.70, respectively.

The sociodemographic characteristics of the women partici-
pating in the study (n = 500) are shown in Table 1. The mean age 
of the participants was 23.52 ± 5.656 years, and the mean number 
of sexual partners was 0.22 ± 0.529. Among these women, 78.6% 
were high school graduates (n = 393), 79% were single (n = 395) 
and 50.6% (n = 253) had a monthly income of between 0 and 500 
Turkish lira (approximately 0 to 70.32 United States dollars). In 
addition, 63.6% (n = 318) had health insurance from the Turkish 
Social Insurance Institution (SGK) and 95% (n = 485) had not 
reached the menopause (Table 1).

Levels of knowledge regarding HPV and cervical cancer
The mean knowledge score from the first 15 questions on the 
awareness scale for cervical cancer and HPV infection was 4.69 ± 
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4.02. More than half of the women provided incorrect answers to 
the information questions about cervical cancer and HPV infec-
tion in the first section. At the same time, the mean knowledge 
scores were also low.

The perceived threat due to cervical cancer
Regarding the perceived threat due to cervical cancer, perceived 
sensitivity and severity scores, which are subdimensions of health 
beliefs, were evaluated. The subdimension score for perceived 
sensitivity was determined to be a maximum of 45.12,16

Perceived sensitivity
The mean perceived sensitivity score in our study was 25.32 ± 
6.38. Among the participants, 50% were worried about getting 

cervical cancer and HPV. Conversely, 50% of the women stated 
that they did not have any information about prevention of cer-
vical cancer and the measures to be taken against HPV infection.

Perceived severity
Similarly, the mean perceived severity score was 17.74 ± 4.03. The 
perceived severity scores of the participants ranged from 6 to 30 
points. Among the women, 41.2% saw HPV infection as a life-
threatening disease, whereas 38.2% saw cervical cancer as a cur-
able disease.

For each item derived from the previous versions of the CHIAS, 
the expressions were changed to reflect the perspective of a young 
adult rather than a parental perspective. In this process, the sen-
tence format used by Dempsey et al. was taken as an example.19 The 
subdimension scores of the CHIAS were as follows: harm = 13.8 
± 3.37; obstacles = 8.53 ± 1.97; effects = 4.61 ± 1.30; and uncer-
tainty = 4.42 ± 21.22.

In our study, the relationships between the subdimensions of 
the HPV and cervical cancer awareness questionnaire and those 
of the CHIAS were explained through simple effect modeling 
from a structural equation model (SEM). The adaptation values 
were as follows: minimum discrepancy (CMIN) = 34.911; degrees 
of freedom (df) = 13; minimum discrepancy/degrees of freedom 
ratio (CMIN/df) = 2.685; root mean square error of approxima-
tion (RMSEA) = 0.058; comparative fix index (CFI) = 0.938; and 
goodness-of-fit index (GFI) = 0.981. Because CMIN/df was not 
within the required limits, correction indices were examined. 
The “effects” subdimension of CHIAS provided a correction in 
accordance with the modification index, with the item of levels of 
knowledge of cervical cancer and HPV: the F1 and F2 dimensions.

The analysis was repeated by removing the “effects” subdi-
mension item from the model. Then, the adaptation values were 
as follows: CMIN = 8.617; df = 8; CMIN/df = 1.077; RMSEA = 
0.012; CFI = 0.998; and GFI = 0.994. All of the adaptation criteria 
were thus met within the desired limits.

The nonstandard path coefficient of F2 was 0.152, and this was 
statistically significant (P < 0.001). The standard path coefficient 
for this item was 0.249. The nonstandard path coefficient of the 
perceived severity subdimension was 1, and this was statistically 
significant (p < 0.001). The standard path coefficient for this item 
was 0.851. The nonstandard path coefficient of the perceived sensi-
tivity subdimension was 1.366, and this was statistically significant 
(P < 0.001). The standard path coefficient for this item was 0.736. 

 The nonstandard path coefficient of the “harm” subdimen-
sion was 1, and this was statistically significant (P < 0.001). The 
standard path coefficient for this item was 0.62. The nonstandard 
path coefficient of the “obstacles” subdimension was 0.336, and this 
was statistically significant (P < 0.001). The standard path coeffi-
cient for this item was 0.357. The nonstandard path coefficient of 

n (%)
Age in years 23.52 (5.656)*

Education level
Illiterate 4 (0.8)
Literate 15 (3)
Primary school graduate 21 (4.2)
Secondary school graduate 18 (3.6)
High school graduate 49 (9.8)
University/college level 393 (78.6)

Marital status
Single 395 (79)
Married 91 (18.2)
Widow 5 (1)
Significant partnerships 8 (1.6)
In-home or out-of-home partnerships 1 (0.2)

Monthly income
0-500 TL 253 (50.6)
501-1000 TL 111 (22.2)
1001-1500 TL 22 (4.4)
1501-2000 TL 26 (5.2)
2001-2500 TL 30 (6)
2501-3000 TL 21 (4.2)
Over 3000 TL 37 (7.4)

Health insurance
Social insurance institution 318 (63.6)
Pension fund 60 (12)
Pension fund for the self-employed (Bağ-kur) 65 (13)
Social security institution 43 (8.6)
Optional insurance 9 (1.8)
Unemployment insurance 5 (1)

Menopausal status
Yes 6 (1.2)
No 485 (97)
Not sure 9 (1.8)

*Mean (standard deviation); TL = Turkish lira.

Table 1. Sociodemographic characteristics of the women 
participating in the study (n = 500)
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the “uncertainty” subdimension was 0.223, and this was statisti-
cally significant (P < 0.001). The standard path coefficient for this 
item was 0.382. The nonstandard path coefficient for the levels of 
knowledge of cervical cancer and HPV was 0.174, and this was 
statistically significant (P < 0.001). The standard path coefficient 
for this item was 0.149 (Figure 1; Table 2).

Pearson’s correlation was used because it showed parametric 
distribution between the awareness scale for cervical cancer and 
HPV infection and the subdimensions of the CHIAS (Table 3). 
There were no relationships between the subdimension of levels of 
knowledge of cervical cancer and HPV of the awareness scale for 
cervical cancer and HPV infection and the “harm”, “obstacles” and 
“uncertainty” subdimensions of the CHIAS. On the other hand, 
a positive and highly significant relationship was found with the 

“effects” subdimension. Very high positive correlations were found 
between the perceived sensitivity subdimension of the awareness 
scale for cervical cancer and HPV infection and the “harm”, “effects” 
and “uncertainty” subdimensions of the CHIAS. Moreover, very 
high significant positive correlations were found between the per-
ceived severity subdimension of the awareness scale for cervical 
cancer and HPV infection and the “harm”, “effects” and “uncer-
tainty” subdimensions (Table 3).

DISCUSSION
Cervical cancer is a type of cancer that is monitored regularly 
through screening programs around the world, including in 
Turkey, and it can be treated quickly when detected.20,21 Through 
use of these screening programs for cervical cancer, mortality 

Figure 1. Nonstandard path coefficients between the HPV and cervical cancer awareness questionnaire and the Carolina HPV Immunization 
Attitudes and Beliefs Scale (CHIAS).

Scale subdimensions and 
factor two

Impact 
direction

Factors β0 β1 Std error
Statistical 

test
P R2

F2 <--- F1 0.249 0.152 0.051 2.981 0.003 0.062
Perceived severity <--- F1 0.851 1 0.725
Perceived sensitivity <--- F1 0.736 1.366 0.3 4.559 < 0.001 0.542
Harm <--- F2 0.62 1 0.384
Barriers <--- F2 0.357 0.336 0.099 3.401 < 0.001 0.128
Uncertainty <--- F2 0.382 0.223 0.065 3.421 < 0.001 0.146
Level of knowledge about 
cervical cancer and HPV

<--- F1 0.149 0.174 0.064 2.729 0.006 0.022

β0 = standardized coefficient; β1 = non-standardized coefficient; Std error = standard error; R2 = coefficient of determination.

Table 2. Structural equation model (SEM) analysis between the HPV and cervical cancer awareness questionnaire and the Carolina HPV 
Immunization Attitudes and Beliefs Scale (CHIAS)

CMIN = minimum discrepancy; df = degrees of freedom; CMIN/df = minimum discrepancy/degrees of freedom ratio; RMSEA = root mean square error of 
approximation; GFI = goodness-of-fit index; AGFI= adjusted goodness-of-fit index; CFI = comparative fix index; TLI = Turker-Lewis index.
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and morbidity due to this disease are gradually decreasing.21 
The important factors in treating this disease are early diagno-
sis and women’s awareness. The degree of cancer or the size of 
the lesions that can be treated are decisive in the treatment pro-
cess.20,22 Although cervical cancer is preventable, reports in the 
literature have demonstrated that, despite knowing about cer-
vical cancer, women are not aware of the factors involved in its 
development.20,23,24

In our study, the women’s knowledge score about cervical 
cancer and HPV infection was low (4.69 ± 4.02), contrary to the 
findings in studies in the literature. Although 50% of the women 
were afraid of getting cervical cancer and HPV infection, they 
did not have any information about preventing this infection. In 
a study conducted by Montgomery et al. to determine the level of 
knowledge of cervical cancer and HPV, the knowledge score was 
7.39  among 149 women.23 In a study by Ozan et al., 336 women 
who visited a gynecology outpatient clinic were assessed regard-
ing their level of knowledge of cervical cancer and HPV, and it was 
observed that although 86.6% of them knew about cervical can-
cer, only 33.6% knew about HPV infection.24  Pehlivanoğlu et al. 
found that 26.8% out of 295 women who visited a family medicine 
outpatient clinic had never heard of the Pap smear test and 43.4% 
did not know about HPV infection.20

Although the women in our study had heard about HPV vac-
cines, their attitudes and knowledge regarding HPV vaccination was 
inadequate. This situation might have originated from the wom-
en’s low awareness of cervical cancer and inadequate knowledge 
of HPV infection. The level of knowledge of HPV vaccines that we 
found in our study was consistent with data in the literature.9,13,25

Pelullo et al. conducted a study among 556 nursing students, 
with the aim of examining their knowledge and attitudes regarding 
HPV vaccines. They found that although almost all the students had 
heard about the vaccine, only 36.5% were aware of its risk factors.13

In a study by Yılmaz et al., in which 624 nursing students were 
examined in terms of their knowledge, behavior and attitudes 
in relation to HPV vaccines, their levels of knowledge regarding 
the vaccine were lower than their levels of knowledge regarding HPV 
infection.9 Although 87.7% of those students knew that an HPV vac-
cine for women exists, only 52.4% were aware of the existence of an 
HPV vaccine for men.9

In our study, the subdimension scores for “obstacles” “harm” 
and “uncertainty” in relation to getting the HPV vaccine were low. 
This might have been due to lack of knowledge about the vaccine, 
lack of vaccine availability, the women’s lack of awareness about 
the vaccine effects and unavailability of the vaccinees. This result 
was consistent with data in the literature.9,13,26

In our study, significant relationships were found between 
the responses to the questionnaire regarding levels of knowledge 
of cervical cancer and HPV infection and the subdimensions of 
the CHIAS. Women who were worried about cervical cancer had 
higher levels of knowledge about HPV. Meanwhile, a significant 
relationship was found between women who thought they had a 
high probability of getting cervical cancer or HPV infection and 
the total knowledge score and the “harm” subdimension score. 
There were significant relationships between women’s fear of 
being infected with HPV virus and the “effects” and “obstacles” 
subdimension scores of the CHIAS. This might have been due 
to inability to cover the cost of the vaccine, lack of a vaccination 
program across the country and lack of information about where 
women can obtain the vaccine. This result was consistent with 
data in the literature.9,13

Knowledge about HPV vaccines increased with the perceived 
sensitivity, and there was a positive relationship between them. 
Conversely, a negative relationship was observed between the level 
of knowledge of cervical cancer and HPV infection and the “harm” 
subdimension. As the level of knowledge increased, the number 
of women thinking that the vaccine was harmful decreased. These 
results were consistent with data in the literature.9,10,13,27

Pelullo et al. reported that there was a positive relationship 
between the levels of knowledge of HPV vaccines among the stu-
dents in their study and these students’ awareness of the risk factors.13 

Giuseppe et al. explored HPV awareness among 1,348 ado-
lescent girls and young women and reported that those who saw 
themselves at risk of cervical cancer and HPV infection had higher 
levels of knowledge about HPV vaccination.10

In a cross-sectional study, in which Napolitoni et al. examined 
women’s knowledge and attitudes regarding HPV infection and 
vaccines, a positive significant relationship was found between 
women carrying and/or knowing about HPV risk factors and their 
levels of knowledge and attitudes in relation to HPV vaccines.27

n = 500
CHIAS subdimensions

Harm Barriers Effects Uncertainty
r P r* P r* P r* P

Level of knowledge of cervical cancer and HPV -0.83 0.65 -0.06 0.88 0.20** 0.00 0.04 0.31
Perceived sensitivity 0.12** 0.00 0.06 0.12 0.15** 0.00 0.10* 0.02
Perceived severity 0.12** 0.00 0.06 0.12 0.12** 0.00 0.09* 0.04

*Correlation is significant at the 0.05 level; **Correlation is significant at the 0.01 level.

Table 3. Correlation between the awareness scale for cervical cancer and HPV infection and the subdimensions of the Carolina HPV 
Immunization Attitudes and Beliefs Scale (CHIAS)



ORIGINAL ARTICLE | Yurtçu E, Doğan RA, Karaaslan B, Mutlu S

354     Sao Paulo Med J. 2022; 140(3):349-55

CONCLUSION
In our study, women’s knowledge and attitudes towards cervi-
cal cancer and HPV infection were found to be inadequate. This 
inadequacy had an effect on their levels of knowledge regarding 
HPV vaccines. The highest score on the scale of knowledge about 
HPV vaccines was 56, but the mean score of these women was 
33.37 ± 5.05. Through this result, it was seen that women did not 
have enough information about HPV vaccines and that HPV vac-
cine-related education was needed. It was also found that women 
were not getting vaccinated because of their lack of knowledge 
about vaccine access, its effects and its cost. Considering the 
efforts made towards ensuring widespread use of cervical cancer 
screening programs, similar strategies and programs need to be 
developed for HPV vaccine programs, in order to provide greater 
immunity against HPV infection. Further qualitative and quan-
titative studies are needed in order to determine HPV vaccine 
awareness in Turkey.

REFERENCES
1. Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics estimates 

of incidence and mortality worldwide for 36 cancers in 185 countries. 

CA Cancer J Clin. 2018;68(6):394-424. PMID: 30207593; https://doi.

org/10.3322/caac.21492. Erratum in: CA Cancer J Clin. 2020;70(4):313.

2. Satterwhite CL, Torrone E, Meites E, et al. Sexually transmitted infections 

among US women and men: prevalence and incidence estimates, 

2008. Sex Transm Dis. 2013;40(3):187-93. PMID: 23403598; https://doi.

org/10.1097/OLQ.0b013e318286bb53.

3. Chesson HW, Dunne EF, Hariri S, Markowitz LE. The estimated lifetime 

probability of acquiring human papillomavirus in the United States. Sex 

Transm Dis. 2014;41(11):660-4. PMID: 25299412; https://doi.org/10.1097/

OLQ.0000000000000193.

4. Doorbar J, Quint W, Banks L, et al. The biology and life-cycle of human 

papillomaviruses. Vaccine. 2012;30 Suppl 5:F55-70. PMID: 23199966;  

https://doi.org/10.1016/j.vaccine.2012.06.083.

5. Schiffman M, Castle PE, Jeronimo J, Rodriguez AC, Wacholder S. Human 

papillomavirus and cervical cancer. Lancet. 2007;370(9590):890-907. 

PMID: 17826171; https://doi.org/10.1016/S0140-6736(07)61416-0.

6. Committee Opinion No. 704: Human Papillomavirus Vaccination. Obstet 

Gynecol. 2017;129(6):1. PMID: 28346275; https://doi.org/10.1097/

AOG.0000000000002052.

7. Papanicolaou smear history and diagnosis of invasive cervical carcinoma 

among members of a large prepaid health plan. J Low Genit Tract Dis. 

2001;5(2):112.. PMID: 17043592.

8. Leyden WA, Manos MM, Geiger AM, et al. Cervical cancer in women with 

comprehensive health care access: attributable factors in the screening 

process. J Natl Cancer Inst. 2005;97(9):675-83. PMID: 15870438; https://

doi.org/10.1093/jnci/dji115.

9. Bal-Yılmaz H, Koniak-Griffin D. Knowledge, Behaviors, and Attitudes 

About Human Papilloma Virus Among Nursing Students in Izmir, 

Turkey. J Cancer Educ. 2018;33(4):814-20. PMID: 28074443; https://doi.

org/10.1007/s13187-017-1163-1.

10. Di Giuseppe G, Abbate R, Liguori G, Albano L, Angelillo IF. Human 

papillomavirus and vaccination: knowledge, attitudes, and behavioural 

intention in adolescents and young women in Italy. Br J Cancer. 

2008;99(2):225-9. PMID: 18628763; https://doi.org/10.1038/sj.bjc.6604454.

11. Türkiye İstatistik Kurumu (TUİK). Doğum İstatistikleri, 2020. 

Available from: https://data.tuik.gov.tr/Bulten/Index?p=Dogum-

Istatistikleri-2020-37229. Accessed in 2021 (Aug 19).

12. Ingledue K, Cottrell R, Bernard A. College women’s knowledge, 

perceptions, and preventive behaviors regarding human 

papillomavirus infection and cervical cancer. American Journal of 

Health Studies. 2004;19(1):28-34. Available from: https://www.

proquest.com/openview/ced9bd0c9b14a760e702b85d63d2866d/1

?pq-origsite=gscholar&cbl=30166. Accessed in 2021 (Aug 12).

13. Pelullo CP, Esposito MR, Di Giuseppe G. Human Papillomavirus Infection 

and Vaccination: Knowledge and Attitudes among Nursing Students in 

Italy. Int J Environ Res Public Health. 2019;16(10):1770. PMID: 31109133. 

PMID: 31109133; https://doi.org/10.3390/ijerph16101770.

14. George, D. SPSS for Windows step by step: A simple study guide and 

reference, 17.0 update, 10/e. India: Pearson; 2011. 

15. Can A. Quantitative Data Analysis in Scientific Research Process with 

SPSS; 2018. Available from: https://ws1.turcademy.com/ww/webviewer.

php?doc=79711. Accessed in 2021 (Aug 19).

16. Özdemir E, Kısa S. Validation of the Turkish Cervical Cancer and Human 

Papilloma Virus Awareness Questionnaire. Int Nurs Rev. 2016;63(3):465-

72. PMID: 27456480; https://doi.org/10.1111/inr.12299.

17. McRee AL, Brewer NT, Reiter PL, Gottlieb SL, Smith JS. The Carolina HPV 

immunization attitudes and beliefs scale (CHIAS): scale development and 

associations with intentions to vaccinate. Sex Transm Dis. 2010;37(4):234-

9. PMID: 19940807; https://doi.org/10.1097/OLQ.0b013e3181c37e15.

18. Sunar S, Süt HK. Karolina HPV Aşılama Tutumları ve İnançları Ölçeği’nin 

Türkçe Geçerlilik ve Güvenirlik Çalışması [The Turkish Validity and 

Reliability Study of the Carolina HPV Immunization Attitudes and Beliefs 

Scale]. Jinekoloji Obstetrik ve Neonatoloji Tıp Dergisi. 2019;16(2):82-

8. Available from: https://dergipark.org.tr/en/download/article-

file/931786. Accessed in 2022 (Feb 22).  

19. Dempsey AF, Fuhrel-Forbis A, Konrath S. Use of the Carolina HPV 

Immunization Attitudes and Beliefs Scale (CHIAS) in young adult 

women. PLoS One. 2014;9(6):e100193. PMID: 24945630; https://doi.

org/10.1371/journal.pone.0100193.

20. Pehlivanoğlu EFÖ, Sarı HB, Balcıoğlu H, Ünlüoğlu İ. Aile hekimliği 

polikliniğine başvuran kadın hastaların Human Papilloma Virüs 

aşılaması ve serviks kanseri hakkında bilgi, tutum ve davranışlarının 

değerlendirilmesi [The evaluation of knowledge, attitude, and behavior 

of Human Papilloma Virus extraction and cervical cancer of women 

patients who applied to family medicine policlinic]. Ortadoğu Tıp 

Dergisi. 2019;11(4):456-60. Available from: https://dergipark.org.tr/tr/

download/article-file/782687. Accessed in 2022 (Feb 22).

https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1097/OLQ.0b013e318286bb53
https://doi.org/10.1097/OLQ.0b013e318286bb53
https://doi.org/10.1097/OLQ.0000000000000193
https://doi.org/10.1097/OLQ.0000000000000193
https://doi.org/10.1016/j.vaccine.2012.06.083
https://doi.org/10.1016/S0140-6736(07)61416-0
https://doi.org/10.1097/AOG.0000000000002052
https://doi.org/10.1097/AOG.0000000000002052
https://doi.org/10.1093/jnci/dji115
https://doi.org/10.1093/jnci/dji115
https://doi.org/10.1007/s13187-017-1163-1
https://doi.org/10.1007/s13187-017-1163-1
https://doi.org/10.1038/sj.bjc.6604454
https://data.tuik.gov.tr/Bulten/Index?p=Dogum-Istatistikleri-2020-37229
https://data.tuik.gov.tr/Bulten/Index?p=Dogum-Istatistikleri-2020-37229
https://www.proquest.com/openview/ced9bd0c9b14a760e702b85d63d2866d/1?pq-origsite=gscholar&cbl=30166
https://www.proquest.com/openview/ced9bd0c9b14a760e702b85d63d2866d/1?pq-origsite=gscholar&cbl=30166
https://www.proquest.com/openview/ced9bd0c9b14a760e702b85d63d2866d/1?pq-origsite=gscholar&cbl=30166
https://doi.org/10.3390/ijerph16101770
https://ws1.turcademy.com/ww/webviewer.php?doc=79711
https://ws1.turcademy.com/ww/webviewer.php?doc=79711
https://doi.org/10.1111/inr.12299
https://doi.org/10.1097/OLQ.0b013e3181c37e15
https://dergipark.org.tr/en/download/article-file/931786
https://dergipark.org.tr/en/download/article-file/931786
https://doi.org/10.1371/journal.pone.0100193
https://doi.org/10.1371/journal.pone.0100193
https://dergipark.org.tr/tr/download/article-file/782687
https://dergipark.org.tr/tr/download/article-file/782687


Relationship between awareness of cervical cancer and HPV infection and attitudes towards HPV vaccine among women aged 15-49 years: a cross-sectional study | ORIGINAL ARTICLE

Sao Paulo Med J. 2022; 140(3):349-55     355

21. Şahbaz A, Erol O. HPV aşı uygulamaları [HPV vaccination practice]. J Turk 

Soc Obstet Gynecol 2014;2:126-30. https://doi.org/10.4274/tjod.22230.

22. Wiley DJ, Monk BJ, Masongsong E, Morgan K. Cervical cancer screening. 

Curr Oncol Rep. 2004;6(6):497-506. PMID: 15485621; https://doi.

org/10.1007/s11912-004-0083-5.

23. Montgomery K, Bloch JR, Bhattacharya A, Montgomery O. Human 

papillomavirus and cervical cancer knowledge, health beliefs, and 

preventative practices in older women. J Obstet Gynecol Neonatal 

Nurs. 2010;39(3):238-49. PMID: 20576067; https://doi.org/10.1111/j.1552-

6909.2010.01136.x.

24. Ozan H, Çetinkaya Demir B, Atik Y, Ertaç G, Kemal Ö. Kadın hastalıkları 

ve doğum polikliniğine başvuran hastaların human papilloma virüs ve 

hpv aşısı hakkındaki bilgi düzeylerinin belirlenmesi. Uludağ Üniversitesi 

Tıp Fakültesi Dergisi. 2011;37(3):145-8. Available from: https://dergipark.

org.tr/tr/pub/uutfd/issue/35314/392012. Accessed in 2022 (Feb 22).

25. Patel H, Austin-Smith K, Sherman SM, Tincello D, Moss EL. Knowledge, 

attitudes and awareness of the human papillomavirus amongst primary 

care practice nurses: an evaluation of current training in England. J 

Public Health (Oxf ). 2017;39(3):601-8. PMID: 27412177; https://doi.

org/10.1093/pubmed/fdw063.

26. Schmotzer GL, Reding KW. Knowledge and beliefs regarding human 

papillomavirus among college nursing students at a minority-serving 

institution. J Community Health. 2013;38(6):1106-14. PMID: 23813323; 

https://doi.org/10.1007/s10900-013-9720-y.

27. Napolitano F, Gualdieri L, Santagati G, Angelillo IF. Knowledge and 

attitudes toward HPV infection and vaccination among immigrants 

and refugees in Italy. Vaccine. 2018;36(49):7536-41. PMID: 30420043; 

https://doi.org/10.1016/j.vaccine.2018.10.050.

Authors’ contributions: Yurtçu E: conceptualization (equal), methodology 

(equal), project administration (equal) and writing-review and 

editing (equal); Doğan RA: conceptualization (equal), data curation (equal), 

investigation (equal), methodology (equal), resources (equal), software 

(equal), visualization (equal), writing-original draft (equal) and writing-

review and editing (equal); Karaaslan B: data curation (equal), investigation 

(equal), methodology (equal), resources (equal), validation (equal) and 

visualization (equal); and Mutlu S: formal analysis (equal), resources (equal), 

software (equal), visualization (equal) and writing-review and editing (equal). 

All authors reviewed and approved the final version for publication

Sources of funding: There was no financial support for this study 

Conflict of interest: The authors declare that they did not have any 

conflict of interest

Date of first submission: February 24, 2021 

Last received: February 24, 2021 

Accepted: July 27, 2021

Address for correspondence: 

Reyhan Aydın Doğan 

Department of Midwifery, Faculty of Health Sciences, Karabük University 

78500 Karabük, Turkey 

Phone: 0542 266 65 68 

E-mail: reyhanaydin@karabuk.edu.tr

© 2022 by Associação Paulista de Medicina  
This is an open access article distributed under the terms of the Creative Commons license.

https://doi.org/10.4274/tjod.22230
https://doi.org/10.1007/s11912-004-0083-5
https://doi.org/10.1007/s11912-004-0083-5
https://doi.org/10.1111/j.1552-6909.2010.01136.x
https://doi.org/10.1111/j.1552-6909.2010.01136.x
https://dergipark.org.tr/tr/pub/uutfd/issue/35314/392012
https://dergipark.org.tr/tr/pub/uutfd/issue/35314/392012
https://doi.org/10.1093/pubmed/fdw063
https://doi.org/10.1093/pubmed/fdw063
https://doi.org/10.1007/s10900-013-9720-y
https://doi.org/10.1016/j.vaccine.2018.10.050
mailto:reyhanaydin@karabuk.edu.tr


356     Sao Paulo Med J. 2022; 140(3):356-65

ORIGINAL ARTICLE https://doi.org/10.1590/1516-3180.2021.0237.R2.27072021

Relationships between self-reported dyspnea, health 
conditions and frailty among Brazilian community-
dwelling older adults: a cross-sectional study
Giselle Layse Andrade BuarqueI, Flávia Silva Arbex BorimII, Anita Liberalesso NeriIII, Mônica Sanches YassudaIV, 
Ruth Caldeira de MeloV

Faculty of Medical Sciences, Universidade Estadual de Campinas (UNICAMP), Campinas (SP), Brazil; and School of Arts, Sciences and 
Humanities, Universidade de São Paulo (USP), São Paulo (SP), Brazil

INTRODUCTION
Dyspnea is a symptom that is present in different chronic diseases, with high prevalence among 
older adults.1,2 The American Thoracic Society defines dyspnea as “a subjective experience of 
breathing discomfort that consists of qualitatively distinct sensations that vary in intensity”.3 
Since dyspnea is a frequent symptom among community-dwelling older adults,2,4 it is important 
that healthcare professionals should routinely evaluate and document the presence of dyspnea, 
just like they do for pain.3,5 

In clinical practice, dyspnea is initially assessed by a single question (e.g. “Are you short of 
breath? Yes or No).6 Single-item questionnaires have clinical importance, as they are simple and 
quick to use, but they fail to cover all aspects of dyspnea.7 A large number of scales for measuring 
dyspnea have been described in the literature. Scales based on reports of breathlessness during 
activities of daily living (e.g. the modified Medical Research Council Dyspnea Scale and the 
Baseline Dyspnea Index) and on the perception of breathlessness while making exertions (e.g. 
the modified Borg scale and visual analogue scale) are the ones most frequently used.8 Because 
multidimensional tools such as the Multidimensional Dyspnea Profile have the ability to assess 
different aspects of dyspnea, they are promising tools for use in both laboratory and clinical set-
tings.9 Nonetheless, most breathlessness scales were developed and validated for patients with 
respiratory diseases and, consequently, they need to be properly tested before being applied to 
other populations.7 
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ABSTRACT
CONTEXT: Dyspnea is a symptom present in several chronic diseases commonly seen among older adults. 
Since individuals with dyspnea tend to stay at rest, with consequently reduced levels of physical activity, 
they are likely to be at greater risk of developing frailty, especially at older ages. 
DESIGN AND SETTING: Cross-sectional study at community level, Brazil.
OBJECTIVE: To analyze the relationships between self-reported dyspnea, health conditions and frailty sta-
tus in a sample of community-dwelling older adults. 
METHOD: Secondary data from the follow-up of the Frailty in Brazilian Elderly (FIBRA) study, involving 415 
community-dwelling older adults (mean age: 80.3 ± 4.68 years), were used. The variables analyzed were 
sociodemographic characteristics, reported dyspnea, clinical data and frailty phenotype. Associations be-
tween dyspnea and other variables (age, sex, education and body mass index) were verified through the 
crude (c) and adjusted (a) odds ratios. 
RESULTS: The prevalence of dyspnea in the entire sample was 21.0%. Dyspnea was more present in indi-
viduals with pulmonary diseases, heart disease, cancer and depression. Older adults with multimorbidities 
(adjusted odds ratio, ORa = 2.91; 95% confidence interval, CI = 1.41-5.99) and polypharmacy (ORa = 2.02; 95% 
CI = 1.15-3.54) were more likely to have dyspnea. Those who reported dyspnea were 2.54 times more likely 
to be frail (ORa = 2.54; 95% CI = 1.08-5.97), and fatigue was their most prevalent phenotype component.
CONCLUSION: Dyspnea was associated with different diseases, multimorbidities, polypharmacy and frail-
ty. Recognizing the factors associated with dyspnea may contribute to its early identification and preven-
tion of its negative outcomes among older adults.
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A systematic review showed that the estimated prevalence of 
dyspnea among community-dwelling older adults was 36%, and that 
dyspnea can have an impact on different activities of daily living.2 In 
Brazil, a cross-sectional study among community-dwelling older 
adults observed that 30.9% of the participants had dyspnea symp-
toms. Moreover, most of the older adults who reported dyspnea had 
poor physical performance, were women, had multimorbidity and 
were frail.4 In addition to presenting an association between dyspnea 
and cardiorespiratory diseases, older adults with moderate to severe 
dyspnea are more likely to be unable to perform a single chair stand, 
have depressive symptoms, use psychoactive drugs and be under-
weight and/or obese, than those with no or mild dyspnea.1,10 Because 
presence of dyspnea is associated with several chronic diseases and 
health issues, some authors have argued that dyspnea in older adults 
should be considered to be a multifactorial geriatric condition.10,11 

Common adaptive responses to the presence of dyspnea include 
avoidance of physical effort and, consequently, adoption of a sed-
entary lifestyle.3 In patients with chronic obstructive pulmonary 
disease (COPD), this can precipitate a downward spiral of dys-
pnea-induced inactivity, thus resulting in physical decondition-
ing, progression of disease and disability.12 Thus, some studies 
have shown that COPD patients were more likely to be frail, and 
that this was associated with airflow limitations, reduced physical 
function, dyspnea, disability, anxiety and depression.13

Frailty is a medical syndrome with multiple causes and con-
tributors that confers vulnerability to stressors and increases the 
risk of different negative outcomes at older age, such as depen-
dency and/or death.14 Regarding physical frailty, physical inactiv-
ity plays an important role in the progression of this syndrome, as 
it directly influences some determinant components for develop-
ment of frailty.15 Although the overlap between dyspnea-induced 
inactivity and vicious cycles of frailty seems obvious, the rela-
tionships between dyspnea, health conditions and frailty among 
community-dwelling older adults are not well established.16 Vaz 
Fragoso et al.,16 for example, found that older adults with respira-
tory impairment had higher chances of becoming frail, and vice 
versa. In another study,17 the same authors observed that poor 
physical-functional performance and frailty status were associ-
ated with moderate to severe exertional dyspnea in communi-
ty-dwelling older adults.

Considering that the older population is growing and that dys-
pnea is a highly prevalent symptom in this phase of life, it would 
be useful to identify the factors associated with this important 
symptom, especially with a view to adequate healthcare manage-
ment and/or prevention of negative outcomes among older adults. 
In addition, in the presence of dyspnea, the person tends to stay 
at rest, which can cause a series of negative consequences, such as 
physical inactivity, deconditioning and disability, which are com-
monly associated with the onset and progression of frailty syndrome.

OBJECTIVE
In order to collaborate in healthcare practices for older adults, the 
aim of the present study was to analyze the relationships between 
self-reported dyspnea, health conditions and the frailty pheno-
type in a sample of community-dwelling older adults.

METHODS

Study design and participants
This was a cross-sectional study that used the records of commu-
nity-dwelling older adults who participated in the second wave 
of the Frailty in Brazilian Elderly (FIBRA) study, conducted in 
the city of Campinas and in the Ermelino Matarazzo district of 
the city of São Paulo, state of São Paulo, Brazil, between 2016 
and 2017. The first wave of data collection occurred between 
2008 and 2009 and its database contained a record of 1284 older 
adults. Details about the sample size calculation, recruitment, 
data collection and main findings of the first wave can be found 
elsewhere.18 

The second wave of the FIBRA study was submitted to and 
approved by the local ethics committees on November 23, 2015 
(approval number, CAAE: 49987615.3.0000.5404) and on September 
17, 2018 (CAAE: 92684517.5.0000.5404). The present study was 
also approved by the ethics committee board on October 31, 2019 
(CAAE: 22196619.7.0000.5390).

Procedures
The participants in the first wave of the FIBRA study were con-
tacted and invited to participate in the follow-up study. At the 
beginning of the single session of data collection, which was 
conducted at the participants’ homes, these older adults were 
informed about study procedures and voluntarily signed an 
informed consent statement, after agreeing to participate. 

Older adults who fulfilled the inclusion and exclusion criteria 
completed the interview. The inclusion criteria were as follows: the 
participants needed to have participated in the first wave and to 
have remained as permanent residents in the geographical location. 
Older adults with cognitive impairment suggestive of dementia, 
severe disability (wheelchair-bound or bedridden), motor and/or 
cognitive sequelae from stroke, moderate/severe Parkinson’s dis-
ease, severe visual and/or hearing impairments, or decompensated 
diseases or terminal illness, were excluded. Considering that the 
number of chronic diseases (cardiovascular, respiratory, cancer-
ous, etc.) increases with age,19 older adults with these diseases were 
not excluded from the study. In addition, given that information 
on comorbidities was accessed through self-reporting (detailed 
below) and access to medical files was not feasible, it was not 
possible to classify the diseases reported with exactness (e.g. the 
type of respiratory disease reported). Current smokers were also 

https://paperpile.com/c/bPWbKM/EDGi7
https://paperpile.com/c/bPWbKM/QZJcV
https://paperpile.com/c/bPWbKM/FgN3B+A3AAk
https://paperpile.com/c/bPWbKM/A3AAk+nXSub
https://paperpile.com/c/bPWbKM/EHlCg
https://paperpile.com/c/bPWbKM/Rp9NB
https://paperpile.com/c/bPWbKM/cgmjV
https://paperpile.com/c/bPWbKM/0rgyJ
https://paperpile.com/c/bPWbKM/1U9Cz
https://paperpile.com/c/bPWbKM/QpWYW
https://paperpile.com/c/bPWbKM/QpWYW
https://paperpile.com/c/bPWbKM/uxs2e
https://paperpile.com/c/bPWbKM/QlOdj
https://paperpile.com/c/bPWbKM/RzqE


ORIGINAL ARTICLE | Buarque GLA, Borim FSA, Neri AL, Yassuda MS, Melo RC

358     Sao Paulo Med J. 2022; 140(3):356-65

included in the study since their prevalence in the total sample 
was low (i.e. 3.0%) (Table 1).

From the original cohort, 549 older adults (≥ 65 years of age) 
agreed to participate in the second wave. Another 192 had died, and 
543 could not located or refused to participate. Among those who 
completed the initial part of the interview (sociodemographic infor-
mation, anthropometric measurements, physical frailty assessment 
and Mini-Mental State Examination, MMSE), 419 had MMSE scores 
above the cutoff point, adjusted for years of schooling, and partici-
pated in the second block of measurements. Out of these, 415 par-
ticipants answered the question about the presence of dyspnea (i.e. 
the dependent variable) and thus were included in the present study. 

It is important to note that a sample size ≥ 329 participants 
was found to be adequate for the present study, based on an esti-
mated prevalence of dyspnea of 30.9%,4 a 95% confidence level 
and an error of 0.5%. 

The following variables/scales were extracted from the FIBRA 
study database:
• Self-reported dyspnea: The participants were asked about the 

presence of dyspnea through a simple question: “Do you have 
breathlessness, yes or no?”.

• Sociodemographic variables: Sex (men, women); age ranges 
(72-79 years and ≥ 80 years); and schooling (illiterate, 1-4 years 
and ≥ 5 years).

• Anthropometric data: Weight was measured in kilograms, 
using the G-Tech brand scale; and height in centimeters, using 
a scale (200 cm), graduated in centimeters and millimeters. 
Body mass index (BMI) was obtained by dividing the weight 
(kg) by the height squared (m²). BMI was classified in accor-
dance with the cutoff values established by the Pan-American 
Health Organization (PAHO). In this way, older adults are cat-
egorized as follows: underweight with BMI ≤ 23 kg/m²; normal 
weight with BMI between > 23 kg/m² and < 28 kg/m²; over-
weight with BMI between > 28  kg/m² and < 30  kg/m²; and 
obese ≥ 30 kg/m².20

• Smoking habit: Participants were considered to be current 
smokers if they answered “yes” to the following question: “Do 
you currently smoke?”.

• Self-reported chronic diseases: Information was obtained from 
dichotomous items (yes or no) in which it was investigated 
whether a doctor had diagnosed heart diseases, hypertension, 
diabetes mellitus, depression, pulmonary diseases, osteoporo-
sis, stroke, cancer and/or osteoarthritis at any time during the 
12 months prior to the interview. Multimorbidity was consid-
ered to be the coexistence of two or more of these diseases.

• Frailty: This was assessed based on the phenotype criteria pro-
posed by Fried et al.15 Older adults were qualified as frail (three 
or more criteria), pre-frail (one or two criteria) or non-frail 
(no criteria), considering the following five criteria: 

• Self-reported unintentional weight loss: this was consid-
ered to be present if, over the last year, it was greater than 
or equal to 4.5 kg or 5% of body weight.

• Fatigue: this was considered to be present if the older 
adults answered “occasionally” or “most of the time” for 
either of the following two self-report items regarding 
how they felt during the last week: “I felt that everything I 
did was an effort” and “I could not get going”. These items 
were obtained from the Center for Epidemiologic Studies 
Depression Scale (CESD).21,22

• Low grip strength of the dominant hand: this was consid-
ered to be present, as measured using a Jamar dynamometer 
(Lafayette Instruments, Lafayette, Indiana, United States), 
if the average measurement from three grip attempts with 
the arm flexed at 90° at the forearm was among the 20% 
lowest distribution values, after adjusting for sex and BMI.

• Gait slowness: this was considered to be present, as assessed 
from the time in seconds spent to walk a distance of 4.0 
meters at the usual speed, if the average of three attempts 
was among the 20% highest distribution values (in seconds) 
for the entire sample, after adjusting for sex and height.23

• Inactive level of physical activity: The level of physical activ-
ity corresponded to the weekly frequency and daily duration 
of physical exercise, sports and household chores, based on 
responses to the items of the Minnesota Leisure Time Activity 
Questionnaire.24 To calculate the weekly caloric expenditure 
on leisure activities and on household chores, we considered 
the number of items to which the older adult replied affir-
matively, multiplied by the number of days in the week and 
the number of minutes per day. Then we calculated the quin-
tiles of the distribution of this variable, for men and women 
separately. We considered participants to be inactive if they 
scored among the 20% lowest distribution values for weekly 
caloric expenditure, corrected according to sex.25

Statistical analysis
The sample was characterized by calculating the absolute and rel-
ative frequencies and 95% confidence interval (95% CI) of the 
variables considered. Associations between dyspnea and the 
other variables were verified using Pearson’s chi-square test or 
Fisher’s exact test. After that, simple and multiple logistic regres-
sion analyses were also used to estimate crude and adjusted 
odds ratios. The adjusted analysis was performed independently 
according to age, sex, education and BMI classifications for each 
variable. For all analyses, the significance level was set at P < 0.05.

RESULTS
Four hundred and fifteen older people (mean age 80.3 ± 4.68 
years old) answered the question about shortness of breath. The 
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majority of the participants were very old (56.4% were aged 80 
years and over), were females (69.8%), had had one to four years 
of education (59.7%), had normal weight (i.e. 43.8% had BMI 
between > 23 kg/m² and < 28 kg/m²) and were not currently 
smokers (97.0%). In addition, these older adults mostly had two 
or more self-reported diseases (69.3%), used less than five medi-
cations (62.6%) and were classified as pre-frail (64.3%) (Table 1). 

The prevalence of dyspnea in the entire sample was 21% (95% 
CI = 17.3 to 25.2). The frequencies and associations between dys-
pnea and sociodemographic variables, anthropometric data, health 
conditions and frailty are presented in Table 1. No significant 
difference between the sexes was found with regard to the prev-
alence of dyspnea, but the prevalence was greater (P = 0.014) in 
the younger age group (26.7% for 72-79 years of age) than in the 
older group (16.7% for 80 years and over). However, presence 
of dyspnea was not associated with BMI (P = 0.075) or with the 
smoking habit (P = 0.985). 

In relation to health conditions, dyspnea was also more prevalent 
among participants with polypharmacy (29.8% versus 16.0%; P = 
0.002) and multimorbidities (24.0% versus 10.2%; P = 0.002). Figure 
1 shows the prevalence of dyspnea according to the self-reported 
diseases evaluated in the present study. Dyspnea was more frequent 
among older adults with heart diseases (31.5% versus 17.0%; P = 
0.002), cancer (41.2% versus 18.1%; P = 0.001), pulmonary diseases 
(35.5% versus 17.6%; P = 0.004) and depression (31.3% versus 17.8%; 
P = 0.012). In addition, the prevalence of dyspnea was higher (P = 
0.022) in older adults who were frail (35.2%) than in those classified 
as pre-frail (19.6%) or non-frail (17.2%) (Table 1). The analysis on 
frailty components showed that dyspnea was more present in older 
adults who presented fatigue (34.7% versus 15.4%; P = 0.000) and 
gait slowness (32.8% versus 18.8%; P = 0.012) (Figure 2). 

After adjusting for age, sex, schooling and BMI classification, 
the logistic regression showed that the participants with pulmo-
nary diseases (adjusted odds ratio, ORa = 2.25; 95% CI = 1.08 to 
4.67), heart diseases (ORa = 2.06; 95% CI= 1.17 to 3.62), cancer 
(ORa = 3.25; 95% CI = 1.48 to 7.18) and depression (ORa = 1.94; 
95% CI = 1.04 to 3.59) were more likely to have dyspnea. Other 
health conditions also associated with the presence of dyspnea 
were multimorbidities (ORa = 2.91; 95% CI = 1.41 to 5.99) and 
polypharmacy (ORa = 2.02; 95% CI = 1.15 to 3.54). Moreover, 
older adults who reported dyspnea had 2.54 times (95% CI = 1.08 
to 5.97) more chances of being classified as frail than as pre-frail 
or non-frail (Table 2). 

Among the frailty phenotype components, fatigue (crude odds 
ratio, ORc = 2.90; 95% CI = 1.77 to 4.75) and gait slowness (ORc = 
2.10; 95% CI = 1.16 to 3.79) showed associations with dyspnea in the 
crude analysis. After controlling for confounding variables (i.e. age, 
sex, schooling and BMI classification), only fatigue remained signifi-
cantly associated with dyspnea (ORa = 2.75; 95% CI = 1.62 to 4.66).

Figure 3 shows the overlaps between the presences of dys-
pnea, multimorbidity and frailty/pre-frailty. The main overlapping 
detected was between multimorbidity and frailty (44.8%), fol-
lowed by dyspnea versus multimorbidity versus frailty/pre-frailty 
(14.5%). The rates of overlapping of dyspnea with multimorbidity 
and frailty/pre-frailty were 3.1% and 2.5%, respectively. In addi-
tion, dyspnea only appeared separately from multimorbidity and 
frailty in fewer than 1% of the participants. It is important to note 
that 7.3% of the participants did not have any of these conditions, 
either alone or in combination.

DISCUSSION
In the present study, the prevalence of dyspnea among commu-
nity-dwelling older adults was 21%, which was within the range 
reported by previous studies, even those differing in assessment 
method used (i.e. single question versus the Medical Research 
Council Dyspnea Scale).2,4 Older adults who reported having 

Table 1. Percentage distribution of the sample and the proportion of 
dyspnea according to sociodemographic variables, anthropometric 
data, health conditions, and frailty. FIBRA study, Campinas and 
Ermelino Matarazzo district in São Paulo, São Paulo, Brazil, 2016/2017

Variables n (%)
Dyspnea

P-valueNo
n (%)

Yes
n (%)

Sex 
Male 125 (30.2) 105 (84.0) 20 (16.0)

0.100
Female 289 (69.8) 222 (76.8) 67 (23.2)

Age groups (years)
72-79 180 (43.6) 132 (73.3) 48 (26.7) 

0.014
≥ 80 233 (56.4) 194 (83.3) 39 (16.7) 

Schooling level
Illiterate 52 (13.3) 38 (73.1) 14 (26.9)

0.3981-4 years 234 (59.7) 188 (80.3) 46 (19.7) 
≥ 5 years 106 (27.0) 87 (82.1) 19 (17.9)

Body mass index classification
Underweight 72 (17.3) 62 (86.1) 10 (13.9)
Normal 180 (43.8) 147 (81.7) 33 (18.3) 0.075
Overweight 50 (12.0) 38 (76.0) 12 (24.0)
Obese 113 (27.2) 81 (71.7) 32 (28.3)

Current smoker
Yes 12 (3.0) 9 (75.0) 3 (25.0) 0.985
No 399 (97.0) 306 (79.1) 81 (20.9)

Polypharmacy
0-4 219 (62.6) 184 (84.0) 35 (16.0) 

0.002
≥ 5 131 (37.4) 92 (70.2) 39 (29.8)

Multimorbidity 
0-1 118 (30.7) 106 (89.8) 12 (10.2)  

0.002
≥ 2 267 (69.3) 203 (76.0) 64 (24.0)

Frailty
Not frail 93 (22.6) 77 (82.8) 16 (17.2)

0.022Pre-frail 265 (64.3) 213 (80.4) 52 (19.6)
Frail 54 (13.1) 35 (64.8) 19 (35.2)
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Figure 1. Prevalence of dyspnea according to self-reported diseases.

Figure 2. Prevalence of dyspnea according to the presence of frailty phenotype components.
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breathlessness were more likely to have pulmonary diseases, heart 
diseases, cancer, depression, multimorbidity and polypharmacy. In 
addition, dyspnea occurred more frequently among participants 
who were classified as frail (i.e. 35.2%), and fatigue was the pheno-
type component that was most strongly associated with dyspnea.

There is evidence in the literature that the prevalence of dys-
pnea increases with advancing age.2,26,27 In a representative sample 
of North American older adults,1 it was observed that one in four 
adults aged 70 and over experienced clinically significant breath-
lessness, evaluated via a single question  (i.e. “How often do you 

become short of breath while awake?”). Greater prevalence of mul-
timorbidities10 and polypharmacy,28 reduced physical fitness3 and 
decreased efficiency of the respiratory system11 make older adults 
more susceptible to dyspnea, which corroborate the increasing 
prevalence of dyspnea among older age ranges.

Although our results were in agreement with the literature in 
terms of the overall prevalence of dyspnea among older adults, it was 
surprisingly higher among those aged 72 to 79 years than among 
those aged 80 and over. Nonetheless, a previously published geriat-
ric dyspnea model supports the notion of paradoxical reduction in 

Table 2. Crude and adjusted odds ratios for dyspnea, according to sociodemographic and anthropometric characteristics, health and 
clinical conditions, and frailty status and phenotype components of the FIBRA study. City of Campinas and Ermelino Matarazzo district of 
the city of São Paulo, São Paulo, Brazil, 2016/2017

Variables
Dyspnea

ORcrude 95% CI P-value ORadjusted 95% CI P-value
Sociodemographic and anthropometric characteristics

Sex 
Female versus male 1.58 0.91-2.75 0.101 1.37 0.77-2.44 0.439

Age groups (years)
≥ 80 versus 72-79 0.55 0.34-0.89 0.015 0.59 0.35-0.98 0.041

Schooling level
1-4 years versus illiterate 0.66 0.33-1.33 0.247 0.64 0.31-1.32 0.228
≥ 5 years versus illiterate 0.59 0.27-1.30 0.194 0.56 0.26-1.24 0.209

Body mass index classification
Underweight versus normal 0.72 0.33-1.55 0.398 0.64 0.27-1.49 0.301
Overweight versus normal 1.41 0.66-2.98 0.373 1.39 0.63-3.08 0.412
Obese versus normal 1.76 1.01-3.07 0.047 1.54 0.86-2.78 0.148

Health and clinical conditions
Self-reported diseases

Heart diseases 2.24 1.32-3.80 0.003 2.06 1.17-3.62 0.012
Hypertension 1.55 0.88-2.73 0.128 1.53 0.84-2.82 0.167
Stroke 2.25 0.96-5.27 0.061 1.50 0.58-3.86 0.399
Diabetes 1.14 0.66-1.98 0.620 1.10 0.62-1.95 0.746
Cancer 3.17 1.52-6.59 0.002 3.25 1.48-7.18 0.003
Arthritis 1.42 0.86-2.34 0.164 1.41 0.82-2.40 0.211
Pulmonary diseases 2.57 1.31-5.03 0.006 2.25 1.08-4.67 0.029
Depression 2.11 1.17-3.80 0.013 1.94 1.04-3.59 0.036
Osteoporosis 1.31 0.77-2.22 0.308 1.41 0.79-2.50 0.239

Multimorbidity 
≥ 2 versus 0-1 2.78 1.44-5.39 0.002 2.91 1.41-5.99 0.004

Polypharmacy
≥ 5 versus 0-4 2.23 1.32-3.75 0.003 2.02 1.15-3.54 0.014

Frailty status and phenotype components
Frailty

Pre-frail versus not frail 1.17 0.63-2.18 0.609 1.14 0.58-2.22 0.705
Frail versus not frail 2.61 1.20-5.67 0.015 2.54 1.08-5.97 0.032

Frailty components (versus absence of the criterion)
Weight loss 1.26 0.73-2.18 0.398 1.48 0.81-2.69 0.197
Low physical activity 1.26 0.78-2.04 0.330 1. 20 0.72-2.03 0.482
Low grip strength 0.80 0.42-1.52 0.509 0.81 0.40-1.64 0.563
Gait slowness 2.10 1.16-3.79 0.013 1.71 0.89-3.30 0.106
Fatigue 2.90 1.77-4.75 < 0.001 2.75 1.62-4.66 < 0.001

OR = odds ratio; CI = confidence interval; adjusted: age, sex, schooling and body mass index classification. In bold: statistically significant associations.
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the perception and reporting of dyspnea, explained in terms of the 
influence of  physiological, neurological, psychological and social 
changes with aging.29 Thus, it is plausible that the self-reported dys-
pnea rate is reduced in the older age ranges. Additionally, another 
study with the same cohort showed that a considerable portion of 
longer-living older adults (i.e. 80 years of age and over) were in good 
health,30 which contradicted the results from investigations in other 
countries.31-33 One hypothesis is that people with better health and 
socioeconomic conditions are more likely to reach advanced ages. 
So, it is possible that the lower prevalence of dyspnea in the old-
est-old group can also be partly due to this (i.e. older adults with 
worse conditions, including those associated with the presence of 
dyspnea, would die earlier).34,35 Given that cohort studies involving 
very old community-dwelling adults are scarce in Brazil, the possi-
bility for discussion of the present results is limited.

Regarding the factors associated with dyspnea in older adults, 
the present results partly corroborate the findings of Smith et al.1 
Among community-dwelling older adults, those authors found 
that individuals with respiratory diseases, multimorbidity, heart 
diseases, obesity and low educational level were more likely to have 
dyspnea. In addition, dyspnea was associated with depression, 
anxiety, fatigue, pain, dependence with regard to activities of daily 
living and high use of healthcare services. Interestingly, Johnson 
et al.36 showed that age was inversely related to restrictive breath-
lessness during the last year of life. They argued that individuals 
who lived to old age achieved that age because they probably did 
not have the medical conditions associated with restrictive dys-
pnea, which thus supports the hypothesis raised above.

In old age, the presence of multimorbidity may be more complex 
due to overlapping of other conditions such as physical impairment, 

mental disorders, frailty and polypharmacy.30,37,38 These condi-
tions impose a considerable burden at an individual level, and on 
healthcare and social services too.33 Previous studies demonstrat-
ing the complexity of healthcare management for older people 
showed that multimorbidity and polypharmacy were also asso-
ciated with dyspnea,1,28 which was concordant with our findings. 
Smith et al.,1 for example, observed that older adults with signifi-
cant breathlessness were more likely to have multimorbidity than 
single chronic conditions. 

A cross-sectional study conducted in Brazil also showed that 
community-dwelling older adults with dyspnea, assessed using the 
modified Medical Research Council Dyspnea Scale, had more dis-
eases than those without this symptom.4 Regarding polypharmacy, 
Akgün et al.28 observed that it was strongly related to dyspnea (as 
measured on a shortness-of-breath scale from 0 to 10 scale within 
the Edmonton Symptom Assessment System) among older adults 
with serious life-limiting diseases. After adjusting for different fac-
tors (age, sex, diagnosis and statin discontinuation), each additional 
medication was associated with 8% and 16% increased risk of mild 
and moderate-to-severe dyspnea, respectively. In addition to asso-
ciations between dyspnea and some chronic self-reported diseases, 
multimorbidity and polypharmacy, it was also observed in the pres-
ent study that dyspnea could occur in combination with multimor-
bidity and/or frailty/pre-frailty conditions. These, in turn, may bring 
more complexity to healthcare for community-dwelling older adults.

The relationship between respiratory impairment/diseases 
and frailty among older adults has been demonstrated in differ-
ent studies.13,16,39 In a meta-analysis, Marengoni et al.39 found that 
older adults with COPD had twofold increased odds for present-
ing frailty, compared with those without COPD. Among commu-
nity-dwelling older adults, Vaz Fragoso et al.16 showed that respi-
ratory impairment was associated with frailty at the baseline and 
that there was an increased likelihood of developing frailty features 
after three years of follow-up. Although studies involving COPD 
patients have supported the existence of a relationship between 
dyspnea and frailty,13,39,40 it is not known whether this is true for 
community-dwelling older adults. 

In the present study, older adults who reported dyspnea were 
more likely to be classified as frail, even after adjustment for age, 
sex, schooling and BMI classification. Moreover, although fatigue 
and gait slowness were the frailty phenotype components that were 
associated with reports of dyspnea, only fatigue remained associated 
with dyspnea after controlling for confounding factors. According 
to Vaz Fragoso et al.,17 poor performance in the single chair stand 
was associated with a greater chance of having moderate-severe 
exertional dyspnea, which became attenuated when controlled for 
some frailty components singly. Similarly, Silva et al.4 observed that 
there was high prevalence of frailty (23.6%) among Brazilian com-
munity-dwelling older adults who reported having dyspnea. After 

Figure 3. Overlapping between dyspnea, multimorbidity and frailty/
pre-frailty status.
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adjusting for different confounders, higher dyspnea score was found 
to be independently associated with poor physical performance.4 
Among COPD patients, Medina-Mirapeix et al.40 demonstrated that 
low grip strength was the most prevalent component among those 
classified as frail, followed by low physical activity levels and fatigue. 
However, only fatigue was associated with dyspnea and severity of 
COPD symptoms in the final multivariate models.

Some conceptual models for explaining the dyspnea-inactivity 
vicious cycle in COPD are available in the literature. Recently, Ramon 
et al.41 proposed a model in which a sequence of events (e.g. expira-
tory airflow limitation, increased resting lung volumes and dynamic 
hyperinflation) might lead to a cycle consisting of the following: dys-
pnea - reduced physical activity - deterioration of exercise capacity 
- dyspnea. Although not included in Ramon’s model, fatigue might 
be easily fit into the dyspnea-inactivity vicious cycle, independently 
of a specific diagnosis. In an observational study involving commu-
nity-dwelling older adults, Egerton et al.42 showed that fatigue was 
associated with lower physical activity levels. This finding did not 
confirm whether fatigue was a cause of low physical activity levels 
or whether it occurred as a result from inactivity. Therefore, those 
authors suggested that reduced activity might also lead to decreased 
physical capacity, which would hence increase inactivity-related 
fatigue through a reversed causal pathway. Surprisingly, neither low 
physical activity levels nor low grip strength was associated with dys-
pnea in our study. Therefore, it is still unclear whether dyspnea-inac-
tivity and frailty cycles overlap or not among community-dwelling 
older adults and whether a reversed causal pathway might exist in 
this population. This pathway would consist of the following: frailty 
- reduced physical activity - deterioration of physical reserves and 
increased exercise intolerance - dyspnea.

In summary, it was observed that a considerable proportion 
of the community-dwelling older adults of our study reported 
shortness of breath. Unlike other age groups, this symptom may 
be related not only to specific conditions (such as respiratory 
and cardiovascular diseases) but also to the presence of multi-
morbidities, polypharmacy and frailty. Thus, self-reported dys-
pnea should be considered to be an important symptom among 
older adults and should not be attributed to age per se. In addi-
tion to single-item questionnaires, it is important that shortness 
of breath should be investigated in a broader manner in this pop-
ulation, especially taking into account its impact on activities of 
daily living. However, it needs to be borne in mind that the scales 
most used for assessing dyspnea were developed before publica-
tion of the Consensus of the American Thoracic Society.3 Thus, 
these scales cannot cover the entirety of the definition of dyspnea 
in terms of functional, sensory-perceptual and affective aspects. 
In this way, multidimensional scales to evaluate dyspnea should 
be also considered when assessing the geriatric population. It is 
noteworthy that, in addition to adequate clinical management of 

chronic diseases and usage of medications, care for older adults 
with dyspnea should be carried out in an interdisciplinary and 
integrated manner, as much as possible.

The present study had some limitations that should be addressed. 
First of all, the cross-sectional nature of the study did not allow us 
to draw causal associations between dyspnea, health conditions 
and frailty. Therefore, further longitudinal studies should include 
objective respiratory measurements that would help clarify such 
relationships and the effect of respiratory impairment on the pro-
gression of frailty, especially among community-dwelling older 
adults. Second, as the present sample was not representative of the 
community-dwelling older population and only included individ-
uals aged 72 years and over, the results need to be interpreted with 
caution. Third, as the presence of dyspnea was evaluated just by a 
single question, the impact of its severity, commonly assessed using 
the Medical Research Council Dyspnea Scale, was unknown in our 
sample. In addition, methodological bias cannot be ruled out, given 
that different approaches were used to measure dyspnea (a single 
screening question) and frailty (a well-established tool). However, 
it is important to note that no reliable and valid dyspnea scales for 
Brazilian community-dwelling older adults were available at the time 
of design and application of the research protocol. 

CONCLUSIONS
Among community-dwelling older adults, dyspnea was associ-
ated with different diseases, multimorbidities, polypharmacy and 
frailty, even after controlling for age, sex, schooling and body mass 
index. Among those reporting dyspnea, fatigue and gait slowness 
were more likely to be present. Recognizing the factors associated 
with reports of dyspnea may contribute to prevention of negative 
outcomes and to management of frailty in this population.
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The first appointment with a nephrologist: Brazilian 
patients’ demographic and kidney function characteristics. 
A retrospective study
Farid SamaanI, Danilo Euclides FernandesII, Gianna Mastroianni KirsztajnIII, Ricardo SessoIV

Universidade Federal de São Paulo (UNIFESP), São Paulo (SP) Brazil

INTRODUCTION
The number of nephrologists in Brazil increased by 25%, from 3,500 to 4,400 between 2008 
and 2018.1 Within the same ten years, the number of patients on maintenance dialysis rose by 
52%, from 87,044 to 133,000, approximately.2 Nephrologists are distributed differently across 
the country. While the northern region has 0.7 nephrologists per 100,000 inhabitants, the 
southern and southeastern regions have 6.7 nephrologists per 100,000 inhabitants.1 This dis-
proportion between the numbers of nephrologists and the numbers of patients who need them 
is seen worldwide, even in developed countries.3 In the United States, between 1996 and 2012, 
the number of patients who started dialysis rose from 300,000 to 500,000, while the number of 
nephrologists decreased from 18 to only 10 per 1,000 patients.3,4

According to KDIGO (Kidney Disease Improving Global Outcomes), every person who 
presents chronic kidney disease (stages 4 and 5) and the ones who have high levels of albumin-
uria (albumin to creatinine ratio > 300 mg/g) should be referred to a nephrologist.5 The Brazilian 
Ministry of Health also recommends that patients who are in stages 4 or 5 of chronic kidney dis-
ease (CKD) should be followed up by a specialist.6 

Delay in reaching a nephrologist is associated with unfavorable outcomes and higher health-
care expenditure.7-11 In Brazil, late referral to a nephrologist was first demonstrated in 1995.12 
In that study, about 60% of the patients who started dialysis had not been followed up on an out-
patient basis by a nephrologist. 

On the other hand, some studies have suggested that many patients who are referred to a 
nephrologist can be easily followed up within primary care.13,14 Bahiense-Oliveira et al. showed 
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ABSTRACT
BACKGROUND: The number of nephrologists has risen slowly, compared with the prevalence of chronic 
kidney disease (CKD) in Brazil. Data on patients referred to nephrology outpatient clinics remains scarce.
OBJECTIVE: To determine the demographic and kidney function characteristics of patients at their first 
appointment with a nephrologist.
DESIGN AND SETTING: Retrospective study conducted at three nephrology outpatient clinics (public 
and private services), in São Paulo, Brazil.
METHODS: From December 2019 to February 2020, we collected patient data regarding demographics, 
kidney function parameters and comorbidities. We then analyzed data on 394 patients who met a ne-
phrologist for their first appointment.
RESULTS: The main comorbidities were hypertension (63.7%), diabetes (33.5%) and nephrolithiasis 
(22.3%). Regarding CKD stages, 24.1%, 9.1%, 13.7%, 15.2%, 15.2% and 2.3% of the patients were in stages 
1, 2, 3a, 3b, 4 and 5, respectively. Proteinuria was absent or mild, moderate and high in 17.3%, 15.2% and 
11.7%, respectively; and 16.2% had not undergone previous investigation of serum creatinine or protein-
uria (55.8%). For 17.5%, referral to a nephrologist occurred late. Patients in public services were older than 
those in private services (59 years versus 51 years, respectively; P = 0.001), more frequently hypertensive 
(69.7% versus 57.5%; P = 0.01) and reached a nephrologist later (22.4% versus 12.4%; P = 0.009).
CONCLUSION: Referrals to a nephrologist were not being made using any guidelines for CKD risk and 
many cases could have been managed within primary care. Late referral to a nephrologist happened in 
one-fifth of the cases and more frequently in the public service.
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that 52% of the patients assisted by a nephrologist did not need 
to be assessed or treated by this specialty at their first appoint-
ment.13 Another study showed that 35.7% of the patients assessed 
by nephrologists had stages 1 and 2 of CKD and only a few of 
them (26%) presented higher levels of proteinuria or albuminuria, 
meaning that many patients could have continued to be cared for 
within primary care.14 

OBJECTIVE
Because of the need for accurate medical referral to nephrolo-
gists and the lack of these specialists, the aim of this study was 
to describe the characteristics (sociodemographic and CKD 
stages) of patients who were assessed by nephrologists at their 
first appointment, in both public and private services.

METHODS
Study design and participants
This was a multicenter retrospective study based on medical 
records. We included three outpatient clinics in the metropoli-
tan area of São Paulo: two clinics affiliated with private health 
insurance services and one public clinic within the Brazilian 
National Health System (Sistema Único de Saúde, SUS). We ana-
lyzed information on first appointments with a nephrologist 
that took place between December 2019 and February 2020, 
among patients who were ≥ 18 years old. We excluded those who 
had undergone kidney transplantation or who were on kidney 
replacement therapy. In the Brazilian public service, patients can 
only reach specialists through a medical referral from primary 
care or from other specialists. In private services, patients can 
reach specialists either through referrals or through their own 
initiative. 

The protocol for this study was approved by the Ethics 
Committee of Universidade Federal de São Paulo on June 5, 2020 
(CAAE 31053420.9.1001.5505).

Definitions and parameters of interest
Basic characteristics and clinical information relating to diag-
noses of hypertension, diabetes mellitus (DM), urinary lithia-
sis, recurrent urinary tract infection, polycystic kidney disease 
and glomerulonephritis were obtained from the patients’ charts. 
We defined hypertension as the use of anti-hypertensive drugs 
or the presence of this diagnosis in the patient’s chart. DM was 
defined from use of oral antidiabetic drugs or insulin therapies or 
the presence of this diagnosis in the patient’s chart.

Laboratory assessments included serum creatinine and pro-
teinuria. We used serum creatinine, age, and gender to determine 
the estimated glomerular filtration rate (eGFR), in accordance 
with the Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) equation.15 The racial factor was not included in the 

eGFR calculation because of the multiethnic composition of the 
Brazilian population and because of a previous study that demon-
strated that this adjustment did not contribute to greater accuracy 
in this population.16 CKD was defined as eGFR < 60 ml/min/1.73 m2 
or the presence of biomarkers for renal dysfunction, such as pro-
teinuria, dysmorphic hematuria or abnormal kidney ultrasound. 
We classified CKD into five stages in accordance with the current 
guidelines: stage 1 (eGFR ≥ 90  ml/min/1.73 m² and any renal dys-
function biomarker); stage 2 (eGFR of 60-89 ml/min/1.73 m² and 
any renal dysfunction biomarker); stage 3a (eGFR of 45-59 ml/
min/1.73 m²), stage 3b (eGFR of 30-44 ml/min/1.73 m²); stage 
4 (eGFR of 15-29 ml/min/1.73 m²); and stage 5 (eGFR < 15 ml/
min/1.73 m²). We considered stages 3b, 4 and 5 to be advanced CKD.5

We used the following methods to determine the levels of pro-
teinuria: urinalysis (dipstick); random urinary albumin-to-creati-
nine ratio (ACR); random urinary protein-to-creatine ratio (PCR); 
24-hour albuminuria; and 24-hour proteinuria. We stratified the 
patients into three categories according to their level of proteinuria: 
absent or mild (urinalysis negative or 1+, ACR < 30 mg/g, PCR 
< 150 mg/g, 24-hour albuminuria < 30 mg or 24-hour proteinuria 
< 150 mg); moderate (1+ or 2+ on urinalysis, ACR of 30-300 mg/g, 
PCR of 150-500 mg/g, 24-hour albuminuria of 30-300 mg and 
24-hour proteinuria of 150-1000 mg); and high (3+ on urinalysis, 
ACR > 300 mg/g, PCR > 500 mg/g, 24-hour albuminuria > 300 mg 
and 24-hour proteinuria > 1000 mg).5

Among the reasons for referring patients to a nephrologist, 
we considered the following: hypertension, diabetes, nephroli-
thiasis, recurrent urinary tract infection, hematuria (red blood 
cells above the laboratory reference levels) and acute kidney 
injury (serum creatinine > 0.3 mg/dl, in comparison with the 
baseline serum creatinine, investigated within the preceding 
three months before data collection).17 We collected data on 
the specialties from which patients were referred to a nephrolo-
gist (internal medicine, endocrinology, cardiology or urology). 
Also, we registered whether patients reached a nephrologist by 
themselves, with no medical referral. Late referral was defined 
as referral in stages 4 or 5.7-11

Patients for whom serum creatinine and proteinuria informa-
tion was available were classified into CKD risk groups: low risk, 
moderate risk, high risk and very high risk.18

Sampling and statistical analyses
We calculated the sample size based on the following equa-

tion:19 N = n*X / (X + n – 1); in which X = Z(α/2)
2  *p*(1-p) / error2. 

“Z(α/2)” is the critical value for a normal distribution when α/2 
(confidence interval = 95%, α = 0.05 and critical value of 1.96), 
“p” represents the proportion of the referred patients in the sam-
ple, “error” is the estimated margin around “p”, and “n” means 
the size of the population. We estimated that 40% of the patients 
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were correctly referred to a nephrologist, in conformity with pre-
vious research.12,13 We considered that the size of the population 
was 100,000 inhabitants. We set error and confidence intervals of 
8% and 95%, respectively. In this manner, we determined that a 
minimum of 144 medical records from public and private services 
would need to be analyzed.

We used the statistical package SPSS, version 18.0 (SPSS Inc., 
Chicago, Illinois, United States). We described the frequencies of 
the categorical variables. Age showed non-normal distribution 
and so we presented data on its median and interquartile range 
(IQR). We used χ² or Fisher exact tests to compare the frequencies, 
as appropriate. Also, we used the Mann-Whitney test to compare 
non-normal continuous variables. We set the significance level 
for P-values at < 0.05.

RESULTS
The demographic and clinical characteristics (renal data and 
comorbidities) of our sample are shown in Table 1. The median 
age was 55 years old (IQR, 42-67); 51.5% of the patients were 
male; and the most frequent comorbidities were hypertension 
(63.7%), DM (33.5%), nephrolithiasis (22.3%) and recurrent uri-
nary infection (8.6%). The distribution of the patients regarding 
CKD grading was 24.1% in stage 1, 9.1% in stage 2, 13.7% in stage 
3a, 15.2% in stage 3b, 15.2% in stage 4 and 2.3% in stage 5. 

Proteinuria was observed to be mild or absent in 17.3% of the 
patients, while 15.2% presented moderate and 11.7% presented 
high levels of proteinuria. The percentages of patients referred to 
a nephrologist with no information on serum creatinine and pro-
teinuria were 16.2% and 55.8%, respectively. Among patients with 

Table 1. Characteristics of the patients and comparison between public and private healthcare services
All (n = 394) Public (n = 201) Private (n = 193) P-value*

Age, years (range) 55 (42-67) 59 (47-69) 51 (38-64) 0.001
Male, n (%) 203 (51.5) 97 (48.3) 106 (54.9) 0.18
Reasons for referring to a nephrologist/comorbidities, n (%)

Hypertension 251 (63.7) 140 (69.7) 111 (57.5) 0.01
Diabetes mellitus 132 (33.5) 74 (36.8) 58 (30.1) 0.15
Nephrolithiasis 88 (22.3) 41 (20.4) 47 (24.4) 0.35
Recurrent urinary tract infection 34 (8.6) 19 (9.5) 15 (7.8) 0.55
Polycystic kidney disease 15 (3.8) 8 (4.0) 7 (3.6) 0.85
Glomerulonephritis 4 (1.0) 1 (0.5) 3 (1.6) 0.29
Acute kidney injury 14 (3.6) 8 (4.0) 6 (3.1) 0.64
Hematuria 8 (2.0) 4 (2.0) 4 (2.1) 0.95
Other 59 (15.0) 18 (9.0) 41 (21.2) 0.001

CKD stage, n (%)
1 95 (24.1) 41 (20.4) 54 (28.0) 0.07
2 36 (9.1) 23 (11.4) 13 (6.7) 0.11
3a 54 (13.7) 31 (15.4) 23 (11.9) 0.31
3b 60 (15.2) 39 (19.4) 21 (10.9) 0.02
4 60 (15.2) 43 (21.4) 17 (8.8) < 0.001
5 9 (2.3) 2 (1.0) 7 (3.6) 0.08

Proteinuria stratification, n (%)
Absent or mild 68 (17.3) 28 (13.9) 40 (20.7) 0.74
Moderate 60 (15.2) 40 (19.9) 20 (10.4) 0.008
High 46 (11.7) 30 (14.9) 16 (8.3) 0.58

Referral with no serum creatinine result, n (%) 64 (16.2) 22 (10.9) 42 (21.8) 0.004
Referral with no proteinuria result, n (%) 220 (55.8) 103 (51.2) 117 (60.6) 0.06
No CKD, n (%) 16 (4.1) 0 (0.0) 16 (8.3) < 0.001
Advanced CKD, n (%)** 129 (32.7) 84 (41.8) 45 (23.3) < 0.001
Late referral, n (%)*** 69 (17.5) 45 (22.4) 24 (12.4) 0.009
Referred from, n (%)

No referral 72 (18.3) 0 (0.0) 72 (37.3) < 0.001
General practitioner (internist) 228 (57.9) 187 (93.0) 41 (21.2) < 0.001
Endocrinologist 28 (7.1) 3 (1.5) 25 (13.0) < 0.001
Urologist 11 (2.8) 0 (0.0) 11 (5.7) 0.002
Other 55 (14.0) 11 (5.4) 44 (22.8) < 0.001

Discharge from the nephrologist 39 (9.9) 7 (3.5) 32 (16.5) < 0.001
*Public versus private; **Chronic kidney disease (CKD) stages 3b, 4 and 5; ***CKD stages 4 and 5.
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hypertension and without DM, the referral rates for those with 
results from laboratory tests on serum creatinine and protein-
uria were 87% and 48%, respectively. Among those with DM, the 
corresponding referral rates reached 91% and 56%, respectively. 

Late referral (stages 4 and 5) was found in 17.5% of the partic-
ipants. Most of the patients (57.9%) were referred to a nephrolo-
gist by a general practitioner. About 10% of the patients were dis-
charged by the nephrologist after the first appointment.

Compared with the private insurance patients, the individuals 
seen in public outpatient clinics were older (59 [IQR, 47-69] versus 
51 [IQR, 38-64] years old; P = 0.001), more commonly hypertensive 
(69.7% versus 57.5%; P = 0.01) and were referred later to a nephrologist 
(22.4% versus 12.4%; P = 0.009). In the public service, patients were 
more frequently referred to a nephrologist without serum creatinine 
results (10.9% versus 21.8%, respectively; P = 0.004) and without pro-
teinuria tests (51.2% versus 60.6%; respectively, P = 0.06). The type of 
doctor who most frequently referred patients to a nephrologist was the 
general practitioner (93%) in the public service; while in the private 
service patients reached a nephrologist predominantly without any 
referral (37.3%) followed by referral from a general practitioner (21.2%).

According to the risk map for CKD,19 19.9% of the patients 
were at low risk, 21% at moderate risk, 24% at high risk and 34.8% 
at very high risk (Table 2). Compared with patients seen at private 
outpatient clinics, those seen within the public healthcare system 
presented lower probability of being at low risk of CKD (11.2% ver-
sus 32.4%, respectively; P < 0.001) and higher risk of CKD (69.4% 
versus 44.1%; respectively, P = 0.001) (Table 3).

DISCUSSION
The Brazilian guidelines regarding CKD define that the risk 
stratification should be conducted within primary care through 

assessing serum creatinine and proteinuria levels.6 The Brazilian 
guidelines for hypertension and DM also include serum creati-
nine and proteinuria tests performed annually, as a minimum.20

This study showed that for one patient in six, no information on 
serum creatinine was available at the time of the first appointment 
with a nephrologist. Additionally, more than half of the patients 
were not investigated regarding urinary protein levels. Failure 
in screening for CKD has also been observed in other regions in 
which the rates of serum creatinine monitoring (32.5% to 73.5%) 
and proteinuria assessment (2.5% to 40%) were low.21-23

Considering the impact of aging on the decline in renal func-
tion,24 23 patients (5.9% of the sample) may not necessarily have 
needed to be referred to a nephrologist (patients aged > 75 years; 
eGFR < 60; and proteinuria assessment not performed or absent). 
Nonetheless, most of them were referred without any assaying of 
proteinuria (20 patients).

The prevalences of hypertension and DM in our sample were 
63.7% and 33.5%, respectively. According to a survey by the 
Brazilian Nephrology Society,2 the most common causes of CKD 
stage 5 are hypertension and DM. Indeed, these diseases can be 
identified and prevented within primary care.25-28 Proteinuria plays 
an important role in accelerating the progression rate of CKD, 
but its assessment was neglected among 52% of hypertensive and 
44% of diabetic patients. Although testing of proteinuria levels is 
important, this was not usually performed.

Compared with the patients seen via the private healthcare 
service, the public service patients who reached a nephrologist 
showed higher rates of advanced CKD (stages 3b, 4, and 5), but 
serum creatinine and proteinuria were more frequently assessed 
before the referral. Because of the scarcity of nephrology appoint-
ments within the public service, those individuals may reach the 

Table 2. Patients’ distribution* according to the risk map for chronic kidney disease19

Chronic kidney 
disease stages

Estimated glomerular filtration 
rate** (ml/min/1.73 m2)

Proteinuria stratification
Absent or mild

n (%)
Moderate

n (%)
High
n (%)

1 > 90 26 (15.7)a 19 (11.4)b 9 (5.4)c

2 60-89 7 (4.2)a 10 (6.0)b 9 (5.4)c

3a 45-59 6 (3.6)b 12 (7.2)b 7 (4.2)d

3b 30-44 10 (6.0)c 11 (6.6)d 13 (7.8)d

4 15-29 12 (7.2)d 8 (4.8)d 4 (2.4)d

5 < 15 0 (0.0)d 0 (0.0)d 3 (1.8)d

*166 patients for whom data on serum creatinine and proteinuria were available. Risk map according to the Kidney Disease Outcomes Quality Initiative (KDOQI); 
**CKD-EPI equation; alow risk; bmoderate risk; chigh risk; dvery high risk. 

Risk stratum Public (n = 98) Private (n = 68) P
Low 11 (11.2) 22 (32.4) < 0.001
Moderate 19 (19.4) 16 (23.4) 0.52
High or very high 68 (69.4) 30 (44.1) 0.001

Table 3. Comparison between public and private health insurance patients regarding the risk of chronic kidney disease19
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specialist later in time, and with advanced stages of CKD. This may 
also happen because patients with hypertension or DM are highly 
adherent to their treatment within primary care. Public service 
patients had better chances of undergoing CKD screening, prob-
ably due to the higher degree of control and requirements for set-
ting up appointments with specialists. Doctors who work for SUS 
need to provide written justification in advance, to explaining why 
the patient should be referred to a specialist.

The main type of physician responsible for referring patients 
to a nephrologist within the public service was the general prac-
titioner, while in private healthcare services there was a broader 
range of sources such as self-referral, general practitioners and 
other specialists, thus suggesting that the private healthcare ser-
vice is highly compartmentalized.

About 25% of the patients referred to a nephrologist did not 
belong to the major risk groups for CKD (hypertension, DM, 
elderly people, polycystic kidney disease and glomerulonephritis). 
This percentage was greater in the public service than in private 
services (31.1% versus 19.9%, respectively; P = 0.01). Patients at 
low risk of CKD were more commonly seen in the private health-
care services. These results suggest that there are higher rates of 
unnecessary appointments with specialists within private services, 
which can be explained by the convenience of reaching a specialist 
when the patient can afford it.

Some limitations of this study should be mentioned. First, this 
was a retrospective study, and some of the patients could not 
take their laboratory results to their first appointment with the 
nephrologist, which may have prevented nephrologists from 
registering patients’ lab results in the charts. Second, the limited 
number of centers included in this study prevented us from gen-
eralizing our results to other public or private Brazilian health-
care services. Third, the data available in relation to diabetes and 
hypertension (diagnosis and pharmacological treatment) may 
have provided an underestimate of their prevalences, especially 
because patients with diabetes and hypertension are oligosymp-
tomatic at the beginning of their natural history. However, the 
result that we have presented through our sampling may work 
as a comparison for other, future research, in order to edu-
cate both patients and healthcare professionals about the early 
stages of CKD.

CONCLUSIONS
There are opportunities to improve the stratification of the risk of 
chronic kidney disease (CKD) in both public and private health-
care services. Proteinuria plays an important role in predicting 
CKD and seems to have been ignored in many patients who are at 
high risk of CKD, such as hypertensives and diabetics. Late refer-
ral to a nephrologist and unnecessary appointments with this 
specialist are common in public and private services, respectively. 

Further research aimed at monitoring healthcare quality in the 
early stages of CKD may improve the way in which physicians 
refer their patients to a nephrologist.
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Adverse effects associated with favipiravir in patients with 
COVID-19 pneumonia: a retrospective study 
Figen Öztürk ErgürI, Murat YıldızII, Melahat Uzel ŞenerIII, Suna KavurgacıIV, Ayperi OzturkV

Ataturk Chest Diseases and Chest Surgery Training and Research Hospital, Ankara, Turkey

INTRODUCTION
Since the first appearance of coronavirus disease 2019 (COVID-19) in Wuhan, China, in 
December 2019, this disease has evolved into a global pandemic.1 It is associated with a wide 
clinical spectrum of conditions, ranging from asymptomatic disease to fatal pneumonia.2 
Treatment protocols remain limited to guideline recommendations and clinical studies. No spe-
cific treatment or prophylaxis has been introduced for use. 

Favipiravir is a purine analogue and ribonucleic acid (RNA)-dependent polymerase inhibi-
tor that is used for influenza treatment in Japan. It has shown efficacy against many RNA viruses, 
including Ebola, neurovirus and Enterovirus.3 It is generally considered safe, with good tolerabil-
ity, low side-effect potential and a half-life of five hours. The reported side effects include diar-
rhea, elevated transaminase levels, hyperuricemia and neutropenia.4 

OBJECTIVE
In this study, we aimed to assess the side effects of favipiravir treatment among patients diag-
nosed with COVID-19 pneumonia, in order to discuss its role as a therapeutic option. 

METHODS:
This retrospective study was conducted in Atatürk Chest Diseases and Chest Surgery Training 
and Research Hospital, Ankara, Turkey. The study included patients admitted to our hospital and 
hospitalized due to confirmed COVID-19, between September 1, 2020, and October 1, 2020. 
COVID-19 was diagnosed using the reverse-transcription polymerase chain reaction (RT-PCR) 
test. In this retrospective study, data on clinical characteristics, along with laboratory and chest 
computed tomography (CT) findings, were retrieved from digital databases and patient files. 
Patients > 18 years of age were deemed eligible if complete laboratory and chest CT data for them 
were available, along with a COVID-19 diagnosis via real-time RT-PCR; or if they showed highly 
suspicious disease based on clinical-radiological findings, despite RT-PCR negativity. 

In accordance with the treatment guidelines for adult COVID-19 patients endorsed by the 
Turkish Ministry of Health, these patients received a loading oral favipiravir dose of 1600 mg 
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ABSTRACT
BACKGROUND: Favipiravir is generally used in treating coronavirus disease 2019 (COVID-19) pneumonia 
in Turkey.
OBJECTIVE: To determine the side effects of favipiravir and whether it is a good treatment option.
DESIGN AND SETTING: Retrospective study conducted in Atatürk Chest Diseases and Chest Surgery 
Training and Research Hospital, Ankara, Turkey.
METHODS: 357 patients who completed favipiravir treatment at the recommended dose were included. 
37 patients with drug side effects and 320 patients without drug side effects were examined in two groups.
RESULTS: Side effects were observed in 37 (10.36%) out of 357 patients using favipiravir. The most com-
mon side effect was liver dysfunction, in 26 (7.28%) of the patients. The following other side effects were 
also observed: diarrhea (1.4%), nausea (0.84%), abdominal pain (0.28%) and thrombocytopenia (0.28%). 
One patient (0.28%) presented both increased transaminases and nausea.
CONCLUSION: In this study, it was determined that favipiravir may constitute an alternative for treating 
COVID-19 pneumonia given that its side effects are generally well tolerated and not serious.
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twice daily, followed by a maintenance dose of 600 mg twice daily, 
for a total duration of 5 to 10 days.5

Demographic data, underlying conditions, clinical signs and 
symptoms, laboratory and radiological findings, oxygen support 
requirement, supportive treatments and side effects arising during 
favipiravir treatment were recorded. Side effects were defined as 
elevated transaminases, gastrointestinal symptoms (nausea, diar-
rhea or abdominal pain), high blood sugar or thrombocytopenia. 
In addition, a few of the patients also had elevated baseline trans-
aminases, but they were not excluded because transaminase levels 
could also be raised due to the disease itself.

The local ethics committee approved this study (date: Oct 8, 
2020; number: 696). 

Statistical analysis
Statistical analysis was performed using SPSS 25.0 (Statistical 
Package for the Social Sciences for Windows, Inc.; Chicago, 
Illinois, United States). The compatibility of the data to nor-
mal distribution was investigated by means of the Kolmogorov-
Smirnov test. Data showing the characteristics of continuous vari-
ables were expressed as the mean ± standard deviation or median 
(minimum-maximum); and categorical data as the number 
and percentage (%). Independent groups were compared using 
Student’s t test or the Mann-Whitney U test. The relationships 
between variables were evaluated using Pearson’s correlation anal-
ysis. Categorical variables were compared using the chi-square 
test. P values < 0.05 were considered statistically significant.

RESULTS
Overall, 357 patients who completed the recommended favipi-
ravir regimen were included. The patients were divided between 
those who did and those who did not experience drug side effects 
(n = 37 and n = 320, respectively). In both groups, males com-
prised the majority of cases (25/37, 67.6%; and 203/320, 63.4%, 
respectively). The mean ages in the two groups were comparable 
(62.88 ± 13.9 and 58.95 ± 13.08 years, respectively). Patients with 
favipiravir-related side effects had higher body mass index (BMI) 
(28.73 ± 4.51 versus 30.39 ± 4.76, P = 0.03) (Table 1). 

The most common comorbidities in both groups were hyper-
tension and diabetes mellitus (DM). The most frequently used med-
ications were oral anti-diabetics, angiotensin-converting enzyme 
inhibitors (ACEIs), angiotensin-receptor blockers (ARBs) and 
antiaggregating/anticoagulant agents. Patients without favipira-
vir-related side effects were more likely to be on ARB treatment 
(3/77; P = 0.04). Table 1 compares the demographic data, clinical 
characteristics and radiological findings in the two groups. 

The duration of favipiravir treatment was comparable in the 
two groups. However, patients with favipiravir-related side effects 
had a significantly longer hospital stay (7.13 ± 4.2 versus 10.78 ± 

5.62 days; P < 0.001) and were twice as likely to require intensive 
care unit admission (5.9% versus 10.8%; P = 0.279). While there were 
more patients requiring advanced medical treatment among those 
with favipiravir-related side effects, the difference was insignificant 
(21.6% versus 14.7%; P = 0.38) (Table 1). Among the 357 patients 
who received favipiravir, 37 (10.36%) had side effects. Among the 
231 patients who received favipiravir alone, 19 (8.2%) had side 
effects, while among the 126 patients who received hydroxychlo-
roquine with favipiravir, 18 (14.3%) exhibited side effects. The inci-
dence of side effects did not differ significantly between these two 
groups (P = 0.1). 

The most frequent drug-related adverse effect (elevated trans-
aminase levels) occurred in 26 patients (7.28%, 26/357); in all cases, 
this did not require treatment discontinuation and was resolved 
through supportive therapy. Other adverse effects comprised diar-
rhea (1.4%), nausea (0.84%), abdominal pain (0.28%) and throm-
bocytopenia (0.28%). One patient showed elevated transaminases 
in conjunction with nausea (Table 2; Figure 1).

A correlation analysis on determinants of favipiravir-related 
side effects showed that there were positive correlations with BMI 
and elevated baseline transaminase and ferritin levels; and negative 
correlations with elevated creatinine and ARB/ACEI use. However, 
all of these correlations were weak (r ≤ 0.2) (Table 3). 

DISCUSSION
One major challenge with COVID-19 relates to the absence of reli-
able evidence regarding therapeutic options. Furthermore, urgent 
therapeutic needs have resulted in the use of empirical treatments 
and other agents that were previously investigated for treatment 
of other coronaviruses. Several drugs, such as chloroquine, umi-
fenovir, remdesivir and favipiravir, are being used for COVID-19 
treatments in many countries, including Iran, Japan and China.6-9 

Favipiravir, an antiviral agent in the nucleotide-analogue class, 
has been approved for influenza treatment in Japan. Its activity 
profile against influenza, Ebola and many other RNA viruses has 
been established as consisting of prevention of viral replication 
via inhibition of viral RNA polymerase.10 It is used as a pro-drug, 
with 94% bioavailability, 54% protein binding and low volume of 
distribution. Cmax (maximum concentration) is reached within 
two hours following a single dose, while both Tmax (maximum 
concentration time) and half-life increase after multiple doses. 
It has a half-life of 2.5 to 5 hours and is metabolized via rapid renal 
elimination after hydroxylation, mainly through the action of alde-
hyde oxidase and marginally through xanthine oxidase. It exhib-
its dose-and time-dependent pharmacokinetic effects. While not 
metabolized by the cytochrome P450 (CYP) system, favipiravir 
inhibits one of the system’s components (CYP 2C8). As such, cau-
tion is advised when it is co-administered with drugs metabolized 
by the CYP system.11,12
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The dose of favipiravir administered varies based on indi-
cation. For COVID-19, higher doses are generally preferred.13,14 
According to the national COVID-19 treatment guidelines issued 

by the Ministry of Health, a twice-daily dose of 1600 mg is rec-
ommended on the first day of treatment, followed by 600 mg, 
twice daily, for a total duration of 5 to 10 days, in patients with 

Table 1. Demographic characteristics of the patients
No side effects

(n = 320)
With side effects (n = 37) P-value

Age, years, n ± SD 62.88 ± 13.9 58.95 ± 13.08 0.102
Gender, n (%)

Male 203 (63.4%) 25 (67.6%)
0.753

Female 117 (36.6%) 12 (32.4%)
Favipiravir alone (N = 231), n (%) 212 (91.8%) 19 (8.2%)

0.1
Favipiravir + hq (N = 126), n (%) 108 (85.7%) 18 (14.3%)
BMI, kg/m2 ± SD 28.73 ± 4.51 30.39 ± 4.76 0.036
Comorbidities, n (%)

Hypertension 141 (44.1%) 8 (21.6%) 0.014
DM 96 (30%) 7 (18.9%) 0.224
CAD 57 (17.8%) 4 (10.8%) 0.401
CHF 19 (6%) 1 (2.7%) 0.707
COPD 49 (15.3%) 2 (5.4%) 0.167
Asthma 22 (6.9%) 3 (8.1%) 0.734
Cancer 32 (10%) 4 (10.8%) 0.778
CRF 13 (4.1%) - 0.377
ILD 1 (0.3%) 1 (2.7%) 0.198
Rheumatological 9 (2.8%) 1 (2.7%) ns

Medications administered, n (%)
OAD 63 (19.7%) 2 (5.4%) 0.057
ACEI/ARB 77 (24.1%) 3 (8.1%) 0.045
Betablocker 49 (15.3%) 3 (8.1%) 0.352
Antiaggregant/coagulant 38 (11.9%) 4 (10.8%) ns

Blood parameters
WBC (×109/l), mean ± SD 7780.16 ± 4839.21 8188.61 ± 4355.72 0.628
Lymphocytes (×109/l), median (range) 1030 (128-44990) 1350 (300-10920) 0.016
Platelets (×109/l), mean ± SD 230534.38 ± 104771.79 250837.84 ± 116872.8 0.271
Neutrophil/lymphocyte ratio, median (range) 4.71 (0.12-79.92) 4.46 (0.08-23.44) 0.237
AST(IU/l), median (range) 34 (8-262) 46 (20-332) 0.012
ALT(IU/l), median (range) 26 (7-258) 35 (9-348) 0.016
CRP (mg/dl), median (range) 86 (1-493) 84.62 (2.5-395.74) 0.811
D-dimer (μg/l), median (range) 790 (156-80000) 780 (200-12430) 0.347
Ferritin (ml/ng), median (range) 320.5 (15-1650) 536.6 (41-1650) 0.03
Creatinine (mg/dl), mean ± SD 1.12 ± 0.52 0.94 ± 0.25 0.04
SO2 (%), mean ± SD 87.52 ± 8.77 88.22 ± 6.36 0.64

CT findings, n (%)
Normal 8 (3.2%) 1 (2.9%) ns
Frosted glass 232 (92.1%) 30 (88. %2) 0.505
Consolidation 87 (34.5%) 19 (55.9%) 0.026
One sided 93 (29.1%) 15 (40.5%) 0.252
Double-sided 190 (59.4(%) 20 (54.1%) 0.252
Favipiravir usage time (days), n ± SD 6.97 ± 2.38 7.73 ± 2.63 0.072

Days of hospitalization, n ± SD 7.13 ± 4.27 10.78 ± 5.62 < 0.001
Intensive care transportation, n (%) 19 (5.9%) 4 (10.8%) 0.279
Need for advanced oxygen therapy, n (%) 37 (11.6%) 4 (10.8%) ns
Need for advanced medical treatment, n (%) 47 (14.7%) 8 (21.6%) 0.387
Exitus, n (%) 37 (11.6%) 4 (10.8%) ns

WBC: White blood cell count, BMI = body mass index; DM = diabetes mellitus; CAD = coronary artery disease; CHF = congestive heart failure; COPD = chronic 
obstructive pulmonary disease; CRF = chronic renal failure; ILD = interstitial lung disease; OAD = oral antidiabetics; ACEI/ARB = angiotensin-converting enzyme 
inhibitor/angiotensin-receptor blocker; AST = aspartate aminotransferase; ALT = alanine aminotransferase; CRP = C-reactive protein; SO2

 = oxygen saturation; ns 
= non-significant; SD = standard deviation, hq = hydroxychloroquine.
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pneumonia and probable/definitive disease.15 All of our patients 
received this regimen. The most common side effects included 
elevated hepatic enzymes, gastrointestinal disorders, hyperurice-
mia and neutropenia.5

In a randomized Chinese study comparing favipiravir (at sim-
ilar doses) with umifenovir (200 mg three times daily, for 10 days), 
116 patients received favipiravir and 120 umifenovir. The recovery 
rates at day seven were comparable (P = 0.139), although the time 
to resolution of fever and coughing was shorter among favipiravir 
recipients. Side effects occurred in 31.9% of patients (n = 37) in the 
favipiravir group versus 23.33% (n = 28) in the umifenovir group 
(P = 0.14).16 In our study, 10.36% of the patients had side effects 
associated with favipiravir use. Transaminase elevation occurred 
in 8.62% of the patients in the favipiravir group (n = 10) versus 
10% (n = 12) among umifenovir patients. Again, in the Chinese 
study, 13.79% of patients in the favipiravir group had increased 
serum uric acid levels, while this laboratory parameter was not 
examined in our study. Gastrointestinal reactions were reported 
in 13.79% of the patients, while occurring at a lower rate (2.24%) 
in the current study. 

In a Japanese study,17 side effects were reported in 20% of 
the patients who received favipiravir in doses lower than those 
approved for COVID-19. Side effects were generally minor and, 
like in another study,5 included hyperuricemia (5%), diarrhea (5%), 
neutropenia and elevated hepatic enzymes (2%).17 In a review 
published in October 2020 that examined 32 studies registered 
at clinicaltrials.gov, elevated transaminase, eczema and pruritus, 
abdominal pain, nausea and diarrhea were reported in ≥ 1%, < 
0.5%, 0.5%, 0.5 to 1% and ≥ 1% of the patients receiving favipira-
vir, respectively.5 In the current study, the most common adverse 
effect was elevated transaminases (7.28%), with no cases of aller-
gic side effects, while gastrointestinal disorders (abdominal pain, 
diarrhea and nausea) were found in lower proportions.

Since favipiravir is metabolized and inhibited by aldehyde 
oxidase, serum concentrations should be monitored and dosing 
should be adjusted in those with hepatic impairment. Favipiravir, 
or its metabolites, has been detected in semen and breastmilk.11,12 
Although favipiravir may have pharmacokinetic interactions 
with oseltamiver, its co-administration with acetaminophen in 
healthy volunteers resulted in excess exposure to acetamino-
phen. Meanwhile, as co-administration with theophylline may 
elevate blood drug concentrations, a concomitant increase in the 
risk of side effects occurs, thus requiring added caution during 
use of this combination. 

In an interaction chart published by Liverpool Drug Interaction 
Group in March 2020, favipiravir does not have clinically significant 
interaction potential with ARBs/ACEIs.18 Therefore, the presence 
of more patients with ARB/ACEI use in our group without favi-
piravir-related side effects may simply have represented a coinci-
dental finding, supportive of the absence of clinical interactions 
between favipiravir and ARBs/ACEIs. 

Clinically significant interactions between favipiravir and 
hydroxychloroquine are unlikely. Favipiravir is mainly metabolized 

Table 2. Side effects seen with favipiravir
Patients using favipiravir 357
Patients with drug side effects, n (%) 37 (10.4%) 
Side effects, n (%)

Elevated transaminases 25 (7%)
Diarrhea 5 (1.4%)
Nausea 2 (0.56%)
High blood sugar 2 (0.56%)
Abdominal pain 1 (0.28%)
Thrombocytopenia 1 (0.28%)
Nausea + elevated transaminases 1 (0.28%)

Table 3. Relationship between favipiravir side effects and 
clinical-laboratory-radiological features

Clinical-laboratory-radiological 
features

Favipiravir side effects
r (Pearson’s 
correlation 
coefficient)

P-value

Body mass index 0.111 0.036
Lymphocyte count 0.05 0.344
Aspartate aminotransferase 0.212 < 0.001
Alanine aminotransferase 0.216 < 0.001
Ferritin 0.144 0.009
Creatinine -0.109 0.04
Consolidation in thorax 
tomography

0.143 0.015

Angiotensin-converting enzyme 
inhibitors/angiotensin-receptor 
blockers 

-0.117 0.027

Figure 1. Distribution of side effects. 

Transaminases Diarrhea Nausea

High blood sugar Abdominal pain

http://clinicaltrials.gov
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by aldehyde oxidase, while hydroxychloroquine is metabolized 
by the CYPs 2C8, 3A4 and 2Da. It is eliminated via urine, such 
that 3% of the administered dose is recovered within 24 hours. 
While favipiravir inhibits CYP 2C8, significant side effects are 
unlikely, given that hydroxychloroquine is metabolized through 
multiple pathways.19 This mechanism may explain the lack of dif-
ference between patients who received favipiravir alone and those 
who received favipiravir with hydroxychloroquine. 

Favipiravir appears to be a good therapeutic option for 
treatment of COVID-19, as it can be administered orally and 
may also be given to symptomatic patients who do not require 
hospitalization. Like other antiviral agents, it may be recom-
mendable to initiate favipiravir treatment soon after emergence 
of symptoms, given its ability to reduce viremia. This may cer-
tainly have some epidemiological implications in pandem-
ics, such as in relation to COVID-19. Although side effects 
are generally well tolerated, laboratory parameters should be 
closely monitored. 

The limitations of the present study were that it was conducted 
in a single center and had a retrospective design. This study was 
carried out in accordance with the recorded information only. 
Thus, it was not easy to reach conclusions regarding risk factors, 
given that it is possible that not all of them were considered because 
of the nature of retrospective cohorts.

CONCLUSIONS

Favipiravir is a valuable drug for treatment of mild to moderately 
severe symptomatic COVID-19 patients. However, further ran-
domized and controlled studies are warranted to provide more 
reassuring data for physicians regarding its use.
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A new biomarker in severe pneumonia associated 
with coronavirus disease 2019: hypoalbuminemia. 
A prospective study
Yavuz OtalI, Gamze AvcıogluII, Fadime Gullu HaydarIII

Ankara City Hospital, Ankara, Turkey

INTRODUCTION
Coronavirus disease 2019 (COVID-19) was caused by a novel coronavirus infection called 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).1 The infection spread rapidly 
all over the world and was declared to be a pandemic by the World Health Organization. A total 
of 78,604,532 documented cases had been reported worldwide as of December 26, 2020, and 
1,744,235 patients had died.2 Since there is no current specific treatment and drug against this 
novel virus, it is very important to determine the risk factors for severe prognosis.

Lung involvement is a serious complication in severe infection and requires hospital-
ization in an intensive care unit. Usually, the lungs are bilaterally affected. Treatment with 
mechanical ventilation may be necessary as a result of severe respiratory failure. There is no 
special drug for treatment of these patients, and supportive treatments are applied. The blood 
parameters of these patients can be variable. Examination of blood parameters in cases of 
severe pneumonia due to COVID-19 is providing a guide to prognosis and treatment in cases 
with comorbidities.

Albumin is a protein synthesized by the liver plays important roles in maintaining nutrition 
and plasma osmolality.3 Serum albumin, C-reactive protein (CRP), white blood cell (WBC) and 
neutrophil-to-lymphocyte (N/L) ratio values are known to be acute-phase reactants. The WBC, 
CRP and N/L ratio are objective systemic inflammation markers that are usually taken to mea-
sure the susceptibility of the patient to mortality.4-6 In our study, the relationships between these 
acute-phase reactants were compared in cases of severe pneumonia due to COVID-19.
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ABSTRACT
BACKGROUND: Effective triage and early detection are very important for controlling and treating coro-
navirus disease 2019 (COVID-19). Thus, the relationships between hypoalbuminemia and other acute-
phase reactants in such cases need to be evaluated.
OBJECTIVES: To investigate the importance of albumin levels in cases of severe pneumonia due to 
COVID-19.
DESIGN AND SETTING: Prospective study conducted in Ankara City Hospital (a stage 3 hospital), Turkey.
METHODS: Data from 122 patients diagnosed with pneumonia due to COVID-19 who were admitted to 
this hospital were analyzed statistically in comparison with date from 60 healthy controls. Three groups 
were established: healthy controls, intubated patients and non-intubated patients. Lung tomography 
scans from the patients were examined one-by-one. Real-time polymerase chain reaction (RT-PCR) test 
results were recorded.
RESULTS: Albumin levels were statistically significantly lower in the intubated and non-intubated groups 
than in the control group, in comparing the three groups (P < 0.01). The other acute-phase reactants, i.e. 
neutrophil-to-lymphocyte ratio and C-reactive protein levels, were significantly higher in the intubated 
and non-intubated groups than in the control group (P < 0.05). Albumin levels were also significantly low-
er in the intubated group than in the non-intubated group (P = 0.02). No differences were detected with 
regard to other parameters (P > 0.05).
CONCLUSIONS: Hypoalbuminemia may constitute a biomarker indicating the severity of pneumonia due 
to COVID-19.
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OBJECTIVES
Serum albumin, C-reactive protein, white blood cell and neu-
trophil-to-lymphocyte ratio values are known to be acute-phase 
reactants. Their levels change during acute-period events in 
metabolism. Changes to in the levels of these biomarkers during 
the acute period of COVID-19 pneumonia can provide us with 
information about the severity of the disease and can be used to 
predict the prognosis.

In our study, the relationships between these acute-phase reac-
tants were compared in cases of severe pneumonia due to COVID-
19. Effective triage and early detection are very important for con-
trolling and treating this disease. For this purpose, the relationship 
between hypoalbuminemia and other acute-phase reactants was 
compared in cases of severe pneumonia due to COVID-19.

METHODS
Approval was obtained from the Ethics Committee of Ankara 
City Hospital (date: April 14, 2021; number: 14.04.2021/1527). 
The blood samples were taken from 122 patients and 60 healthy 
volunteers and were evaluated using a computer after working in 
the laboratory.

The subjects were divided into three groups: group 1: healthy 
controls; group 2: intubated; and group 3: non-intubated. Lung com-
puted tomography (CT) scans from the patients who were diag-
nosed with COVID-19 were examined one-by-one. Patients who 
were diagnosed with COVID-19 as a result of lung tomography 
reports were included in the study. Polymerase chain reaction (PCR) 
results from the analysis system were reviewed. The tomography 
findings from 42 PCR-negative patients were compatible with 
presence of COVID-19. These patients were included in the study. 

Albumin, CRP, WBC and N/L ratio values of all the cases 
included in the study were separately entered into the statistics 
software. Individuals who were under the age of 18 years, trauma 
patients, and pregnant women were excluded from the study.

Statistical analysis
Statistical analyses were done by using the IBM SPSS Statistics 
(version 22) computer software (IBM, Armonk, United States, 
2011). The distribution of the variables was examined by using 
the Kolmogorov-Smirnov and Shapiro-Wilk tests. The quan-
titative data were expressed as the mean ± standard deviation 
(SD) or the median and interquartile range (IQR). One-way 
analysis of variance (ANOVA), with Tukey’s post-hoc test, and 
the independent-group Student t test were applied to the data 
that showed normal distribution. The Kruskal-Wallis, Mann-
Whitney U and Dunn post-hoc tests were applied to the data 
that did not show normal distribution. Chi-square testing was 
performed on categorical data. P-values < 0.05 were considered 
statistically significant.

RESULTS
The demographic data of the pneumonia cases due to COVID-19 
and the control group are presented in Table 1. No significant dif-
ferences were detected with regard to age or gender. Among the 
122 patients, 80 were not intubated and 42 were intubated and 
treated with mechanical ventilation. PCR test results were neg-
ative in the cases of 42 patients and positive for 80 patients. 
The tomography scans of all the patients were examined and the 
findings were entered into the system. The tomography findings 
from 42 PCR-negative patients were compatible with COVID-
19. The tomography results from the two different patient groups 
with COVID-19 pneumonia are shown in Figure 1.

The P-value was calculated for each parameter by making com-
parisons between the groups in the statistical analyses. From exam-
ination of the data of the three groups, it was found that the albumin 
levels were lower in the intubated and non-intubated groups than 
in the control group, at statistically significant levels (P < 0.01). 
The distribution of the data is shown in Figures 2 and 3. The albu-
min levels were lower in patients with COVID-19 pneumonia who 
received negative results from the PCR (Figure 2). Also, com-
parison of the intubated and non-intubated groups showed that 
the albumin levels were significantly lower in the intubated and 
non-intubated groups, as seen in Table 1 (P = 0.02). Albumin lev-
els were also found to be significantly lower in the intubated group 
than in the non-intubated group, as shown in Figure 3 (P = 0.02).

When the other acute-phase reactants, i.e. N/L ratio and CRP 
level were compared among the three groups, they were found to 
be significantly higher in the intubated and non-intubated groups 
(P < 0.05). However, no differences were detected between the 
intubated and non-intubated groups (P > 0.05). The WBC values 
did not show any statistically significant differences among the 
three groups or between the two groups (intubated and non-in-
tubated) (Figure 4).

Comparison of the intubated and non-intubated groups with-
out involving the control group showed that there was only a sta-
tistically significant difference in the albumin levels (P = 0.002). 
As demonstrated in Figure 3, the albumin levels were found to be 
even lower in intubated cases than in non-intubated cases. No sig-
nificant differences were detected with regard to CRP, WBC and 
N/L ratio (P > 0.05).

DISCUSSION
In our study investigating the role of acute-phase reactants in 
the etiopathogenesis of COVID-19 pneumonia, the low serum 
albumin level in these cases makes us think that hypoalbu-
minemia may be a biomarker. The data relating to WBC, CRP 
and N/L ratio were similar to those reported in the literature. 
Hypoalbuminemia was seen to be an important prognostic cri-
terion in cases of mortality among individuals with COVID-19 
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Table 1. Characteristics of routine blood parameters of the three groups: healthy controls, intubated patients and non-intubated patients

Characteristics
Control group

 (n = 60)
Non-intubated group

(n = 80)
Intubated group 

(n = 42)
P-value* P-value**

Age in years: median (IQR), range 40.0 (29-72), 18-79 70.0 (57-75), 23-100 80.0 (73-87), 55-100 0.361 0.693
Gender: male/female 34/26 49/31 25/17 0.861 0.876
Laboratory analysis: median (IQR)

Na, mEq/l 140 (138-142) 138 (135-141) 138 (134-141) 0.236 0.495
K, mEq/l 4.2 (4.0-4.5) 4.2 (3.9-4.7) 4.3 (3.8-4.5) 0.194 0.221
Ca, mg/dl 9.1 (9.0-9.4) 8.6 (8.1-9.3) 8.5 (7.8-9.0) 0.110 0.820
Glucose, mg/dl 98 (85.25-100.2) 115 (95.8-168.5) 118.5 (96.5-165) 0.003 0.222
LDH, U/l 198 (172-244.5) 308 (217.5-454.0) 323.5 (204-460) 0.006 0.951
WBC ×109/l 7.75 (6.7-1.7) 7.3 (5.4-10.8) 7.1 (5.5-9.6) 0.341 0.460
Hemoglobin, g/dl 13.8 (12.7-14.5) 12.0 (10.6-13.6) 11.9 (9.9-12.9) < 0.001 0.795
PLT ×109/l 250 (200.8-304.5) 251.5 (160.5-340) 235.5 (148.5-317.3) 0.584 0.570
N/L ratio 2.1 (1.4-5.4) 5.9 (3.4-12.8)  6.9 (2.9-11.7) 0.002 0.411
Albumin, g/dl 36.0 (44.0-48.0) 35.0 (32.0-39.0) 31.0 (27.8-35.0) < 0.001 0.002
CRP, g/l 0.03 (0.02-0.07) 0.05 (0.01-0.12) 0.08 (0.03-0.12) 0.041 0.807

Comorbidities
Systemic hypertension, n (%) - 24 (19.7%) - -
Diabetes mellitus, n (%) - 25 (20.5%) - -
Ischemic heart disease, n (%) - 34 (27.9%) - -
Chronic renal disease, n (%) - 5 (4.1%) - -
Cancer, n (%) - 4 (3.3%) - -
Cerebrovascular events, n (%) - 4 (3.3%) - -
Chronic obstructive pulmonary 
disease, n (%)

- 5 (4.1%) - -

Neurological disease 
(Alzheimer, Parkinson etc.)

- 9 (7.4%) - -

Other, n (%) - 12 (9.8%) - -

IQR = interquartile range; Na = sodium; K = potassium; Ca = calcium; LDH = lactate dehydrogenase; WBC = white blood cell; PLT = platelet; N/L ratio = 
neutrophil-to-lymphocyte ratio; CRP = C-reactive protein. P-values less than 0.05 were considered significant and are highlighted in bold. *Comparison of three 
groups; **Comparison of intubated and non-intubated groups.

Figure 1. Computed tomography (CT) sample images of patients with COVID-19.

pneumonia. Adding albumin to the treatment may be effective in 
reducing mortality in cases of hypoalbuminemia, which we think 
may constitute a biomarker showing the severity of the disease.

The mechanisms of hypoalbuminemia in COVID-19 
have not been fully investigated or explained. In some studies, 

hypoalbuminemia has been detected in severe COVID-19 cases. 
There is a possibility that the coronavirus may also affect liver func-
tions, and thus may be as the reason for the low serum albumin 
levels in cases of severe COVID-19 pneumonia. Therefore, hypo-
albuminemia may suggest the presence of liver dysfunction.7
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Figure 4. C-reactive protein (CRP), neutrophil-to-lymphocyte (N/L) ratio and white blood cell (WBC) levels of the three groups (healthy 
controls, non-intubated patients and intubated patients).

Figure 3. Albumin levels of the patient groups according to 
intubation.

Figure 2. Albumin levels in the three groups (healthy controls, 
PCR-negative patients and PCR-positive patients) according 
to polymerase chain reaction (PCR) results. 

COVID-19 is a pandemic that first appeared in Wuhan, China, 
in December 2019, and has spread all over the world. There is still 
no specific treatment for the disease and vaccine studies are still con-
tinuing. Patients with severe bilateral lung involvement are intubated 
and treated with mechanical ventilation. This is done especially in 
cases of patients with blood oxygen levels falling below certain lev-
els. Supportive treatments are applied in such cases of severe pneu-
monia due to COVID-19, which might otherwise lead to death. 

Albumin is a protein that is synthesized by the liver and plays 
important roles in maintaining nutrition and plasma osmolal-
ity.3 Li et al. argued that low albumin levels are indicative of poor 
nutritional status and also reduce the immunity of the body. 
Furthermore, they reported that the immune response of the 
host to ribonucleic acid (RNA) virus infection is often weakened 
because of the nutritional insufficiency, which is not always taken 
into consideration in making the clinical diagnosis and imple-
menting the treatment.7 Comorbid conditions may be the cause 
of low albumin levels in patients diagnosed with COVID-19 and 
hypoalbuminemia.

Hypoalbuminemia is related to inflammation. Inflammation 
causes expansion of the interstitial gap and the volume of albu-
min distributed increases through increased capillary permea-
bility, with escape of serum albumin. It has been shown that the 
half-life of albumin is shortened and that the total albumin mass 
is reduced. These two factors cause hypoalbuminemia, despite 
increased fractional synthesis rates in the plasma. For this rea-
son, hypoalbuminemia stems from inflammatory conditions that 
prevent adequate responses to events, such as surgery or chemo-
therapy, and is associated with poor quality of life and decreased 
survival. Decreased serum albumin levels are indicative of clinical 
deterioration. Albumin acts as a main extracellular cleaner, antioxi-
dant and supplier of amino acids for cell synthesis. Management of 
hypoalbuminemia needs to be based more on correcting the causes 
of the continuing inflammation than on albumin infusion.8-10 
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The inflammation in cases of pneumonia that develop due to 
COVID-19 can cause hypoalbuminemia. Improvement of states 
of hypoalbuminemia through COVID-19 treatment can contrib-
ute to reducing the inflammation.

In the present study, the albumin levels were low in the analy-
ses made in the two groups diagnosed with COVID-19 pneumo-
nia (intubated and non-intubated), without involving the control 
group. The lack of significant differences in other parameters in the 
comparisons between these two groups suggests to us that hypoal-
buminemia is more important for showing the severity of the dis-
ease. The significantly lower albumin levels in the intubated group 
than in the non-intubated group suggests to us that these lower 
levels show the greater severity of the disease. Addition of albu-
min to the treatment, in cases of detection of hypoalbuminemia in 
intubated patients, may contribute to the recovery. Wider studies 
are needed on this issue.

States of comorbidity that can lower serum albumin levels 
may contribute to hypoalbuminemia in the COVID-19 pan-
demic. These conditions are encountered in intensive care patients. 
The presence of comorbidities may adversely affect the treatment 
process. In some published papers, it was reported that serum 
albumin levels were negatively affected in situations of hyper-
volemia.8-10 Cases of COVID-19 pneumonia with hypervolemia 
may be more affected. Avoiding hypervolemia can contribute to 
recovery. Conditions such as hypervolemia, proteinuria or liver 
failure, which may decrease serum albumin levels in COVID-19 
pneumonia, should be treated.

It was reported in some previous studies that hypoalbumin-
emia, lymphopenia, decreased lymphocyte and neutrophil per-
centages, high C-reactive protein levels and high lactate dehydro-
genase (LDH) levels were common laboratory abnormalities.11-14 
It was also found that serum albumin values, lymphocyte cell 
counts and percentages, neutrophil percentages and LDH and 
CRP levels were highly correlated with acute lung damage.8,9 These 
conditions can play critical roles in cases of severe pneumonia 
that develop due to COVID-19. In our study, it was found that 
albumin values were low, compared with those of the control 
group. Also, the CRP levels and N/L ratios were high and the 
WBC values were not significant. Moreover, our findings were 
in line with those in the literature.

We believe that an idea of the severity of the disease of this 
pandemic, which has affected the entire world, can be obtained in 
terms of lower albumin levels in cases of greater severity of lung 
involvement. Treatments for hypoalbuminemia can contribute to 
improving the condition of patients with pneumonia.

Limitations
Our study population was small. Serum albumin levels are also 
affected by conditions such as hypervolemia. It needs to be 

asked whether serum albumin levels might also cause worsen-
ing of COVID-19 pneumonia accompanied by hypervolemia, 
and whether these levels might have a role in etiopathogenesis. 
More extensive studies may be required.

CONCLUSION
Hypoalbuminemia may constitute a biomarker indicating the 
severity of cases of pneumonia due to COVID-19.
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Echocardiographic epicardial fat thickness and immature 
granulocyte are novel inflammatory predictors of acute 
ischemic stroke: a prospective study
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INTRODUCTION
Stroke is a sudden localized and focal neurological syndrome. It is a major medical and 
economic problem that can result in severe disability and mortality. Acute ischemic stroke 
(AIS) is the most common type of stroke.1 Inflammation is the primary factor in the patho-
genesis of atherosclerosis, and it is well known that inflammation indicators change before 
stroke and atherosclerotic events.2 In addition, many studies have shown that there are cor-
relations between some inflammatory indicators such as high-sensitivity C-reactive pro-
tein (hs-CRP), neutrophil/lymphocyte ratio, cardiovascular diseases and AIS.3,4 Over recent 
years, use of immature granulocytes (IGs) has been recommended as a new indicator of 
systemic inflammation. The prognostic and predictive role of IGs has been shown in rela-
tion to many diseases.5,6 However, the role of IGs in patients with AIS has not been clearly 
revealed until now.

Epicardial fat tissue is located between the myocardium and the visceral sheets of the 
pericardium and it may play an adverse role in relation to the heart through production 
and secretion of proinflammatory and proatherogenic mediators. Its presence has been cor-
related with presence of atherosclerotic diseases such as coronary artery disease and aor-
tic stenosis.7-9 Although many imaging methods are used for measuring epicardial fat tissue 
thickness (EFT), echocardiographic measurement is the method most preferred because of 
its inexpensiveness, repeatability and easy applicability. Although there are studies showing 
that EFT is associated with many diseases such as metabolic syndrome, diabetes mellitus and 
coronary artery disease, there are very few studies in the literature examining its association 
with AIS.8-10 Moreover, data on the association between echocardiographic EFT and IG in 
patients with AIS are limited. 
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ABSTRACT
BACKGROUND: Acute ischemic stroke (AIS) is the most common type of stroke. Inflammation is the pri-
mary factor in the pathogenesis of atherosclerosis. Use of immature granulocytes (IGs) has been recom-
mended as a new indicator of systemic inflammation. However, data on the association between echocar-
diographic epicardial fat tissue thickness (EFT) and IGs in patients with AIS are limited. 
OBJECTIVE: To evaluate the association between the presences of IGs, epicardial fat tissue and AIS. 
DESIGN AND SETTING: Prospective study in a tertiary-care university hospital in Antalya, Turkey.
METHODS: Our study included 53 AIS patients and 41 healthy controls with age and gender compatibility. 
Blood samples and transthoracic echocardiography of all participants were compared. 
RESULTS: IG levels were significantly higher in patients with AIS than in controls (0.62 ± 0.36 versus 
0.28 ± 0.02, P < 0.001). The mean EFT was 3.74 ± 0.61 mm in the control group and 6.33 ± 1.47 mm 
in the AIS patient group. EFT was significantly greater in AIS patients than in controls (P < 0.001). 
For  the optimum cut-off value for IG (0.95), the area under the curve (AUC) was determined to be 
0.840; sensitivity was determined to be 81.1% and specificity, 92.5%. For the optimum cut-off value 
for EFT (4.95 mm), the AUC was determined to be 0.953; sensitivity was determined to be 90.6% and 
specificity, 90%. 
CONCLUSIONS: IG and echocardiographic EFT are clinical markers that can be used to predict AIS risk.
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OBJECTIVES
The purpose of this study was to evaluate the association between 
the presences of IG, epicardial fat tissue and AIS.

METHODS 
Study design and participants
Our study was designed as a single-center prospective case-con-
trol study. Its subjects consisted of patients who were admitted 
to our tertiary-care emergency department (ED) and were hos-
pitalized with a diagnosis of stroke between December 2019 and 
December 2020. Our study was conducted in accordance with the 
Helsinki Declaration, upon approval from the local ethics com-
mittee (decision date: December 26, 2019; and number: 27/20). 
All participants were informed about the study before entering it, 
and a written consent statement was obtained from each of them.

Data collection
Our study included 53 AIS patients and 41 healthy controls with 
age and gender compatibility. The individual medical history and 
clinical characteristics of all participants were recorded, and body 
mass index (BMI) was calculated as weight (kg)/height2 (m2). 
Patients were diagnosed with AIS through clinical and physi-
cal examination, radiology imaging and neurology consultation. 
All patients underwent brain tomography (CT) and/or diffusion-
weighted magnetic resonance (MRI) imaging. Some patients 
were diagnosed with AIS through imaging with an appearance 
consistent with acute infarction, in repeated MRI imaging after 
hospitalization. 

Patients with the following characteristics at the time of hos-
pital admission were not included in the study: patients < 18 years 
old; obese patients (BMI > 30 kg/m2); pregnant women; patients 
with myeloproliferative disease; those with chronic inflammatory, 
chronic liver or kidney disease; those with malignancy; those with 
granulocyte colony stimulating factor, immunosuppurative agent 
or steroid use; those with uncontrolled hypertension or diabetes; 
and those presenting infection. 

Blood samples were taken from peripheral venous blood 
within one hour at the latest, at the time of admission to the emer-
gency department. All hemogram parameters, including IG, were 
measured using an automated blood analyzer (Coulter LH 780 
Hematologic Analyzer, Beckman Coulter Inc., Brea, United States).

Echocardiogram and epicardial fat measurement
Transthoracic echocardiography on all participants was per-
formed in the left lateral recumbent position using a 2.5-3.5 MHz 
ultrasound probe (Mindray M5 device; Mindray DS USA Inc., 
Mahwah, New Jersey, United States). All sonographic exam-
inations were performed at the bedside in the ED and were 
recorded to include three cardiac cycles. EFT was measured by 

an experienced emergency physician, and the guidelines of the 
American Echocardiography Society for standard echocardio-
graphic measurements were followed.11 Measurements were 
made from the parasternal long axis. 

In EFT measurements, the practitioner detected epicardial fat 
tissue as an area of relatively low echogenicity located between the 
right ventricle and the inner sheet of the pericardium. The great-
est EFT in this area was measured in the end-systolic phase of the 
cardiac cycle, parallel to the aortic valve12 (Figure 1). Three con-
secutive measurements were made; the average was calculated and 
was noted on the patient’s follow-up paper as the EFT measure-
ment. The investigator who made the measurements was blind to 
the laboratory values, final results and study group of the patients.

Data analysis 
Statistical analyses in our study were performed using the SPSS 
21.0 software package (SPSS Inc., Chicago, Illinois, United States). 
Continuous variables were expressed as the mean ± standard devi-
ation, and categorical variables as the number (%), for patients 
with AIS and the control group. The data were evaluated with 
regard to normal distribution, and the independent t test or Mann-
Whitney U test was used, according to suitability. In addition, cat-
egorical data were evaluated using the chi-square test. Spearman’s 
correlation was calculated and examined to ascertain any correla-
tions between the variables. The optimum cutoff value for IG and 
EFT, with regard to predicting AIS, was evaluated through receiver 
operating characteristic (ROC) analysis. Variables that might 
affect AIS were evaluated by means of logistic regression analysis. 
Statistical significance was defined as P < 0.05.

Figure 1. Measurement of epicardial fat tissue thickness by means of 
echocardiography.



ORIGINAL ARTICLE | Korkut M, Selvi F, Bedel C

386     Sao Paulo Med J. 2022; 140(3):384-9

RESULTS
Among the 53 patients with AIS included in our study, 28 of 
them were male and 25 were female; their mean age was 71.15 
± 12.32 years. Among the 41  healthy participants, 19 of them 
were male and 22 were female; their mean age was 69.78 ± 10.31 
years. There was no significant difference between the patient 
and control groups in terms of risk factors except for age, gen-
der, BMI and hypertension (HT). The healthy control group had 
significantly lower systolic blood pressure, diastolic blood pres-
sure, heart rate, leukocyte count and glucose level. IG levels were 
significantly higher in the patients with AIS than in the controls 
(0.62 ± 0.36 versus 0.28 ± 0.02; P < 0.001) (Figure 2). The mean 
EFT was 3.74 ± 0.61 mm in the control group and 6.33 ± 1.47 mm 
in the AIS patient group. EFT was significantly greater in the AIS 
patients than in the controls (P < 0.001) (Figure 3). The main 
characteristics of the patients are shown in Table 1.

The efficacy of IG and EFT for determining AIS was calcu-
lated by plotting ROC curves (Figure 4). For the optimum cut-
off value of IG, which was 0.95, the area under the curve (AUC) 
was determined to be 0.840; sensitivity was determined to be 
81.1% and specificity, 92.5% (Table 2). For the optimum cutoff 
value of EFT, which was 4.95 mm, the AUC was determined to 
be 0.953; sensitivity was determined to be 90.6% and specific-
ity, 90% (Table 2). We also found a significant positive correla-
tion between EFT and IG (r = 4.974; P < 0.001). We found that 
HT (odds ratio, OR: 2.990; 95% confidence interval, CI: 1.281 
to 6.79; P = 0.011), high glucose (OR: 10.450; 95% CI: 3.935 to 
27.749; P < 0.001), high IG (OR: 1.782; 95% CI: 1.624 to 1.937; 
P < 0.001), atrial fibrillation (OR: 1.612; 95% CI: 1.112 to 1.887; 
P = 0.008); and high EFT (OR: 2.733; 95% CI: 2.559 to 2.907; P 
< 0.001) were independent risk factors in multivariant logistics 
regression analysis (Table 3). 

Figure 2. Box plot presentation of immature granulocytes (IG) in acute 
ischemic stroke (AIS) patients and healthy controls.

Figure 3. Box plot presentation of epicardial fat tissue thickness (EFT) in 
acute ischemic stroke (AIS) patients and healthy controls.

Table 1. Baseline demographic characteristics of the study 
population 

Ischemic
stroke

(n = 53)

Controls 
(n = 41)

P-value

Age in years, mean ± SD 71.15 ± 12.32 69.78 ± 10.31 0.427

Male, n (%) 28 (59.6) 19 (40.4) 0.533

SBP, mmHg (IQR) 160 (40) 125 (22) < 0.001

DBP, mmHg (IQR) 85 (26) 65 (13) < 0.001

Heart rate, beats/minute (IQR) 89 (26) 75 (15) < 0.001

BMI in kg/m2, mean ± SD 24.52 ± 2.99 25.30 ± 2.89 0.244

EFT in mm, mean ± SD 6.33 ± 1.47 3.74 ± 0.61 < 0.001

Previous history, n (%) 
Current smoker 7 (13.2) 10 (24.4) 0.162

Hypertension 36 (67.9) 17 (32.1) 0.010

Diabetes mellitus 20 (37.7) 13 (31.7) 0.544

History of CAD 24 (45.3) 23 (56.1) 0.298

Laboratory findings, mean ± SD
WBC count (×103/mm3) 9.18 ± 3.31 9.00 ± 2.84 0.967

Neutrophil (×103/mm3) 6.41 ± 3.13 5.68 ± 2.61 0.215

Lymphocyte (×103/mm3) 2.42 ± 0.41 2.34 ± 0.15 0.040

NLR 5.17 ± 0.93 3.11 ± 0.38 0.071

PLR
183.27 ± 

27.72
133.68 ± 

62.51
0.264

Hemoglobin, mg/dl 12.82 ± 2.12 13.18 ± 1.43 0.650

Glucose, mg/dl (IQR) 147 (75) 113 (22) < 0.001

Blood urea nitrogen, mg/dl 22.13 ± 2.12 18.88 ± 6.64 0.506

Creatine, mg/dl 1.10 ± 0.69 0.91 ± 0.24 0.441

IG% 0.62 ± 0.36 0.28 ± 0.02 < 0.001

CRP, mg/dl 15.73 ± 4.96 6.21 ± 0.85 0.441

Mortality, n (%) 6 (11.3) 0 (0) < 0.001

SD = standard deviation; SBP = systolic blood pressure; DBP = diastolic 
blood pressure; BMI = body mass index; EFT = epicardial fat tissue 
thickness; CAD = coronary artery disease; WBC = white blood cell; NLR 
= neutrophil-lymphocyte ratio; PLR = platelet-lymphocyte ratio; CRP = 
C-reactive protein; IG = immature granulocyte; IQR = interquartile range. 

Patients
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DISCUSSION
This prospective study provides the first evidence in the literature 
demonstrating that increased EFT and greater IG are associated 
with AIS disease. 

Epicardial fat tissue is a true tissue layer that accumulates 
around the heart and around the coronary vessels. It is fed through 
rich microcirculation since it contains neuronal network, stro-
mal-vascular, immune and inflammatory cells.13,14 

In recent studies, EFT has been shown to be associated with 
many cardiovascular and neurovascular diseases. Chu et al. showed 
that EFT was usable for predicting future cardiovascular events in 
patients with atrial fibrillation.15 Iacobellis et al. found high EFT 
values in patients with chronic atrial fibrillation and correlated this 
with development of heart failure.16 Wang et al. found significantly 
higher EFT values in patients who had gone through acute myo-
cardial infarction, in comparison with a control group (5.6 ± 1.1 
versus 4.1 ± 1.0 mm; P < 0.001). They also reported that high EFT 
values may indicate higher risk of mortality among patients with 
acute myocardial infarction.17 Tanındı et al. showed that patients 
with EFT values of 7 mm and above presented an association with 
death arising from cardiovascular events.18 Sagmacı et al. reported 
that there was frequently an association between high EFT lev-
els and pain frequency, in a study conducted among patients with 
migraine.19 Akıl et al. showed that mean EFT values in AIS patients 
were significantly higher than those of the control group in their 
study (5.95 ± 1.14 versus 4.86 ± 0.68; P < 0.001).20 In our study, we 
detected that EFT in patients with AIS was significantly greater than 
in the control group.

AIS is a condition associated with rapid loss of brain function 
that develops after a decrease in the blood supply to the brain. 
Atherosclerosis is a systemic disease that causes this process to 
develop. A number of cellular and molecular events associated 
with inflammation are known to contribute to development of 
atherosclerotic lesions and AIS. Therefore, increased vascular 
inflammation has been associated with AIS.21,22 

In the literature, inflammatory biomarkers such as neutro-
phil to lymphocyte ratio (NLR) and platelet to lymphocyte ratio 
(PLR) have previously been used as measurements of correlations 
of leukocyte, neutrophil and lymphocyte counts with atheroscle-
rotic processes and AIS.23,24 Over recent years, with technological 
developments, simple and easily measurable biomarkers such as 
IG have been used in relation to many diseases for diagnostic and 
prognostic purposes. 

IG is not normally detected in peripheral blood in healthy indi-
viduals. However, it can become mixed with peripheral blood under 
inflammatory conditions.25,26 Use of this parameter has increased 
over recent years, although many doctors still do not consider it 
to be important. Its presence has been correlated with infection, 
sepsis and cardiovascular diseases. Moreover, its presence has been 

reported to be predictive of mortality in relation to many gastro-
intestinal diseases.5,6,26 

No studies in the literature have yet examined the correlation 
between IG and AIS. Park et al. reported that IG might be a marker 
for mortality due to sepsis, and its sensitivity for mortality in their 

Figure 4. Receiver operating characteristic (ROC) curve analysis of 
immature granulocytes (IG) and epicardial fat tissue thickness (EFT) in 
predicting acute ischemic stroke (AIS) diagnosis.

Table 2. Receiver operating characteristic curve analysis on the 
echocardiographic EFT and IG findings for prediction of acute 
ischemic stroke 
Characteristics Value Sensitivity Specificity AUC (95% Cl) P-value

IG 0.95 81.1 92.5
0.840 

(0.807-0.901)
< 0.001

EFT 4.95 90.6 90
0.953 

(0.926-0.974)
< 0.001

AUC = area under the curve; 95% CI = 95% confidence interval; IG = immature 
granulocytes; EFT = epicardial fat tissue thickness. 

OR = odds ratio; 95% CI = 95% confidence interval; IG = immature granulocytes; 
EFT = epicardial fat tissue thickness.

Table 3. Multivariate logistic regression analysis to assess predictors of 
ischemic stroke
Variables OR 95% CI P-value
Gender 1.297 0.573-2.936 0.217
Hypertension 2.990 1.281-6.79 0.011
Glucose 10.450 3.935-27.749 < 0.001
IG% 1.782 1.624-1.937 < 0.001
EFT (in mm) 2.733 2.559-2.907 < 0.001
Atrial fibrillation 1.612 1.112-1.887 0.008

IG
EFT 
Reference line
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study was found to be 70%; specificity was found to be 78%.27 In a 
study conducted by Zeng et al., it was shown that there is a correla-
tion between increasing IG values and positive blood cultures.28 In 
a recent study that we conducted, we found a correlation between 
increasing IG levels and positive indications for appendectomy.29 
İncir et al. showed that use of IG together with hemogram indi-
ces enabled detection of inflammation and infection in the early 
period.30 In a study conducted by Karakulak et al., high IG val-
ues were shown to detect both disease severity and mortality in 
patients with acute pancreatitis.31 In our present study, we showed 
the correlation between increasing IG levels and AIS, for the first 
time in the literature. 

Our study had some limitations. The first limitation was that 
even though our study was prospectively designed, it was con-
ducted with only a small number of patients because of the coro-
navirus disease 19 (COVID-19) pandemic. Another limitation was 
that the EFT measurements of the patients included in our study 
were linear measurements, and our results could not be compared 
with the tomography and magnetic resonance imaging methods. 
Although echocardiographic measurements are dependent on 
the individual, they can be performed more easily and repeatably 
than can tomography and MRI. One of our major limitations was 
that the measurements were made by a single practitioner and 
also that these images were not interpreted by another researcher.

CONCLUSION
This study showed the correlations between EFT, IG and AIS for 
the first time. IG and echocardiographic EFT are clinical markers 
that can be used to predict AIS risk.
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Oxidative stress in maternal milk and cord blood in 
gestational diabetes mellitus: a prospective study
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INTRODUCTION
There is a balance between the reactive oxygen compounds produced by different mecha-
nisms and the antioxidant systems generated by the enzymatic and non-enzymatic processes 
that neutralize these oxygen compounds.1 The term “oxidative stress” expresses the imbalance 
between oxidant/antioxidant molecules in favor of oxidants that cause aging and diseases.2,3 
Oxidative stress has also been implicated in the pathogenesis of vascular diseases, such as ath-
erosclerosis, diabetes and hypertension, which result from an imbalance between increased for-
mation of reactive oxygen species (ROS) and synthesis of anti-oxidative defense mechanisms.

Under diabetic conditions, the end products of abnormal glucose metabolism lead to increased 
synthesis of ROS. Formation of advanced glycation end products, activation of hexosamine biosyn-
thetic pathway, increased lipid peroxidation and an impaired antioxidant defense system result in 
accumulation of free radicals, eventually.5 Experimental studies have revealed increased levels of free 
oxygen radicals in diabetic pregnancy.6 Furthermore, it was observed in an animal study that antioxi-
dant supplementation can decrease occurrence of malformations in offspring.7 Both experimental and 
clinical studies have shown that in the presence of gestational diabetes, there is enhanced oxidative 
stress, which is detectable in maternal and neonatal blood samples, placental tissue and amniotic fluid.5

It has been suggested that oxidative stress plays a role in maternal and fetal complications 
of diabetic pregnancies.8-10 Pregnancy alone may represent an oxidative stress condition.11 
Associations between gestational diabetes mellitus (GDM) and oxidative stress markers mea-
sured in plasma have already been reported, with limited consensus. This suggests that oxidative 
stress may be implicated in GDM progression and/or pathogenesis and that reduced antioxidant 
defenses may reflect a poor protective response against oxidative stress.9,12,13 

Oxidant agents may be produced either endogenously or exogenously, as in the case of ultra-
violet rays, active smoking or passive exposure to cigarettes.14 Although oxidant agents can be 
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ABSTRACT
BACKGROUND: Reduced antioxidant defenses may reflect a poor protective response against oxidative 
stress and this may be implicated in progression of gestational diabetes mellitus (GDM). Oxidative stress 
induced by hyperglycemia plays a major role in micro and macrovascular complications, which imply 
endothelial dysfunction. 
OBJECTIVE: Our aim in this study was to investigate the association between GDM and oxidative stress 
markers measured in plasma, with regard to revealing changes to total antioxidant capacity (TAC) and 
total oxidant status (TOS) among mothers showing impairments in oral glucose tolerance tests (OGTTs).
DESIGN AND SETTING: Prospective study at a university hospital in Turkey.
METHODS: The study group consisted of 50 mothers with GDM, and 59 healthy mothers served as con-
trols. Umbilical cord blood samples were taken from all mothers during delivery and breast milk samples 
on the fifth day after delivery. TAC, TOS, thiol and disulfide levels were measured. 
RESULTS: No statistically significant relationship between the blood and milk samples could be found. 
An analysis on correlations between TAC, TOS and certain parameters revealed that there were negative 
correlations between TOS and total thiol (r = -0.386; P < 0.001) and between TOS and disulfide (r = -0.388; 
P < 0.001) in milk in the control group. However, these findings were not observed in the study group. 
CONCLUSION: Our findings suggested that a compensatory mechanism of oxidative stress was expected 
to be present in gestational diabetes mellitus and that this might be ameliorated through good glycemic 
regulation and antioxidant supplementation.
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measured one-by-one, it is widely preferred to measure total oxi-
dant status (TOS) because the individual measurement approach 
involves increased work time and complicated techniques for each 
agent.15 Similarly, antioxidants can be measured through the total 
antioxidant capacity (TAC) rather than one-by-one.

When a balance between TAC and TOS is needed, there may 
be a shift in favor of TOS; this is called oxidative stress (OS). One of 
the most important reasons for OS is impaired glucose tolerance, 
which manifests as obvious diabetes mellitus (DM) or through 
impairment seen in an oral glucose tolerance test (OGTT) during 
pregnancy. Previous studies revealed that the levels of oxidant mol-
ecules increase in diabetic animals, while antioxidants have been 
found to be decreased in diabetic patients.16,17 

Oxidative stress induced through hyperglycemia plays a major 
role in micro and macrovascular complications, which imply endo-
thelial dysfunction. Appropriate glycemic control prevents com-
plications related to increased OS during pregnancy.18 

OBJECTIVE
Our aim in this study was to investigate GDM-related OS mark-
ers in maternal milk and cord blood, and to increase awareness of 
possible measures to be taken, through revealing the changes in 
TAC and TOS and in the OS index levels of mothers with impair-
ments seen in OGTTs.

METHODS
Pregnant women were routinely assessed by means of a 50  g 
glucose loading test at gestational ages of between 24 and 
28 weeks. Those whose blood glucose levels were < 140 mg/dl 
were accepted as normal and were included in the control group. 
Those whose blood glucose levels were ≥ 140 mg/dl were given 
a 100 g glucose loading test. In accordance with the suggestions 
of the American Diabetes Association (ADA), patients with high 
glucose levels in two out of four tests conducted at hours 0, 1, 2 
and 3 were diagnosed as having GDM and were included in the 
study group.

The patients in the study group attended consultations at the 
department of endocrinology in order to regulate their blood 
glucose levels. Their hemoglobin A1c (HbA1c) levels were mea-
sured, and their blood glucose levels were monitored. Out of the 
50 patients, the blood glucose levels of 47 of them were regu-
lated only through dietary control. One patient took oral anti-
diabetic medication, and two patients needed insulin treatment 
for appropriate glucose regulation. The exclusion criteria of this 
study were situations of histories of chronic disease, histories of 
infection during pregnancy, smoking during pregnancy, sub-
stance abuse history, pregnancy at ages < 18 years or > 35 years, 
consanguineous marriage or previous histories of complications 
of pregnancy or delivery.

The participants were asked about medication or food supple-
mentation use that could have affected their antioxidant capacity 
(gingko, guelder-rose, vitamin C, vitamin E, coenzyme Q-10, res-
veratrol, lipoic acid, etc.). 

Informed parental consent was obtained for the cord blood 
collection and the study was approved by the Ethics Committee 
of the School of Medicine of Istanbul Medipol University, 
in Istanbul, Turkey (approved on January 23, 2015; number 
23.01.2015/10840098-06).

After delivery of the baby, the umbilical cord was clamped 
and cut. Cord blood was drawn from the umbilical vein within 
two minutes of delivery. In order to standardize breast milk sam-
ple collection, these samples were collected from all mothers on 
the fifth day. Serum samples collected from the study and control 
groups were immediately separated from the cells through centrif-
ugation at 3,000 g for 10 minutes. They were then stored at −80 °C  
until further analysis of the native thiol, total thiol, disulfide, TOS, 
TAC and OSI.

Measurement of total oxidant status
Serum TOS values were measured through an assay based 
on an automated measurement method developed by Erel.15 
Oxidants present in the sample oxidize ferrous ions to ferric ions. 
Ferric ions are manifested through a colored complex with xyle-
nol orange in an acidic medium. The color intensity, which can 
be assessed spectrophotometrically, is dependent on the total 
quantity of oxidant molecules present in the sample. TOS values 
are expressed in terms of micromolar hydrogen peroxide (H2O2) 
equivalents per liter (μmol H2O2 eq/l). Serum thiol and disulfide 
levels are expressed as micromoles per liter (μmol/l).

Measurement of total antioxidant capacity 
The total antioxidant capacity (TAC) of the serum samples was 
assayed using a method developed by Erel.19 In this method, the 
characteristic blue color of the 2, 2’-azino-bis (3-ethyl benzothi-
azoline-6-sulfonic acid) (ABTS) cation is converted back to its 
neutral form by any antioxidant present in the sample. This reac-
tion is also monitored spectrophotometrically. The assay results 
are expressed in mmol Trolox equivalent per liter.

Measurement of plasma oxidative stress index
There are several indexes for measuring OS in humans and most 
of them make it possible to diagnose and differentiate OS related 
to human health and disease. The oxidative stress index (OSI) is 
one of these indexes, and this has been proven to be reliable and 
practical.20

The OSI was calculated using the following formula: OSI (arbi-
trary unit) = TOS (μmol H2O2 eq/l)/TAC (mmol Trolox eq/l) x 
100 (to represent a percentage ratio).



ORIGINAL ARTICLE | Erdoğan F, Şenkal E, Özer ÖF, İpek IÖ, Altuntaş ŞL, Özde Ş

392     Sao Paulo Med J. 2022; 140(3):390-7

For the analysis of the present study, in addition to descrip-
tive statistical methods (i.e. frequency, percentage, mean and stan-
dard deviation), the Kolmogorov-Smirnov test was used to assess 
whether the data showed normal distribution. Independent-sample 
t tests were applied to compare quantitative data between pairs of 
groups. Pearson correlation analysis was used to evaluate relation-
ships between the groups’ quantitative data. The results were eval-
uated at a 95% confidence interval, and P < 0.005 was considered 
to be significant in the two-way analyses. 

RESULTS
A total of 109 participants with a mean age of 28.8 ± 7.2 years were 
included in our study. There were 50 patients with GDM, with a 
mean age of 25.2 ± 6.4 years. The healthy control group included 
59 patients, with a mean age of 27.6 ± 7.6 years. The normal spon-
taneous delivery rate was 12% (n = 6) in the study group and 
11.8% (n = 7) in the control group. There were no significant dif-
ferences with regard to age, body mass index (BMI) or obstetric 
history between the groups (for all parameters, P > 0.05). Two of 
the pregnant women with GDM required insulin treatment, and 
one patient needed to take oral antidiabetics. For 47 patients, 
their blood glucose levels were regulated through dietary control. 
The mean HbA1c level of the patients was 5.2% ± 0.4%.

The values for laboratory findings (TAC, TOS, OSI, disulfide, 
total thiol and native thiol) in the groups are presented in Table 1. 
No statistically significant relationship between blood and milk 
samples could be found. Although the TAS-milk, milk total thiol, 
milk N-thiol and milk disulfide levels in the study group were 
higher than those of the healthy group, there were no statistically 

significant differences between the groups (P > 0.05) (Figures 2 
and 3). The OSI level in milk was lower in the study group than 
in the control group but the OSI in blood was higher (P > 0.05) 
(Figures 1 and 4). An analysis on the correlation between TAC, 
TOS and certain parameters in the control group revealed that 
there were negative correlations between TOS and total thiol (r 
= -0.386; P < 0.001) and between TOS and disulfide (r = -0.388; 
P < 0.001) in milk. However, these findings were not seen in the 
study group (Table 2 [control group] and Table 3 [study group]). 

The detailed histories of the patients revealed that 94% of 
them had been taking preparations that included multivitamins 
(n = 48), 15% had been taking medications that included omega-3 
(n = 8) and 15% had been consuming foodstuffs that had antioxi-
dant properties (although the levels and contents of these antiox-
idant molecules were not well known).

DISCUSSION
Studies investigating the association between gestational diabetes 
mellitus (GDM) and oxidative stress have reported inconsistent 
findings. Although there is no irrefutable proof of a relationship 
between GDM and oxidative stress, it has been shown that the 
levels of molecules that give rise to OS are influenced by GDM.4,21 
In spite of evidence that oxidative stress plays an important role 
in the pathogenesis of DM, there is debate on its role in GDM and 
the impact of the oxidant/antioxidant balance.11 

Although the parameters in both cord blood and maternal milk 
samples in the gestational diabetes group of our study were than 
those of the healthy group, there were no statistically significant 
differences between the groups in our study. In addition, the OSI 

Table 1. Mean scores of oxidant and antioxidant levels of women with gestational DM and healthy pregnant women
Gestational diabetes mellitus group

Mean (SD)
Control group

Mean (SD)
P

Antioxidant levels
Blood total thiol (μmol/l) 0.409 (0.05) 0.425 (0.055)

> 0.5
Milk total thiol (μmol/l) 0.167 (0.02) 0.160 (0.018)
Blood N-thiol (μmol/l) 0.326 (0.05) 0.343 (0.055)
Milk N-thiol (μmol/l) 0.078 (0.02) 0.075 (0.019)

Oxidant levels
Blood disulfide (μmol/l) 0.041 (0.003) 0.041 (0.003)

> 0.5
Milk disulfide (μmol/l) 0.044 (0.004) 0.042 (0.005)

Total oxidant status
Blood (μmol H2O2/l) 8.288 (4.35) 9.792 (5.08)

> 0.5
Milk (μmol H2O2/l) 2.025 (0.94) 2.052 (0.82)

Total antioxidant capacity
Blood (mmol Trolox eq/l) 4.455 (3.43) 5.572 (4.25)

> 0.5
Milk (mmol Trolox eq/l) 0.756 (0.79) 0.616 (0.47)

Oxidative stress index
Blood 48.69 (113.31) 38.30 (44.52)

> 0.5
Milk 54.92 (50.21) 92.72(139.58)

SD = standard deviation.
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Table 2. Correlation analysis on TAC, TOS, OSI, total thiol, N-thiol and disulfide in healthy pregnant women

Oxidant and antioxidant levels 
in blood and milk

Blood 
TOS

Blood 
TAC

Blood 
total thiol

Blood 
N-thiol

Blood 
disulfide

Milk 
TOS

Milk 
TAC

Milk 
total thiol

Milk 
N-thiol

Blood TOS 1

Blood TAC 0.983**

Blood total thiol 0.345 0.277

Blood N-thiol 0.254 0.184 0.992**

Blood disulfide 0.467* 0.471* -0.035 -0.159

Milk TOS 0.329 0.342 -0.084 -0.121 0.301

Milk TAC 0.105 0.018 0.132 0.092 0.308 0.294*

Milk total thiol -0.381 -0.405 -0.119 -0.085 -0.262 -0.386** -0.156

Milk N-thiol -0.,374 -0.321 -0.,248 -0.235 -0.087 -0.146 -0.119 0.807**

Milk disulfide 0.054 -0.048 0.220 0.252 -0.270 -0.388** -0.052 0.276* 0.345**

*P < 0.5; **P < 0.01.
TOS = total oxidant status; TAC = total antioxidant capacity; OSI = oxidative stress index.

Table 3. Correlation analysis on TAC, TOS, OSI, total thiol, N-thiol and disulfide in women with gestational diabetes mellitus

Oxidant and antioxidant levels 
in blood and milk

Blood 
TOS

Blood 
TAC

Blood 
total thiol

Blood 
N-thiol

Blood 
disulfide

Milk 
TOS

Milk 
TAC

Milk
total thiol

Milk 
N-thiol

Blood TOS 1

Blood TAS  0.983**

Blood total thiol 0.462* 0.414*

Blood N-thiol 0.456* 0.401* 0.993**

Blood disulfide -0.207 -0.115 0.257 0.139

Milk TOS 0.123 0.155 -0.047 -0.065 0.123

Milk TAC -0.120 -0.037 -0.222 -0.257 0.222 0.081

Milk total thiol -0.044 -0.032 0.229 0.246 -0.077 -0.013 -0.021

Milk N-thiol -0.067 -0.048 0.271 0.294 -0.107 0.126 -0.042 0.934**

Milk disulfide 0.067 0.044 -0.207 -0.232 0.137 -0.326 0.050 0.429** 0.080
*P < 0.5; **P < 0.01.
TOS = total oxidant status; TAC = total antioxidant capacity; OSI = oxidative stress index.
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Figure 1. Comparison of blood total oxidant status (TOS) *(μmol H2O2 
eq/l), total antioxidant capacity (TAS) †(mmol Trolox eq/l) and oxidative 
stress index (OSI) ‡(CarrU/(mmol HClO/ml) levels between women with 
gestational diabetes mellitus and healthy pregnant women.
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Figure 2. Comparison of blood thiol total, thiol native and 
disulfide levels in women with gestational diabetes mellitus 
and healthy pregnant women. 
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did not differ. On the other hand, the milk TOS level was nega-
tively correlated with the milk thiol level in the non-GDM preg-
nant group, whereas increased milk TAC occurred as a compensa-
tion. This finding was interpreted as a sign that this compensation 
condition was impaired in GDM.

Oxidative stress impacts mortality and morbidity in all age 
groups. This may lead to disturbances during pregnancy and the 
postnatal period. One of the factors increasing the OSI during 
pregnancy is impaired glucose tolerance.18 Reactive oxygen spe-
cies (ROS) and nitrogen production can alter several cellular com-
ponents, as well as the redox state. All of these are maintained by 
complex mechanisms that lead to insulin resistance, b-cell dysfunc-
tion, glucose intolerance and type 2 DM (T2DM).22 Animal exper-
iments have shown that hyperglycemia increases the oxidative 
damage of deoxyribonucleic acid (DNA) and plays a role in the 

pathogenesis of DM complications.18,23 It has also been shown that 
TAC, TOS and OSI were significantly increased in the cord blood 
of infants of diabetic mothers, compared with healthy controls.24 
Several studies have reported occurrences of impaired antioxi-
dant/oxidant balance in GDM caused by increased levels of reac-
tive oxygen species, such as protein glycation, glucose oxidation 
and lipid peroxidation.6,9,10 

Fluctuations in TAC and TOS levels can both result from and 
cause hyperglycemia. Decreased TAC levels in GDM patients 
increase the amount of insulin required for adequate glycemic 
control.25 However, findings regarding the role of the antioxidant 
system in this imbalance have been conflicting. Some of the stud-
ies reported decreased maternal TAC levels in GDM but others 
did not.8-10 The presence of oxidant stress in GDM was explained 
by Biri et al.6 in terms of impaired antioxidant defense mechanism 
and increased free radical production. This result means that there 
is a compensatory increase in the activity of antioxidant system, 
to cope with the elevated free radical production. 

Concerning the possible molecular mechanisms leading to 
oxidant stress in GDM, the result have, however, been divergent. 
For instance, Sarıkabadayı et al. suggested that impaired glyce-
mic control is responsible for elevated oxidative activity in infants 
of diabetic mothers rather than decreased antioxidant enzyme 
defense systems.8 However, since OSI was still higher than in the 
control group, this elevation in TAC was not enough to establish 
an impaired oxidant-antioxidant balance.26 Some researchers have 
argued that the increase in oxidative activity in GDM is not sec-
ondary to a deficiency in the antioxidant defense, but is due to 
impaired glycemic control.26 It has been suggested that oxidative 
stress, which mainly arises from hyperglycemia, is implicated in 
the development of diabetic complications. Moreover, impairment 
of the antioxidant system may also play a role in occurrences of 
oxidant stress in GDM.6

Studies have found that mothers experience increased OS 
and inflammatory responses during late gestation and lactation. 
These symptoms are likely to affect not only the wellbeing of the 
mothers, but also the health of their offspring.27 Impairment of 
the balance of oxidants and antioxidants can also affect new-
borns, because this period of development is a more sensitive 
phase with low antioxidant capacity.28 In our study, neither the 
cord blood of infants of diabetic mothers nor the milk TAC, TOS 
or OSI levels were significantly different between the groups. 
In a similar study, the TAC levels were similar, and the result 
was interpreted as a compensatory response (24). Human milk 
contains many bioactive antioxidant compounds that are part 
of the body’s defense system against the actions of various free 
radicals, such as superoxide dismutase, glutathione peroxi-
dase, vitamins C, A and E and α-carotenes.29 Moreover, in dia-
betic animal models, antioxidant therapy has been shown to be 
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Figure 3. Comparison of milk thiol total, thiol native and disulfide levels 
in women with gestational diabetes mellitus and healthy pregnant 
women. 
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Figure 4. Comparison of milk total oxidant status (TOS) *(μmol H2O2 
eq/l), total antioxidant capacity (TAS) †(mmol Trolox eq/l) and oxidative 
stress index (OSI) ‡(CarrU/mmol HClO/ml) levels in women with 
gestational diabetes mellitus and healthy pregnant women.
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effective for alleviating the deleterious effects of GDM on the 
fetus.30 It is still unclear whether a diet rich in antioxidants, or 
antioxidant supplementation of the diet, might improve oxida-
tive stress in GDM.11

We could not find any relationship between the TAC, TOS and 
OSI levels of the study and control groups, and we have two explana-
tions for this result. Firstly, as the mean HbA1c level was 5% ± 0.4%, 
we can state that blood glucose levels were regulated adequately and 
that these results were reached under conditions of good glycemic 
regulation in the study group. Additionally, consumption of antiox-
idant foods was not taken into account, and this was a limitation of 
our study that may have affected the results. Moreover, antioxidants 
can be used to decrease OSI, besides decreasing TOS. For example, 
omega-3 fatty acids have been shown to decrease malondialdehyde 
(MDA) levels in GDM patients.31 In the literature, it was shown that 
when lipid peroxidation products (MDA) increased, levels of gluta-
thione peroxidase (GPX) and superoxide dismutase were decreased 
in pregnant women with GDM.9,32 However, Orhan et al. found 
significantly increased erythrocyte selenium (Se)-GPX activity in 
insulin-dependent diabetic pregnancy.12 An animal study by Kemse 
et al. revealed that supplementation of micronutrients such as folic 
acid, B12 and omega-3 fatty acids can decrease OS and inflamma-
tion related to preeclampsia.33 Use of supplementation of antioxi-
dant molecules was reported by Gurkan et al., in situations of high 
MDA and low selenium levels in infants with acute bronchiolitis.34 
In another animal study, resveratrol, a plant-derived antioxidant, 
was reported to prevent embryopathy resulting from exposure to 
high glucose levels and increased OSIs.35 

Among our subjects, 94% of our study group declared that 
they had been taking some medications. This may have influ-
enced our results. 

Moreover, many mothers significantly modify their diets during 
pregnancy and lactation: in particular, they demand products that 
are safe and free from synthetic additives. To meet consumer needs, 
the food industry has begun to use natural antioxidant extracts 
as food preservatives.36 Thus, another limitation of our study was 
that we did not record the participants’ food consumption: these 
foods might have had oxidant/antioxidant effects.

CONCLUSION
Impaired glucose tolerance, one of the most common problems 
experienced during pregnancy, can produce many complications 
in newborns through increasing oxidative stress. Thus, in this 
study, we sought to emphasize the importance of proper glucose 
regulation for preventing health problems among newborns. 
Our findings suggested that a compensatory mechanism of oxi-
dative stress was expected to be present in gestational diabetes 
mellitus and that this might be ameliorated through good glyce-
mic regulation and antioxidant supplementation.
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Relationship between dialysis quality and brain 
compliance in patients with end-stage renal disease 
(ESRD): a cross-sectional study
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Sérgio MascarenhasV (in memoriam), José Carlos Rebuglio VellosaVI
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INTRODUCTION
The number of patients with end-stage kidney disease (ESRD) has been increasing over the 
years and the treatment method that is most used is hemodialysis (HD).1,2 Although the devel-
opment of HD by Willem Kolff and Belding Scribner has revolutionized the treatment of renal 
failure, mortality remains significantly high, with high rates of comorbidities and low quality of 
life.3 Several factors influence the risk of mortality among patients undergoing HD,4 but high 
mortality rates may be related to aspects of the dialysis procedure.5 

To assess the quality of dialysis, the dialysis quality index (Kt/V) is measured, which can 
be calculated in several ways.6 This index needs to be at least 1.2 per dialysis session in order 
to verify that the session was of good quality. Observational studies have demonstrated a rela-
tionship between Kt/V and mortality and morbidity. Patient survival is longer when Kt/V is 
greater than 1.0.7-9

Studies have focused on prevention of and intervention in frequent HD-related complica-
tions, given that these complications reduce patients’ quality of life and can contribute to mortal-
ity.10,11 Approximately 30% of HD sessions have some type of complication,11 which may include 
hypotension, muscle cramps and post-dialysis complaints such as headache, fatigue and inabil-
ity to concentrate.12

Frequent symptoms that are present in dialysis patients, such as headache, nausea and mus-
cle cramps, can represent milder forms of dialysis disequilibrium syndrome (DDS), and this 
often remains undiagnosed.13 DDS occurs due to a sudden drop in urea levels, which results in 
an osmotic imbalance, with consequent failure of self-regulation of the cerebral circulation, thus 
leading to cerebral edema. Its clinical presentations depend on the brain region involved: for 
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ABSTRACT
BACKGROUND: The high number of patients with end-stage kidney disease (ESRD) on hemodialysis 
makes it necessary to conduct studies aimed at improving their quality of life. 
OBJECTIVES: To evaluate brain compliance, using the Brain4care method for intracranial pressure (ICP) 
monitoring, among patients with ESRD before and at the end of the hemodialysis session, and to correlate 
ICP with the dialysis quality index (Kt/V). 
DESIGN AND SETTING: Cross-sectional study conducted at a renal replacement therapy center in Brazil. 
METHODS: Sixty volunteers who were undergoing hemodialysis three times a week were included in 
this study. Brain compliance was assessed before and after hemodialysis using the noninvasive Brain4care 
method and intracranial pressure wave morphology was analyzed. 
RESULTS: Among these 60 ESRD volunteers, 17 (28%) presented altered brain compliance before hemodi-
alysis. After hemodialysis, 12 (20%) exhibited normalization of brain compliance. Moreover, 10 (83%) of the 
12 patients whose post-dialysis brain compliance became normalized were seen to present good-quality 
dialysis, as confirmed by Kt/V > 1.2. 
CONCLUSIONS: It can be suggested that changes to cerebral compliance in individuals with ESRD occur 
frequently and that a good-quality hemodialysis session (Kt/V > 1.2) may be effective for normalizing the 
patient’s cerebral compliance.
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example, edema in the occipitoparietal subcortical white matter can 
result in sudden loss of vision and other neurological symptoms.14

To prevent this syndrome, it is recommended that high-risk 
patients should be identified, rapid correction of metabolic aci-
dosis using bicarbonate should be avoided and the urea clearance 
rate and decrease in plasma osmolality should be controlled.13 
Considering that cerebral edema and the consequent decrease in 
cerebral compliance are involved in the pathophysiology of DDS,15–

17 assessment of intracranial pressure (ICP) could also contribute 
to a more positive outcome by helping to identify individuals with 
mild forms of DDS that are hard to recognize.13

OBJECTIVE
The aim of this study was to evaluate the brain compliance of 
patients with ESRD before and at the end of the hemodialysis ses-
sion, and to correlate the results obtained with the dialysis qual-
ity index (Kt/V).

METHODS
This was a cross-sectional study at a renal replacement ther-
apy (RRT) center in Brazil. It was conducted after authoriza-
tion had been received from the Research Ethics Committee of 
Universidade Estadual de Ponta Grossa (UEPG) (procedural 
number: 2174527; approved on June 26, 2014).

Participants
Sixty patients aged 18 years or over, with ESRD, who were under-
going hemodialysis three times a week for 3-4 hours in each 
session, were included. To define the sample size, studies with 
similar variables were consulted. However, given that the intra-
cranial pressure variable remains poorly studied, the sample size 
was defined according to the number of volunteers available. The 
exclusion criteria were presence of acute infections, chronic viral 
diseases and pregnancy. All the participants received information 
about the study and provided written informed consent.

Clinical and dialysis characteristics
The clinical and dialysis characteristics of the participants were 
obtained through the computerized system of the RRT center at 
the Santa Casa de Misericórdia de Ponta Grossa Hospital.

Assessment of brain compliance
Brain compliance was assessed through the Brain4care method, 
using equipment provided by Brain4care (São Paulo, SP, Brazil) 
for non-invasive ICP monitoring. The method is based on mea-
suring volumetric changes in the skull that are detected by a sen-
sor attached to a bandana that is kept in contact with the patient’s 
head. The equipment filters, amplifies and digitizes the signal 
coming from the sensor and sends it to a computer. This method 

has been patented and validated through comparison with the 
invasive method for monitoring ICP,18,19 and it has been regis-
tered with the Brazilian National Health Surveillance Agency 
(ANVISA; registration number 81157910004).

The results are obtained through analysis on the ICP wave pulse 
morphology. The curve obtained has three peaks: i) P1 is a percus-
sion peak that results from transmission of blood pressure from 
the choroid plexus; ii) P2 varies according to brain compliance; 
and iii) P3 is related to closure of the aortic valve in the heart. In 
situations of intracranial compliance, the amplitudes of the peaks 
P1, P2 and P3 decrease sequentially.20,21 On the other hand, if the 
cranial adaptive capacity decreases, there is an increase in the ICP, 
as well as a change in the ICP pulse waveform because the ampli-
tude of the P2 peak becomes higher than those of P1 and P3.22

To numerically represent the volunteers’ brain compliance, the 
ratio between the amplitude of the peaks P1 and P2 was defined 
as P1/P2 (ratio R = AmpP1/AmpP2). Ideally, the result from this 
relationship should be > 1.10. A ratio between 1.00 and 1.10 indi-
cates that the patient is on the threshold of abnormality. Values < 
1.00 indicate abnormality, i.e. P2 > P1.

Pre-dialysis monitoring was performed before the patient 
started the hemodialysis session, and the patient was asked to 
remain immobile for 15-20 minutes of monitoring. At the end 
of the hemodialysis session, the same procedure was performed.

Statistical analysis
The Kolmogorov-Smirnov test was used to assess the normality 
of the data. Since most of the continuous variables did not pres-
ent normal distribution, these were presented as the median and 
interquartile range. Categorical variables were presented as abso-
lute numbers (n) and relative frequency (%). The paired param-
eters obtained pre and post-dialysis were analyzed by means of the 
Wilcoxon test, and the McNemar test was used to assess the sig-
nificance of normal and altered ICPs. Possible differences between 
the groups were showed by means of the chi-square test (χ2) for 
categorical variables and the Mann-Whitney test for continuous 
variables. The ICP was also evaluated through a classification and 
regression tree (CART) model using the dialysis quality index 
(Kt/V) as the dependent variable and the pre and post-dialysis 
ICPs as independent variables. In all analyses, the significance level 
was set at P < 0.05. The data were evaluated using the statistical 
program SPSS 20.0 (SPSS, Chicago, United States).

RESULTS
The clinical parameters of the patients included in this study are 
shown in Table 1 and the parameters associated with hemodialy-
sis are shown in Table 2.

Figure 1 shows the absolute distributions of individuals with 
and without ICP changes from before to after hemodialysis. Before 
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the hemodialysis session, 17 individuals (28%) presented ICP 
changes, while 43 (72%) had normal ICP. After the hemodialysis 
session, six individuals (10%) were identified as presenting altered 
ICP and 54 (90%) had normal ICP. Thus, there was a statistical dif-
ference (P = 0.035) from before to after hemodialysis for patients 
with ESRD. It is important to highlight that, out of the 17 patients 
who presented altered ICP pre-dialysis, 12 presented normal brain 
compliance after the session, while five continued to present altered 
ICP. Among the 43 patients who had normal pre-dialysis ICP, one 
exhibited abnormal ICP after the session.

Table 3 presents a comparison of the clinical and dialysis 
parameters of the patients with ESRD and their cerebral compli-
ance (normal or altered), to show whether there was any param-
eter that was related to patients with worse cerebral compliance.

A comparison of the P1/P2 ratio of ICP before and after dial-
ysis, for patients with ESRD who presented normal and altered 
brain compliance, is shown in Figure 2. Individuals with normal 
brain compliance showed median values for the P1/P2 ratio of 1.67 
(range, 1.43-1.83) and those with altered cerebral compliance, 0.87 
(range, 0.67-1.00). This difference in the pre-dialysis evaluation 
was statistically significant (P < 0.001). After dialysis, the patients 
with normal cerebral compliance exhibited median values of 1.60 
(range, 1.33-1.77) and those with altered compliance, 1.34 (range, 
1.02-1.50), which was also a statistical difference (P = 0.004). The 
increase in the P1/P2 ratio after dialysis may indicate an improve-
ment in brain compliance in patients who presented changes in 
ICP parameters prior to hemodialysis treatment.

Through a classification and regression tree (CART) (Figure 3), 
it was visualized that, out of the 60 volunteers with ESRD, 21 (35%) 
had a Kt/V < 1.20 and 39 (65%) had a Kt/V > 1.20. After the hemo-
dialysis session, there were six individuals with abnormal brain 
compliance: three with a Kt/V < 1.20 and three > 1.20. Among 
these six individuals, five of them showed altered brain compli-
ance before the hemodialysis session. One of them presented nor-
mal brain compliance before the dialysis and altered compliance 
afterwards. Also in relation to pre-dialysis brain compliance, out 
of the 12 individuals whose brain compliance was altered before 
dialysis and became improved through it, 10 of them had a Kt/V 
>1.20. Therefore, it can be suggested that efficient dialysis may 
have helped in improving cerebral compliance.

DISCUSSION
In the present study, the main finding was that the alteration in 
pre-dialysis brain compliance that was observed in 28% of the 
volunteers showed a tendency to become normalized, as seen 
immediately after the dialysis. Moreover, this study presented the 
possibility that this result may have been related to HD quality.

Previous studies that assessed the ICP of patients with 
renal failure did so through correlating the altered results with 
DDS.16,23,24 However, no studies had previously assessed the brain 

Table 1. Clinical characteristics of the subjects with end-stage renal 
disease (ESRD)

Clinical parameters
ESRD

(n = 60)
Age, in years, mean (range) 60 (50-67)
Gender, n (%)

Male 32 (53)
Female 28 (47)

Underlying diseases relating to CKD, n (%)
Hypertensive nephrosclerosis 35 (59)
Diabetic nephropathy 23 (38)
Polycystic kidney disease 2 (3)

Length of time on dialysis, in months, mean (range) 45 (30-68)

Values are expressed as the mean and range or the absolute number (n) and 
relative frequency (%).
CKD = chronic kidney disease.

Table 2. Dialysis characteristics of subjects with end-stage renal disease (ESRD)

Dialysis patients’ 
characteristics

ESRD
(n = 60)

Pre-dialysis Post-dialysis P-value
Weight (kg) 70 (62-78) 67 (58-76) < 0.0001*

BMI (kg/m2) 26 (22-30) 25 (21-30) < 0.0001*

SBP (mmHg) 155 (128-181) 151 (122-170) 0.212
DBP (mmHg) 79 (70-92) 78 (69-88) 0.335
MBP (mmHg) 104 (91-123) 103 (88-113) 0.185
BPM 76 (67-85) 72 (64-81) 0.050
Urea (mg/dl) 102 (88-123) 32 (29-42) < 0.0001*

Kt/V
> 1.20 - 39 (65) -
< 1.20 - 21 (35) -

Values are expressed as the median and interquartile range or absolute number (n) 
and relative frequency (%); *statistical difference between the groups studied, from 
Wilcoxon text (P < 0.05); BMI = body mass index; SBP = systolic blood pressure; 
DBP = diastolic blood pressure; MBP = mean blood pressure; BPM = beats per 
minute; Kt/V = dialysis quality index.

ESRD = end-stage renal disease; ICP = intracranial pressure.

Figure 1. Bar diagram showing the numbers of subjects with ESRD who had 
normal and altered intracranial pressure before and after hemodialysis.
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ESRD in HD. It would constitute an additional tool for clinical eval-
uation of these patients and would possibly help in early detection 
of complications. This method has already been used in several 
situations such as epilepsy,25 hydrocephalus,26 cryptococcal men-
ingitis associated with HIV infection,27 traumatic brain injury,19 
hemorrhagic stroke28 and assessment of cerebral compliance in 
the elderly,29 among others.

ICP refers to the pressure inside the skull, which is influenced 
by blood and cerebral parenchyma and by the circulatory dynamics 
of cerebrospinal fluid (CSF). If there is an increase in the propor-
tion of one of these components (blood, fluid or parenchyma) and 
the cerebral adaptive capacity is exceeded, the ICP increases.30,31 

The aim of HD is to simulate the process of glomerular ultra-
filtration. It is based on the principle of diffusion, in which clear-
ance or removal of a high concentration of uremic toxins present 
in the blood is achieved by means of migrating the blood through 

Table 3. Comparison of clinical and dialysis variables of 
subjects with end-stage renal disease (ESRD), according to 
intracranial pressure: normal or altered

Parameters

ESRD
ICP parameters

P-valueNormal
(n = 42)

Altered
(n = 18)

Clinical
Age, in yearsa 62 (55-67) 50 (44-66) 0.021*

Gender, n (%)b

Male 25 (60) 7 (39)
0.235

Female 17 (40) 11 (61)
Underlying diseases relating to CKD, n (%)c 

Hypertensive 
nephrosclerosis

23 (55) 12 (67) -

Diabetic 
nephropathy

17 (40) 6 (33) -

Polycystic kidney 
disease

2 (5) 0 (0) -

Time on dialysis, in 
monthsa

41 (30-65) 49 (32-84) 0.345

Dialytic
Weight (kg)a

Pre-dialysis 69 (63-82) 71 (56-77) 0.425
Post-dialysis 66 (60-80) 68 (54-75) 0.429

BMI (kg/m2)a

Pre-dialysis 25 (23-31) 24 (21-29) 0.302
Post-dialysis 25 (23-30) 24 (20-28) 0.379

SBP (mmHg)a

Pre-dialysis 157 (135-190) 134 (121-159) 0.031*

Post-dialysis 153 (119-175) 142 (124-154) 0.220
DBP (mmHg)a

Pre-dialysis 79 (70-91) 79 (67-95) 0.771
Post-dialysis 77 (68-86) 80 (68-91) 0.942

MBP (mmHg)a

Pre-dialysis 106 (93-128) 103 (85-113) 0.208
Post-dialysis 102 (88-118) 103 (90-110) 0.463

BPMa

Pre-dialysis 74 (63-84) 82 (74- 92) 0.023*

Post-dialysis 70 (62-77) 79 (71-91) 0.008*

Urea (mg/dl)a

Pre-dialysis 102 (84-127) 99 (89-116) 0.910
Post-dialysis 37 (28-45) 32 (29-39) 0.375

Kt/Vb

< 1.20 16 (38) 5 (28)
0.637

> 1.20 26 (62) 13 (72)

Values are expressed as the median and interquartile range or absolute 
number (n) and relative frequency (%); aMann-Whitney test; bchi-square χ2 
test; cdescriptive statistics; *statistical difference between the groups studied 
(P < 0.05); CKD = chronic kidney disease; BMI = body mass index; SBP = 
systolic blood pressure; DBP = diastolic blood pressure; MBP = mean blood 
pressure; BPM = beats per minute; Kt/V = dialysis quality index.

Figure 2. Boxplot showing the median and interquartile range of the P1/P2 
ratio for ICP, before and after hemodialysis, among subjects with end-stage 
renal disease who presented normal and altered intracranial pressure. 

ICP = intracranial pressure.

compliance of routine HD patients, because the technique most 
used is highly invasive.

Noninvasive assessment of cerebral compliance through the 
Brain4care method could be useful in monitoring patients with 
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a semipermeable membrane (the dialyzer or filter), to form a solu-
tion of lower concentration, called the dialyzed solution.32

A normal ICP waveform (Figure 3) was observed in 90% of the 
patients in the present study after dialysis. Considering the mech-
anisms of HD and the pathophysiology of changes to ICP, it can 
be suggested that the removal of fluids that occurs in HD directly 
influences the maintenance of the balance between blood, CSF 
and cerebral parenchyma, thereby normalizing ICP.

According to Robertson et al.,33 patients with intracranial 
hypertension often have elevated blood pressure due to sympa-
thetic hyperactivity, especially in cases of head trauma. However, 
in the present study, patients with altered ICP parameters had 
lower systolic blood pressure (SBP). At the same time, it was found 
that patients with changes to their cerebral compliance had higher 
heart rate values, both pre and post-dialysis. Dimitri et al.34 sug-
gested that there was direct interaction or communication between 
the heart and the brain, with the observation that when the ICP 
rose, the heart rate also increased. This is important information, 

because it can assist in validation of the ICP parameters for assess-
ing cerebral compliance.

Another important result from the present study was the rela-
tionship between cerebral compliance and the best-quality dialysis, 
as shown by Kt/V > 1.20. It can be suggested that good-quality dial-
ysis can help to improve the post-dialysis ICP parameters of patients 
with ESRD who presented altered brain compliance before HD.

In this study, one volunteer showed changes to his brain com-
pliance only after dialysis. No complications were reported in this 
patient’s medical records during his HD session, and his Kt/V 
was 1.25. In addition, it was not possible to establish any rela-
tionship between this finding and the patient’s clinical and dial-
ysis parameters.

In the formula of the Kt/V ratio, K refers to the dialyzer urea 
clearance, which is multiplied by the treatment time (t) and divided 
by the patient’s urea distribution volume (V). K depends on the 
blood flow rate, size of the dialyzer and flow of the dialysate, t var-
ies from three to four hours and the urea distribution volume of 

Figure 3. Classification and regression tree (CART) for dialysis quality (Kt/V) in relation to pre and post-dialysis intracranial pressure. 

Node	0
Category						%									n
<	1.20										35.0						21
>	1.20										65.0						39
Total											100.0					60	

Node	1
Category						%									n
<	1.20									50.0						3
>	1.20									50.0						3
Total											10.0							6	

Node	2
Category						%									n
<	1.20										33.3						18
>	1.20										66.7						36
Total											90.0							54

Node	3
Category						%									n
<	1.20							60.0									3
>	1.20								40.0								2
Total											8.3									5	

Node	4
Category						%									n
<	1.20								0.0									0
>	1.20								100.0					1
Total											1.7									1	

Kt-v

Node	5
Category						%									n
<	1.20								16.7									2
>	1.20								83.3							10
Total										20.0							12	

Node	6
Category						%									n
<	1.20								38.1								16
>	1.20								61.9							26
Total										70.0							42	

ICP	post-dialysis
Improvement	=	0.005

Altered Normal

ICP	pre-dialysis
Improvement	=	0.010

ICP	pre-dialysis
Improvement	=	0.014

Altered AlteredNormal Normal
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the patient (V) corresponds to approximately 55% of the individ-
ual’s body weight.35 This volume can be more accurately estimated 
through an anthropometric equation that uses an individual’s gen-
der, age, height and weight (e.g. the Watson equation).36 Based on 
the above, several factors can influence the quality of HD and be 
reflected in the Kt/V ratio, such as the duration of the session and 
the interdialytic weight gain, which needs to be controlled by the 
patient through dietary care.

Inadequate hemodialysis (Kt/V < 1.20) can occur due to low 
adherence or non-adherence to treatment recommendations (such 
as fluid restriction, regular frequency of dialysis sessions and adher-
ence to 240-minute sessions) and because of the clearance limita-
tions of the conventional HD technique. It has been shown that 
not attending just one dialysis session is associated with a 25%-
30% increase in the risk of death. This is a common problem with 
regard to HD.12

According to Kimata et al.,37 small changes in the way of con-
ducting HD sessions, such as increasing the blood flow rate to 200 
ml/min and the treatment time to four hours for some patients, 
can decrease the percentage of patients with Kt/V < 1.20, with a 
consequent increase in survival among these patients.

However, four-hour dialysis sessions do not guarantee 
good-quality dialysis. It is necessary to consider the residual renal 
function, the Kt/V ratio normalized according to body surface area 
and the expected ultrafiltration rate. In addition, it is important 
to consider the patients’ acceptance of the duration of dialysis to 
which they are subjected, since this directly impacts their quality 
of life and treatment adherence.38

Madero and Sarnak39 questioned whether the hemodialysis 
procedure might be partly responsible for brain structural and cog-
nitive changes, such as cerebral edema, which leads to increased 
ICP. However, our results suggested that an adequate hemodialy-
sis session, with Kt/V > 1.20, may be effective in normalizing the 
ICP of individuals who have presented changes.

Lastly, it is worth mentioning that the clinical assessment is 
superior to any Kt/V formula and should serve as the basis for 
determining the adequacy of dialysis.6 Thus, the importance of 
clinical assessment of cerebral compliance among patients under-
going HD can be emphasized.

CONCLUSION
Through noninvasive assessment of the ICP parameters by means 
of the Brain4care® method, it could be seen that changes to cere-
bral compliance among patients on hemodialysis can occur fre-
quently. Moreover, it can be suggested that good-quality hemodi-
alysis (i.e. when Kt/V is greater than 1.20) may help to normalize 
the ICP parameters. Thus, the importance of maintaining a Kt/V 
ratio of at least 1.20 can be emphasized, in order to ensure good-
quality dialysis for patients with ESRD.
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Association between frailty and depression among 
hemodialysis patients: a cross-sectional study
Diana Gabriela Mendes dos SantosI, Layana Giselly Silva FerreiraII, Joice Marques PalloneIII, Ana Carolina OttavianiIV, 
Ariene Angelini Santos-OrlandiV, Sofia Cristina Iost PavariniVI, Marisa Silvana ZazzettaVII, Fabiana de Souza OrlandiVIII

Center for Biological Sciences, Department of Gerontology, Universidade Federal de São Carlos (UFSCar) São Carlos (SP), Brazil

INTRODUCTION
Frailty is consensually understood to be a clinical syndrome in which minimal stressors can 
lead to negative outcomes such as hospitalization, early institutionalization, falls, functional loss 
and death.1 There are several models for frailty, but the two that have been most widely used are 
the deficit model, developed by Mitnitski, Mogilner and Rockwood,2 and the phenotype-based 
model, developed by Fried et al.3

Because of the high incidence and prevalence of physical and cognitive impairment among 
patients with chronic kidney disease (CKD), these individuals are more likely to develop frailty 
early.4 According to a systematic review carried out by Chowndhuty et al.,5 frailty is very prev-
alent in patients with CKD, and those on dialysis are the frailest. Furthermore, frailty has been 
shown to be associated with increased risk of hospitalization and mortality among patients with 
CKD. An association between frailty and higher risk of mortality among patients seen at rapid 
diagnostic clinics (RDCs) has been found in other studies in the literature.4,6,7 

According to Wu et al.,6 in addition to sociodemographic factors and health issues, depression 
contributes towards putting patients with CKD into the frailty cycle. A study by Perez et al.7 among 
frail and non-frail adults with diabetes mellitus (type 1 and type 2) and with chronic kidney disease 
(stages 1 to 5) demonstrated that frail participants presented depression more often (P ≤ 0.005) than 
did the non-frail participants. In addition, depression has been found to be the most recurrent psychi-
atric condition among patients with CKD, with a rate of 20 to 30% among patients on hemodialysis.8 

OBJECTIVE
The aim of the present study was to assess frailty and its association with depression among 
patients with CKD undergoing hemodialysis.
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ABSTRACT
BACKGROUND: Frailty is consensually understood to be a clinical syndrome in which minimal stressors 
can lead to negative outcomes such as hospitalization, early institutionalization, falls, functional loss and 
death. Frailty is more prevalent among patients with chronic kidney disease (CKD), and those on dialysis 
are the frailest. Depression contributes towards putting patients with CKD into the frailty cycle. 
OBJECTIVE: To assess frailty and its relationship with depression among patients with CKD undergoing 
hemodialysis. 
DESIGN AND SETTING: Observational and quantitative cross-sectional study conducted in a renal thera-
py unit, located in the interior of the state of São Paulo, Brazil. 
METHODS: This investigation took place in 2019, among 80 patients. The following instruments were 
applied: a sociodemographic, economic and health condition characterization and the Subjective Frailty 
Assessment (SFA) and Patient Health Questionnaire-9 (PHQ-9). 
RESULTS: Among the patients, there was higher prevalence of females, individuals with a steady partner 
and retirees, and their mean age was 59.63 (± 15.14) years. There was high prevalence of physical frailty 
(73.8%) and depression (93.7%). Depression was associated with frailty, such that patients with depression 
were 9.8 times more likely to be frail than were patients without depression (odds ratio, OR = 9.80; 95% 
confidence interval, CI, 1.93-49.79).
CONCLUSION: Based on the proposed objective and the results achieved, it can be concluded that de-
pression was associated with the presence of frailty among patients with CKD on hemodialysis.
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METHODS

Design
The present study was of observational and quantitative cross-
sectional nature. The investigation took place in 2019, at a dialy-
sis service located in the interior of the state of São Paulo, Brazil. 

Sample
The final sample was 80 patients who met the following inclusion 
criteria: having a medical diagnosis of CKD, being on hemodi-
alysis and possessing preserved oral communication. The exclu-
sion criterion was presentation of dementia that could be verified 
in the medical records. An initial non-probabilistic convenience 
sample of 180 patients was used; seventy patients were excluded 
from the study, 46 did not meet the study’s eligibility criteria and 
64 did not agree to participate in the study.

Data collection
The data collection process took place as follows. At the initial 
contact with the patients, the research project was explained to 
them and they were invited to participate in the study. Patients 
who agreed to participate signed a free and informed consent 
statement. At their next hemodialysis session, and specifically 
within the first two hours (during which patients present with 
fewer hemodynamic changes), evaluations were started using a 
sociodemographic, economic and health condition character-
ization and the Subjective Frailty Assessment (SFA) and Patient 
Health Questionnaire-9 (PHQ-9).

The sociodemographic, economic and health condition char-
acterization consisted of asking about the following characteris-
tics: sex, age, marital status, ethnicity, comorbidities, education 
level, income, time on hemodialysis and number of medications.

The SFA was validated in Brazil by Nunes,9 based on the com-
ponents of the frailty phenotype proposed by Fried et al.,10 which 
was considered to be the gold standard. The frailty phenotype con-
sists of the following five criteria: unintentional weight loss, reported 
fatigue, reduced grip strength, reduced walking speed and low phys-
ical activity. Nunes9 elaborated and validated items for subjective 
evaluation, especially through dichotomous questions about each 
component. The SFA can have a total score of 5 points, and individ-
uals are considered non-frail if they do not have any of the criteria 
evaluated. They are considered pre-frail if they have one or two of 
these components and frail if they have three or more components.

The PHQ-9 is a screening scale for depression that was validated 
by Kroenke, Spitzer and Williams11 and adapted for use in Brazil by 
Santos et al.12 It is an instrument with nine questions based on the 
clinical diagnostic criteria for depressive episodes (Diagnostic and 
Statistical Manual of Mental Disorders, fourth edition, DSM-IV), 
which form the evaluation module for depressive disorders in the 

Patient Health Questionnaire (PHQ). The symptoms evaluated are 
the following: depressed mood; anhedonia (loss of interest or pleasure 
in doing things); problems with sleep, tiredness or lack of energy; 
changes in appetite or weight; feelings of guilt or worthlessness; 
problems with concentration; feelings of slowness or restlessness; 
and thoughts of suicide. The frequency of each symptom over the 
past two weeks is assessed on a Likert scale from 0 to 3 correspond-
ing to the answers “no days”, “less than a week”, “more than a week” 
and “almost every day”, respectively. The questionnaire also includes 
a tenth question that assesses the interference of these symptoms in 
performing daily activities, such as working and studying. If the final 
score reaches 5, the individual is characterized as having mild depres-
sion; 10, moderate; 15, moderately severe; and 20 or more, severe.

Data analysis
The statistical treatment of the data was performed with sup-
port from the Statistical Package for the Social Sciences (SPSS) 
software, version 22.0 (IBM Corporation, Armonk, New York, 
United States). Descriptive analyses were performed, with prepa-
ration, including central trend data (average, minimum and max-
imum) and dispersion measurements (standard deviation). The 
Kolmogorov-Smirnov test was performed to ascertain whether 
the data showed normal distribution. This showed that nonpara-
metric tests needed to be used.

To compare continuous variables according to the level of 
physical frailty, with subjective frailty assessment (non-frail, pre-
frail or frail), the Kruskal-Wallis test was used. To compare cate-
gorical variables according to the level of physical frailty, with sub-
jective frailty assessment (non-frail, pre-frail or frail), the Pearson 
test was adopted. The significance level for the statistical tests was 
taken to be 5% (P ≤ 0.05).

To investigate the association between depression and frailty, 
multivariate logistic regression analysis was performed. Initially, 
univariate logistic regression analyses were performed using socio-
demographic, economic and health condition variables. Statistically 
significant variables (P < 0.25) in the univariate regression analyses 
were selected for the multivariate analysis. The model was adapted 
for sex, age and education. The respective odds ratios (OR) and 
95% confidence intervals (CI) were calculated. 

Ethical considerations
The protocol was approved by the ethics committee of our insti-
tution (CAAE: 18828419.0.0000.5504; number 3.535.236; date: 
August 27, 2019). Participants needed to sign an informed con-
sent statement before entering the study.

RESULTS
Regarding frailty assessed according to the SFA scale, it was 
found that only four participants were non-frail, while 17 (21.2%) 
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were pre-frail and 59 (73.8%) were frail. The sociodemographic, 
economic and comorbidity profile did not show any statisti-
cally relevant difference between the levels of frailty. The major-
ity of the participants were female, white and retired, and had 
a steady partner. Their average age was less than 61 years; their 
average schooling level did not exceed 8.5 years; and their aver-
age per capita income did not exceed 1.5 minimum monthly 
wages (Table 1).

Regarding the comorbidities of diabetes and hypertension, 
Table 1 shows that most participants reported having these 
comorbidities, regardless of their level of frailty. The number of 

continuous-use medications was 6.50 for non-frail, 6.06 for pre-
frail and 6.41 for frail individuals.

Regarding depression, it was noted that overall, 83.7% of 
the participants had depression, at levels ranging from mild to 
severe. When compared according to frailty levels, there was a 
statistically significant difference between the groups. Non-frail 
and pre-frail patients had mean scores of 5 and 8.88, respectively, 
thus characterizing a mild degree of depression. Frail participants, 
on the other hand, had an average score of 15.92, thus charac-
terizing moderately severe depression, according to the PHQ-9 
instrument (Table 1).

Table 1. Sociodemographic variables, economic characteristics, comorbidities and depression measured through the patient health 
questionnaire-9 (PHQ-9), according to levels of frailty. São Carlos (SP), Brazil, 2019 (n = 80)

Variable Categories
Non-frail 

(n = 4)
Pre-frail 
(n = 17)

Frail 
(n = 59)

P-value

Sex
Male 3 8 25 0.44

Female 1 9 34

Ethnicity

White 4 13 35 0.52
Black 0 2 18

Brown 0 2 5
East Asian 0 0 1

Marital status
With a fixed partner 4 10 38

No fixed partner 0 7 20 0.59

Occupation

Retired 4 8 45
Absent* 0 4 6 0.11

Housewife 0 3 7
Other 0 2 0

Comorbidities

Diabetes 0.67
Yes 2 12 36
No 2 5 23

Hypertension
Yes 2 7 26 0.95
No 2 10 33

Other types of comorbidities
Yes 3 17 52 0.21
No 1 0 7

Variable Categories Mean P-value

Age**

Non-frail (n = 4) 60.25
Pre-frail (n = 17) 55.88 0.59

Frail (n = 59) 60.66

Education level**

Non-frail (n = 4) 8.50 0.15
Pre-frail (n = 17) 7.24

Frail (n = 59) 6.37

Income***

Non-frail (n = 4) 1,226.75
Pre-frail (n = 17) 996.88 0.20

Frail (n = 59) 930.50

Number of medications
Non-frail (n = 4) 6,50
Pre-frail (n = 17) 6.06 0.57

Frail (n = 59) 6.41

Depression (PHQ-9)
Non-frail (n = 4) 5.00
Pre-frail (n = 17) 8.88 0.001

Frail (n = 59) 15.92
*Absent from work, as approved by the National Institute of Social Security. **In years; ***In reais; Kruskal-Wallis test; Pearson’s test.
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In the analysis on depression as a predictor of frailty, it was 
noted that depression was associated with frailty. Patients with 
depression were 9.8 times more likely to be frail than were patients 
without depression (OR = 9.80; 95% CI, 1.93-49.79). For the other 
variables analyzed (sex, age and education level), there was no sta-
tistically relevant relationship (Table 2).

DISCUSSION
In the present study, among the sociodemographic, economic 
and health condition characteristics of the participants, female 
sex was more prevalent, the mean age was 59.63 years and the 
mean schooling level was 6.66 years. It was noted that 83.7% 
of the patients presented depression. This profile has also been 
found in other studies conducted in Brazil and in other countries 
among patients with CKD.4,13,14 

Assessing the occurrence rates of frailty and depression syn-
dromes is challenging given the diversity of models and measure-
ments that have been used in studies to identify their prevalences. 
In this, the heterogeneity of the conditions themselves needs to 
be borne in mind: their expression of signs and symptoms varies 
according to age and socioeconomic context.5

With regard to frailty, 21.3% of the patients were considered 
pre-frail in the present study. However, in the study by Gesualdo 
et al., in which the objective was to evaluate frailty and identify 
its associated factors among adults and elderly people with CKD 
who were undergoing hemodialytic treatment, most of the adults 
were pre-frail (54.84%). Their study corroborates the findings of 
the present study regarding the prevalence of frailty.4

Another study that addressed factors associated with frailty 
was conducted by Duarte et al.17 In that study, the aim was to 
describe the prevalence of frailty among elderly people, in order 
to analyze associated factors and the evolution of the syndrome. 
A total of 1,399 older adults aged 60 years or older, living in the 
state of São Paulo, Brazil, participated in the study. Frailty syn-
drome was evaluated based on the phenotype proposed by Fried 
et al.,10 composed of five components: unintentional weight loss, 
self-reported fatigue, reduction in strength, low walking speed 
and low level of physical activity. Duarte et al.17 found that out of 
the total number of elderly subjects (n = 1,399), 8.5% were frail 

and presented factors associated with age, functional impairment, 
cognitive decline, hospitalization and multimorbidity. Over a four-
year period, 3.3% of the non-frail and 14.7% of the pre-frail elderly 
people became frail. In the present study, we found that the prev-
alence of frailty among the patients was 73.8%.

Although most definitions of frailty focus primarily on physical 
and biological indicators of vulnerability, it is significant to consider 
the risk of adverse health outcomes associated with mental disor-
ders. As well as frailty, depression among the elderly has been char-
acterized in terms of diminished reserve capacity, thus representing 
a lack of resources to respond to stressors.15 Hence, depression can 
serve to accentuate physical frailty: not because it is associated with 
any disease process or model of frailty in particular, but because it 
represents a lack of psychological and social coping resources.15,16

The association between frailty and depression demonstrated 
in the present study was also found in other studies, such as the one 
by Tavares et al.17 In that study, the aim was to describe the socio-
economic variables of older adults with indications of depression 
according to sex; investigate the association between frailty sta-
tus and sex; and describe the component of the frailty phenotype 
most impacted among elderly people with indications of pre-frail 
and frail depression. A total of 418 elderly people with indications 
of depression living in the city of Uberaba, Minas Gerais, Brazil, 
participated in that study. The results showed that the prevalence 
of frailty among older adults with indications of depression was 
27.8%, while 51.7% presented pre-frailty. That study corroborated 
the findings of the present study, in which depression was asso-
ciated with frailty, thus indicating that patients with depression 
were 9.8 times more likely to be frail than were patients without 
depression. In the light of this exposure, it is possible to infer that 
patients with CKD who are undergoing hemodialysis treatment 
are more vulnerable to becoming affected by depressive symptoms.

Another study that addressed depression in CKD patients was 
conducted by Pretto.18 The aim in that study was to investigate 
associations shown by sociodemographic variables, clinical factors, 
lifestyle habits and functional capacity in relation to indications 
of depression among chronic renal patients on hemodialysis. The 
study participants were 238 patients, who were attending the ref-
erence renal units for the Northwest and Missions regions of Rio 
Grande do Sul, Brazil. Beck’s Depression Inventory (BDI) was used 
to assess depression. It was found that the prevalence of symptoms 
indicative of depression among the patients was 60.3% (111): mild 
in 36.4% (67), moderate in 22.3% (41) and severe in 1.6% (3). 

Depression scores are three to four times higher among patients 
with CKD than in the general population and two to three times 
higher than among people with other chronic diseases. In the pres-
ent study, it was found that 83.7% of the patients had depressive 
symptoms, i.e. more than half of the patients presented depression, 
just as in the study by Pretto.18

Table 2. Multivariate logistic regression analysis on frailty 
(n = 80)

Frailty
Variables P-value OR* 95% CI
Sex** 0.105 2.27 1.93-49.79
Age 0.601 1.01 0.97-1.05
Education level 0.574 0.96 0.83-1.11
Depression*** 0.006 9.80 1.93-49.79

*Risk ratio for frailty/subjective frailty assessment; **women; ***presence of 
depression. OR = odds ratio; CI = confidence interval.
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Nursing plays an important role in this scenario. Nurses are 
the professionals who establish greatest contact and bonding with 
these patients, given the long periods of time spent with them. 

Health education plays a fundamental role in promoting quality 
of life for patients affected by CKD. Moreover, this raises awareness 
among patients, family members and the nursing team, thereby 
stimulating changes to behavioral strategies.

Future research should continue to explore the reasons for 
comorbidities and the implications of comorbidities in predict-
ing adverse health outcomes. Therapies to combat depression can 
prevent or mitigate the symptoms of frailty. 

The limitation of the present study was that its sample was 
selected for convenience.

CONCLUSION
From the proposed objective of this study and the results 
achieved, it can be concluded that depression was associated 
with the presence of frailty among patients with CKD who were 
undergoing hemodialysis. Thus, it is important to highlight the 
need for early screening of frailty in this population. 

In addition, there is an urgent requirement to create health-
care policies that meet the social and psychological needs of these 
patients, given that this is a predictable and preventable syndrome. 
In addition, professionals must pay attention to the signs and 
symptoms of depression that can lead patients to frailty, in addi-
tion to other outcomes.
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Relationship between depressive symptoms, burnout, 
job satisfaction and patient safety culture among workers 
at a university hospital in the Brazilian Amazon region: 
cross-sectional study with structural equation modeling
Marcélia Célia Couteiro LopesI, Carmen Conceição Carrilho OlivaII, Nádia Maria Soares BezerraIII, Marcus Tolentino SilvaIV,  
Tais Freire GalvãoV 

Hospital Universitário Getúlio Vargas (HUGV), Universidade Federal do Amazonas (UFAM), Manaus (AM), Brazil

INTRODUCTION
Negative psychological effects are frequently experienced by healthcare professionals, due to dis-
tress relating to patients’ sorrows, health-threatening diseases and poor working environments. 
Workplace conditions within healthcare affect both the health of the workers and the safety of 
care.1 Adverse events and harm to patients cause physical, psychological and professional distress 
and require proper organizational support for the team.2 Frequent exposure to this insalubrious set-
ting affects the emotional health of workers, who face high prevalence of mental health problems.3,4 
In this highly human-mediated activity, practitioners’ and patients’ health are mutually influenced.5

Chronic workplace stress that is not properly managed has been recognized as a cause of 
burnout syndrome, which was included as a morbidity in the International Classification 
of Diseases for Mortality and Morbidity Statistics, eleventh revision, in 2019.6 Satisfaction and 
engagement with labor are central to wellbeing and good performance at both the individual 
and the collective level.7 

The relationships between work conditions, workers’ health and patient safety need further 
investigation. A review on professional burnout, depression, employee commitment, patient out-
comes and safety culture interplays identified that even though safety culture and clinical errors 
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ABSTRACT
BACKGROUND: Workplaces can be sources of mental distress. In healthcare services, this can also affect 
patients. 
OBJECTIVE: To assess the prevalence of and factors associated with depressive symptoms, burnout, job 
satisfaction and patient safety culture and the relationships between these constructs, among healthcare 
workers.
DESIGN AND SETTING: Cross-sectional study in a university hospital in Manaus, Brazil.
METHODS: Randomly selected workers were interviewed based on Brazilian-validated tools. We calcu-
lated the prevalence ratio (PR) and 95% confidence interval (CI) of depressive symptoms and burnout 
using Poisson regression with robust variance; and the β-coefficient of safety culture and job satisfaction 
using linear regression. Outcome relationships were assessed using partial least-squares structural equa-
tion modeling.
RESULTS: 300 professionals were included; 67.3% were women. The prevalence of depressive symptom 
was 19.0% (95% CI: 14.5; 23.5%) and burnout, 8.7% (95% CI: 5.2; 12.3%). Lack of work stability increased 
depression (PR = 1.88; 95% CI: 1.17; 3.01) and burnout (PR = 2.17; 95% CI: 1.03; 4.57); and reduced job sat-
isfaction (β = -11.93; 95% CI: -18.79; -5.07). Depressive symptoms and burnout were positively correlated, 
as also were job satisfaction and safety culture (P < 0.001); job satisfaction was negatively correlated with 
burnout (P < 0.001) and depression (P = 0.035).
CONCLUSION: Impermanent employment contracts increased depression and burnout and reduced job 
satisfaction. Job satisfaction reduced poor mental health outcomes and increased safety culture. Job sat-
isfaction and safety culture were directly proportional (one construct increased the other and vice versa), 
as also were depression and burnout. Better working conditions can provide a virtuous cycle of patient 
safety and occupational health.
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were both associated with burnout, few studies had focused on 
engagement and individual-level factors that impact patient safety 
culture.8 A previous Brazilian survey observed an inverse causal 
relationship between burnout syndrome and job satisfaction, while 
depressive symptoms were predictors for burnout.9 Real-world evi-
dence about the connections between safety culture, job satisfac-
tion, depression and burnout could enlighten the discussions and 
improve both workplace and patient safety.

Safety culture was deemed to be fragile, with predominance 
of individual culpability standards, in a previous survey at a uni-
versity hospital in the Brazilian Amazon region.10 This scenario 
motivated an investigation on how patient safety culture, workers’ 
engagement and outcomes interact in this setting. 

OBJECTIVE
The aim of this study was to assess the prevalence of and fac-
tors associated with depressive symptoms, burnout, job satis-
faction and patient safety culture and the relationships between 
these constructs, among healthcare workers at a university in the 
Brazilian Amazon region.

METHODS
Study design and setting
This was a cross-sectional study conducted among health-
care workers at Getulio Vargas University Hospital from July 
to November 2016. This is a teaching hospital belonging to the 
Universidade Federal do Amazonas (UFAM), and it forms part 
of the Brazilian National Health System (Sistema Único de Saúde, 
SUS). At the time of this study, the hospital had 159 beds (11 in 
intensive care) and 1,222 employees.

Participants
Individuals who had been employees for at least three months 
and who were working in the main building of the hospital were 
eligible for inclusion in this study. The sample size was calculated 
as 300 participants, considering the potential total population of 
863 eligible employees, a frequency of positive answers regard-
ing safety culture of 50%, a confidence level of 95%, design effect 
of 1 (random sampling) and addition of 10% to compensate for 
losses. From the hospital’s human resources spreadsheet, we ran-
domly selected 300 employees for interviews and 300 employees 
to serve as replacements in cases of refusals.

Variables
The primary outcomes were the prevalences of depressive symp-
toms and burnout, and the perceptions of job satisfaction and 
patient safety culture.

The independent variables were the following: sex (women or 
men); age (in years, categorized as 18-35, 35-50 or 51 or over); skin 

color/race (whites [white and Asian] or non-whites [black, indige-
nous and brown, i.e. Brazilian mixed race]); marital status (married 
or single [single, separated, divorced or widowed]); body composi-
tion (normal, overweight or obese); educational level (high school 
or less, higher education or postgraduate school); economic classi-
fication (A, B1, B2 or C/D/E); profession (physicians, nursing staff 
[nurses and nursing technicians], other healthcare professionals 
[psychologists, nutrition/radiology/laboratory technicians, phys-
iotherapists, social workers and nutritionists] or technical support 
[maintenance/cleaning and administrative staff, i.e. office assistant/
secretary/receptionist]); working in direct contact with patients 
(yes or no); length of time working in the hospital (in years, cat-
egorized as < 1, 1-2, 3-4, 5-10, 11-20 or ≥ 21); work contract sta-
bility (permanent [statutory, contracted through consolidation of 
labor laws] or temporary [contracted through a support founda-
tion or residency scholarship]); number of jobs (1, 2 or ≥ 3); and 
weekly workload (in hours, categorized as 20-40, 41-60 or ≥ 61).

Data sources and measurement
The participants who had been drawn for inclusion were contacted 
by the research team and were asked to answer a questionnaire using 
electronic devices (Samsung Tab-3 SM-T110). The KoboToolbox 
software (https://www.kobotoolbox.org/) was used to configure the 
questionnaire, with mandatory answers for each question. The soft-
ware worked offline and filled-out forms were submitted automati-
cally once an internet connection was available.

Depressive symptoms were measured using the nine-item 
Patient Health Questionnaire (PHQ-9), in its version validated 
for use in Brazil.11 We adopted the cutoff point of ≥ 9 to define 
presence of depressive symptoms.12 The Brazilian version of the 
Maslach Burnout Inventory Human Services Survey (MBI-HSS) 
was used to assess burnout, which was taken to be present in cases 
of higher scores for emotional exhaustion (≥ 27) and depersonaliza-
tion (≥ 13), and lower scores for personal accomplishment (≤ 31).13

Job satisfaction was assessed through the validated version of the 
Job Satisfaction Survey (JSS) for the Brazilian context.14 The score 
range of 36-108 was taken to indicate dissatisfaction; 144-216, satisfac-
tion; and 109-143, ambivalence. Safety culture was measured through 
the Brazilian validated version of the Safety Attitudes Questionnaire 
(SAQ). After reversing the scores of negatively worded items, the 
positivity percentage was calculated and results of 75% or more 
were considered to denote the presence of a positive safety culture.15

The economic classification was based on reported posses-
sion of comfort items and on the education level of the head 
of the family, which led to a classification from A (richest) to E 
(poorest).16 Weight and height were self-reported by the partici-
pants and body mass index (BMI) was obtained by dividing the 
weight in kilograms (kg) by the square of the height in meters 
(m²). BMI was classified as normal (≤ 24.9 kg/m²), overweight 

https://www.kobotoolbox.org/
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(25-29.9  kg/ m²) or obese (≥ 30  kg/ m²). Weekly workload and the 
number of jobs were obtained from the Brazilian National Registry 
of Healthcare Establishments by searching for the professional’s 
name.17 Information on work contract stability was obtained from 
the hospital’s human resources spreadsheet.

Statistical methods
We calculated descriptive statistics for all variables, and obtained fre-
quencies, means, standard deviations and 95% confidence intervals 
(CI), according to the nature of the data. The instruments’ reliability 
was calculated by means of Cronbach’s alpha, using a cutoff of ≥ 0.6.

The prevalence ratio (PR) and 95% CI of depressive symp-
toms and burnout were calculated by means of Poisson regres-
sion with robust variance. Factors associated with safety culture 
and job satisfaction were calculated through linear regression to 
obtain the coefficient β and 95% CI. We adopted the significance 
level of P < 0.05 to identify presence of associations between the 
outcomes and independent variables.

The relationships between depressive symptoms, burnout, job 
satisfaction and patient safety culture were assessed using partial 
least-squares structural equation modeling (PLS-SEM). The signifi-
cance and the relationships between the constructs were established 
through the path coefficient, expressed as values between -1 and 1. 
Values close to 0 indicate weak relationships and Pearson’s coef-
ficient of determination was classified as showing a large effect if 
R2 ≥ 26%.18 We tested all relationships between constructs and kept 
significant associations (P < 0.05) in the final PLS-SEM. All anal-
yses were done using the Stata software, version 14.2 (StataCorp, 
College Station, Texas, United States).

Ethics
This project was approved by the Research Ethics Committee 
of the UFAM, through opinion report no. 1,564,841, dated May 
30, 2016 (Certificate of Submission for Ethical Appreciation: 
44286115.0.0000.5020, on the Brazil Platform); and by the uni-
versity hospital’s teaching and research management (research 
monitoring number 03/2016 NP0 25/2015). Participation in the 
research was voluntary, and only took place after the individual 
had read and signed an informed consent statement.

RESULTS
Participants’ characteristics
Out of the 1,222 active employees, 863 were eligible and 300 were 
included. There were 23 refusals among the first 300 invitees, 
thus yielding initial response rate of 93% (Figure 1).

The majority were women (67%), aged 36-50 years (48%) and 
married (65%), had nonwhite skin color (black, brown or indige-
nous; 66%), had a postgraduate degree (53.3%), were overweight 
(42%) and belonged to economic classification B2 (33%) (Table 1).

Figure 1. Process of study participant selection and inclusion.

Frequencies of depressive symptoms,  
burnout, job satisfaction and safety culture

Depressive symptoms were present in 19.0% (95% CI: 14.5; 
23.5%; α = 0.845). The highest prevalences in our sample were 
noted among people who had been working in the hospital for 
fewer than five years and among those with higher education, one 
job and weekly workload of up to 40 hours. Burnout affected 8.7% 
of the participants (95% CI: 5.2; 12.3%; α = 0.908). Higher preva-
lence was noted among the participants in higher social classes, 
physicians, people who had been working in the hospital for 
3-4 years and those with higher educational attainment (Table 1).

Job satisfaction scores were ambivalent in the whole sam-
ple (131.3; 95% CI: 128.4; 134.2; α = 0.884). Higher scores were 
observed among nursing staff, people who had been working in 
the hospital for 5-10 years, those with high school education or 
less and those with two job contracts. The level of safety culture 
did not reach the criterion for a positive safety culture that had 
been defined (i.e. 75%) (62.7%; 95% CI: 60.7; 64.6%; α = 0.920). 
Higher scores for safety culture were observed among men and 
professionals with weekly workloads of over 60 hours (Table 1).

Factors associated with outcomes
Workers with temporary contracts (PR = 1.88; 95% CI: 1.17; 
3.01) and with higher education (PR = 2.19; 95% CI = 1.33; 3.59) 
had higher prevalence of depressive symptoms than workers 
with stable contracts (Table 2). Those with two jobs (PR = 0.39; 
95% CI: 0.19; 0.79) and with weekly workloads of 61 hours or 
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Table 1. Sociodemographic and professional characteristics of participants and frequencies of depressive symptoms, burnout, job 
satisfaction and safety culture (n = 300)

Variables n %
Depressive 
symptoms

Burnout Job satisfaction Safety culture

n (%) n (%) Mean ± SD % ± SD
Sex

Women 202 67.3 42 (20.8) 15 (7.4) 131.0 ± 25.6 60.8 ± 13.5
Men 98 32.7 15 (15.3) 11 (11.2) 131.9 ± 25.7 67.3 ± 14.7

Age (years)
18-35 82 27.3 17 (20.7) 12 (14.6) 127.7 ± 23.3 62.0 ± 12.1
36-50 144 48.0 27 (18.8) 9 (6.3) 132.8 ± 27.0 62.8 ± 15.3
≥ 51 74 24.7 13 (17.6) 5 (6.8) 132.5 ± 25.0 63.2 ± 14.1

Skin color
White 103 34.3 21 (20.4) 9 (6.3) 127.4 ± 25.7 60.7 ± 15.6
Nonwhite 197 65.7 36 (13.1) 17 (8.6) 133.4 ± 25.4 63.7 ± 13.1

Marital status
Single 105 35.0 24 (22.9) 15 (8.7) 129.1 ± 28.5 61.8 ± 13.1
Married 195 65.0 33 (16.9) 11 (8.6) 132.5 ± 23.9 63.1 ± 14.7

Body composition
Normal 101 33.7 20 (19.8) 11 (10.9) 129.9 ± 23.6 61.8 ± 11.9
Overweight 126 42.0 25 (19.8) 12 (9.5) 131.8 ± 26.1 63.8 ± 15.1
Obese 73 24.3 12 (16.4) 3 (4.1) 132.5 ± 27.5 62.0 ± 15.2

Economic class
A 77 25.7 17 (22.1) 14 (18.2) 122.9 ± 26.0 62.5 ± 15.6
B1 69 23.0 15 (21.7) 6 (8.7) 130.9 ± 21.7 61.5 ± 13.5
B2 100 33.3 17 (17.0) 5 (5.0) 135.6 ± 25.6 62.9 ± 13.5
C/D/E 54 18.0 8 (14.8) 1 (1.9) 136.1 ± 27.1 64.4 ± 13.8

Profession
Physician 73 24.3 14 (19.2) 11 (15.1) 119.7 ± 22.8 62.8 ± 14.4
Nursing staff 123 41.0 21 (17.1) 5 (4.1) 138.4 ± 24.6 63.4 ± 12.8
Other healthcare professional 57 19.0 11 (19.3) 6 (10.5) 127.5 ± 27.5 61.9 ± 16.2
Technical support 47 15.7 11 (23.4) 4 (8.5) 135.5 ± 23.0 60.4 ± 15.3

Contact with patient
No 252 84.0 9 (18.8) 2 (4.2) 132.3 ± 26.8 56.5 ± 16.7
Yes 48 16.0 48 (19.1) 24 (9.5) 131.1 ± 25.4 63.5 ± 13.6

Time working in the hospital (years)
< 1 13 4.3 4 (30.8) 1 (7.7) 134.5 ± 21.7 62.8 ± 12.4
1-2 28 9.3 7 (25.0) 3 (10.7) 130.2 ± 26.2 62.3 ± 15.0
3-4 32 10.7 8 (25.0) 7 (21.9) 125.9 ± 18.5 61.8 ± 11.0
5-10 56 18.7 9 (16.1) 5 (8.9) 136.6 ± 25.1 65.6 ± 12.5
11-20 88 29.3 15 (17.1) 4 (4.6) 130.0 ± 25.3 63.7 ± 15.0
≥ 21 83 27.7 14 (16.9) 6 (7.2) 131.2 ± 28.8 60.0 ± 15.4

Contract stability
Permanent 233 77.7 37 (15.9) 16 (6.9) 134.0 ± 26.2 62.9 ± 14.4
Temporary 67 22.3 20 (29.9) 10 (14.9) 122.1 ± 20.9 62.0 ± 13.1

Education
Postgraduate degree 160 53.3 24 (15.0) 11 (6.9) 130.3 ± 26.7 61.5 ± 14.8
University/college 73 24.3 24 (32.9) 13 (17.8) 128.2 ± 25.6 63.0 ± 13.3
High school or less 67 22.3 9 (13.4) 2 (3.0) 137.1 ± 22.0 65.4 ± 13.1

Number of jobs
1 172 57.3 43 (25.0) 18 (10.5) 129.8 ± 24.2 60.8 ± 13.6
2 82 27.3 8 (9.7) 6 (7.3) 136.4 ± 28.6 63.9 ± 16.2
≥ 3 46 15.3 6 (13.0) 2 (4.4) 128.3 ± 24.0 66.6 ± 11.9

Weekly workload (hours)
20-40 143 47.7 32 (22.4) 12 (8.4) 132.4 ± 23.7 60.9 ± 14.1
41-60 101 33.7 20 (19.8) 11 (10.9) 128.6 ± 27.5 62.3 ± 15.2
≥ 61 56 18.7 5 (8.9) 3 (5.4) 133.4 ± 26.7 67.4 ± 11.1

SD = standard deviation.
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Table 2. Factors associated with depressive symptoms and burnout, calculated by means of Poisson regression with robust variance; and 
with patient safety culture and job satisfaction, calculated by means of logistic regression

Variables
Depressive symptoms Burnout Job satisfaction Safety culture

PR (95% CI) PR (95% CI) β (95% CI) β (95% CI)
Sex

Women Reference Reference Reference Reference
Men 0.74 (0.42; 1.26) 1.51 (0.72; 3.17) 0.88 (-5.33; 7.09) 6.47 (2.27; 10.68)

Age (years)
18-35 Reference Reference Reference Reference
36-50 0.90 (0.52; 1.55) 0.43 (0.19; 0.97) 5.15 (-1.82; 12.11) 0.86 (-3.69; 5.40)
≥ 51 0.85 (0.44; 1.62) 0.46 (0.17; 1.25) 4.85 (-3.21; 12.92) 1.18 (-4.28; 6.63)

Skin color
White Reference Reference Reference Reference
Nonwhite 0.90 (0.55; 1.45) 0.99 (0.46; 2.14) 6.03 (-0.07; 12.12) 3.01 (-1.03; 7.05)

Marital status
Single Reference Reference Reference Reference
Married 0.74 (0.46; 1.18) 0.39 (0.19; 0.83) 3.49 (-2.60; 9.58) 1.30 (-2.74; 5.35)

Body composition
Normal Reference Reference Reference Reference
Overweight 1.00 (0.60; 1.70) 0.87 (0.40; 1.90) 1.88 (-4.86; 8.62) 2.00 (-2.52; 6.51)
Obese 0.83 (0.43; 1.59) 0.38 (0.11; 1.31) 2.57 (-5.19; 10.32) 0.23 (-4.90; 5.35)

Economic class
A Reference Reference Reference Reference
B1 0.98 (0.53; 1.82) 0.48 (0.19; 1.18) 7.96 (-0.24; 16.17) -1.04 (-6.38; 4.3)
B2 0.77 (0.42; 1.40) 0.28 (0.10; 0.73) 12.64 (5.14; 20.15) 0.34 (-4.74; 5.43)
C/D/E 0.67 (0.31; 1.44) 0.10 (0.01; 0.75) 13.18 (4.40; 21.97) 1.92 (-4.17; 8.02)

Profession
Physician Reference Reference Reference Reference
Nursing staff 0.90 (0.48; 1.64) 0.27 (0.10; 0.75) 18.75 (11.62; 25.88) 0.64 (-4.04; 5.32)
Other health professional 1.01 (0.49; 2.04) 0.70 (0.27; 1.78) 7.87 (-0.66; 16.40) -0.88 (-6.95; 5.20)
Technical support 1.22 (0.60; 2.45) 0.56 (0.19; 1.67) 15.87 (6.85; 24.90) 2.35 (-9.12; 4.41)

Contact with patient
No Reference Reference Reference Reference
Yes 1.01 (0.53;1.93) 2.29 (0.56;9.38) -1.20 (-9.14;6.74) 7.03 (1.05; 13.00)

Time working in the hospital (years)
< 1 Reference Reference Reference Reference
1-2 0.81 (0.28; 2.29) 1.39 (0.16; 12.19) -4.28 (-21.20; 12.64) -0.49 (-12.07; 11.08)
3-4 0.81 (0.29; 2.24) 2.84 (0.39; 20.95) -8.59 (-25.17; 7.99) -0.98 (-12.29; 10.34)
5-10 0.52 (0.18; 1.43) 1.16 (0.15; 9.14) 2.15 (-13.37; 17.67) 2.82 (-7.90; 13.55
11-20 0.55 (0.21; 1.41) 0.59 (0.07; 4.90) -4.50 (-19.47; 10.48) 0.88 (-9.70; 11.46)
≥ 21 0.55 (0.21; 1.41) 0.94 (0.12; 7.21) -3.26 (-18.29; 11.78) -2.85 (-13.36; 7.67)

Contract stability
Permanent Reference Reference Reference Reference
Temporary 1.88 (1.17; 3.01) 2.17 (1.03; 4.57) -11.93 (-18.79; -5.07) -0.84 (-5.40; 3.72)

Education
Postgraduate degree Reference Reference Reference Reference
University/college 2.19 (1.33; 3.59) 2.59 (1.22; 5.51) -2.07 (-9.15; 5.01) 1.40 (-3.24; 6.04)
High school or less 0.90 (0.43; 1.83) 0.43 (0.10; 1.73) 6.77 (-0.52; 14.06) 3.83 (-1.21; 8.86)

Number of jobs
1 Reference Reference Reference Reference
2 0.39 (0.19; 0.79) 0.70 (0.29; 1.70) 6.60 (-0.13; 13.33) 3.04 (-1.62; 7.70)
≥ 3 0.52 (0.23; 1.15) 0.42 (0.10; 1.73) -1.48 (-9.81; 6.83) 5.80 (0.70; 10.89)

Weekly workload (hours)
20-40 Reference Reference Reference Reference
41-60 0.88 (0.54; 1.46) 1.30 (0.60; 2.83) -3.83 (-10.38; 2.71) 1.45 (-2.85; 5.75)
≥ 61 0.40 (0.16; 0.97) 0.64 (0.17; 2.18) 1.01 (-6.92; 8.96) 6.57 (1.36; 11.77)

β = beta coefficient; PR = prevalence ratio; CI = confidence interval.
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more had fewer depressive symptoms (PR = 0.40; 95% CI: 0.16; 
0.97). The prevalence of burnout was lower among people aged 
36 to 50 years (PR = 0.43; 95% CI: 0.19; 0.97), married people 
(PR = 0.39; 95% CI: 0.19; 0.83), individuals in lower economic 
strata (PR = 0.10; 95% CI: 0.01; 0.75) and nursing staff (PR = 0.27; 
95% CI: 0.10; 0.75), in comparison with the respective reference. 
It was significantly higher among workers with temporary con-
tracts (PR = 2.17; 95% CI: 1.03; 4.57) and with higher education 
(PR = 2.59; 95% CI: 1.22; 5.51).

Workers within the fields of nursing (β = 18.7; 95% CI: 11.62; 
25.88) and technical support (β = 15.9; 95% CI: 6.85; 24.90) had 
greater job satisfaction than did physicians. People in lower eco-
nomic strata had higher job satisfaction than did those in higher 
strata (P < 0.003); and those with temporary contracts had lower 
satisfaction than permanent workers (β = -11.93; 95% CI: -18.79; 
-5.07). Men (β = 6.47; 95% CI: 2.27; 10.68), professionals in direct 
contact with patients (β = 7.03; 95% CI: 1.05; 13.00), those with 
three or more jobs (β = 5.80; 0.70; 10.89) and those with weekly 
workloads exceeding 60 hours (β = 6.57; 95% CI: 1.36; 11.77) had 
significantly higher perception of safety culture, compared with 
their reference categories.

Relationships between depressive symptoms, burnout, job 
satisfaction and safety culture

Burnout was negatively correlated with job satisfaction (path coef-
ficient = -0.342; P < 0.001) and it was positively correlated with 
depressive symptoms (path coefficient = 0.520; P < 0.001); 56% 
of burnout variance was explained by these factors (Table 3 and 
Figure 2). Job satisfaction reduced depressive symptoms (path 
coefficient = -0.125; P = 0.035) and burnout increased these symp-
toms (path coefficient = 0.614; P < 0.001); 48% of the variability of 
the depressive symptoms was explained by the predictive variables.

Job satisfaction increased patient safety culture (path coefficient 
= 0.741; P < 0.001) and explained 55% of its variance. Safety culture 
increased job satisfaction (path coefficient = 0.590; P < 0.001) and 
burnout reduced it (path coefficient = -0.310; P < 0.001); 62% of job 
satisfaction variance was explained by these predictors. Other path 
coefficients between the constructs were not significant (P < 0.05) 
and were removed from the PLS-SEM.

DISCUSSION
The healthcare workers in this university hospital in the Amazon 
region had high prevalences of depressive symptoms and burnout, 
while patient safety culture and job satisfaction were sub-optimal. 
Burnout and depressive symptoms were directly proportional: the 
presence of one outcome potentiated the occurrence of the other. Job 
satisfaction was a protective factor for depression and burnout and 
was negatively affected by these constructs. Satisfaction with work 
increased patient safety culture, which in turn improved job satisfac-
tion; and it reduced the frequency of poor mental health outcomes.

Although we used a causality technique to assess how the con-
structs were related to each other (structural equation modeling), 
the cross-sectional design did not allow us to draw conclusions 
regarding causal relationships. No adjustments for confounding 
factors in regression analyses were performed in order to investi-
gate individual associations: instead, we aimed to study the rela-
tionships between constructs. 

Table 3. Correlation between depressive symptoms, burnout, job satisfaction and safety culture
Predictive variable Endogenous variable Path coefficient P-value R² (%)

Depressive symptoms
Job satisfaction -0.125 0.035 48.0

Burnout 0.614 < 0.001

Burnout
Job satisfaction -0.342 < 0.001 56.0

Depressive symptoms 0.520 < 0.001

Job satisfaction
Safety culture 0.590 < 0.001 62.0

Burnout -0.310 < 0.001
Safety culture Job satisfaction 0.741 < 0.001 54.8

Figure 2. Correlation path of depressive symptoms, burnout, 
job satisfaction and safety culture, obtained through partial 
least-squares structural equation modeling (PLS-SEM).
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The present results may have been affected by survival bias, 
since individuals with severe emotional problems could have been 
on sick leave or could have taken early retirement, which would 
thus have rendered them ineligible for this study. Nonetheless, the 
random sampling adopted and the consequent high response 
rate increased the level of confidence in the representativeness 
of this study. 

The conclusions from the present study were supported only 
through quantitative data. Comprehension of the constructs would 
become better explained if these were supplemented with qualita-
tive data. Measurements were based on a self-administered ques-
tionnaire that asked sensitive questions about the workplace and 
the participants’ mental health of participant. The nature of these 
questions might have led to non-response bias, but the high reli-
ability that was found for the constructs showed that this risk was 
low. One contextual factor that could not be avoided was that at 
the time of data collection, there was co-occurrence of physical 
renovation and managerial changes, which may have impacted 
the professionals’ perceptions. 

Safety culture and job satisfaction had a positive and recip-
rocal relationship. Job satisfaction reduced depressive symptoms 
and burnout and the latter reduced satisfaction. Depressive symp-
toms and burnout were positively and mutually associated. In a 
previous survey conducted in a hospital in the state of São Paulo, 
Brazil, similar relationships between job satisfaction, depressive 
symptoms and burnout were observed.9 An adequate labor envi-
ronment favors better mental outcomes and safety culture, thereby 
contributing to the quality of the care provided.

Almost one-fifth of the workers presented depressive symptoms 
and one-tenth, burnout. The prevalence of depressive symptom 
was almost three times greater than the 7% observed in the adult 
population of Manaus Metropolitan Region in 2015,19 while the 
burnout rates were similar to global trends among nurses (10%) 
and ranged from 9 to 60% among physicians, using the same instru-
ments and cutoffs that we adopted.20, 21 Poor mental health out-
comes seem to occur more frequently among healthcare workers, 
and this represents a risk factor for unsafe care.3-5 Lack of stability 
in work contracts doubled the prevalence of both depression and 
burnout, and significantly reduced job satisfaction in our sample. 
Concerns about job loss frequently lead to emotional distress.22 
This situation will probably deteriorate in Brazil with a major labor 
reform that has been implemented in Brazil, which has increased 
the occurrence of precarious contracts and has reduced workers’ 
rights.23 Higher pressures on public healthcare, and on healthcare 
personnel, are also expected because of a freeze on government 
investments in healthcare and other social areas for 20 years that 
was started in 2017.24 

People with two work contracts and with higher weekly work-
loads had fewer depressive symptoms. This was inconsistent with 

previous research, in which higher rates of depression due to 
reduced time for eating, leisure, rest, sleep and social and fam-
ily contact were observed.25,26 The possible explanations for our 
findings are that coping skills may have been developed through 
more job experience; or that it may have been a limitations of our 
cross-sectional design due to reverse causality, i.e. people who fell 
ill reduced their workload; or that it may have been related to sur-
vival bias, as mentioned earlier. Higher workload was also asso-
ciated with better perception of safety in our sample and in some 
previous studies,27,28 but this was seen to have a negative effect in 
other settings.29,30 The divergences regarding this finding may reflect 
the labor market and safety culture perceptions of each geograph-
ical area,31 or possible desensitization to safety issues in situations 
of longer working hours.

The score for patient safety culture was only slightly above the 
midpoint and was therefore not considered to be positive culture. 
The 2015 survey conducted in this hospital also found weaknesses 
in safety culture, using another instrument.10 Men, workers in 
direct contact with patients and people with greater workloads 
and more jobs had better perceptions of safety culture. Men also 
had more favorable perceptions regarding teamwork climate, 
job satisfaction, management and working conditions in a sur-
vey held in the United States using SAQ.32 Men tend to present 
positive reactivity and, according to the model of patterns of 
change, need more time to perceive potential errors. Thus, they 
may classify performance as excellent, while this might be con-
sidered substandard by women.33 A survey among 1,408 profes-
sionals also observed higher safety culture among professionals 
who work in direct contact with patients than among those with-
out contact.28 This may reflect the skills developed in adjusting 
professional and technical issues to achieve a capacity to inter-
relate with patients.34

Job satisfaction was ambivalent in our sample as a whole. 
Professionals of lower social class and in the field of nursing had 
higher job satisfaction and lower prevalence of burnout. Job sat-
isfaction probably acted as a protective factor against burnout 
in these categories. Higher satisfaction in lower social classes is 
counterintuitive, in that higher income is generally associated 
with greater satisfaction with payment.35 One possible explana-
tion for this is that people of lower economic level place greater 
value on the type of work performed in hospitals, while those 
with higher incomes feel disregarded in relation to their working 
conditions. It is also possible that wealthier people occupy posi-
tions that bring more responsibilities, dissatisfaction with work 
and professional burnout. Lower levels of satisfaction and high 
prevalence of burnout among both nurses and physicians is a 
common finding, but comparisons of satisfaction across health-
care professions in the same sample are scarce.36 Local reasons 
can also explain these findings. 
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More than half of the professionals presented overweight or 
obesity, without any association with patient safety, job satisfac-
tion, depressive symptoms or burnout. A previous investigation 
found positive associations between eating problems and burn-
out,37 between burnout and obesity,38 and between depression and 
obesity.39 Most of our sample were black, brown or indigenous, and 
ethnicity was not associated with the constructs in our study, which 
was a pattern differing from what had previously been observed.40

CONCLUSION
Job satisfaction increased safety culture, which also positively 
affected satisfaction, and reduced depressive symptoms and pro-
fessional burnout. Depressive symptoms, burnout, job satisfac-
tion and safety culture were partially explained by and individu-
ally associated with lack of work stability, number of jobs, weekly 
workload and sociodemographic factors. Improving the insti-
tution’s patient safety culture involves enhancement of working 
conditions and empowerment of workers, in order to provide a 
healthy environment for professionals and safe care for patients. 
Job satisfaction has a central role in relation to safer care for 
patients and better mental health among workers.
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Association between falls and cognitive performance among 
community-dwelling older people: a cross-sectional study
Isabella Vittoria FallaciI, Daiene de Morais FabrícioII, Tiago da Silva AlexandreIII, Marcos Hortes Nisihara ChagasIV

Universidade Federal de São Carlos (UFSCar), São Carlos (SP), Brazil 

INTRODUCTION
Occurrence of falls among older people constitutes a public health problem due to their negative 
impact on quality of life in this population. Falls can contribute to loss of independence, social 
isolation, institutionalization and mortality.1 The World Health Organization (WHO)2 defines 
a fall as “inadvertently coming to rest on the ground, floor or other lower level, excluding an 
intentional change in position to rest on furniture, a wall or other objects”.2 

The prevalence of falls among older Brazilians ranges from 10 to 35%, depending on the region 
analyzed.3 Falls may occur due to osteoarticular and/or neurological decline related to the aging 
process or due to an adverse clinical condition that affects mechanisms of balance and stability.4 
The risk factors for falls may be intrinsic or extrinsic. Intrinsic factors comprise characteristics 
or clinical factors relating to older people, such as dizziness, weakness and chronic health condi-
tions.5 Extrinsic factors include characteristics of the surrounding environment, such as uneven 
surfaces and inadequate lighting.5

Like falls, cognitive impairment can significantly increase morbidity and mortality among 
older people. Indeed, these two events often coexist in this population and contribute to signifi-
cantly increased healthcare expenditures and reduction of quality of life. It has also been reported 
that individuals with cognitive decline exhibit gait deficits.6,7 Thus, altered cognitive capacity may 
have a negative impact on postural stability, thus leading to greater risk of falls.6  

Despite the evidence accumulated to date, the mechanisms involved in the association between 
cognitive impairment and the risk of falls have not yet been fully clarified.6 These two conditions 
have always been addressed as distinct geriatric syndromes, which hinders the understanding 
of cognitive-motor interactions.8 Studies have indicated that cognitive decline, specifically with 
regard to attention and executive functions, can compromise gait and contribute to occurrences 
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ABSTRACT
BACKGROUND: Falls among older people have a negative impact on health and therefore constitute a 
public health problem. Cognitive decline can also accompany the aging process, and both conditions lead 
to significant increases in morbidity and mortality in this population. 
OBJECTIVE: To analyze the cognitive performance of older people, classified as non-fallers, sporadic fallers 
and recurrent fallers, and investigate the relationship between falls and cognition. 
DESIGN AND SETTING: Cross-sectional study conducted in the interior of the state of São Paulo, Brazil.
METHODS: Evaluations on 230 older people were conducted. They were divided into three groups: 
non-fallers, sporadic fallers (one fall) and recurrent fallers (two or more falls). The Mini-Mental State Ex-
amination, Consortium to Establish a Registry for Alzheimer’s Disease (CERAD), Brief Cognitive Screening 
Battery (BCSB), Cambridge Examination for Mental Disorders of the Elderly (CAMDEX) similarities subtest 
and digit span test were applied. 
RESULTS: In multinomial logistic regression, being a recurrent faller was significantly associated with lower 
scores in the CERAD word list (odds ratio, OR = 0.92; 95% confidence interval, CI, 0.86-0.98; P = 0.01), in 
CERAD constructive praxis (OR = 0.88; 95% CI, 0.79-0.98; P = 0.02), in BCSB figure list memory (OR = 0.94; 
95% CI, 0.89-0.99; P = 0.02) and in verbal fluency (OR = 0.89; 95% CI, 0.81-0.97; P = 0.01). Recurrent fallers 
also had lower scores in these same tests, compared with sporadic fallers. 
CONCLUSION: Cognitive impairment, especially in the domains of memory and executive functioning, 
can influence occurrences of recurrent falls.
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of falls in the older population.9,10 Moreover, the prevalence of gait 
disorders is higher among older people with major neurocogni-
tive disorder (MND), and this impairment increases as cognitive 
performance diminishes.11

A prospective population-based study conducted among 9,279 
community-dwelling elderly people sought to investigate whether 
their experience of falls in the past two years was responsible for 
cognitive function, after adjusting for all possible confounding 
variables.12 The results from this study demonstrated that elderly 
people with an experience of falling had a cognitive performance 
estimate that was 0.13% lower (95% confidence interval, CI: 0.023 
to 0.002; P-value: 0.017) than the estimate for those without a 
fall experience.12 Hence, evaluating the cognitive performance of 
elderly fallers becomes essential. Complementarily, it was sought 
in another study to assess cognitive function and its relationships 
with balance, history of falls and fear of falling, among 250 elderly 
people.13 Elderly people with cognitive decline were found to have 
greater fear of falling than elderly people without cognitive decline 
(P = 0.008).13 These results corroborate the importance of evalu-
ating the presence of new falls in this population.

Few studies have specifically investigated the most altered 
cognitive domains in the presence of falls. A cross-sectional study 
involving 462 older people investigated the association between 
cognitive capacity and falls and found that the prevalence of falls 
among those with cognitive impairment evaluated using the Mini-
Mental State Examination was 42%, which confirmed the strong 
association between these variables.11 Thus, a more comprehen-
sive assessment of altered cognitive domains among older people 
with a history of falls may contribute towards planning interven-
tions aimed at preventing occurrences of both of these negative 
outcomes in specific domains, to enable maintenance of physical 
and cognitive health throughout the aging process. 

Some studies have addressed the importance of assessing the 
frequency of falls, considering that the number of falls may predict 
greater health risks.14 A study evaluating 325 community-dwell-
ing older people who suffered at least one fall in the previous year 
found that greater numbers of falls were associated with higher 
frequency of risk factors, such as fractures, loss of mobility due to 
the fear of falling again and hospitalizations. These were consid-
ered to be predictors of reduced quality of life of this population.14

In this light, assessment of cognitive performance and num-
bers of falls in the older population can help broaden our under-
standing of the association between falls and cognition and may 
assist in planning early interventions. 

OBJECTIVE
Therefore, the aim of the present study was to analyze cognitive 
performance among older people classified as non-fallers, spo-
radic fallers and recurrent fallers.

METHODS

Setting and participants
This study was conducted in the city of São Carlos, in the state 
of São Paulo, Brazil. This city has 28,696 residents aged 60 years 
or older, corresponding to 12.92% of the total population.15 
The study was conducted in the area of coverage of one family 
health unit: in this area there were 317 residents aged 60 years 
and older, according to data from that health unit. There was 
no potential difference in this area in relation to other regions 
of the city. The exclusion criteria were situations of diagnoses of 
MND, severe mental disorders or intellectual disability. In addi-
tion, potential subjects were excluded if they had any other seri-
ous health problem that made it impossible for them to respond 
to the tests. 

During home visits, 28 individuals were not encountered at 
their homes or were found to no longer live at the address, five 
declined to participate in the study, two were bedridden and 23 
did not answer the questionnaire addressing falls. Furthermore, 
25 elderly people who had been diagnosed with MND, two with 
schizophrenia and two with intellectual disabilities were excluded. 
Thus, 230 older people were included in the present study. Data 
were collected between March 2016 and February 2017.

Groups
The individuals were allocated to different groups based on 
the numbers of falls, which were investigated using the fol-
lowing question: “How many falls have you suffered in the 
last 12 months?” Depending on the answer to this question, 
the participants were classified as non-fallers (those who had 
not suffered any falls in the previous year), sporadic fallers 
(those who had suffered a single fall in the previous year) or 
recurrent fallers (those who had suffered two or more falls 
in the previous year). During the interviews, a companion of 
the elderly subject was always present. For example, this could 
be someone who lived together with this subject (husband or 
wife or children).

Cognitive assessment
The cognitive assessment was performed by means of the follow-
ing battery of tests:
• Mini-Mental State Examination (MMSE): This is a widely used 

screening tool for evaluating overall cognition, with scores 
ranging from 0 to 30 points, which assesses temporal and spa-
tial orientation, memory (registration and recall), language, 
attention and calculation.16

• Consortium to Establish a Registry for Alzheimer’s Disease 
(CERAD): This battery is composed of the following tests: 
verbal fluency (animal naming), Boston naming (15 items), 
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recall of a list of words, constructional praxis, recognition list 
and recall of praxis. In the evaluation of memory, a list of ten 
words is presented to the participant, who is asked to remem-
ber as many words as possible within a maximum recall time 
of 90 seconds (free recall). The procedure is repeated two 
more times and the score is obtained as the sum of the words 
recalled during the three trials. Constructional praxis is eval-
uated through copying four figures. Delayed recall of the list 
of words presented previously is then performed for a maxi-
mum of 90 seconds. Next, the initial ten words are presented 
together with ten distractors and the participant is asked to 
recognize which words were in the original list. Lastly, the 
participant is asked to reproduce the four drawings that had 
previously been copied.17 

• Brief Cognitive Screening Battery (BCSB): This battery 
involves verbal fluency (animals), a clock drawing test and 
a figure memory test (incidental, immediate recall, learning, 
delayed recall and recognition). The BCSB has been shown to 
have good accuracy for populations with high rates of illiter-
acy or low levels of schooling. Memory is assessed through 
presentation of ten figures (frog, spoon, comb, tree, turtle, 
key, airplane, house, book and bucket), which the partici-
pants are asked to name immediately. The figures are then 
presented two more times, followed by immediate recall. 
After the verbal fluency test and the clock drawing test (both 
of these form part of the BCSB), the participant is asked to 
remember the ten figures (delayed recall). Lastly, there is a 
recognition test (consisting of the ten target figures plus ten 
distracting figures).18

• Similarities subtest of the Cambridge Mental Disorders of the 
Elderly Examination (CAMDEX): This test consists of four 
questions to assess the abstraction capacity of the participant, 
based on the similarity between two things or objects; for 
example: What do an apple and banana have in common?19

• Digit span test (forward and backward): This test is composed 
of seven pairs of numerical sequences with different quantities 
of digits applied in forward and backward order. The sequences 
have three to nine numbers in the forward order and two to 
eight numbers in the backward order. The test ends after the 
participants err in two consecutive sequences.20 The maxi-
mum quantity of numbers repeated without error is recorded 
for each version (forward and backward).

Procedures
This study received approval from the institutional review board 
of the Federal University of São Carlos (October 29, 2015; cer-
tificate number: 48602515.5.0000.5504). All the volunteers who 
agreed to participate in the study signed a statement of informed 
consent prior to the interviews. 

Five trained gerontologists conducted the interviews in the 
participants’ homes, during which sociodemographic and clini-
cal data were collected and the cognitive tests were applied. The 
presence of polypharmacy was also assessed, and was defined 
as the use of five or more medications.21 Information relating to 
medical conditions (histories of stroke, diabetes mellitus, hyper-
tension, heart disease and dyslipidemia) was obtained through 
self-reports. The evaluation took 60 to 90 minutes. Furthermore, 
these participants were evaluated within a maximum of 30 days by 
three psychiatrists, who performed a diagnostic evaluation based 
on the criteria of the Diagnostic and Statistical Manual of Mental 
Disorders, 5th edition (DSM-5). 

Statistical analysis
Descriptive analysis was performed on the variables, considering 
the overall sample and the three fall classification groups (non-
fallers, sporadic fallers and recurrent fallers). The chi-square test, 
ANOVA or the Kruskal-Wallis test was used to compare differ-
ences among the groups, depending on the distribution of the 
sample and the type of variable. Associations between the groups 
of fallers and cognitive performance were analyzed using multi-
nomial logistic regression. Variables for which statistically sig-
nificant differences were found between groups were adjusted in 
the regression model. The odds ratio (OR) and its respective 95% 
confidence interval (95% CI) were calculated for each cognitive 
test. The variance inflation factor (VIF) was used to detect mul-
ticollinearity. All VIF values were found to be less than 2, which 
showed that multicollinearity did not affect the model. All anal-
yses were conducted with the aid of the Statistical Package for 
the Social Sciences (SPSS), version 21.0 (International Business 
Machines Corp., Armonk, New York, United States). The signifi-
cance level was set at 5% (P ≤ 0.05).

RESULTS
The 230 older people included in this study were classified as 
non-fallers (n = 159), sporadic fallers (n = 38) or recurrent fallers 
(n = 33). The sociodemographic and clinical characteristics of the 
groups are displayed in Table 1. A significant difference among 
the groups was found with regard to the occurrence of polyphar-
macy (P = 0.03). 

The multinomial logistic regression results are shown in Table 
2. After adjusting for polypharmacy, the regression data indicated 
that being a recurrent faller was significantly associated with lower 
scores in the CERAD word list (OR = 0.92; 95% CI 0.86-0.98; P 
= 0.01), in CERAD constructive praxis (OR = 0.88; 95% CI 0.79-
0.98; P = 0.02), in BCSB figure list memory (OR = 0.94; 95% CI 
0.89-0.99; P = 0.02) and in verbal fluency (OR = 0.89; 95% CI 0.81-
0.97; P = 0.01), compared with non-fallers. In addition, being a 
recurrent faller was significantly associated with lower scores in 



Association between falls and cognitive performance among community-dwelling older people: a cross-sectional study | ORIGINAL ARTICLE

Sao Paulo Med J. 2022; 140(3):422-9     425

the CERAD word list (OR = 0.89; 95% CI 0.82-0.96; P = 0.01), in 
CERAD constructive praxis (OR = 0.87; 95% CI 0.76-1.00; P = 
0.05), in BCSB figure list memory (OR = 0.93; 95% CI 0.87-1.00; 
P = 0.05) and in verbal fluency (OR = 0.87; 95% CI 0.77-0.98; P = 
0.02), compared with sporadic fallers.

DISCUSSION
In the present study, we evaluated the cognitive performance of 
older people in relation to their numbers of falls. We found that 
cognitive impairment could influence the number of falls, consid-
ering that statistically significant differences were found between 
non-fallers/sporadic fallers and recurrent fallers regarding the 
cognitive domains of immediate recall, praxis (visuospatial skills) 

and executive functions (verbal fluency). The group of recurrent 
fallers performed more poorly in these domains. It was also note-
worthy that no significant differences were found between the 
non-fallers and sporadic fallers regarding any of the cognitive 
tests applied.

Investigation of specific cognitive domains according to the 
number of falls has been little explored in the recent literature. 
The current evidence sustains the notion that compromised 
executive functions may predict occurrences of falls.22 In the 
present study, recurrent fallers performed worse in the tests 
that evaluated this domain, even after adjusting for polyphar-
macy. Hsu et al.22 conducted a review of the literature to iden-
tify cognitive domains associated with the risk of falls among 

Table 1. Sociodemographic and clinical variables of the total sample and of the three fall groups

Variables
Total

(n = 230)
Non-fallers 

(n = 159)
Sporadic fallers

 (n = 38)
Recurrent fallers 

(n = 33) P 
Mean (standard deviation)

Age 69.74 (± 7.30) 69.25 (± 6.97) 70.45 (± 8.46) 71.27 (± 7.38) 0.36
Years of schooling 3.39 (± 3.12) 3.68 (± 3.36) 2.87 (± 2.34) 2.64 (± 2.52) 0.29

Percentage
Illiterate

Yes 23.8% 23.6% 23.8% 25% 0.98
No 76.2% 76.4% 76.2% 75%

Sex
Female 59.1% 57.2% 63.2% 63.6% 0.68
Male 40.9% 42.8% 36.8% 36.4%

Retired
Yes 72.2% 74.2% 71.1% 63.6% 0.46
No 27.8% 25.8% 28.9% 36.4%

Marital status
Married/with partner 60.4% 64.8% 52.6% 48.5% 0.12

Polypharmacy

Yes 29.6% 25.2% 47.4% 30.3% 0.03*

No 70.4% 74.8% 52.6% 69.7%
Systemic arterial hypertension  

Yes 61.3% 58.5% 65.8% 69.7% 0.40
No 38.7% 41.5% 34.2% 30.3%

Dyslipidemia
Yes 29.1% 28.3% 34.2% 27.3% 0.75
No 70.9% 71.7% 65.8% 72.7%

Cardiac disease
Yes 18.3% 16.4% 18.4% 27.3% 0.34
No 81.7% 83.6% 81.6% 72.7%

Stroke
Yes 9.1% 9.4% 10.5% 6.1% 0.79
No 90.9% 90.6% 89.5% 93.9%

Arthritis
Yes 22.6% 19.5% 26.3% 33.3% 0.19
No 77.4% 80.5% 73.7% 66.7%

Current smoker
Yes 12.2% 13.8% 5.3% 12.1% 0.35
No 87.8% 86.2% 94.7% 87.9%

*Significant at P < 0.05.
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older people and found that 12 studies reported an association 
between executive functions and the risk of falls, whereas only 
three studies did not find such an association. These authors 
suggested that changes to gait might be usable as markers of 
cognitive decline. 

Using methods similar to those in the present study, Holtzer 
et al.23 analyzed the association between cognition and falls among 
older people, who were classified as single (sporadic) fallers or 
recurrent fallers, based on self-reported falls. A neuropsycholog-
ical battery was used to assess executive functions, processing 
speed, attention and memory. The regression analyses revealed 
that an increase in the standard deviation of the attention and 
processing speed tests was associated with an approximately 50% 
reduction in the risk of falls. Lower executive functioning scores 
were associated with an increase in falls only in the group of recur-
rent fallers. These findings are concordant with the results from 
the present study, which revealed differences between sporadic 
fallers and recurrent fallers. In contrast, Holtzer et al.23 found 
that there was no association between the memory domain and 
an increased risk of falls, either among single fallers or among 
recurrent fallers. 

Studies investigating the association between cognition and 
falls among older people have generally not found any increased 
risk of falls in relation to declining memory.23-26 Anstey et al.24 and 
Herman et al.25 reported that executive functions, processing speed 
(executive functioning) and visuospatial skills (constructional 
praxis) were the main predictors of falls, which is in agreement with 
the present findings. However, memory decline was also found 
in the group of recurrent fallers in the present study, but not in 

the other two groups. Likewise, Al-Sari et al.27 found that subjec-
tive memory complaints might predict fall events among older 
women. In that study, self-reported complaints of forgetfulness 
were seen to be associated with increased risk of more restricted 
mobility, as well as a greater risk of falls and fractures.27 In another 
study, it was found that participants with episodic memory impair-
ment were at 24 to 29% greater risk of falls than those without 
impairment, over an eight-year follow-up period.28 In a prospec-
tive study, it was also found that deficits in immediate recall and 
diminished verbal capacity and processing speed were associated 
with increased risk of falls.24

Concerning the divergent results relating to memory, there 
is the possibility that non-amnestic cognitive impairment can 
co-occur with amnestic deficits.29 Moreover, memory decline 
directly affects one’s correct recall regarding the number of 
falls in the previous year.30 Thus, reporting bias may occur 
when investigating the association between falls and memory 
among older people, considering that falls are self-reported in 
the majority of studies. 

Recurrent falls present as a chronic disorder. Risk factors that 
are not previously resolved and identified can result in recurrent 
falls and negatively affect the quality of life of elderly people.31 
Therefore, it is important to consider the usefulness of investigat-
ing some risk factors, such as histories of falls, injuries and comor-
bidities among elderly people who have already fallen at some 
point. Within primary care, screening for visual, balance and gait 
deficits, investigation of the medications used, guidance on the 
choice of appropriate footwear and investigation of environmental 
factors form viable alternative approaches that can optimize the 

Table 2. Multinomial regression analysis of cognitive domains in relation to each group of falls

Variables

Groups
Sporadic fallers

versus
non-fallers (reference)

Recurrent fallers
versus

non-fallers (reference)

Recurrent fallers
versus

sporadic fallers (reference)
OR (95% CI) P OR (95% CI) P OR (95% CI) P

MMSE 1.02 (0.95-1.10) 0.61 0.95 (0.88-1.01) 0.11 0.98 (0.91-1.06) 0.10
Word list memory (CERAD) 1.04 (0.98-1.10) 0.25 0.92 (0.86-0.98) 0.01** 0.89 (0.82-0.96) 0.01**

Delayed recall (CERAD) 1.06 (0.93-1.22) 0.38 0.97 (0.85-1.12) 0.70 0.92 (0.77-1.09) 0.32
Recognition (CERAD) 1.07 (0.95-1.21) 0.28 0.98 (0.87-1.09) 0.67 0.91 (0.77-1.06) 0.23
Constructional praxis (CERAD) 1.01 (0.90-1.12) 0.90 0.88 (0.79-0.98) 0.02* 0.87 (0.76-1.00) 0.05*

Figure list memory (BCSB) 1.01 (0.95-1.06) 0.83 0.94 (0.89-0.99) 0.02* 0.93 (0.87-1.00) 0.05*

Delayed recall (BCSB) 1.02 (0.90-1.17) 0.73 0.90 (0.80-1.01) 0.09 0.88 (0.75-1.03) 0.11
Recognition (BCSB) 1.15 (0.97-1.36) 0.11 0.93 (0.83-1.04) 0.20 0.81 (0.67-0.98) 0.38
Abstraction subtest (CAMDEX) 1.04 (0.89-1.20) 0.64 0.96 (0.82-1.12) 0.61 0.93 (0.76-1.13) 0.44
Clock drawing test 1.03 (0.94-1.13) 0.56 0.92 (0.83-1.02) 0.12 0.90 (0.79-1.02) 0.09
Verbal fluency 1.02 (0.93-1.12) 0.65 0.89 (0.81-0.97) 0.01** 0.87 (0.77-0.98) 0.02*

Boston naming test 1.08 (0.95-1.23) 0.22 0.96 (0.85-1.07) 0.45 0.88 (0.76-1.03) 0.12
Digit extension test (forward) 0.94 (0.74-1.20) 0.63 0.85 (0.66-1.08) 0.18 0.90 (0.66-1.23) 0.50
Digit extension test (backward) 1.20 (0.91-1.60) 0.20 0.98 (0.74-1.29) 0.88 0.82 (0.57-1.16) 0.26

OR = odds ratio; CI = confidence interval; MMSE = Mini-Mental State Examination; CERAD = Consortium to Establish a Registry for Alzheimer’s Disease; BCSB = 
Brief Cognitive Screening Battery; CAMDEX = Cambridge Examination for Mental Disorders of the Elderly; *significant at P < 0.05; **significant at P < 0.01.
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reduction of modifiable risk factors for recurrent falls.31,32 A care 
plan developed between the professional and the elderly individ-
ual, regarding prevention of falls, can also be an important facili-
tator for gaining knowledge of their clinical history, as well as for 
the activities and interventions that can be implemented, accord-
ing to their interests and needs, while always aiming to heed the 
uniqueness of each case.33

In terms of clinical variables, the only significant difference 
among the groups was in relation to polypharmacy, although 
other clinical conditions can also increase the risk of falls.30 The 
consensus in the literature is that polypharmacy increases the risk 
of falls even after excluding other associated factors. Moreover, 
social factors and demographic differences need to be taken into 
consideration, along with the type and dose of medications, when 
interpreting this association.1,33 Visual impairment is another vari-
able that can increase the possibility of falls among older people.34 
Thus, altered constructional praxis may reflect not only impaired 
executive functioning, but also an individual’s capacity for visual 
perception. Therefore, one limitation of the present study was that 
this variable may not have been evaluated adequately, consider-
ing that the results may have been influenced by some unidenti-
fied visual deficit. 

Other limitations of this study should be considered, such as 
the way in which falls were assessed and classified, which was based 
on a simple question that was subject to recall bias. Moreover, the 
cross-sectional design precluded establishment of a causal rela-
tionship between the variables studied. 

The strength of this study was its use of more specific memory 
tests, which may have favored the finding regarding the associa-
tion between memory and falls. Nonetheless, longitudinal stud-
ies are needed in order to confirm this finding and evaluate this 
domain specifically. Moreover, older people who experienced a 
single fall in the previous 12 months exhibited no evidence of 
poorer cognitive performance, in comparison with non-fallers, 
given that these two groups did not show any significant differ-
ences in terms of cognition.

CONCLUSION
The prevalences of falls and cognitive impairment among the 
elderly are factors of concern for researchers and healthcare 
professionals. We found that elderly people who suffered recur-
rent falls had impaired memory and executive functioning, 
compared with non-fallers and sporadic fallers. Furthermore, 
having suffered only one fall in the last year did not seem to be 
associated with worse performance in cognitive tests. Hence, 
interventions need to be planned so that elderly sporadic fall-
ers will not suffer more falls and thus evolve to become recur-
rent fallers.
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A randomized clinical trial on inhaled ciclesonide for 
managing acute asthma in the emergency room
Demétrius Tierno MartinsI, Karla CarlosII, Luciane Bizari CarvalhoIII, Lucila Bizari PradoIV, Carolina FransolinV,  
Alvaro Nagib AtallahVI, Gilmar Fernandes do PradoVII

Escola Paulista de Medicina (EPM), Universidade Federal de São Paulo (UNIFESP), São Paulo (SP), Brazil

INTRODUCTION
Asthma is a chronic inflammatory disease of the airways that affects approximately 300 million 
people worldwide. In the United States, between 2001 and 2003, asthma exacerbations caused 
4,210 deaths, 504,000 hospitalizations and 1.8 million emergency room visits.1

Since the mid-1990s, inhaled corticosteroids have been tested for managing asthma exacer-
bations in emergency-room settings. They have systemic corticosteroid-sparing potential and 
avoid the need for venipuncture, which is sometimes a difficult procedure.2-4 These drugs exert 
vasoconstrictor effects on the mucosa by reducing neuronal reuptake of noradrenaline at the neu-
romuscular junctions of mucosal vessels, thus reducing secretions and facilitating the delivery of 
beta-2 agonists to their target receptors. Their onset of action is rapid, with peak vasoconstriction 
occurring in 30 minutes and lasting up to 90 minutes after inhalation.5,6

 Ciclesonide is a prodrug that is activated at the site of action (bronchial cells and lining 
fluid of the bronchus) by bronchial esterases. These convert ciclesonide to desisobutyryl cicle-
sonide, which has 100-fold greater affinity for the glucocorticoid receptor than ciclesonide itself.7 
Because of this peculiar property, common side effects such as hoarseness, dysphonia, oral can-
didiasis and suppression of the hypothalamic-pituitary-adrenal axis are much less frequent with 
ciclesonide than with other high-dose inhaled corticosteroids, as it is inactive outside the lung.7-11

The anti-inflammatory action of intravenous corticosteroids occurs via a genomic mechanism. 
This reduces expression of proinflammatory mediators such as interleukins12 and upregulates 

IMD. Physician, Department of Emergency 
Medicine and Evidence-Based Medicine, Escola 
Paulista de Medicina (EPM), Universidade Federal 
de São Paulo (UNIFESP), São Paulo (SP), Brazil.

 https://orcid.org/0000-0002-2997-7515

IIPhD. Physiotherapist, Neuro-Sono Sleep Center, 
Department of Neurology, Escola Paulista de 
Medicina (EPM), Universidade Federal de São 
Paulo (UNIFESP), São Paulo (SP), Brazil.

 https://orcid.org/0000-0002-6600-4587 

IIIPhD. Psychologist, Neuro-Sono Sleep Center, 
Department of Neurology, Escola Paulista de 
Medicina (EPM), Universidade Federal de São 
Paulo (UNIFESP), São Paulo (SP), Brazil.

 https://orcid.org/0000-0003-1733-3023 

IVMD. Physician, Neuro-Sono Sleep Center, 
Department of Neurology, Escola Paulista de 
Medicina (EPM), Universidade Federal de São 
Paulo (UNIFESP), São Paulo (SP), Brazil.

 https://orcid.org/0000-0003-3670-992X 

VMSc. Physiotherapist, Neuro-Sono Sleep Center, 
Department of Neurology, Escola Paulista de 
Medicina (EPM), Universidade Federal de São 
Paulo (UNIFESP), São Paulo (SP), Brazil.

 https://orcid.org/0000-0002-2742-8344 

VIMD, PhD. Professor, Department of Emergency 
Medicine and Evidence-Based Escola Paulista 
de Medicina (EPM), Universidade Federal de São 
Paulo (UNIFESP), São Paulo (SP), Brazil.

 https://orcid.org/0000-0003-0890-594X

VIIMD, PhD. Professor, Neuro-Sono Sleep Center, 
Department of Neurology, Escola Paulista de 
Medicina (EPM), Universidade Federal de São 
Paulo (UNIFESP), São Paulo (SP), Brazil.

 https://orcid.org/0000-0002-3383-8198

KEY WORDS (MeSH terms):
Clinical trial as topic.
Emergency service, hospital.
Therapeutics.

AUTHORS’ KEY WORDS: 
Bronchial asthma.
Treatment.
Room, emergency.

ABSTRACT
BACKGROUND: Use of inhaled corticosteroids for managing acute asthma exacerbations has been tested 
since the 1990s. 
OBJECTIVE: To compare high doses of inhaled ciclesonide with systemic hydrocortisone for managing 
acute asthma exacerbations in the emergency department.
DESIGN AND SETTING: Double-blind, randomized clinical trial in the public healthcare system of the city 
of São Paulo.
METHODS:  Fifty-eight patients with moderate or severe asthma with peak flow < 50% of predicted were 
randomized into two groups. Over the course of four hours, one group received 1440 mcg of inhaled ci-
clesonide plus hydrocortisone-identical placebo (ciclesonide + placebo), while the other received 500 mg 
of intravenous hydrocortisone plus ciclesonide-identical placebo (hydrocortisone + placebo). Both groups 
received short-acting bronchodilators (fenoterol hydrobromide and ipratropium bromide). The research 
protocol included spirometry, clinical evaluation, vital signs and electrocardiogram monitoring. Data were 
obtained at 30 (baseline), 60, 90, 120, 180, and 240 minutes. We compared data from baseline to hour 4, 
between and within groups. 
RESULTS: Overall, 31 patients received ciclesonide + placebo and 27 received hydrocortisone + place-
bo. Inhaled ciclesonide was as effective as intravenous hydrocortisone for improving clinical parameters 
(Borg-scored dyspnea, P = 0.95; sternocleidomastoid muscle use, P = 0.55; wheezing, P = 0.55; respiratory 
effort, P = 0.95); and spirometric parameters (forced vital capacity, P = 0.50; forced expiratory volume in the 
first second, P = 0.83; peak expiratory flow, P = 0.51).
CONCLUSIONS: Inhaled ciclesonide was not inferior to systemic hydrocortisone for managing acute asth-
ma exacerbations, and it improved both clinical and spirometric parameters.
TRIAL REGISTRATION: RBR-6XWC26 - Registro Brasileiro de Ensaios Clínicos  (http://www.ensaiosclinicos.
gov.br/rg/RBR-6xwc26/). 
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expression of beta-adrenoceptors in bronchial smooth muscle tis-
sue. This effect is also shared by inhaled corticosteroids and begins 
four to six hours after administration,13 although some studies 
have shown that systemic corticosteroids administered to severely 
ill patients up to one hour after emergency department admis-
sion yields clinical benefits, such as reduced hospitalization rate 
and shorter length of emergency department stays.14,15 Data from 
double-blind randomized controlled trials have suggested that, 
compared with systemic corticosteroids, inhaled corticosteroids 
can decrease admission rates and allow earlier discharge from the 
emergency department. Peak flow levels and forced expiratory vol-
ume in the first second (FEV1) also rise more quickly in patients 
who are given inhaled corticosteroids.16-19

OBJECTIVE
To the best of our knowledge, this was the first double-blind ran-
domized clinical trial with the objective of comparing high doses 
of inhaled ciclesonide with use of injectable hydrocortisone for 
managing acute asthma in emergency settings. This trial was jus-
tified by the expected potential for fewer side effects with inhaled 
ciclesonide, the supposed benefit of its rapid onset of action and 
the need for more inhaled drugs to be available for clinicians 
dealing with asthma exacerbation in the emergency department.

METHODS

Population and setting 
We studied patients with asthma aged 13 years or older, of both 
sexes, in the city of São Paulo, Brazil. Patients were recruited 
from the emergency department of Hospital São Paulo (a teach-
ing hospital that is part of the Universidade Federal de São Paulo 
[UNIFESP]) and from two freestanding public urgent care cen-
ters affiliated with the hospital: Assistência Médica Ambulatorial 
(AMA) Santa Cruz and AMA Sacomã.

We included patients with a previous diagnosis of asthma (dys-
pnea, coughing, wheezing and chest tightness, associated with aller-
gen exposure or cold air)20,21 who received follow-up at outpatient 
clinics within the catchment area of the Hospital São Paulo emer-
gency department and had a peak flow < 50% of the predicted flow. 
All participants had a longstanding history of asthma, with repeated 
exacerbations and emergency room visits. The patients who we 
included had had at least two years of moderate or severe asthma, with 
a mean peak flow immediately before intervention of 163 liters/min.

We excluded patients with body temperature ≥ 37.8 °C, smok-
ers, pregnant women, patients undergoing psychiatric treatment, 
patients with a history of heart, liver, kidney or other disease 
that might contraindicate corticosteroid therapy, patients who 
had undergone lung resection, patients undergoing treatment for 
tuberculosis or mycotic infections of the lungs and patients with 

tracheotomy or mechanical obstruction of the trachea. We also 
excluded patients with myopathies or neurological conditions 
(such as sequelae of stroke or encephalopathies) and patients with 
body mass index (BMI) > 40 kg/m².

Ethical matters 
This study was approved by the Research Ethics Committee of 
UNIFESP (judgment number 0974/09; date: September 18, 
2009). All patients provided written informed consent for partic-
ipation, in accordance with international regulations for human 
subject research. When patients were underage (< 18 years of 
age), consent was obtained from their parents or legal guardians. 

This study was registered in the Brazilian Registry of Clinical 
Trials (http://www.ensaiosclinicos.gov.br/) under accession num-
ber RBR-6XWC26; date: January 5, 2016.      

Sample 
We studied 31 patients in the ciclesonide group and 27 patients in 
the hydrocortisone group. We calculated the sample size as pre-
scribed by Greenberg,22 considering a FEV1 improvement of 0.37 
± 0.85 liters after intervention, thus resulting in 65 patients for 
each group. 

Study design
This was a double-blind, placebo-controlled, randomized clinical 
trial that was designed to compare the efficacy of inhaled cicle-
sonide versus intravenous hydrocortisone for managing moder-
ate or severe acute asthma in an emergency department setting.   

Blinding 
Both blinding and randomization were done centrally at the 
Neuro-Sono Sleep Center, São Paulo, Brazil. Blinding of active 
ingredients and their respective placebos was achieved by random 
allocation of four letters (A, B, C and D) to each of the following 
products: hydrocortisone, ciclesonide, hydrocortisone-identical 
placebo and ciclesonide-identical placebo. After random alloca-
tion of letters to designate each product, we defined two prod-
uct pairs: Inhaled Active Ingredient + Intravenous Placebo; and 
Intravenous Active Ingredient + Inhaled Placebo. This was done 
in random combinations that enhanced the safety of blinding. 
Both the intravenous placebo and the inhaled placebo were iden-
tical to their active counterparts.

Information about the intervention that each patient random-
ized to the study would receive was distributed in opaque numbered 
envelopes, which were only opened at the time of use. The nursing 
staff prepared the medications for administration as instructed in 
the numbered envelopes. The staff who prepared the medications, 
the providers who administered them and all researchers involved 
were blinded to the active pharmaceutical ingredients of interest. 

http://www.ensaiosclinicos.gov.br/
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Randomization 
Patients included in the sample were recorded consecutively in a 
logbook and were assigned a serial number.

The 58 patients were divided into two groups: study (cicle-
sonide) and control (hydrocortisone), in accordance with two 
computer-generated random number tables. Each table contained 
an ascending sequence of numbers. Patients were allocated to one 
or the other according to the serial number attributed at the time 
of enrollment, which ensured that neither staff nor patients were 
aware of the intervention to which each patient would be allocated.

Ciclesonide group 
Patients received ciclesonide at a dose of 160 mcg/puff. The first 
dose was administered five minutes after inclusion in the trial, and 
consisted of three puffs (480 mcg); the second dose at 20 minutes 
(480 mcg); and the third dose at 40 minutes (480 mcg). Thus, the 
total dose was 1440  mcg. Patients in this group also received 
hydrocortisone-identical placebo at five minutes. Since  there 
was no standard recommendation, we took the total dose of 
1440 mcg to represent a high dose, in accordance with the Global 
Initiative for Asthma (GINA) (www.ginasthma.org). This also 
needed to be given during the first hour after admission to the 
emergency room.

Hydrocortisone group
Patients in this group received 500 mg of hydrocortisone intrave-
nously and ciclesonide-identical placebo at 5, 20 and 40 minutes.

Both groups
Both groups received short-acting bronchodilators (fenoterol 
hydrobromide and ipratropium bromide) at 0, 10 and 30 minutes.

Measurements 
We used the spirometric variables FEV1 and peak expiratory 
flow (PEF) as primary outcome measurements, along with the 
clinical variables of dyspnea, wheezing and accessory muscle use 

during breathing (as assessed through observation of the sterno-
cleidomastoid muscle). As secondary outcomes, we evaluated the 
heart rate, respiratory rate, blood pressure and pulse oximetry.

These parameters were measured every 30 minutes from the 
time of patient admission until the second hour and every 60 min-
utes thereafter until the fourth hour in the emergency depart-
ment, thus making a total of six measurements. In this manner, 
we ensured rigorous monitoring throughout the patient observa-
tion period. We analyzed all six measurements, and no statistical 
difference was observed in comparisons of each paired time point 
(Table 1). For the purposes of this study, we analyzed and showed 
data from 30 minutes (baseline) and from the fourth hour, as we 
felt that these assessments were sufficient to represent the patients’ 
course, among the six measurements obtained.

Procedures
The emergency room nurse applied the Manchester triage system 
and measured oxygen saturation, blood pressure and breathing pat-
tern. The emergency room physician then confirmed the diagno-
sis of asthma exacerbation and notified the investigators, who per-
formed an initial assessment by measuring peak flow and explained 
the study to the patient. Patients with a peak flow less than 50% of 
the predicted flow were invited to participate in the study (Figure 1), 
as the sample was designed to include only severe patients. 

Once the patient had been included, the investigators worked 
with the emergency department staff to provide all the necessary 
care and perform the measurements required for the study. 

Spirometric parameters were measured in an Easy One model 
2009 spirometer (NDD Medizintechnik AG, Zurich, Switzerland). 
The best of three successive expiratory curves was considered valid 
and was used for the analysis, as recommended by the American 
Thoracic Society. Peak flow was estimated using the Mini-Wright 
Peak Flow meter (Clement Clarke, Hanlon, United Kingdom). 
Again, the highest of three measurements was used for the analysis. 

Dyspnea was assessed subjectively as perceived shortness of 
breath, using the Borg scale: this is a visual analogue scale from 

Table 1. Comparison of spirometric variables between the two study treatments. Data from 30 minutes (baseline), 60 minutes, 
90 minutes, 120 minutes, 180 minutes and 240 minutes

FVC
Time 30’ 60’ 90’ 120’ 180’ 240’

C H C H C H C H C H C H
2.82 ± 
0.99

2.49 ± 
0.80

2.93 ± 1.0
2.75
± 0.88

2.95
± 1.02

2.66
± 0.83

2.96
± 1.02

2.67
± 0.77

2.90
± 1.07

2.69
± 0.79

2.83
± 0.99

2.67
± 0.81

FEV1
Time 30’ 60’ 90’ 120’ 180’ 240’

C H C H C H C H C H C H
1.80
± 0.84

1.59
± 0.68

1.87
± 0.80

1.72
± 0.64

1.93
± 0.85

1.73
± 0.65

1.91
± 0.84

1.78
± 0.63

1.89
± 0.87

1.80
± 0.64

1.82
± 0.84

1.78
± 0.61

FVC = forced vital capacity; FEV1 = forced expiratory volume in the first second; C = ciclesonide; H = hydrocortisone.

http://www.ginasthma.org
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0 to 10, on which 0 represents absence of dyspnea and 10 is the 
maximum dyspnea. During the initial assessment and at each time 
point for reassessment, we evaluated wheezing and accessory mus-
cle use. Wheezing was assessed through pulmonary auscultation 
and was ranked from 0 to 3 on an ascending scale of severity (0: 
no wheezing; 1: slight wheezing; 2: moderate wheezing; 3: severe 
wheezing). Accessory muscle use was also measured on a scale 
of increasing intensity (0: no accessory muscle activity: 1: slight 
activity; 2: moderate activity; 3: marked accessory muscle activ-
ity). When there was little wheezing or a silent chest plus marked 
accessory muscle use or signs of muscle fatigue, dyspnea was clas-
sified as severe. Individual and pooled analyses were performed 
for all parameters.

Criteria for improvement 
Patients were evaluated for improvement at all assessment time 
points, to ensure patient safety and detect any possible need for 
additional interventions other than those provided for in the study 
protocol. For the purposes of this study, we considered the follow-
ing definitions of improvement: 1) FEV1 and PEF ≥ 70% of those 
predicted for the age, sex, weight and height; and 2) improvement 
of dyspnea: a) Borg score < 2;23 b) reduction of wheezing sever-
ity from baseline; and c) no accessory muscle use, as determined 
through observation of the sternocleidomastoid muscles.

Interim analysis 
We planned to conduct an interim analysis at the time when the 
number of patients included had reached approximately half 
the predicted sample size, in order to decide whether to continue 
or to terminate inclusion. This analysis was carried out at the ran-
domization and blinding center (Neuro-Sono Sleep Center) by 
a committee that was established specifically for this purpose. 
After inclusion of 58 patients, this interim analysis committee 
suggested that recruitment for the study should be halted, since 
no difference between the treatments had been detected.

Adverse events
We actively evaluated the more frequent adverse events, such 
as dry mouth, tremor, palpitations, anxiety and headache, and 
recorded any other patient-reported events.24,25 These variables 
were evaluated in terms of intention to treat (ITT).

Statistical analysis
The sample size was calculated considering a change in FEV1 
of 0.37 liters, after treatment, as an indicator of improvement; a 
standard deviation of 0.85 liters; a significance level of 5%; and 
a statistical power of 80%.16,22 This resulted in a sample size of 
n = 130 patients, i.e. 65 patients in each group. As noted above, 
interim analyses were carried out as planned after enrollment 

of 30 patients in each group; at that time, in view of the results, 
the interim analysis committee recommended termination of 
enrollment.

Quantitative variables were expressed as the mean ± SD, and 
categorical variables, as n (%). We used Student’s t test for indepen-
dent samples for normally distributed data, the Mann-Whitney U 
test for asymmetrically distributed data and Pearson’s chi-square 
test or Fisher’s exact test for categorical data.26,27 Outcomes were 
assessed using ITT, considering the worst scenario, i.e. losses in 
the study group were considered treatment failures and losses in 
the control group, successful treatment. P-values < 0.05 were con-
sidered statistically significant.

Availability of data and materials
All the data generated and analyzed during this study are avail-
able upon contact with authors.

RESULTS
Thirty-one patients in the ciclesonide group and 27 patients in 
the hydrocortisone group were analyzed using ITT.

Yes No 

              
              

 

 

Emergency department assessment: Manchester triage, oxygen saturation, 
blood pressure and breathing pattern 

Emergency physician confirms 
acute asthma exacerbation 

Peak flow < 50% 

Refers to investigators 

Start of 4-hour protocol: 
Administration of 
bronchodilators, IV access, 
injectable corticosteroid or 
placebo, inhaled 
corticosteroid or placebo 

Standard care protocol 

Admission Discharge 

Clinical improvement Clinical deterioration 

Figure 1. Flow diagram of patient inclusion and care.
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Demographic data 
The ciclesonide and hydrocortisone groups (Table 2) were sim-
ilar with regard to age, systolic blood pressure (SBP), diastolic 
blood pressure (DBP) and the proportions of smoking, hyperten-
sion (HTN), diabetes mellitus (DM) and alcohol use. There were 
more women in the ciclesonide group (P < 0.001).

The ciclesonide and hydrocortisone groups did not differ 
regarding vital signs and pulse oximetry (Table 3). In within-group 
assessments, as expected, heart rate (HR) and respiratory rate 
(RR) were lower at hour 4, which was consistent with the clinical 
improvement observed in both groups. In between-group analyses, 
pulse oximetry and vital signs did not differ at hour 4.

Clinical variables
All the clinical parameters evaluated in this study showed 
improvement at hour 4, compared with entry to the emergency 
room. There was also no difference between the effects of cicle-
sonide and those of hydrocortisone at hour 4, i.e. both treatments 
were equally effective in improving respiratory effort, accessory 
muscle use, wheezing and Borg dyspnea scale scores (Table 4).

Spirometric variables 
The patients treated with inhaled ciclesonide and those treated 
with hydrocortisone exhibited similar forced vital capacity 
(FVC), FEV1 and PEF values and similar progression of these 

Table 2. Clinical and demographic characteristics of the ciclesonide and hydrocortisone groups

Variable
Group

P-value
Ciclesonide (n = 31) Hydrocortisone (n = 27)

Sex: female, n (%) 23 (74) 18 (66) < 0.001
Age (years), mean ± SD 38.3 ± 13.58 39.0 ± 18.99 0.826
BMI (kg/m²), mean ± SD 25.9 ± 5.75 28.0 ± 5.44 0.094
SBP (mmHg), mean ± SD 120 ± 14.27 127 ± 14.55 0.057
DBP (mmHg), mean ± SD 78 ± 12.34 75 ± 17.85 0.477
Smokers (current and former), n (%) 9 (29.0) 8 (30) 0.960
HTN, n (%) 3 (10) 6 (22.0) 0.175
DM, n (%) 0 (0.0) 0 (0.0) 0.180
Alcoholism, n (%) 1 (3.2) 1 (3.4) 0.920
Obesity, n (%) 7 (22.58) 10 (37.03) 0.727

BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; HTN = hypertension; DM = diabetes mellitus; SD = standard deviation.

Table 3. Response to treatments using hydrocortisone and ciclesonide, at hour 4, considering heart rate (HR), respiratory rate (RR), 
oxygen saturation (SpO2), systolic blood pressure (SBP) and diastolic blood pressure (DBP)

Variable
Ciclesonide (n = 31)

(mean ± SD)
Hydrocortisone (n = 27) 

(mean ± SD)
P Absolute effect size (95% CI)

HR 86 ± 23.14 90 ± 11.30 0.404 4.0 (-13.19; 5.19)
RR 18 ± 3.74 18 ± 5.52 0.679 0.0 (-2.46; 2.46)
SpO2 97 ± 3.19 95 ± 3.40 0.144 2.0 (0.30; 3.70)
SBP 120 ± 15.64 127 ± 14.32 0.092 7.0 (-14.71; 0.71)
DBP 75 ± 9.07 79 ± 12.31 0.208 4.0(-9.64; 1.64)

SD = standard deviation; CI = confidence interval.

Table 4. Effect of treatment on the variables of respiratory effort, accessory muscle use, wheezing and Borg dyspnea scale score at hour 4

Variable

Ciclesonide
(n = 31)

Hydrocortisone
(n = 27)

P
Relative effect size

OR (95% CI)
n (%) 

Absolute effect size
(95% CI)

n (%)
Absolute effect size

(95% CI)

Respiratory effort 1 (3) 32/1000 1(3) 28/1000 0.95
0.87

(0.05; 14.56)
Accessory muscle 
use

1 (3) 32/1000 2 (6) 28/1000 0.55
0.42

(0.04; 4.87)

Wheezing 8 (25) 258/1000 9 (31) 232/1000 0.55
0.70

(0.22; 2.16)
Borg ≥ 8 0 (0) 0/1000 0 (0) 0/1000 0.99 NE

SD = standard deviation; CI = confidence interval; OR = odds ratio; NE = not estimable.
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parameters (Table 5). At hour 4, neither the FVC nor the FEV1 
values had changed from baseline in either group. PEF increased 
significantly from 30 minutes (baseline) to hour 4 (P < 0.001) 
in both groups, and both treatments were equally effective when 
compared head-to-head at hour 4 (Table 6).

Adverse events
More patients in the hydrocortisone group complained of dry 
mouth, but there was no statistically significant difference in the 
frequency of any adverse effect between the groups (Table 7).

Hospitalization, losses and exclusions
Two patients in the ciclesonide group developed worsening bron-
chospasm and severe desaturation early in the course of treat-
ment (having received only one dose of medication), and ulti-
mately required ventilatory support. 

DISCUSSION
To the best of our knowledge, this was the first double-blind ran-
domized clinical trial to test high-dose inhaled ciclesonide for 

managing acute asthma in the emergency department. Our find-
ings suggest that high-dose inhaled ciclesonide is as effective as 
intravenous hydrocortisone for this purpose. In this study, we 
tested ciclesonide as the intervention because it is a prodrug with 
high potency and less potential for oropharyngeal side effects 
than inhaled corticosteroid. This is particularly important for use 
in situations of acute exacerbations of asthma, a setting in which 
high doses of inhaled corticosteroids need to be administered.12

Studies have shown that use of inhaled and systemic cortico-
steroids can decrease the length of emergency department stay 
and the hospitalization rate, when administered in the first hour 
of an acute asthma exacerbation.16 Nevertheless, the optimal agent, 
dosage and duration of observation in the emergency department 
remain unknown.20,28

Both drugs reduced expiratory effort, wheezing and accessory 
muscle use (Table 4); however, among the spirometric param-
eters analyzed, only PEF improved significantly from baseline 
at hour 4 in both groups (Table 6). Adverse events, such as dry 
mouth, palpitations, tremor, headache and anxiety, did not differ 
between the two groups (Table 7).

Table 5. Progression of spirometric variables from baseline (30 minutes) to hour 4 and comparison of the two study treatments at hour 4

Variable
Ciclesonide (Mean ± SD)

P
Hydrocortisone (Mean ± SD)

P
C x H

Hour 4
Baseline Hour 4 Baseline Hour 4 P

FVC 2.82 ± 0.99 2.83 ± 0.99 0.95 2.49 ± 0.80 2.67 ± 0.81 0.41 0.50
VEF1 1.80 ± 0.84 1.82 ± 0.84 0.94 1.59 ± 0.68 1.78 ± 0.61 0.28 0.83
PEF 157.58 ± 48.11 276.89 ± 100.46 < 0.001 170.18 ± 54.21 293.0 ± 92.24 < 0.001 0.51

SD = standard deviation; C x H = ciclesonide versus hydrocortisone; FVC = forced vital capacity; FEV1 = forced expiratory volume in the first second; PFE = peak 
expiratory flow.

Table 6. Comparison of the spirometric variables of the two study treatments at hour 4

Variable
Ciclesonide (n = 31) Hydrocortisone (n = 27)

P Absolute effect size (95% CI)
Mean ± SD Mean ± SD

FVC 2.83 ± 0.99 2.67 ± 0.81 0.50 0.16 (-0.30; 0.62)
FEV1 1.82 ± 0.84 1.78 ± 0.61 0.83 0.04 (-0.30; 0.41)
PEF 276.89 ± 100.46 293.0 ± 92.24 0.51 -16,11 (-65.72; 33.50)

SD = standard deviation; CI = confidence interval; FVC = forced vital capacity; FEV1 = forced expiratory volume in the first second; PFE = peak expiratory flow.

Event
Ciclesonide (n = 31) Hydrocortisone (n = 27)

n % 95% CI n % 95% CI
Dry mouth 2 6.5 0 to 15.0 7 25.9 12.0 to 39.9
Palpitations 3 9.7 0 to 15.0 1 3.7 0 to 10.8
Tremors 11 35.5 0 to 37.4 7 25.9 12.0 to 39.6
Headache 2 6.5 0 to 15.0 3 11.1 10.4 to 11.8
Anxiety 1 3.2 3.0 to 3.4 2 7.4 0 to 17.3

Table 7. Adverse events in the two groups

CI = confidence interval.
There was no significant difference between groups; dry mouth was the only complaint that was more prevalent in the hydrocortisone group.
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Clinical studies using high doses of inhaled corticosteroids 
such as fluticasone,16 flunisolide17 and ciclesonide11 also found 
these agents to be effective in increasing peak flow. 
Although we did not enroll a large number of patients, the groups 
did not differ in terms of demographic characteristics, except 
for the higher proportion of women in the ciclesonide group 
(Table 2). Two patients in the ciclesonide group, both with peak 
flow < 30% of the predicted flow, developed worsening broncho-
spasm and severe desaturation early in the course of treatment 
(having received only one dose of medication), and ultimately 
required invasive ventilation. Given the small sample, the likeli-
hood of between-group differences was very high, and we judged 
these events to be attributable to chance.

Clinical parameters (Table 4) and vital signs (Table 3) were sim-
ilar at admission to the emergency room and at hour 4. Only DBP 
was higher in the hydrocortisone group, possibly due to the sys-
temic effects of the corticosteroid.3

FVC and FEV1 remained unchanged from baseline to hour 4, 
and did not differ between the two groups. In previous studies on 
fluticasone16 and flunisolide,17 improvements in these parameters 
were reported. In our study, we observed an increase in PEF despite 
no increase in FEV1. This is consistent with the well-known mis-
match between FEV1 and PEF in cases of acute severe asthma,29-31 
a condition in which FEV1 is underestimated and does not cor-
relate adequately with rises in peak flow.

In a Cochrane review, it was noted that the higher cost of inhaled 
corticosteroids, compared with systemic corticosteroids, was an 
obstacle to use of the former.28 However, this was not an issue in 
our study, in which nine puffs of ciclesonide (the total dose used 
in the emergency department) had an estimated cost of US$ 2.47, 
while a single 500-mg dose of hydrocortisone had a cost of US$ 
3.18, thus making ciclesonide more cost-effective. In the United 
States, the average cost of treatment reaches US$ 1368.00, 30 days 
after a severe asthmatic exacerbation.32 Also with regard to the cost 
and utility of inhaled corticosteroids, the FourFold Asthma Study 
(FAST) showed that it is clinically safe for patients to simply qua-
druple their usual dose of inhaled corticosteroids at home, upon 
deterioration of their condition, thus aborting a severe asthma 
attack and obviating the need for hospitalization.33

The limitations of our study included the lack of follow-up (to 
assess for recurrence) and the small sample size. The latter had 
the consequence of, for instance, preventing us from determin-
ing whether dry mouth was truly more prevalent in the hydrocor-
tisone group. The strengths of our study included its design and 
external validity, since we included adult patients from the general 
population with no restrictions regarding age, gender or ethnic 
group; rigorous evaluation of clinical and spirometric parameters; 
appropriate masking and blinding; and rigorous close monitor-
ing of patients for a four-hour period during the study protocol.

CONCLUSION
In summary, our study suggests that high-dose inhaled ciclesonide 
is as effective as injectable hydrocortisone for managing acute severe 
asthma and had a similarly favorable adverse-event profile, with the 
advantage of being a prodrug that exerts topical anti-inflammatory 
effects while reducing the risk of long-term systemic side effects.
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Management strategies for implementing a multicenter 
cross-sectional study: lessons from the ADHERE Brazil study
Elisa Oliveira Marsicano-SouzaI, Fernando Antônio Basile ColugnatiII, Barbara Bruna Abreu de CastroIII, Maria do Socorro Van 
KeullenIV, Sabina De GeestV, Helady Sanders-PinheiroVI

Universidade Federal de Juiz de Fora (UFJF), Juiz de Fora (MG), Brazil

INTRODUCTION
Nonadherence to treatment of chronic diseases is one of the main determinants of long-term 
complications.1 Kidney transplantation (KT) is one of the therapies used for the most advanced 
phase of chronic kidney disease. It results in better survival, better quality of life and lower 
costs.2 Nonadherence to immunosuppressive drugs that are necessary to avoid graft rejection is 
associated with an increased risk of acute rejection episodes, graft dysfunction, lower graft sur-
vival and higher healthcare costs.2

Over recent years, Brazil has reached the second highest position in the world, in terms of the 
absolute number of KTs performed in the world’s largest public transplantation system.3 However, 
this country has a large geographical size and great cultural, social and economic diversity, which 
translates into large variation in transplantation activity across the country, when normalized 
according to population size.4 Evaluation of and addressing nonadherence after KT is crucial to 
achieve the best results. However, Brazilian studies are scarce, limited to small samples, and are 
therefore not representative of the general population.5-12

Studies on adherence to immunosuppressives after KT by our group began in 2009. In the 
initial project, we performed a cross-cultural adaptation and validation study of a self-report 
instrument for diagnosing nonadherence to immunosuppressives.8 Then, we estimated the prev-
alence of and identified factors associated with nonadherence to immunosuppressives after KT 
in a single center in the city of Juiz de Fora, Minas Gerais.10 Discussion on the need for a mul-
ticenter study that could better portray Brazilian epidemiology arose when these results were 
presented in national conferences in 2011. Over a period of two years, these discussions con-
tinued and led to planning of a project among Brazilian national researchers in collaboration 
with a world-reference research center that had already started a similar study on heart trans-
plantation (Building Research Initiative Group: Chronic Illness Management and Adherence in 
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ABSTRACT
BACKGROUND: Epidemiological studies involving large samples usually face financial and opera-
tional challenges. 
OBJECTIVES: To describe the planning and execution of ADHERE Brazil, an epidemiological study on 1,105 
kidney transplant patients, and report on how the study was structured, difficulties faced and solutions found. 
DESIGN AND SETTING: Cross-sectional multicenter study in 20 Brazilian kidney transplantation centers.
METHODS: Actions developed in each phase of implementation were described, with emphasis on innova-
tions used within the logistics of this study, aimed at estimating the prevalence of nonadherence to treatment. 
RESULTS: Coordination of activities was divided into four areas: general, regulatory, data collection and 
statistics. Weekly meetings were held for action planning. The general coordination team was in charge of 
project elaboration, choice of participating centers, definition of publication policy and monitoring other 
coordination teams. The regulatory team provided support to centers for submitting the project to ethics 
committees. The data collection team prepared a manual on the electronic collection system, scheduled 
web meetings and was available to respond to queries. It also monitored the data quality and reported 
any inadequacies found. Communication with the centers was through monthly reports via e-mail and 
distribution of exclusive material. The statistical team acted in all phases of the study, especially in creating 
the data analysis plan and data bank, generation of randomization lists and data extraction. 
CONCLUSIONS: Through these logistics, we collected high-quality data and built a local research infra-
structure for further studies. We present supporting alternatives for conducting similar studies.
CLINICAL TRIAL ANNOTATION: http://clinicaltrials.gov/ on October 10, 2013; NCT02066935.
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Transplantation - BRIGHT study).13 Consequently, the ADHERE 
Brazil study was designed as a multicenter cross-sectional study 
with the following objectives: to estimate the prevalence of non-
adherence to immunosuppressives and other aspects of nonphar-
macological treatment; to evaluate multilevel factors associated 
with nonadherence to treatment; and to benchmark the partici-
pating centers, bring the subject up for discussion and disseminate 
data to support future actions towards reducing these behaviors.14

However, conducting such a large study, comprising twenty kid-
ney transplantation centers and an ideal sample size of 1,139 patients, 
presented several challenges. This was an epidemiological study, 
and therefore without interventions, but which needed adequate 
infrastructure, in order to follow regulatory policies, and needed 
funding similar to that required in clinical research. For example, 
the study required a study coordination room, a meeting room 
and a specific area for archives and staff training.15,16 

A multicenter study can be divided into four phases: 1) 
Planning; 2) Project development; 3) Study implementation; and 4) 
Dissemination. Some detailed reports on each of these phases exist, 
but the actions developed and the project management may vary 
according to the project and local characteristics.17 Indeed, in our 
project we faced some difficulties, but feasible solutions were found 
that translated into a path towards positive results. Considering that 
these challenges may be experienced in similar research propos-
als, a report presenting a detailed list of actions may help other 
researchers succeed.

OBJECTIVE
Thus, our objective was to present the stages followed by the 
researchers responsible for conception of the ADHERE Brazil 
study; show how the development of the study was planned and 
implemented; and describe the difficulties found and solutions 
applied. Ultimately, reliable results could be obtained regard-
ing the diagnosis of nonadherence to treatment and associated 
factors. We therefore present a description of the actions taken, 
especially in the project implementation phase, with emphasis on 
the innovative and adaptive processes employed.

METHODS
This was a cross-sectional and descriptive study on the pro-
cedures undertaken for execution and management of the 
ADHERE Brazil multicenter study (http://clinicaltrials.gov/ on 
October 10, 2013; NCT02066935).

Use of project management principles through coordination 
teams, for the various phases of a study, is fundamental for enabling 
of a multicenter study to be properly conducted.17,18 Many of these 
studies are conducted by clinical research centers with professional 
support from companies that are in charge of managing all phases 
of the project.19 In the case of the ADHERE Brazil study, because 

of its epidemiological nature and its objective of being representa-
tive of all types of KT services, it was not envisaged that the project 
would have the infrastructure of the multicenter studies mentioned 
above. Accordingly, a specific and local proposal was developed. 

Here, we describe the organizational structure proposed at dif-
ferent phases of our study for actions to be elaborated, especially 
in the project implementation phase, so that it would be possible 
to reproduce in similar studies. This report was authored by the 
researchers who participated in the study.

RESULTS
The initial idea for the project arose in 2011. It was then designed 
over a two-year period. A group of co-investigators, whom we 
called the ADHERE Brazil study consortium, was then consoli-
dated. The project was registered at the Research Department of 
the Federal University of Juiz de Fora, the institution to which 
the principal investigator was attached; and on the Clinical 
Trials website (https://clinicaltrials.gov/) under the number 
NCT02066935 and on the Open Science Framework scientific 
dissemination platform (https://osf.io/dpr2j/).

Recruitment of potential study participant centers began in 
2013. The initial invitations to 20 centers were made in person at 
national and regional conferences. After communicating by e-mail 
and signing statements of confidentiality and feasibility, the partic-
ipation of these centers was formalized through a contract between 
them and the principal investigator’s center (coordinating center). 
Invitations were sent out in May 2013, and the final composition 
of the participating centers was completed in May 2016. A total 
of 22 centers were invited because two of the initially invited cen-
ters subsequently refused to participate. The new invitations were 
made using the same criteria and characteristics as for the origi-
nal centers. Among the 20 centers that ultimately participated in 
the ADHERE Brazil study, 38.2% showed low activity (< 50 trans-
plantations/year), 36% were moderately active (50-150 transplan-
tations/year) and 25.8% were highly active (> 150 transplantations/
year). This distribution was similar to what had been reported by 
the Brazilian Transplant Register5 (Figure 1).

Scientific participation and authorship were defined before 
the study started and were described and agreed upon in a pub-
lication policy statement. The regulatory and fundraising phases 
began in 2014. The first sets of data were collected in December 
2015 and finalized in April 2017. Dissemination of results began 
in 2015 and is ongoing. By April 2021, 17 presentations had been 
made in national/regional conferences and five in international 
events, and two articles had already been published.14,20

As mentioned above, we established an early research collabora-
tion with the Leuven Basel Research Group (LBARG). They already 
had broad experience in international dissemination of knowl-
edge and multicenter studies. The group supported all the phases 
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of our study, through a strengthened partnership and promotion 
of a better qualified process. 

To make the project feasible, coordination of actions in four 
areas was proposed: general, regulatory, data collection and statistics.

General coordination
General coordination was performed by the principal investi-
gator of the study, who was responsible for project elaboration, 
study consortium formation and sending invitations to the par-
ticipating transplantation centers. She also participated in all the 
other phases: regulation, data collection and analysis. In addi-
tion, she prepared other reference documents for the study, such 
as the statements for center participation feasibility and confi-
dentiality, as well as the publication policy of the study.

In the center recruitment phase, after the informal invitation 
had been accepted, the centers received a confidentiality agreement, 
which addressed the importance of confidentiality of the project 
content and of the data collected during the study. After signing, the 
center received the feasibility document, which contained informa-
tion that would ensure that the participating center had the mini-
mum infrastructure to be able to conduct the study. The center also 
received the publication policy statement on issues relating to pub-
lications generated using ADHERE Brazil study data, authorship 
and subprojects. Centers were only included in the study after the 
leading local investigator of each center signed these documents. 
After the regulatory phase, participation was formalized through 
a research contract signed by the parties involved.

Soon after regulatory approval had been obtained, applications 
for financial support were sent out. Support was sought from the 

national governmental funding agency (Conselho Nacional de 
Desenvolvimento Científico e Tecnológico, CNPq) and from the 
local state agency (Fundação de Amparo à Pesquisa do Estado de 
Minas Gerais, FAPEMIG); and also from private companies inter-
ested in research relating to transplantation. Unfortunately, the 
project was not selected for governmental support, but two phar-
maceutical companies decided to join the proposal. The operational 
support provided by a clinical research structure and the virtual 
and centralized data collection system, together with interest in the 
potential results, seemed to contribute to the companies’ decision. 
However, other than financial support, the companies had no role 
in any of the stages of the project design, data collection, analysis 
or writing of the manuscripts. The resources enabled personnel 
payments (regulatory and data collection activities), participation 
in events, translation/editing and printing services.

Weekly meetings were held among the general coordination 
team and the other coordinators to schedule the following phases 
of the study: forwarding the participating center projects to the 
local ethics committees; organizing and training for data collec-
tion; checking the ongoing data collection; and performing data 
analysis. This coordination team was responsible for following up 
on all the activities necessary for development of the project, with 
organization and control of the information (Figure 2 and Table 1).

The general coordination effectively developed the following 
strategic activities for project progression: 1) Weekly meetings men-
tioned above; 2) Definition of well-established functions among the 
other coordination teams; 3) Creation of an e-mail address shared 
by the coordinators; 4) Communication with the centers via Skype 
or other communication sources such as telephone or e-mail, to 
answer questions; 5) Monthly newsletters to the centers, which 
totaled 28 between 2015 and 2020, reporting on study progression; 
6) Meetings with members of the participating centers at national 
conferences to disseminate information about the study proposals 
(14th Brazilian Congress on Transplantation 2015 and 17th Brazilian 
Congress of Nephrology 2016), along with distribution of material 
containing the visual identity of the study (buttons, notebooks and 
pens) (Table 1); 7) Provision of an appropriate physical area for meet-
ings, a telephone line and a computer for coordinators to work on.

Regulatory coordination
Initially, the coordinating center submitted the project to the 
research ethics committee (REC) of the institution at which that 
center was located. After approval, which was granted in May 
2014, the centers recruited were asked to submit the project to 
their local RECs. Participation of each center depended on receiv-
ing approval from the local REC. Patients were only included after 
they had signed an informed consent statement (ICS).

The first step for the coordinator of the regulatory team was 
to send all the guidelines for REC submission to the other 19 

Figure 1. Geographical locations of participating centers in 
the ADHERE Brazil study around the country. Colors indicate 
the transplantation activity level: red, high activity (> 150 
kidney transplantations/year); blue, moderate activity (50 to 
150 kidney transplantations/year); and green, low activity (< 
50 kidney transplantations/year). 
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participating centers and a model of the formal documents to be 
included in the national REC website (Brazil Platform): research 
project, ICS model, budget model and schedule model. This guid-
ance greatly facilitated REC submission by the participating centers. 
However, there were some difficulties, which can be gauged from 
the time that elapsed between obtaining the first REC approval 
(September 2014) and obtaining the last one (February 2017), 
which amounted to 30 months.

The main difficulty faced was the lack of familiarity with the 
Brazil Platform among the participating researchers, with regard 
to registering researchers, preparing documents to be included 
and, subsequently, formulating answers to any questions raised 
by the RECs. For these points, availability and participation of the 
regulatory team was essential for solving any issues. Another diffi-
culty was the refusal of two RECs to evaluate the project because 
it was a multicenter study. These cases were then referred to and 

evaluated by the coordinating center’s REC. This process delayed 
patient inclusion in these centers. Lastly, after initial approval of 
the project, two amendments for replacement/inclusion of two 
new centers had to be submitted to all RECs. The archiving of 
documents submitted to each local REC and final approvals from 
them was done by the regulatory team.

It was also the responsibility of this coordination group, after 
the end of data collection, to forward the final report to the coor-
dinating center REC and to send a model to the participating 
centers, for them to perform the same procedure in local RECs.

This team was also responsible for registering the project on 
the Clinical Trials website, which ensured transparency with regard 
to execution and publication of results and avoidance of bias, with 
ethical support for the participants, since the results generated 
would promote scientific knowledge.21

Data collection coordination
The two-member data collection coordination team oversaw orga-
nizing the training of personnel involved in data collection at the 
participating centers and monitoring and checking data inclusion 
during collection. The objective of this coordination team was to 
make available staff who had been trained to operate the data col-
lection system, on the Research Electronic Data Capture (RedCap) 
platform, and who would be easily accessible to people at the cen-
ters, by telephone, e-mail or other communication platforms.

The interviews and questionnaires used in the ADHERE Brazil 
study were prepared based on a theoretical framework1,14 and on 
previous studies.13 The RedCap system was used for data collection. 
This is a safe internet-based software platform that was created at 
Vanderbilt University, in Nashville, United States, for the purposes 
of data capture and storage, which could be fed remotely by trained 
individuals (http://www.project-redcap.org/) at the coordinating 
and participating centers. The ADHERE Brazil project was created 
on this platform; thereafter, the data collection questionnaires were 
included. Each center had remote access to the project to include data 
and access only their respective data, thereby ensuring anonymity.

All the research coordinators of the centers participating in the 
ADHERE Brazil study were trained to use the RedCap system through 
a manual that was prepared specifically for this purpose, and through 
Skype meetings. In addition to training, each center was asked to 
include a “test patient” in the system before data collection started.

Figure 2. Organizational structure, showing the four coordination 
teams and flux process among them.

Phases Phase 1
Regulation

Phase 2
Data collection training

Phase 3
Data collection

Phase 3
Data analysisCoordination team

General X X X X
Regulatory X
Data collection X X
Statistical X X X

Table 1. Description of the participation of each coordination team at different phases of the ADHERE Brazil study

http://www.project-redcap.org/
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Another data collection coordination function was to send 
randomization lists that had been generated by the statistics coor-
dination team, to the participating centers so that patients could 
be selected to participate in the study.

Lastly, to ensure data quality, the data collection team checked 
the data weekly, as the patients were inserted into the RedCap sys-
tem by the participating centers, to detect missing data or possible 
typing errors. Following this evaluation, reports were generated 
every week and sent to the centers, requesting them to check and 
correct inconsistencies if necessary. A one-week deadline was given 
for checking the data. Thereafter, the data were checked again.

One of the biggest challenges of the data collection coordination 
team was to adjust for missing/inconsistent data from each center. 
Data collection was only considered finalized after inconsistencies 
had been checked and corrected. To solve such problems after a 
report had been sent more than once, telephone contact was made 
to detect possible process difficulties. Using this strategy, data col-
lection began in December 2015 and was completed in April 2017 
(a total of 17 months), with inclusion of 1,105 patients, which cor-
responded to 97% of the ideal sample size.

Statistical coordination
The statistical coordination team participated in all study phases, 
from conception to analysis and dissemination of data.

More specifically, it was responsible for the sampling strat-
egy, and for defining the sample size and the criteria for patient 
distribution in each center. It created the database in the RedCap 
system and sent access passwords to the 20 participating centers. 
RedCap access levels differ, depending on the function: the centers 
only had access to their own information, while the data collection 
and statistics coordination teams and the principal investigator 
had broader access. Additionally, the statistical coordination team 
was responsible for generating randomization lists using computer 
software to select patients for the study. These lists included infor-
mation provided by the centers, such as the number of patients 
scheduled per day in the post-transplantation clinic and the num-
ber of patients to be included in each period.

Another function of this coordination team was to organize 
data extraction after data collection through the RedCap system 
had been completed, thus generating the initial ADHERE Brazil 
study database. The entire analysis plan was defined by this coordi-
nation team in agreement with the researchers’ consortium. It was 
also responsible for defining and guiding the tests performed and 
for performing more complex analyses.

DISCUSSION
The ADHERE Brazil study involved data collection from 20 
Brazilian KT centers. Active participation by the general, regu-
latory, data collection, and statistical coordination teams was 

essential for enabling effective collection and reliable analysis 
of the information generated. Consequently, these integrated 
actions enabled inclusion of 97% of the ideal sample size, which 
was accomplished with high-quality data collection and integra-
tion among the coordination teams. The strength of our study 
that we can highlight is that we were able to accomplish a high-
complexity study using low-cost available solutions, thus gener-
ating unpublished data with great potential to contribute towards 
healthcare practice.

The general coordination team conducted activities in conjunc-
tion with the other coordination teams in a harmonious fashion. 
Based on the basic principles of project management in research,21 
weekly updates with discussion of the problems that arose, together 
with short and medium-term planning of solutions, aligned proj-
ect progression and established the actions and functions to be 
fulfilled.21 This proposal was essential for solving problems in our 
study, as previously described in health and educational research 
settings.21-24 Management skills among health researchers are not 
fully available because such abilities are not systematically devel-
oped during undergraduate courses. Additionally, investigators are 
frequently involved in other activities such as teaching or health-
care assistance outside of research, and thus have limited time to 
dispend on further educational and training efforts.25

In line with international standards,17 all research in Brazil 
involving human beings has to be evaluated by a REC to ensure 
respect for and protection of research subjects.21 The role of RECs 
is to ensure that the principles of research ethics are respected in 
the study and that the rights of those involved are preserved.21 
Although there is clear legislation on regulatory procedures for 
this type of research, the effectiveness and operational particular-
ities of RECs still vary across Brazil.26,27 For multicenter studies, 
which involve multiple REC evaluations, some avoidable ineffi-
ciencies have been reported, mainly due to discrepancies in the 
opinions of these multiple committees.27 This can be demonstrated 
through the long period of time that was spent on this phase, 
which was the longest. The regulatory coordination team was 
created to deal with these issues, and to promote and facilitate 
regulatory procedures in each center, since the study included 
some institutions with fully functioning clinical research units 
and others that had never participated in research. We proposed 
to have someone with expertise in regulatory processes always 
available to assist at all levels, from preparation of documents 
to submission of the project and its amendments to the Brazil 
Platform website. A similar strategy has been reported by others 
in multicenter studies.17,23,28 

The data collection phase is essential. Good planning at this 
stage can prevent possible distortions and interviewer influence on 
the interviewee, which thus enables methodological and scientific 
rigor.17,19,22,23 It is important to emphasize that the quality of the 
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data collected in surveys depends on the adequacy and quality of 
questionnaires, in order to guarantee validity and reproducibility 
through clear and simple questions.16,17 Furthermore, to increase 
survey quality, it is essential to provide standardized training for 
data collectors.17,23 In the ADHERE Brazil study, all professionals 
who collected data received training for this purpose. Another key 
feature was simultaneous data collection and storage through a 
computer platform connected to the internet, which minimized 
errors, since it allowed for immediate checking for missing or 
erroneously filled data. These errors could be reported back to the 
person responsible for data collection, so that prompt corrections 
could be requested. Systematic and consistent checking of quality 
during the ongoing data inclusion is a powerful measure for pre-
venting errors and missing data.17 In our study, each local center 
made adaptations and took appropriate steps to ensure that data 
were collected in a way that guaranteed satisfactory results.17,23

It is worth mentioning that it is the responsibility of statisticians 
to plan studies, interpret the data obtained through field research 
and present the results in a way that facilitates decision-making 
by researchers.15,16,28 High-quality research is associated with for-
mal early statistical planning.29 Thus, it is essential to have statis-
ticians’ participation at all stages of a research project so that they 
can significantly contribute not only to data analysis, but also to 
the choice of method and analysis software, and to presentation 
and interpretation of results.29 The availability and effective par-
ticipation of the statistical coordination team at all levels of our 
study led to attainment of this quality threshold.

The limitation of this study was the scarcity of articles describ-
ing experiences relating to strategies for conducting multicenter 
epidemiological studies. Especially within the Brazilian scenario, 
we found reports only about obstacles to the ethics regulatory pro-
cess.26,27 This made it difficult to discuss the key points of the pro-
posal from a local perspective. Therefore, we discussed the findings 
based on the available published reports. We think this aspect of 
our proposal highlights its originality and relevance.

Since the conceptualization of the ADHERE Brazil study, we have 
been making efforts to disseminate the proposal and the results. Our 
proposal was registered on the Clinical Trials and the Open Science 
Framework websites, and we have presented summaries of our results 
at international, national and regional meetings. In confirmation of 
the potential for applicability and reproducibility of our proposal, we 
have already identified two Brazilian multicenter studies that mirror 
our methodology: the DGF Brazil Study Group30 and SARS-COV-2 
Infection in Kidney Transplant Recipients: a Brazilian Multicenter 
Study (http://clinicaltrials.gov/: NCT04494776).

CONCLUSION
The experience acquired in conducting this study led us to con-
clude that through the project management actions described, it 

was possible to collect reliable data on adherence to immuno-
suppressive treatment after KT and to ensure that the ethical 
principles and safety measures involved in the research and data 
collection were adopted, since all work processes proposed for 
conducting the study were strictly followed. In addition, this arti-
cle presents alternatives for conducting studies of similar nature 
to the ADHERE Brazil study.
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Incidence of multimorbidity and associated factors during 
the COVID-19 pandemic in Brazil: a cohort study
Felipe Mendes DelpinoI, Eduardo Lucia CaputoII, Marcelo Cozzensa da SilvaIII, Felipe Fossati ReichertIV, Bruno Pereira NunesV, 
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INTRODUCTION
Multimorbidity, defined as the presence of two or more chronic diseases, is associated with 
reduced quality of life.1 Globally, multimorbidity affects one in three people, although this prev-
alence might be higher among women and older adults.2 In Brazil, the prevalence of multimor-
bidity may reach up to 24% among adults.3,4 However, the prevalence is even higher among older 
adults in Brazil, such that in 2015 it was found to be affecting at least half of this population.5,6 

The elevated costs attributable to multimorbidity treatment are alarming. For example, the 
average medical economic cost of multimorbidity is 5.5 times greater than the treatment of only 
one chronic condition in Switzerland.7 Each additional disease represents a 3.2-fold increase in 
requirement of healthcare services and roughly 33% greater treatment costs.7 Multimorbidity is 
also associated with increased use of healthcare resources including medications, primary care 
visits, hospitalizations, elective procedures and emergency services.8 In Brazil, a study carried out 
using data from the Brazilian National Health Survey (Pesquisa Nacional de Saúde, PNS) showed 
that patients with multimorbidity were more likely to use healthcare services.9

Nevertheless, treatments or diagnoses for multimorbidity may have become impaired due to the 
limitations on access to the healthcare system that occurred as an indirect consequence of the coro-
navirus disease 2019 (COVID-19) pandemic.10 In December 2020, Brazil had the second-highest 
number of registered cases and deaths due to COVID-19.11 This chaotic scenario limited the man-
agement of preexisting chronic disease, especially because of fear of viral contagion during medi-
cal appointments.10 Furthermore, diagnosing of other morbidities may have been equally impaired 
during social distancing. Besides the higher risk of severe COVID-19 associated with the presence of 
chronic disease, co-occurrence of different morbidities might increase the risk of COVID-19 com-
plications, including hospitalization. However, to the best of our knowledge, longitudinal studies 
that examine the incidence of multimorbidity during the COVID-19 pandemic remain warranted. 
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ABSTRACT
BACKGROUND: Due to the coronavirus disease 2019 (COVID-19) pandemic, access to healthcare services 
may have become difficult, which may have led to an increase in chronic diseases and multimorbidity. 
OBJECTIVES: To assess the incidence of multimorbidity and its associated factors among adults living in 
the state of Rio Grande do Sul, Brazil. 
DESIGN AND SETTING: Cohort study conducted in Rio Grande do Sul, Brazil. 
METHODS: We included data from the two waves of the Prospective Study About Mental and Physical 
Health (PAMPA). Data were collected via online questionnaires between June and July 2020 (wave 1) and 
between December 2020 and January 2021 (wave 2). Multimorbidity was defined as the presence of two 
or more diagnosed medical conditions. 
RESULTS: In total, 516 individuals were included, among whom 27.1% (95% confidence interval, CI: 23.5-
31.1) developed multimorbidity from wave 1 to 2. In adjusted regression models, female sex (hazard ratio, 
HR: 1.97; 95% CI: 1.19-3.24), middle-aged adults (31-59 years) (HR: 1.78; 95% CI: 1.18-2.70) and older adults 
(60 or over) (HR: 2.41; 95% CI: 1.25-4.61) showed higher risk of multimorbidity. Back pain (19.4%), high 
cholesterol (13.3%) and depression (12.2%) were the medical conditions with the highest proportions 
reported by the participants during wave 2. 
CONCLUSION: The incidence of multimorbidity during a six-month period during the COVID-19 pandem-
ic was 27.1% in the state of Rio Grande do Sul, Brazil.
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OBJECTIVE
The aim of this study was to evaluate the incidence of multimor-
bidity and its associated factors during the COVID-19 pandemic, 
among adults living in the state of Rio Grande do Sul, Brazil.

METHODS
We analyzed data from waves 1 and 2 of the Prospective Study about 
Mental and Physical Health (PAMPA) cohort, which was an ambi-
spective study carried out in the state of Rio Grande do Sul, Brazil. In 
wave 1, the recruitment phase took place between June 22 and July 
23, 2020, while wave 2 was carried out between December 1, 2020, 
and January 15, 2021. Wave 2 lasted longer (seven weeks) due to the 
holiday period. Full details of the study methodology can be found 
elsewhere.12 The study protocol was approved (number: 4.093.170; 
date: August 27, 2019) by the institutional research ethics board 
of the Superior School of Physical Education of the Universidade 
Federal de Pelotas (UFPel), Brazil. All participants gave informed 
consent before answering any question from the questionnaire. 

Recruitment phase
During the recruitment phase, we contacted participants 
through university professors, social media, local media and per-
sonal contacts in all macroregions in the state. Only adults aged 
18 or older and living in Rio Grande do Sul were included in 
wave 1. We also contacted the local media in all macroregions to 
inform the local population about the present study. Moreover, 
all researchers involved shared the link to the study announce-
ment with their personal contacts across the state. For wave 2, 
we contacted the previous participants who were still living in 
the state and had provided any contact information at the time of 
wave 1 (e.g. phone number or social media nickname). The ques-
tionnaires were constructed using the Google Forms application 
in wave 1 (Google, Mountain View, California, United States) 
and using the Redcap web application, version 9.0.3, in wave 2 
(Vanderbilt University, Nashville, Tennessee, United States).

Sample size
We calculated the sample size based on three primary outcomes: 
low back pain; depressive and anxiety symptoms; and access to 
the healthcare system.12 The total population of the state of Rio 
Grande do Sul was 10,693,929 in 2010, according to the 2010 
Brazilian national census. We defined that a sample of 1,767 par-
ticipants was required, under the assumptions of a 95% confi-
dence interval, a margin of error of 1.8, and a possible loss-
to-follow-up of 30%. Rio Grande do Sul is divided into seven 
macroregions named (in Portuguese): Serra, Norte, Nordeste, 
Centro-Oeste, Vales, Metropolitana and Sul. Based on the lat-
est national census, the required sample size was divided propor-
tionally to the number of people living in each region.

Outcome
In this study, we excluded participants who presented multi-
morbidity in wave 1. Multimorbidity was assessed through the 
same question previously used in the Brazilian Telephone-based 
Surveillance System for Noncommunicable Diseases:13 “Has any 
doctor ever told you that you have the following disease?”. A 12-item 
list was used, which included the following diseases: hypertension 
or high blood pressure, diabetes, high cholesterol, cancer, arthri-
tis/arthrosis/fibromyalgia, asthma/bronchitis, back problem, heart 
disease, depression, memory problem, human immunodeficiency 
virus (HIV)/acquired immunodeficiency syndrome (AIDS) and 
other chronic diseases. Multimorbidity was considered to be pres-
ent when a participant reported having two or more health issues.14

Exposures
Sociodemographic factors (age, sex, ethnicity, conjugal situation 
and educational level), behavioral information (physical activity) 
and nutritional data (body mass index, BMI) were used as pos-
sible confounders and as associated factors. 

Weight and height were self-reported and were used to calcu-
late BMI (kg/m2). We considered subjects to be overweight if they 
had BMI > 25 kg/m2 and obese if they had BMI ≥ 30 kg/m2. To 
estimate what the subjects’ physical activity level had been before 
social distancing, we used the following question: “Before social 
distancing, were you engaged in physical activity regularly?”. If the 
participants answered “Yes”, they were asked to declare the num-
ber of days with physical activity and its duration in minutes, in a 
regular pre-COVID-19 week. Participants who practiced for 150 
minutes or more were classified as physically active, and those who 
practiced for less than 150 minutes weekly, as physically inactive, 
in accordance with the guidelines for physical activity from the 
World Health Organization.15 

Decreased monthly income was assessed by the following ques-
tion: “Over the last six months, have your monthly earnings been affected 
by social distancing measures?”. There were three response options: 
“decreased”, “unchanged” “increased”. We classified this into a dichot-
omous variable for the analyses, with the option “yes” for decreased 
monthly income and “no” for unaffected or increased income.

Data analyses  
All analyses were weighted according to the proportion of the par-
ticipants in each macroregion, because of overrepresentation of 
respondents living in the Sul region (n = 436; 64.6%). The data were 
reported as the mean with 95% confidence interval (CI) or as pro-
portions with 95% CI, as appropriate. Participants who provided 
some personal contact in wave 1 but did not respond to wave 2 were 
excluded (Figure 1). We used proportional-hazards global tests and 
visual examination of Schoenfeld residuals against time to assess 
proportional-hazards assumptions (data not shown). Crude and 
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adjusted Cox regression models were used to estimate the hazard 
ratio (HR) with a 95% CI.16 The adjusted model (aHR) included sex, 
age, ethnicity, conjugal situation, education level, decreased monthly 
income, BMI and physical activity before the pandemic. All covari-
ates were assessed at wave 1. Pearson’s chi-square test was used to test 
the differences between included and excluded samples (Table 1). 
Analyses were performed using the Stata 15.1 software (Stata Corp, 
College Station, Texas, United States).

RESULTS
A flowchart describing the sampling process is presented in 
Figure 1. Out of 2,321 participants with valid responses in wave 
1, 1,647 were lost during follow-up. Thus, a final sample of 674 
participants was included in wave 2. However, 23% (95% CI: 
19.9-28.3) were excluded from the present analysis because they 
reported having multimorbidity in wave 1. Consequently, 516 
participants were eligible for this study.

The main characteristics of the sample are described in Table 
1. Most of the participants were women (78.5%; 95% CI: 73.3-
80.83), white (90.3%; 95% CI: 86.5-93.2) and lived with a part-
ner (57.2%; 95% CI: 51.5-62.8). Almost half of the participants 
were aged between 31 and 59 years (49.9%; 95% CI: 44.2-55.6) 
and 23.5% (95% CI: 19.1-28.6) had at least one academic degree. 
Comparison of the excluded and lost-to-follow-up sample with 
the sample included from the second wave showed that none of 
the variables differed according to the chi-square test.

Overall, 27% (95% CI: 23.5-31.1) of the participants presented 
with new cases of multimorbidity. The risk of incident multimor-
bidity according to sociodemographic, behavioral and nutritional 
characteristics is presented in Table 2. Women (aHR: 1.97; 95% 
CI: 1.19-3.24) and subjects aged 31-59 years (aHR: 1.78; 95% CI: 

1.18-2.70) and aged 60 years or over (aHR: 2.41; 95% CI: 1.25-4.61) 
were more likely to have incident multimorbidity. Even though BMI 
(obesity) and physical activity showed significant associations with 
multimorbidity in the crude analysis, no significant results were 
observed in the adjusted analyses (aHR: 1.54; 95% CI: 0.97-2.44; 
aHR: 0.68; 95% CI: 0.46-1.01, respectively).

The list of diseases and their frequencies are presented in Figure 
2. The incidence of multimorbidity was 27.1% (95% CI: 23.5-31.1). 
The most common new diseases reported between waves 1 and 
2 were among those in our initial 12-item list (28.5%). Back pain 
represented 19.4% of the new cases, followed by high cholesterol 
(13.3%) and depression (12.2%). There were no new occurrences 
of memory problems during the pandemic.

DISCUSSION
About one in four participants developed multimorbidity between 
waves 1 and 2 (six months). Women and adults aged 31 years or 

Total number of respondents 
in wave 1:
n = 2,321

Lost to follow-up: 
n = 1,647

n = 674

Multimorbidity in wave 1: 
n = 158

Analytical sample: 
n = 516

Figure 1. Flow chart describing sampling process.

Table 1. Sociodemographic and behavioral characteristics of the 
included and lost-to-follow-up participants. Rio Grande do Sul, Brazil 
(n = 516) 

Included sample
%

Lost to follow-up
%

P-value

Sex 0.149
Male 21.5 22.7
Female 78.5 77.3

Age (years) 0.370
18-30 42.7 28.0
31-59 49.9 60.0
60+ 7.4 12.0

Skin color 0.409
White 90.3 87.8
Black 5.5 7.0
Mixed 3.7 4.8
Other 0.04 0.4

Marital status 0.912
Living with a partner 57.2 64.3
Living alone 42.8 35.7

Education level 0.306
High school or lower 33.8 37.4
University degree 23.5 25.1
Specialization, Master’s, PhD 42.7 37.5

Decreased monthly income 0.475
No 66.0 53.7
Yes 34.0 46.3

Nutritional status 0.820
Normal 51.7 41.2
Overweight 32.3 35.0
Obese 16.0 23.7

Physical activity before COVID-19 pandemic 0.262
Inactive 57.0 58.6
Active 43.0 41.4

Based on body mass index, calculated from self-reported height and body weight.
COVID-19 = coronavirus disease 2019.
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Table 2. Hazard ratios for multimorbidity according to single lifestyle factors among participants in the Prospective Study About Mental 
and Physical Health (PAMPA) Cohort, Rio Grande do Sul, Brazil (n = 516)

Crude hazard ratio (95% CI) P-value Adjusted hazard ratio1 (95% CI) P-value
Sex < 0.001* 0.008*

Male 1.00 1.00
Female 1.85 (1.14; 3.0) 1.97 (1.19; 3.24)

Age (years) < 0.001* < 0.001*

18-30 1.00 1.00
31-59 1.85 (1.27; 2.68) 1.78 (1.18; 2.70)
60+ 2.42 (1.32; 4.44) 2.41 (1.25; 4.61)

Skin color 0.907 0.633
White 1.00 1.00
Mixed 1.5 (0.83; 2.71) 1.82 (0.98; 3.37)
Black 0.53 (0.17; 1.68) 0.53 (0.17; 1.70)
Other 3.74 (0.52; 26.8) 4.11 (0.55; 30.7)

Marital status 0.848 0.208
Living with a partner 1.00 1.00
Living alone 1.03 (0.74; 1.45) 1.31 (0.92; 1.88)

Education level 0.161 0.618
High school or lower 1.00 1.00
University degree 1.11 (0.70; 1.76) 0.99 (0.62; 1.61)
Specialization, Master’s, PhD 1.31 (0.89; 1.95) 1.05 (0.68; 1.64)

Decreased monthly income 0.736 0.489
No 1.00 1.00
Yes 0.75 (0.53; 1.06) 0.83 (0.58; 1.19)

Nutritional status 0.031* 0.081
Normal 1.00 1.00
Overweight 1.37 (0.94; 1.98) 1.33 (0.90; 1.96)
Obese 1.57 (1.01; 2.45) 1.54 (0.97; 2.44)

Physical activity before COVID-19 pandemic 0.020* 0.066
Inactive 1.00 1.00
Active 0.65 (0.45; 0.95) 0.68 (0.46; 1.01)

*Statistically significant P-values; 1Adjusted for sex, age, skin color, conjugal situation, education level, decreased monthly income, body mass index (BMI) and 
physical activity before coronavirus disease 2019 (COVID-19) pandemic, at baseline. CI = confidence interval.

There were no new occurrences of memory problems. HIV = human immunodeficiency virus; AIDS = acquired immunodeficiency syndrome.

Figure 2. Multimorbidity incidence and list of the new diseases reported between the first and second waves.
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over showed higher risk of incident multimorbidity. We observed a 
dose-response relationship between age and the risk of multimor-
bidity, in which the risk increased with increasing age. 

Female sex was associated with higher risk of incident mul-
timorbidity during the period of COVID-19 social distancing, 
compared with males. Previously, other studies had shown that 
women were twice as likely to report multimorbidity as were men, 
both in Brazil and in other countries.2,4,17,18 Greater frequency of 
use of healthcare systems through medical appointments among 
women might explain this relationship. On the other hand, men 
might be more likely to be underdiagnosed with regard to chronic 
conditions and multimorbidity.19 Furthermore, women experience 
more stressful events throughout their lives20 and therefore are 
at higher risk of chronic diseases. Unfortunately, impairment of 
mental health during social distancing seems to be higher among 
women than among men.21 Furthermore, we previously showed 
that access to the healthcare system during social distancing was 
more impaired among women.10 Therefore, strategies to improve 
healthcare system access are required, in order to monitor the prev-
alence and incidence of chronic diseases, especially among women.

In Brazil, previous studies also showed that older adults, especially 
those over 60 years of age, had higher prevalence of multimorbidity 
than younger adults.4,18 A systematic review from 2019 showed that 
individuals aged 65 or more were the most affected by multimorbidity, 
worldwide.2 Although population aging might be associated with this 
increased prevalence, previous studies have suggested other factors, 
including impaired healthcare access and low social development.22 
For example, among older adults, multimorbidity is influenced by 
socioeconomic, demographic, lifestyle and family factors.23 Also, 
older people became more isolated during the pandemic,21 and the 
high number of new cases of depression may have been related to this. 

The lack of statistically significant relationships with multimor-
bidity shown by BMI and physical activity in the adjusted analyses 
may have been due to the relatively short time between waves 1 and 
2 (six months). For physical activity, a previous longitudinal study 
did not show any association with the development of multimor-
bidity in short-term follow-ups (two years).24 However, for longer 
follow-ups (11 years), physical activity was shown to be protec-
tive against development of multimorbidity.25 A previous study in 
Finland showed that physical inactivity and obesity were risk factors 
for incident multimorbidity. However, that study included only five 
chronic conditions in the multimorbidity list.26 According to our 
results, being physically active before the pandemic did not protect 
against developing multimorbidity during the pandemic. Despite 
this, physical activity is important and needs to be encouraged. For 
instance, physical activity in the early ages of childhood plays a pro-
tective role against multimorbidity at older ages.27 

The COVID-19 pandemic affected access to healthcare services, 
especially for chronic diseases like diabetes, chronic obstructive 

pulmonary disease and hypertension.28 Especially in low and mid-
dle-income countries, COVID-19 affected healthcare services with 
consequences ranging from postponement of elective surgery and 
other medical procedures to delayed treatment of chronic diseases 
that might progress to severe conditions.29 Our results reflected 
those findings, and we demonstrated that the less-reported prob-
lems before social distancing, such as back pain and depression, 
were the ones with higher frequency during wave 2. Moreover, a 
study conducted in India showed that individuals with multimor-
bidity experienced several care challenges, including interruption 
of treatment and routine check-ups during the pandemic.30 

The increase in new cases of depression observed in our data was 
in agreement with the recent literature.31 A sharp increase in the lev-
els of psychological distress was evident during the pandemic, espe-
cially among women and adults aged younger than 60.31 Moreover, 
a meta-analysis on community-based studies conducted during the 
COVID-19 pandemic showed that the prevalence of depression was 
seven times higher than the estimated prevalence in 2017.32 Thus, 
strategies to attenuate the detrimental indirect effects of this pandemic 
on mental health, especially in higher-risk groups, are warranted.

Furthermore, spending more time at home with sedentary 
activities and less time exercising might explain the high number 
of spine problems. A large number of cases of back pain occur-
rences may have resulted from COVID-19, specifically related to 
the social distancing measures that made many people start work-
ing from home without adequate equipment. Previous studies also 
reported similar findings, thus showing that the social distancing 
caused by COVID-19 resulted in more occurrences of low back 
pain and more associated risk factors.33

Our study had some methodological limitations. First, we did not 
include an open question for “other diseases”. Thus, it was not possible 
to identify which other diseases were reported by the participants. 
Second, our retention rate was lower than expected for face-to-face 
cohort studies.12 However, our results are similar to those of other 
cohort studies that were conducted online.34 Third, we assessed the 
list of diseases through self-reports, which is less accurate than use 
of medical records because it depends on the memory of each par-
ticipant. However, most other studies also used self-reported data to 
assess multimorbidity, according to a systematic review conducted 
in 2019.2 Fourth, our respondents included a high proportion of 
individuals with academic degrees. Given that data collection was 
online, and university professors shared the questionnaire through 
their academic contacts, a high number of participants with aca-
demic degrees was expected. Also, people with less education have 
less access to the internet. Furthermore, according to previous find-
ings in the literature, from samples with less schooling, the incidence 
of multimorbidity could have been even higher.35

However, we can highlight the longitudinal design of our study 
evaluating multimorbidity incidence during the pandemic. This 
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may have generated important information about the development 
of chronic diseases in this context. Moreover, at the time when 
we conducted this study, we did not find any other cohort study 
assessing the incidence of multimorbidity during the COVID-19 
pandemic. Our results may provide relevant information about 
the consequences of the COVID-19 pandemic on the health of the 
population of southern Brazil. Furthermore, our report provides 
important information about a new profile of people who will seek 
healthcare services during and after the pandemic.

CONCLUSION
The incidence of multimorbidity over a six-month period during the 
COVID-19 pandemic was 27.1% in the state of Rio Grande do Sul, 
in Brazil. Female sex and increasing age were risk factors for incident 
multimorbidity. Special attention to the risk that women and older 
people may develop multimorbidity is needed within public health 
policies, along with attention to the high numbers of new cases of 
depression and back pain during the COVID-19 pandemic. 
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The impact of multimodality integrated positron emission 
tomography-computed tomography on improving the 
staging and management of head and neck malignancy:  
a cross- sectional study 
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INTRODUCTION
Head and neck cancers are the sixth most common type of cancer worldwide and the majority of 
them cause regional nodal metastases that decrease the chances of survival.1,2 Head and neck can-
cer is characterized by high prevalence of nodal metastases at the time of initial presentation.1-3 
A large percentage of these cause regional nodal metastases that decrease the chances of survival 
by 50%.3 Accurate timely staging will ensure proper treatment delivery.4,5 Computed tomography 
(CT) and magnetic resonance imaging (MRI) are the standard imaging modalities used for the 
staging evaluation of head and neck cancer in routine clinical practice.5 However, the limitations 
of these morphological imaging methods include difficulty in differentiating reactive enlargement 
and  tumor-infiltrated lymph nodes and difficulty in detecting unsuspected distant metastases.6 

OBJECTIVE 
This study was conducted to evaluate the role of 18F-fluorodeoxy-D-glucose positron emission 
tomography/computed tomography (18F-FDG-PET/CT), in comparison with contrast-enhanced 
computed tomography (CECT) for management of patients with head and neck cancer.

METHODS
This was a prospective cross-sectional study involving 30 patients who were attended at the oto-
rhinolaryngology clinics of two tertiary-level hospitals in Malaysia after obtaining institutional 
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ABSTRACT
BACKGROUND: Clinical assessment of head and neck cancers is highly challenging owing to the com-
plexity of regional anatomy and wide range of lesions. The diagnostic evaluation includes detailed physical 
examination, biopsy and imaging modalities for disease extent and staging. Appropriate imaging is done 
to enable determination of precise tumor extent and involvement of lymph nodes, and detection of dis-
tant metastases and second primary tumors.
OBJECTIVE: To evaluate the initial staging discrepancy between conventional contrasted computed to-
mography (CT) and 18F-fluorodeoxy-D-glucose positron emission tomography/computed tomography 
(18F-FDG PET/CT) and its impact on management plans for head and neck malignancies.
DESIGN AND SETTING: Prospective cross-sectional study in two tertiary-level hospitals.
METHODS: This study included 30 patients with primary head and neck malignant tumors who under-
went contrasted computed tomography and whole-body 18F-FDG PET/CT assessments. The staging and 
treatment plans were compared with the incremental information obtained after 18F-FDG PET/CT. 
RESULTS: 18F-FDG PET/CT was found to raise the stage in 33.3% of the cases and the treatment intent was 
altered in 43.3% of them, while there was no management change in the remaining 56.7%. 18F-FDG PET/
CT had higher sensitivity (96% versus 89.2%) and accuracy (93% versus 86.7%) than conventional con-
trast-enhanced computed tomography. 
CONCLUSION: Our study demonstrated that 18F-FDG PET/CT had higher sensitivity and accuracy for 
detecting head and neck malignancy, in comparison with conventional contrast-enhanced computed 
tomography. 18F-FDG PET/CT improved the initial staging and substantially impacted the management 
strategy for head and neck malignancies.
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ethical approval (NMRR-09-1116-4585; dated July 13, 2010). 
Informed consent was obtained from all the enrolled patients. 

The exclusion criteria were that the subjects should not be 
children, individuals with acute or chronic inflammatory dis-
ease, pregnant patients, lactating mothers, terminally ill patients 
or patients with any previous malignancy. All the patients selected 
(above 18 years old) were thoroughly examined by otorhinolaryn-
gology surgeons, and biopsies were taken from suspicious regions. 

All the patients underwent CECT and whole body 18F-FDG 
PET/CT examinations at the hospital’s center for diagnostic nuclear 
imaging, using a standard protocol for image acquisition. Staging of 
the disease was done based on the 7th edition of the tumor, node and 
metastasis (TNM) staging system of the American Joint Committee 
on Cancer (AJCC) after use of both imaging modalities. In addi-
tion, the oncologist was asked to outline the management intent 
for the patients, based on CECT; and to do this again after the 
positron emission tomography/computed tomography (PET/CT). 

The change in management intent and the incremental infor-
mation obtained after both imaging procedures had been done were 
compared and analyzed. The percentage of management changes 
implemented due to discrepancies between the imaging meth-
ods was recorded. The clinical impact of PET/CT was considered 
‘high’ if it changed the treatment modality, and ‘low’ if there was 
no change in the treatment modality or intent.7

All the patients were monitored through regular follow-up at 
a specialist clinic. The cumulative survival rate among the patients 
was estimated from the date of diagnosis to the date of death due 
to any cause or the date of the last follow-up. It was noted whether 
any patients were lost to follow-up or were still alive at the end 
of the follow-up period. The five-year overall mean survival rate 
was calculated, and the mean survival time in months according 
to sociodemographic characteristics, tumor stages and treatment 
received was also analyzed.

RESULTS
Out of the 30 patients in this study, 60% (18/30) were male and 
40% (12/30) were female. According to ethnicity, the majority 
were Chinese (56.7%; n = 17), followed by Malay (40%; n = 12) 
and Indian (3.3%; n = 1). The mean age (with standard deviation, 
SD) was 49.9 years (± 14.5) with first and second peak age inci-
dences in the age ranges of 30-39 years and 60-69 years, respec-
tively. Nasopharyngeal carcinoma was the commonest malig-
nancy (56.7%), and the next commonest was carcinoma of the 
larynx and malignancy of the oropharynx (10%). A list of the 
primary sites of tumors is shown in Table 1, while the patients’ 
characteristics, clinical and histopathological diagnosis are pre-
sented in Table 2.

All of the 30 patients underwent pre-treatment radiological 
assessment with CECT and 18F-FDG PET/CT for the purpose of 

disease stratification through the AJCC 7th edition TNM staging, 
in order to determine the intended management plan. The CECT 
and 18F-FDG PET/CT findings were classified as true positive (pos-
itive imaging study that was confirmed histopathologically), true 
negative (normal imaging study with no further evidence of can-
cer), false positive (positive imaging study with no histopatholog-
ical evidence of cancer) or false negative (normal imaging study 
with further proven cancer).8 

Through 18F-FDG PET/CT, it was found that there were 27 true 
positive cases, one false positive, one false negative case and one 
true negative case. Three patients who were suspected of having 
benign lesions following a conventional clinical assessment were 
proven to be malignant cases after histopathological examination 
and 18F-FDG PET/CT. Two of these patients were initially diag-
nosed through conventional staging as having a thyroglossal cyst, 
but malignancy was proven through 18F-FDG PET/CT. This was 
subsequently confirmed to be papillary carcinoma, by means of 
histopathological examination. One of our patients initially pre-
sented with clinical and CECT features suggestive of mastoiditis 
and later developed widespread lesions over various sites that were 
positive through 18F-FDG PET/CT. Histopathological examina-
tion confirmed this case as metastatic adenocarcinoma. The false 
positive case was a patient with a parotid lesion that was positive 
through 18F-FDG PET/CT, but histopathological examination 
revealed this to be oncocytoma.

In our study, 18F-FDG PET/CT imaging accurately identi-
fied the extent of primary tumors. Thus, the tumor (T) staging 
changed in five patients. PET/CT imaging also correctly detected 
the lymph nodes and changed the node (N) staging in three 
patients. In this manner, 18F-FDG PET/CT raised the staging of 
33.3% of the cases (n = 10), while 16.6% (5/30) showed changes 
in T-staging and metastasis (M) staging, and 10.0% (3/30) showed 
changes in N-staging.

The treatment plans were altered in the cases of 43.3% (13/30) of 
our study group patients, while there was no management change in 

Table 1. List of primary sites of tumors

Primary site
Number of 

cases
Percentage

Nasopharyngeal carcinoma 17 56.6
Carcinoma of thyroid 2 6.7
Carcinoma of larynx 2 6.7
Carcinoma of unknown primary origin (CUP) 1 3.3
Lymphoma 1 3.3
Carcinoma of hard palate 1 3.3
Carcinoma of base of skull 1 3.3
Carcinoma of tonsils 1 3.3
Sarcoma of tonsils 1 3.3
Adenocarcinoma of base of skull 1 3.3
Others 2 6.7
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the remaining 56.7% (17/30). 46.6% (14/30) of the patients showed 
stage migration, i.e., for 43.3% (13/30) the staging increased; and 
for 3.3% (1/30) the staging decreased. The management intent 
based on CECT and the changes after 18F-FDG PET/CT are shown 
in Table 3. 

Among the patients whose staging increased, 30% (3/10) 
of them benefited from addition of neoadjuvant chemotherapy. 
Distant metastases were identified in six patients and the man-
agement plans were changed from definitive to palliative intent. 
One of our patients with carcinoma oropharynx, for whom onco-
logical surgery with radiotherapy had been planned, was found 
through 18F-FDG/PET/CT to be developing lung metastases, 
which was confirmed through cytological tests. The management 
plan was therefore changed to palliative therapy. Another patient 
with metastatic adenocarcinoma of the skull also had a change 
in the treatment plan to palliative intent. Among the remaining 
four patients, who had nasopharyngeal carcinoma (NPC), two 
presented skeletal metastases and the other two were seen to have 
mediastinal nodal metastases.

18F-FDG PET/CT decreased the staging of 6.6% of the patients 
(n = 2). One of these cases consisted of postoperative tonsillar sar-
coma, in which there were low-activity lesions in distorted anat-
omy, which reflected the post-surgical change. The other case was 
incorrectly diagnosed as parotid lymphoma, and the final histo-
pathological diagnosis was benign oncocytoma (Figure 1). 

The influence of 18F-FDG PET/CT on stage migration and its 
impact on management intent are shown in Table 3. The clinical 
accuracy of 18F-FDG PET/CT for managing patients with head and 
neck cancers was derived from contingency tables. 

The sensitivity, specificity, positive predictive value (PPV) and 
negative predictive value (NPV) of 18F-FDG PET/CT were 96%, 
50%, 96% and 50%, respectively. The accuracy of 18F-FDG PET/
CT for clinical evaluation of head and neck cancers was 93%. 
On the other hand, the sensitivity, specificity, PPV and NPV of 
CECT assessment were 89.2%, 50%, 96.1% and 25%. The accu-
racy of CECT assessment for detecting head and neck cancer was 
86.7%. 18F-FDG PET/CT improved the sensitivity and accuracy of 
detection of head and neck malignancy, in comparison with CECT 

Table 2. Patient characteristics and clinical and histopathological diagnoses
Patient No. Gender Age Clinical diagnosis/stage Histopathological diagnosis Follow-up 
1 M 63 Thyroglossal cyst Papillary carcinoma of thyroid Alive
2 M 44 NPC/stage IV B NPC Lost
3 M 60 Carcinoma larynx/stage I Carcinoma of larynx Alive
4 F 60 Lymphoma of parotid Oncocytoma of parotid Alive
5 M 38 Lymphoma of tonsils Sarcoma of tonsils Alive
6 F 31 Benign cyst Papillary carcinoma of thyroid Alive
7 M 44 Benign nodule Occult neck node carcinoma TxN1M0 Alive
8 F 73 Adnexal tumor/stage I Adnexal carcinoma Alive
9 F 62 Carcinoma of larynx/stage I Carcinoma of larynx Alive
10 F 56 NPC/stage III NPC Dead
11 M 50 NPC/stage II NPC Dead 
12 M 70 NPC/stage I NPC Dead
13 M 39 NPC/stage III NPC Alive
14 M 37 Carcinoma of tonsils/stage IV B Carcinoma of tonsils Alive
15 M 63 Lymphoma/stage I Lymphoma Dead 
16 M 22 NPC/stage II NPC Alive
17 F 68  Mastoiditis Metastatic adenocarcinoma Dead
18 F 63 Carcinoma of oropharynx/stage II Carcinoma of oropharynx Dead
19 M 65 NPC/stage III NPC Dead
20 M 46 NPC/stage III NPC Dead
21 M 42 NPC/stage IV B NPC Alive
22 F 55 NPC/stage III NPC Dead
23 M 54 NPC/stage III NPC Dead
24 F 33 NPC/stage II NPC Alive
25 M 39 NPC/stage II NPC Alive
26 M 41 NPC/stage III NPC Alive
27 F 33 NPC/stage II NPC Lost 
28 F 34 NPC/stage IV B NPC Lost
29 M 50 Carcinoma of larynx T2N0M0/stage II Carcinoma of larynx Alive
30 F 26 NPC/stage III NPC Lost

NPC = nasopharyngeal carcinoma; CT = computed tomography; PET/CT = positron emission tomography/computed tomography; M = male; F = female.
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Table 3. Management intent based on CT and after PET-CT, and impact of PET-CT findings on management intent 

Patient No.
Diagnosis from CT staging 

(pre-PET/CT)
Management intent 

after CT
Diagnosis after PET/CT 

staging
Management intent after 

PET/CT
Impact of PET/CT on 
management intent

1 Thyroglossal cyst Excision of cyst
Papillary carcinoma 

T1N0M0/stage II
Thyroidectomy and 
radioiodine therapy

High

2 NPC T1N3M0/stage IV B
3 cycles of neoadj Ct 

and CtRT
NPC T1N3bM0/stage IV B

3 cycles of neoadj CT then 
CtRT

Low

3
Carcinoma of larynx 

T1aN0M0/stage I
RT T1aN0M0/stage I RT Low

4 Parotid tumor Chemotherapy Lymphoma of parotid Surgery High

5
Malignant tumor of tonsils 

T2N0M0/stage II
Surgery

Sarcoma of tonsils 
T2N0M0/stage II

Surgery Low

6 Benign cyst Excision of cyst
Papillary carcinoma 

T1N1bM0/stage I
Thyroidectomy and 
radioiodine therapy

High

7 Benign nodule Excision 
Occult neck node 

carcinoma TxN1M0
Neck dissection Low

8
Adnexal tumor TIN0M0/

stage I
Excision

Adnexal carcinoma 
TIN0M0/stage I

Excision Low

9
Carcinoma of larynx 

T1N0M0/stage I
RT T1N0M0/stage I RT Low

10 NPC T1N2M0/stage III CtRT T1N3bM0/stage IV B
3 cycles of neoadj Ct and 

CtRT
High

11 NPC T2N1M0/stage II CtRT T4N1M0/stage IV A
3 cycles of neoadj Ct and 

CtRT
High

12 NPC T1N0M0/stage I RT T1N0M0/stage I RT Low

13 NPC T2N2M0/stage III CtRT T4N2M0/stage IV B
3 cycles of neoadj Ct and 

CtRT
High

14
Carcinoma of tonsils 
T2N3M0/stage IV B

Surgery and RT T2N3M0/stage IV B Surgery and RT Low

15 Lymphoma/stage 1 Ct Stage 3 Ct Low

16 NPC T1N1M0/stage II CtRT T1N1M0/stage II CtRT Low

17 Mastoiditis Surgery
Metastatic 

adenocarcinoma of base of 
skull T4N0M1

Palliative therapy High

18
Carcinoma of oropharynx 

T2N1M0/stage II
Surgery and RT T3N2M1/stage IV C Palliative therapy High

19 NPC T3N2M0/stage III CtRT T3N3M0/stage IV B
3 cycles of neoadj Ct then 

CtRT
High

20 NPC T3N0M0/stage III CtRT T4N0M1/stage IV C
Palliative therapy (6 cycles 

of Ct)
High

21 NPC T3N3M0/stage IV B
3 cycles of neoadj Ct 

then CtRT
T4N3M0/stage IV B

3 cycles of neoadj Ct then 
CtRT

Low

22 NPC T3N0M0/stage III CtRT T4N0M1/stage IV C
Palliative therapy (6 cycles 

of Ct)
High

23 NPC T2N2M0/stage III CtRT T2N2M1/stage IV C
Palliative therapy (6 cycles 

of Ct)
High

24 NPC T1N1M0/stage II CtRT T1N2M0/stage III CtRT Low

25 NPC T2N0M0/stage II CtRT T2N0M0/stage II CtRT Low

26 NPC T3N0M0/stage III CtRT T3N0M0/stage III CtRT Low

27 NPC T2N0M0/stage II CtRT T2N0M0/stage II CtRT Low

28 NPC T3N3M0/stage IV B
3 cycles of neoadj Ct 

then CtRT
T3N3M1/stage IV C

Palliative therapy (6 cycles 
of Ct)

High

29
Carcinoma of larynx 

T2N0M0/stage II
RT T2N0M0/stage II RT Low

30 NPC T2N2M0/stage III CtRT T2N2M0/stage III CtRT Low

NPC = nasopharyngeal carcinoma; CT = computed tomography; PET/CT = positron emission tomography/computed tomography; RT = radiotherapy; 
Ct = chemotherapy; neoadj = neoadjuvant; CtRT = chemoradiotherapy.
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assessment, to 96% and 93% from 89.2% and 86.7%, respectively. 
The negative predictive value from the CT assessment was lower 
than the NPV from PET/CT imaging.

After a period of five years, we performed a search in the 
patients’ records at the specialist clinic. We found that 10 patients 
had died, 16 (53.3%) were survivors and four had been lost in 
the follow-up. The surviving patients had received radiotherapy 
alone and/or in combination with chemotherapy elsewhere and 
had returned. Nasopharyngeal carcinoma was the diagnosis for all 
the four lost patients. In the group of NPC patients (n = 17), seven 
patients died, while the remaining six survived. Among the dead 
patients, PET-CT raised the staging with regard to T-staging (n 
= 3), N-staging (n = 2) and M-staging (n = 3). Among the survi-
vors, PET-CT also raised the T-staging (n = 1), N-staging (n = 3) 
and M-staging (n = 2). From the records of the dead patients (n 
= 10), seven had been diagnosed with NPC, one with lymphoma, 
one with metastatic adenocarcinoma at the base of the skull and 
one with carcinoma of the hard palate. 18F-FDG-PET/CT increased 
the T-staging in five patients, the N-staging in three patients and 
the M-staging in five patients, while the staging of the patient with 
lymphoma was increased from stage I to stage III. Among the sur-
vivors (n = 16), PET-CT changed the TNM staging of nine patients 
through increasing the T-staging (n = 3), N-staging (n = 4) and M 
staging (n = 2). There was no change in the clinical staging of the 
remaining seven survivors. The estimated overall mean survival 
after diagnosis was 43.6 months (95% confidence interval, CI = 
35.2-51.9). The survival rate diminished from 86.7% during the 
first six months to 66.7% by the 60th month of the study (Table 4).

Mean survival time in months according to sociodemographic 
characteristics, tumor stages and treatment received was analyzed 
and is presented in Table 5.

For all of our patients with head and neck malignancies, the 
Kaplan-Meier estimate for mean survival time (with standard 

error) for those age less than 65 years old was 46.6 (4.3) [95% CI 
= 38.1-55.1]; while for those aged 65 years and over, the estimate 
was 24.0 (11.0) [95% CI = 2.4-45.6]. The log-rank test revealed a 
statistically significant difference between the survival rates over 
time (P = 0.026). It was found that the mean survival time (with 
standard error) of the patients who received definitive treatment 
(surgery alone, surgery with radiotherapy, radiotherapy alone 
and radiotherapy with chemotherapy) was 50.3 (3.9) [95% CI = 
42.6-57.9]. On the other hand, those who received palliative treat-
ment had mean survival (with standard error) of 17.0 (7.9) [95% 
CI = 1.5-32.5]. This difference was statistically significant, with a 
P-value of 0.001.

DISCUSSION
Head and neck cancers encompass a heterogeneous group of 
tumors that are a biologically aggressive and therapeutically 
challenging category of disease.7-9 The appropriate management 
decision for this complex form of cancer is based on the primary 
site, histological subtype, stage, resectability, patient’s fitness and 
treatment preference.10 Accurate staging is crucial for selection of 
the appropriate treatment modality in individual patients. 

CT and MRI are widely used as the first-line imaging approach 
for staging of head and neck cancer. Both of these imaging modal-
ities rely on morphological criteria like size and contrast enhance-
ment patterns, which are not particularly specific for detection of 
metastases.9,11 18F-FDG PET/CT has been shown to yield promising 

Figure 1. 18F-fluorodeoxy-D-glucose positron emission tomography/computed tomography incorrectly diagnosed as malignancy of 
parotid in this 60-year-old woman who presented with progressively increasing parotid swelling for a duration of six months. The final 
diagnosis was Birt-Hogg-Dubé syndrome with benign oncocytoma of the parotid. 

Table 4. Estimated cumulative survival rate among the patients
Time (months) Estimated cumulative survival rate

6 86.7
12 70.0
24 66.7
60 66.7
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results for diagnosing and staging of head and neck squamous cell 
carcinoma, compared with standard imaging modalities.12

In our study, we sought to prospectively evaluate the influ-
ence of 18F-FDG PET/CT on the initial staging and its impact on 
the treatment plan for head and neck cancer patients. The data 
for this study consisted of information from our own patients, in 
contrast with the data in other, multicenter studies, which relied 
on medical records. The majority of our study patients (56.7%) 
were diagnosed with nasopharyngeal carcinoma, which was in 
accordance with the epidemiological pattern of head and neck 
cancers in Malaysia. Nasopharyngeal carcinoma is one of the ten 
most common cancers in this multiracial Southeast Asian country.

Our results demonstrated that 18F-FDG PET/CT significantly 
changed the overall multidisciplinary team decision regarding 
treatment intent, compared with clinical conventional CT stag-
ing. These changes to staging caused significant reclassification 
of patients’ treatment decisions and their overall survival prog-
nosis. The impact of 18F-FDG PET/CT on the treatment decision 
was mainly due to the improvement in the accuracy of staging.

The data from our study demonstrated that 18F-FDG PET/CT 
raised the staging in the cases of 33.3% (n = 10) of the patients. 
These data were in accordance with the findings from various pub-
lished studies, which demonstrated management changes in the 
cases of 31-34% of head and neck cancer patients.8,13–15 Meanwhile, 
the T-staging in our study cohort was changed in 16.6% (5/30) of the 
patients. In a study by Antoch et al., the T-staging was accurately 

determined in 82% of the cases, through use of fused PET/CT.16 
PET/CT can reveal the full tumor extent, even when a tumor is 
ill-defined with submucosal extent and diffuse infiltration. A study 
by Tantiwongkosi et al. showed that PET/CT could be helpful in 
identifying subtle but focally hypermetabolic NPC, when the CT 
and MRI findings are not obvious.17

Precise detection of cervical lymph node metastases is crucial 
for planning the surgical margins and radiotherapy.18 According 
to our study, the N-staging was changed in 10% of the cases. A 
meta-analysis by Sun et al. showed that 18F-FDG PET/CT had good 
diagnostic performance, compared with conventional imaging, for 
detection of regional nodal metastases.19

Our study supports the notion that 18F-FDG PET/CT is effective 
in detecting distant metastases. Notably, 26.6% of the study patients 
had metastases and modification of M-staging. This modification 
was due to the higher sensitivity of 18F-FDG PET/CT for detecting 
certain subtle lesions, which can be missed through conventional 
imaging or a single-stop modality with whole-body coverage. 

PET/CT accurately detected skeletal metastases in two of our 
NPC patients. Three patients of our study group were found through 
PET/CT to be developing mediastinal nodal metastases. Another 
patient was seen to have widespread metastases in various organs. 
The treatment for all these patients with distant metastases was sub-
sequently revised to palliative intent. Head and neck cancer patients 
with distant metastases are not considered curable, and most cases 
lead to palliative treatment strategies.20 Therefore, detection of 

Table 5. Mean survival time in months according to sociodemographic characteristics, tumor stages and treatment received

Factors relating to survival
Mean

P
Estimate Standard error

95% confidence interval
Lower bound Upper bound

Race
Malay 48.500 5.851 37.033 51.455

0.09
0.327

Chinese 42.000 5.927 30.383 59.937
Indian 12.000 0.000 12.000 12.000
Overall 43.600 4.270 35.230 51.970

Gender
Male 44.000 5.395 33.425 54.575

0.947Female 43.000 6.958 29.362 56.638
Overall 43.600 4.270 35.230 51.970

Age group
Less than 65 years 46.615 4.333 38.122 55.109

0.026Greater than or 11.023 11.023 2.396 45.604
equal to 65 43.000 4.270 35.230 51.970

Tumor stage
T0_T2 51.000 8.216 34.897 67.103

0.365
T3_T4 40.957 5.000 31.157 50.756

Treatment
Curative 50.250 3.918 42.571 57.929

0.001Palliative 17.000 7.927 1.464 32.536
Overall 43.600 4.270 35.230 51.970
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distant metastases is important because this avoids unnecessary 
or inappropriate treatment. 18F-FDG PET/CT imaging may pre-
vent unnecessary surgery in some patients, in whom this would 
have been associated with high morbidity and functional impair-
ment, through identifying locoregional and distant metastases.21

The treatment plans were changed in 43.3% (13/30) of our 
patients, while no management change was made in the cases of 
the remaining 56.7%. Our study results showed changes that were 
similar to what was observed by Veit-Haibach et al.22 In that study, 
the accuracies of TNM staging using PET/CT and CT were com-
pared, and it was found that staging based on PET/CT imaging 
changed the therapy for 42% (13/31) of the patients, compared with 
therapy based only on CT.22  In another study by El-Khodary et al., 
treatment changes were made in the cases of 41.7% of the patients.9

A variety of changes to treatment were made among our 
patients. These included addition of chemotherapy or radiother-
apy and abandonment of localized surgery and radiotherapy with 
curative intent, which was replaced by treatment with palliative 
intent. The aim of chemotherapy was shifted from curative to pal-
liative intent in 20% (6/30) of our patients. These patients were in 
a group at an advanced stage with presence of distant metastases. 
Our data were found to be consistent with the findings of previ-
ously published studies.13,23-25 

In the present study, 18F-FDG PET/CT was found to have 
improved sensitivity and accuracy for detecting head and neck 
malignancy, in comparison to conventional CECT. The sensitiv-
ity, specificity, PPV, NPV and accuracy of 18F-FDG PET/CT were 
reported to be 96%, 50%, 96%, 50% and 93% respectively. This 
was comparable to the study published by Gordin et al in 2007.26 

During the follow-up of our study group patients, we found 
that 10 patients had passed away. These patients’ treatments were 
therefore reclassified from having curative to having palliative 
intent. This notably strengthens the argument that PET/CT has 
a major incremental impact with regard to identifying high-risk 
patients who do not benefit from aggressive curative treatment.

In interpreting 18F-FDG PET/CT imaging, the challenges 
include physiological uptake of fluorodeoxy-D-glucose (FDG) 
by normal tissues, false positive results due to inflammation, lim-
ited resolution of small lesions and motion artefacts.27,28 Cost-
effectiveness is the major consideration in deciding whether to use 
of 18F-FDG PET/CT as part of the initial imaging. Its cost needs to 
be weighed against the benefit of early detection of distant metas-
tases, synchronous primary and resulting interventions.29

Our study had several limitations. The majority of our study 
cohort were NPC patients, which might have introduced a work-
ing bias. Moreover, our sample consisted of a small number of 
patients with head and neck cancers at different sites. Because of 
these limiting factors, the results from our study focused mainly 
on nasopharyngeal carcinoma and may not have reflected the 

situation regarding other head and neck cancers. Further prospec-
tive studies comprising larger patient cohorts are required in order 
to ascertain the impact of 18F-FDG PET/CT on the management 
of various head and neck malignancies.

CONCLUSION
In conclusion, our study demonstrated that 18F-FDG PET/CT had 
higher sensitivity and accuracy for detecting head and neck malig-
nancy than those of conventional CECT. 18F-FDG PET/CT provides 
additional information and accurate staging, which assist in plan-
ning for adequate treatment and in minimizing treatment-related 
toxicity and functional impairment. From our study findings, we 
would advocate for incorporation of 18F-FDG PET/CT into the ini-
tial staging of clinically advanced head and neck malignancy.
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Effect of liberal or conservative oxygen therapy on the 
prognosis for mechanically ventilated intensive care unit 
patients: a meta-analysis 
Wei-Hua DongI, Wen-Qing YanII, Zhi ChenIII

Jiangxi Provincial People’s Hospital Affiliated to Nanchang University, Nanchang, Jiangxi, China

INTRODUCTION
Mechanical ventilation (MV) is a common support intervention in intensive care units (ICUs). 
More than half of ICU patients receive mechanical ventilation on admission.1 It has been esti-
mated that 2-3 million ICU patients receive MV annually around the world.2,3 Respiratory fail-
ure is the main indication for MV among ICU patients.4 Oxygen therapy is an important treat-
ment for these patients.

Myocardial hypoxia was first identified as being responsible for angina in 1928.5 Oxygen ther-
apy, a harmless, potentially beneficial therapeutic modality, is becoming increasingly used in clin-
ical practice. In traditionally liberal oxygen therapy, most patients are given oxygen exceeding the 
physiological level because of fear of tissue hypoxia.6,7 Some patients, even without hypoxemia, 
are given oxygen therapy prophylactically for prevention of tissue hypoxia. A large population 
of mechanically ventilated ICU patients is exposed to hyperoxia.8 When arterial oxygen partial 
pressure is on the flat part of the oxygen hemoglobin dissociation curve, high concentrations of 
oxygen do not increase oxygen delivery significantly, even if these can increase the partial pres-
sure of oxygen markedly, according to the characteristics of oxygen hemoglobin dissociation.9 

Hyperoxia can also cause potential harm to patients.10 It can lead to lung interstitial fibrosis, 
tracheobronchitis, alveolar protein leakage, neutrophil infiltration,11-13 impaired immune func-
tion,14 increased vascular resistance, reduced cardiac output15 and large quantities of free radi-
cals.16 In view of this, it has been proposed that conservative oxygen therapy strategy should be 
used17 in order to avoid unnecessary hyperoxia while ensuring oxygen delivery. Several studies 
have indicated that conservative oxygen therapy improves the prognosis for ischemic stroke and 
myocardial infarction.18,19
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ABSTRACT
BACKGROUND: For critically ill patients, physicians tend to administer sufficient or even excessive oxygen to 
maintain oxygen saturation at a high level. However, the credibility of the evidence for this practice is unclear. 
OBJECTIVE: To determine the effects of different oxygen therapy strategies on the outcomes of mechan-
ically ventilated intensive care unit (ICU) patients.
DESIGN AND SETTING: Systematic review of the literature and meta-analysis conducted at Jiangxi Provin-
cial People’s Hospital, Affiliated to Nanchang University, Nanchang, China.
METHODS: We systematically searched electronic databases such as PubMed and Embase for relevant ar-
ticles and performed meta-analyses on the effects of different oxygen therapy strategies on the outcomes 
of mechanically ventilated ICU patients.
RESULTS: A total of 1802 patients from five studies were included. There were equal numbers of patients in 
the conservative and liberal groups (n = 910 in each group). There was no significant difference between 
the conservative and liberal groups with regard to 28-day mortality (risk ratio, RR = 0.88; 95% confidence 
interval, CI = 0.59-1.32; P = 0.55; I2 = 63%). Ninety-day mortality, infection rates, ICU length of stay, mechan-
ical ventilation-free days up to day 28 and vasopressor-free days up to day 28 were comparable between 
the two strategies.
CONCLUSIONS: It is not necessary to use liberal oxygen therapy strategies to pursue a higher level of 
peripheral oxygen saturation for mechanically ventilated ICU patients. Conservative oxygen therapy was 
not associated with any statistically significant reduction in mortality.
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Despite this, the guidelines available regarding oxygen ther-
apy standards and targets are contradictory and inconsistent.20-22 
Studies on this topic have evaluated the effects of different oxygen 
therapy strategies on the prognosis for mechanically ventilated 
patients. However, the conclusions that they reached have not 
been completely coherent.17,23-26 Therefore, we decided to conduct 
a secondary analysis.

OBJECTIVE
We performed a systematic review of the literature to determine 
the effects of different oxygen therapy strategies on the outcomes 
of mechanically ventilated intensive care unit (ICU) patients. 

METHODS
We followed the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) statement27 and the 
Cochrane Handbook28 for the design, method and presentation 
of the results of this systematic review and meta-analysis.

Database search
In this systematic review and meta-analysis, we searched 
the PubMed, Embase, Cochrane Library and Web of Science 
databases. The following keywords were used for the search: 
“oxygen inhalation therapy”, “liberal*”, “conservative*”, “con-
ventional*”, “respiration”, “artificial” and “mechanical ventila-
tion”. We set the publication type to clinical trial only, and the 
publication language was limited to English. We searched for 
related literature from the time of database inception up to 
and including July 25, 2021. The search strategy is presented 
in Appendix 1.

Study selection
Two authors independently assessed all titles and abstracts for 
inclusion and then assessed the full texts of the studies considered.

The studies included had to satisfy the following criteria. 
1. The trial needed to have been designed as a clinical control study. 
2. The study subjects needed to be adult patients (aged > 18 years) 

requiring MV. 
3. The studies needed to compare liberal and conservative oxygen 

therapies. We defined conservative oxygen therapy as having a 
target blood oxygen saturation of 90%-97%.29,30 The treatment 
arm (liberal oxygen therapy) was defined as having a higher 
oxygen target, measured through any of the following: fraction 
of inspired oxygen (FiO₂), arterial partial pressure of oxygen 
(PaO₂), arterial oxygen saturation or peripheral oxygen satu-
ration (SpO₂). 

4. The all-cause mortality and number of deaths during the fol-
low-up period needed to be reported in the results. We excluded 
studies on patients younger than 18 years or patients who were 

pregnant, along with studies limited to patients with chronic 
respiratory diseases or psychiatric diseases, patients on extra-
corporeal life support or patients treated with hyperbaric oxy-
gen therapy or elective surgery. Observational and preclinical 
studies were also excluded.

Outcomes
The primary outcome of interest in the current analysis was 
28-day mortality. The secondary outcomes analyzed included 
90-day mortality, the rate of new infections, ICU length of stay, 
mechanical ventilation-free time within 28 days and vasopressor-
free time within 28 days.

Data extraction and quality evaluation
Two authors independently screened the studies, extracted 
data and conducted quality assessments. When agreement 
could not be reached, the first two authors discussed the deci-
sion to include or exclude studies, until an agreement was 
reached. Two authors extracted and recorded the authors, 
publication year, study design, participants and population, 
demographic characteristics, baseline characteristics, details 
of intervention treatment (oxygen therapy), outcome mea-
surements and results from each enrolled study. The risk of 
bias in the studies included was evaluated in accordance with 
the Cochrane risk of bias tool.31 The following characteris-
tics were assessed: random sequence generation, allocation 
concealment, blinding of participants and personnel, blind-
ing of outcome assessments, incomplete outcome data, selec-
tive reporting and other bias. For each characteristic, the risk 
of bias was rated as low, high or unclear (in cases in which 
there were insufficient details). Two authors independently 
assessed the study quality, and disagreements were resolved 
via discussion.

Statistical analyses
The statistical analysis was accomplished using the Cochrane 
systematic review software: Review Manager (RevMan) 
[Computer program], version 5.3 (The Nordic Cochrane Centre: 
Copenhagen, Denmark). Measurement data were expressed as 
means and standard deviations and 95% confidence intervals 
(95% CIs). Enumeration data were expressed as risk ratios (RRs) 
and 95% CIs. Assessment of heterogeneity was completed using 
the chi-square test. The I2 statistic was used in order to determine 
the degree of heterogeneity. If the heterogeneity was determined 
to be low or moderate (I2 < 50%; P < 0.1), the fixed-effect model 
was applied. Otherwise, the random-effects model was used. In 
the presence of heterogeneity, to eliminate the influence of indi-
vidual studies, especially small-sample and low-quality studies, 
leave-one-out sensitivity analysis was conducted. 

http://www.baidu.com/link?url=sWgZKI4wi2Rx79qbU765x1z1zFDsy0vOC6G-4n9yVVOaXCsJW_o5GuW1JL-inGf0uPMrlZjl6BZBIn2lm-vs2F1lVjw8A0yrTGN5rtjF9mi
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RESULTS

Studies retrieved and included
We identified 200 studies from PubMed, Embase, Cochrane 
Library and Web of Science. After screening the titles and abstracts, 
16 studies were included for full-text review. In three of the studies, 
some patients were not mechanically ventilated. In two studies, the 
number of deaths and mortality rate were not reported. In three 
other studies, oxygen therapy strategies could not be classified. In 
the end, four randomized controlled trials (RCTs) and one cohort 
study17,23-26 were included in the meta-analysis (Figure 1).

Study characteristics and quality evaluation
The main characteristics of the eligible RCTs and cohort study 
are shown in Table 1. Five studies and 1806 mechanically venti-
lated ICU patients were included in the meta-analysis. The qual-
ity of the studies included in this meta-analysis was medium. The 
quality of the studies included, as assessed using the Cochrane 
risk-of-bias tool is shown in Figure 2. Because the interventions 
needed the cooperation of doctors, there was a lack of use of 
blinding methods. As such, there may have been some bias dur-
ing implementation of the interventions.

Outcomes

Primary outcomes
Short-term mortality is shown in Figure 3. Three studies17,25,26 pro-
vided data regarding 28-day mortality. Since there was high hetero-
geneity among the studies (P = 0.07; I2 = 63%), the random-effects 
model was adopted. The result showed that there was no statistical 
significance in 28-day mortality between the conservative and lib-
eral groups (RR = 0.88; 95% CI = 0.59-1.32, P = 0.55). Sensitivity 
analysis was performed to evaluate the effect of a single study on the 
overall estimate by sequentially excluding each study. The heteroge-
neity decreased significantly (I2 = 24%; P = 0.25). After excluding 
one of the studies25 and making adjustments, oxygen therapy strat-
egy was found to be significantly associated with 28-day mortality, 
such that the conservative group performed better than the liberal 
group (RR = 0.78; 95% CI = 0.63-0.98; P = 0.03) (Figure 4). 

Secondary outcomes 
Medium-term mortality is shown in Figure 5. Four studies23-26 
provided data regarding 90-day mortality. As there was high het-
erogeneity among the studies (P = 0.1; I2 = 53%), the random-
effects model was adopted. The result showed that there was no 

Figure 1. Flow diagram.
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statistically significant difference in 90-day mortality between the 
conservative group and the liberal group (RR = 0.98; 95% CI = 
0.85-1.44; P = 0.82).

New infections are shown in Figure 6. Three studies17,25,26 provided 
data regarding the rate of new infections. Since there was no significant 
heterogeneity among the studies (P = 0.28; I2 = 22%), the fixed-effect 
model was adopted. The result showed that there was no statistically 
significant difference in the rate of new infections between the con-
servative and liberal groups (RR = 0.91; 95% CI = 073-1.13; P = 0.73).

ICU length of stay is shown in Figure 7. Two studies23,26 pro-
vided data regarding ICU length of stay. As there was no significant 

heterogeneity among the studies (P = 0.18; I2 = 45%), the fixed-ef-
fect model was adopted. The result showed that there was no sta-
tistically significant difference in the ICU length of stay between 
the conservative and liberal groups (mean difference, MD = 0.15; 
95% CI = -1.52-1.81; P = 0.86).

The mechanical ventilation-free time within 28 days is shown in 
Figure 8. Three studies23,24,26 provided data regarding the mechan-
ical ventilation-free time within 28 days. Since there was no sig-
nificant heterogeneity among the studies (P = 0.18; I2 = 42%), the 
fixed-effect model was adopted. The result showed that there was 
no statistically significant difference in mechanical ventilation-free 

Table 1. Characteristics of the studies included

ARDS = acute respiratory distress syndrome; ICU = intensive care unit; SpO₂ = arterial saturation of peripheral oxygen; PaO2 = arterial partial pressure of oxygen; 
SD = standard deviation; N/A = not applicable; *Estimated values

Study Design

Characteristics
Conservative group Liberal group

Sample 
size, n

Mean age, 
years

Men,
n (%)

PaO2/FiO2,
mean (SD)

APACHE III 
score

mean (SD)

Sample 
size, n

Mean age, 
years

Men,
n (%)

PaO2/FiO2,
mean (SD)

APACHE III 
score

mean (SD)
Asfar 
et al.26

Randomized 
controlled trial

217 66·3
140 

(65%)
228 (103) N/A 217 67·8

137 
(63%)

220 (103) N/A

Barrot 
et al.25

Randomized 
controlled trial

99 63.0
65 

(65.7%)
116.8 
(47.4)

66.9 (13.7) 102 63.5
64 

(62.7%)
120.1 
(53.6)

67.9 (14.4)

Mackle 
et al.24

Randomized 
controlled trial

479 58.1
306 

(63.2%)
259 (146) N/A 480 57.5

302 
(62.8%)

245 (138) N/A

Panwar 
et al.23

Randomized 
controlled trial

52 62.4 32 (62%) 248 (112)
77.5 

(23.6)*
51 62.4 33 (65%) 247 (113)

67.9 
(25.6)*

Suzuki 
et al.17

Cohort study 54 54 32 (59%) 302 (142) 68 (32)* 51 51 38 (75%) 278 (137) 68 (39)*

Study Participants Interventions

Changes in SpO2, PaO2 after Interventions
Conservative group Liberal group

SpO2 mean 
(SD), %

PaO2 mean 
(SD), mmHG

SpO2 mean 
(SD), %

PaO2 mean 
(SD), mmHG

Asfar 
et al.26

Septic shock patients 
receiving mechanical 
ventilation in the ICU

Normoxia group: Target oxygen saturation 88%-95%

Hyperoxia group: Mechanical ventilation with FiO2 of 
1.0 for 24 h after inclusion. Thereafter target as in the 

normoxia group

N/A N/A N/A N/A

Barrot 
et al.25

ARDS patients receiving 
mechanical ventilation 

in the ICU

Conservative-oxygen group: Target oxygen saturation 
88%-92%

Liberal-oxygen group: The SpO2 was maintained at a 
level of at least 96%

93.16 
(0.45)*

71.5 (3.05)*
97.22 
(0.45)*

101.9 (4.47)*

Mackle 
et al.24

Patients receiving 
mechanical ventilation 

in the ICU

Conservative-oxygen group: The SpO2 was maintained 
between 90% and 97%

Liberal-oxygen group: no restrictions

N/A N/A N/A N/A

Panwar 
et al.23

Patients requiring 
invasive mechanical 
ventilation in the ICU

Conservative-oxygen group: Target SpO2 of 88-92%

Liberal-oxygen group: Target SpO2 of ≥ 96%
93.5 (0.45) 70 (2.5) 96.8 (0.5) 92 (3.5)

Suzuki 
et al.17

Patients receiving 
mechanical ventilation 

in the ICU

Conservative oxygen therapy: The SpO2 was maintained 
between 94% and 97%

Conventional oxygen therapy: The SpO2 was maintained 
between 97% and 99%

95.4 (0.48)* 82.5 (9.5)* 97.8 (0.31) * 106.8 (8.5)*
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Figure 2. Risk-of-bias graph.

Figure 4. Adjusted 28-day mortality.

M-H = Mantel-Haenszel; CI = confidence interval.

Figure 5. 90-day mortality.

M-H = Mantel-Haenszel; CI = confidence interval.

Figure 3. 28-day mortality.

M-H = Mantel-Haenszel; CI = confidence interval.
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time within 28 days between the conservative and liberal groups 
(MD = 0.8; 95%; CI = -0.65-2.25; P = 0.28). 

The vasopressor-free time within 28 days is shown in Figure 9. 
Three studies23,24,26 provided data regarding the vasopressor-free time 
within 28 days. Since there was no significant heterogeneity among 
the studies (P = 0.15; I2 = 48%), the fixed-effect model was adopted. 
The result showed that there was no statistically significant differ-
ence in vasopressor-free time within 28 days between the conserva-
tive and liberal groups (MD = 0.79; 95% CI = -0.71-2.30; P = 0.3).

The risk of bias in the studies included is shown in Figure 10. 
The funnel plot of the result showed that the primary outcome 
was symmetrical. Hence, there was no evidence of significant 
small-sample effects or publication bias.

DISCUSSION 
This systematic review and meta-analysis enrolled 1806 mechan-
ically ventilated ICU patients. All the studies included were con-
sidered to be of high quality. Despite the high heterogeneity, 

Figure 6. New infection rate.

M-H = Mantel-Haenszel; CI = confidence interval.

Figure 7. Intensive care unit length of stay.

SD = standard deviation; IV = inverse-variance weighting; CI = confidence interval.

Figure 8. Mechanical ventilation-free time within 28 days.

SD = standard deviation; IV = inverse-variance weighting; CI = confidence interval.

Figure 9. Vasopressor-free time within 28 days.

SD = standard deviation; IV = inverse-variance weighting; CI = confidence interval.
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the results suggest that conservative oxygen therapy does not 
increase the risks of short-term mortality, medium-term mortal-
ity, new infections, longer ICU length of stay, shorter mechanical 
ventilation-free time within 28 days or shorter vasopressor-free 
time within 28 days, for mechanically ventilated ICU patients.

In clinical practice, oxygen therapy has been widely used to 
prevent or correct arterial hypoxemia for mechanically ventilated 
ICU patients. Due to concerns over the possible adverse outcomes 
of hypoxia exposure among critically ill patients, liberal oxygen 
therapy and hyperoxia are widely used for mechanically ventilated 
ICU patients. One study reported that 59% of patients have oxy-
gen saturation greater than 98% most of the time.32 

However, according to the formula of oxygen delivery (DO2 
= cardiac output × arterial oxygen content; arterial oxygen con-
tent = (Hb × 1.34 × SaO2) + (0.0031 × PaO2)), oxygen delivery is 
governed by three key factors: arterial saturation (SO2), cardiac 
output (CO) and hemoglobin (Hb). It is unreasonable to only use 
SaO2 as the indicator for evaluating gas exchange in hypoxemic 
patients. Moreover, the oxygen dissociation curve of hemoglobin 
is “S-shaped”: the upper part of the curve is very gradual, which 
means that it is very difficult to further increase SaO2 by increasing 
blood oxygen content and PaO2 in the upper part. For example, even 
when the patient’s PaO2 is increased, at the risk of hyperoxia expo-
sure, from 100 mmHg to 150 mmHg, only an incremental increase 

(200 ml/l to 201.5 ml/l) in the blood oxygen content results from 
this.9 It has also been reported that hyperoxia results in decreased 
heart rate, reduced CO and increased vascular resistance.33 

Therefore, liberal oxygen therapy that only focuses on arte-
rial oxygen saturation when increasing the oxygen delivery is 
unhelpful. Hyperoxia caused by liberal oxygen therapy may even 
be harmful. It can promote production of reactive oxygen species 
and expression of inflammatory cytokines, thus increasing the risk 
and severity of pneumonia,11 epithelial and endothelial damage13 
and pulmonary interstitial edema.12

The results from the meta-analysis confirm that in acutely ill 
patients, liberal oxygen therapy is unhelpful and does not improve 
patient outcomes, but may increase mortality. When the range of 
SpO2 is more than 94-96%, patients may be affected adversely.4 
Recent studies have shown that conservative oxygen therapy has 
no significant adverse effect on ICU patients with respiratory fail-
ure and hypoxic ischemic encephalopathy.34,35 Conservative oxygen 
therapy is relatively safe for critically ill ICU patients.

Thus, oxygen therapy should be restricted. The goal of oxygen 
therapy should be to ensure adequate oxygen delivery while mini-
mizing any unnecessary hyperoxia exposure. However, the ques-
tion is how conservative it should be. The ideal situation is that 
supplemental oxygen administration should be guided through 
assessment of tissue oxygen delivery and consumption. However, 

Figure 10. Funnel plot for primary outcome.

SE = standard error; OR = odds ratio.
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these two parameters are difficult to obtain in clinical practice. 
In clinical trials, conservative oxygen therapy is usually carried 
out by keeping SpO2 at the lower limit of normality.24,25 To define 
conservative oxygen therapy solely on the basis of SpO2 seems to 
ignore assessment of oxygen consumption. 

As surrogate parameters for oxygen consumption, blood lac-
tate concentration, central venous-to-arterial CO2 difference and 
central venous or mixed venous oxygen saturation can also help 
in implementation of conservative oxygen therapy. Over recent 
years, there has been a conservative trend in oxygen therapy prac-
tice in some hospitals.36 

However, for mechanically ventilated critically ill ICU patients, 
there is a lack of consensus and explicit guiding criteria regard-
ing the use of conservative oxygen therapy. Clinicians who worry 
about hypoxemia will still increase the patient’s oxygen saturation 
as much as possible, even at levels exceeding what they think is 
reasonable,8 even though these clinicians are aware of the poten-
tial harm of liberal oxygen therapy.

The results from our study on mechanically ventilated ICU 
patients showed that there was no significant difference in clinical 
prognosis between use of liberal and use of conservative oxygen 
therapies. Conservative oxygen therapy did not result in additional 
risk; therefore, it is feasible and safe. It is worth mentioning that 
there was great heterogeneity regarding 28-day mortality among 
the studies reviewed here. By excluding each study one by one, we 
found that the heterogeneity arose from the study by Barrot et al.25 
Excluding Barrot’s study decreased the heterogeneity (I2 = 24%). 

After adjustments, the results from the meta-analysis revealed 
that conservative oxygen therapy reduced short-term mortality 
(RR = 0.78; 95% CI = 0.63-0.98; P = 0.03) (Figure 4). The reasons 
for this may have been related to the fact that the study population 
comprised acute respiratory distress syndrome (ARDS) patients. 
Such patients are characterized by difficult-to-correct hypoxemia. 
Hypoxemia arises from a diverse range of factors.37 There may be 
little difference in clinical prognosis between liberal and conser-
vative oxygen therapy use until the pathological basis of ARDS has 
been effectively improved. Moreover, the target for conservative 
oxygen therapy in the studies reviewed here was set at 88%-92% 
blood oxygen saturation, which is close to the lower limit rec-
ommended in ARDS guidelines.38,39 In practice, there was some 
deviation between the actual and target oxygen saturation. This 
would undoubtedly have increased the risk of hypoxia exposure 
in the conservative group. The adverse events of mesenteric isch-
emia seen in the conservative group may indicate that conserva-
tive oxygen therapy close to the lower limit recommended may 
have been inappropriate. 

Furthermore, apart from three studies17,26 that only partially 
included patients with ARDS and the sample population in the 
study of Barrot et al.,25 all the patients included were classified as 

presenting ARDS. The results suggest that there may have been 
a discrepancy between ARDS patients and non-ARDS patients 
regarding the prognosis from conservative oxygen therapy. In 
other words, this could imply that conservative oxygen therapy is 
beneficial for reducing short-term mortality among mechanically 
ventilated patients who do not present ARDS.

Limitations 
The findings reported in this study must be interpreted with cau-
tion because of several limitations. Firstly, the definitions of con-
servative oxygen therapy and liberal oxygen therapy were not 
quite concordant in the studies that we enrolled, and this may 
have led to inaccuracies in the relative mortality rates between 
the conservative and liberal groups. Secondly, the number of 
studies included was relatively small and, therefore, subgroup 
analysis according to ARDS status was not possible. Thirdly, we 
assumed that the respiratory function of mechanically ventilated 
patients in ICUs would be severely impaired. However, some 
patients received MV for extrapulmonary reasons, and it was not 
possible to exclude these patients.

CONCLUSIONS
Liberal oxygen therapy and higher SpO2 for mechanically ven-
tilated ICU patients are not necessary. For partial MV patients, 
conservative oxygen therapy was not associated with a statisti-
cally significant reduction in mortality. 
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Appendix 1. Search strategy.

Search strategy for PubMed

((“Oxygen Inhalation Therapy”[Mesh]) AND (((liberal*) OR (conservative*)) OR (conventional*))) AND (((Respiration, Artificial[MeSH Terms]) ) OR 
(mechanical ventilation)) AND (clinicaltrial[Filter])

Search strategy for Embase
(‘oxygen therapy’/exp OR ‘oxygen therapy’) AND (liberal* OR conservative* OR conventional*) AND ((‘respiration,’/exp OR respiration,) AND artificial OR 
(mechanical AND (‘ventilation’/exp OR ventilation))) AND ‘controlled clinical trial’/de

Search strategy for Cochrane library
((liberal*):ab OR (conservative*):ti,ab,kw OR (conventional*):ti,ab,kw) AND ((Respiration, Artificial):ab OR (mechanical ventilation):ti,ab,kw) AND (Oxygen 
Inhalation Therapy)

Search strategy for Web of Science
(TS= (Oxygen Inhalation Therapy) AND ((AB=(liberal*) OR AB=(conservative*)) OR AB=(conventional*))) AND ((TS=(Respiration, Artificial)) OR TS= 
(mechanical ventilation))
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Performance and reference intervals of thrombin 
generation test: results from the Brazilian longitudinal 
study of adult health (ELSA-Brasil). A cross-sectional study
Danyelle Romana Alves RiosI, Sandhi Maria BarretoII Letícia Gonçalves Resende FerreiraIII, Thaís Resende BatistaIV,  
Ana Paula Ferreira SilvaV, Wander Valadares de Oliveira JúniorVI, Chams Bicalho MalufVII, Maria das Graças CarvalhoVIII,  
Roberta Carvalho FigueiredoIX 

Campus Centro Oeste, Universidade Federal de São João del-Rei (UFSJ), Divinópolis (MG), Brazil

INTRODUCTION
Thrombin has pro and anticoagulant properties and is considered to be the main protein 
involved in hemostasis regulation.1 The thrombin generation test (TGT) is a method that evalu-
ates the capacity of plasma for thrombin generation ex vivo.2 Unlike the diagnostic and monitor-
ing methods available routinely in laboratories for evaluating hemostasis, in which formation of 
a fibrin clot occurs when less than 5% of total thrombin has been generated, the TGT is capable 
of evaluating hemostasis in an overall manner and thus has greater sensitivity.1,3 Hence, rou-
tine coagulometric methods measure only the initial phase of thrombin generation (TG) and 
are insensitive to prothrombotic states, while the TGT provides complete information on the 
phases of propagation and termination. The TGT therefore reflects the components of natu-
ral anticoagulation, such as proteins C and S and antithrombin, in addition to the tissue factor 
pathway inhibitor.4 

The TGT was developed by Macfarlane and Biggs in the 1950s and later modified by 
Hemker.2 After several further improvements, different methods for measuring thrombin gen-
eration were developed.5,6 

However, the calibrated automated thrombogram (CAT) method is considered to be 
the reference method.6 In this, the proteolytic activity of thrombin generated in plasma is 
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ABSTRACT
BACKGROUND: The thrombin generation test (TGT) has shown promise for investigation of hemorrhag-
ic and thrombotic diseases. However, despite its potential, it still needs standardization. Moreover, few 
studies have established reference values for TGT parameters. In Brazil, these values have not yet been 
established. 
OBJECTIVE: To determine TGT performance and reference intervals for TGT parameters in healthy indi-
viduals. 
DESIGN AND SETTING: Cross-sectional study conducted among participants in the Brazilian Longitudinal 
Study of Adult Health (Estudo Longitudinal de Saúde do Adulto, ELSA-Brasil).
METHODS: The reference sample consisted of 620 healthy individuals. The calibrated automated throm-
bogram (CAT) method, under low and high tissue factor (TF) conditions, was used to assess thrombin 
generation. Test performance was analyzed using intra and interassay coefficients of variation (CV) and 
reference intervals were calculated using the nonparametric method proposed by the International Fed-
eration of Clinical Chemistry and the Clinical and Laboratory Standards Institute. 
RESULTS: The intraassay CV ranged from 1.4% to 2.2% and the interassay CV, 6.8% to 14.7%. The reference 
intervals for TGT parameters under low and high TF conditions were, respectively: lagtime: 3.0-10.3 and 
1.4-3.7 min; endogenous thrombin potential (ETP): 1134.6-2517.9 and 1413.6-2658.0 nM.min; normalized 
ETP: 0.6-1.3 and 0.7-1.4; peak: 103.2-397.7 and 256.4-479.0 nM; normalized peak: 0.3-1.3 and 0.7-1.2; and 
time-to-peak: 5.6-16.0 and 3.4-6.7 min. These parameters were categorized relative to sex. 
CONCLUSION: TGT performance was adequate and the proposed reference intervals were similar to those 
of other studies. Our findings may be useful for consolidating the TGT, through contributing to its stan-
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measured using a fluorogenic substrate.2 The reaction is trig-
gered through addition of either low or high picomolar con-
centration of tissue factor (TF), plus phospholipids and calcium 
ions. Fluorescence is measured continuously for 60 minutes and 
is proportional to the amount of thrombin generated. The mea-
surements are obtained in a fluorimeter, and the Thrombinoscope 
software (Thrombinoscope BV, Maastricht, Netherlands) is used 
to convert the relative fluorescence units (RFU) into thrombin 
concentration (nM.min), in order to build a thrombin genera-
tion curve in real time and calculate its parameters. The main 
parameters are lagtime (corresponding to the period between 
addition of trigger reagents and the beginning of thrombin pro-
duction), peak (maximum thrombin concentration produced 
in the amplification/propagation phase), time-to-peak (time 
necessary to reach the maximum thrombin production) and 
endogenous thrombin potential (ETP) (corresponding to the 
total amount of thrombin produced, i.e. reflecting the balance 
between procoagulant and anticoagulant forces).3 Extended lag-
time and time-to-peak and reduced ETP and peak indicate a 
state of hypocoagulability. On the other hand, a state of hyper-
coagulability is characterized by reductions of time-to-peak and 
lagtime and increased peak and ETP.7

From a clinical point of view, a laboratory test that has the 
capacity to accurately predict the clotting potential of an individ-
ual is needed. In this regard, the TGT can be used to understand 
coagulation mechanisms;8 diagnose and monitor hemorrhagic 
diseases;9,10 monitor the use of anticoagulants4,11 and antiplatelet 
agents; and predict recurrence of venous thromboembolism.12-14

Despite its potential, the TGT still requires standardization 
and clinical validation studies.3,6,15 In fact, some studies have shown 
that pre-analytical factors can significantly interfere in the TGT 
and limit its potential for clinical use.16-19 Moreover, only a few 
studies20-24 have determined reference ranges for TGT parameters. 
ELSA-Brasil was the first major Brazilian study to perform the TGT 
on a sample of its participants. Establishment of reference values 
can favor development of clinical studies and implementation of 
the TGT as a routine laboratory test. 

OBJECTIVE
Therefore, the aim of this study was to evaluate TGT per-
formance and propose reference intervals for TGT param-
eters, in a sample of healthy participants in the Brazilian 
Longitudinal Study of Adult Health (Estudo Longitudinal 
de Saúde do Adulto, ELSA-Brasil). This was done in accor-
dance with the recommendations of the consensus document: 
“How to define and determine reference intervals in the clini-
cal laboratory”, proposed by the International Federation of 
Clinical Chemistry and the Clinical and Laboratory Standards 
Institute (CLSI).25

METHODS

Population
This study used data from the ELSA-Brasil multicenter cohort study, 
which involved 15,105 participants (aged 35 to 74 years) who were 
civil servants working in higher education or research organizations in 
six Brazilian cities. Detailed information on the baseline of the ELSA-
Brasil study has been published elsewhere.26,27 Approvals from eth-
ics committees were granted (August 4, 2006; CAAE 0016.1.198.000-
06), and all individuals provided their written informed consent. 

Out of the 3,115 baseline participants of the state of Minas 
Gerais, this analysis was restricted to 2,970 individuals from whom 
TGT were obtained. Additionally, individuals who presented fac-
tors that might have affected hemostasis and, therefore, the TGT 
were excluded, in accordance with the exclusion criteria (Table 1). 
Out of these 2,970 participants, 2,350 were excluded. Thus, the 
study population was 620 participants. Moreover, TGT parameters 
values below the first percentile and/or above the 99th percentile 
were considered to be outliers and were excluded from the analysis. 

Plasma samples
Venous blood sampling was performed in the mornings after fast-
ing, in accordance with the CLSI Procedures for the Collection 

Table 1. Exclusion criteria among participants and number of excluded 
individuals

Exclusion criteria
Number of patients 

(n = 2,970)

Excluded (n) Kept (n)

Continuous use of any medication, 
including oral contraceptive use and 
hormone therapy use

1,829 1,141

Self-rating of health as fair, poor or very 
poor

95 1,046

Self-reported medical diagnosis of 
diabetes

7 1,039

Self-reported medical diagnosis of 
arterial hypertension

71 968

Self-reported medical diagnosis of 
cardiovascular diseasea

16 952

Self-reported medical diagnosis of 
thrombosis or pulmonary embolism

19 933

Self-reported medical diagnosis of liver 
diseaseb

85 848

Self-reported medical diagnosis of cancer 17 831
Current smokerc 93 738
Body mass index (BMI) > 30 kg/m2 108 630
Glomerular filtration rate (GFR) < 60 ml/
min/1.72 m3

10 620

aAcute myocardial infarction, angina, congestive heart failure, stroke and 
myocardial revascularization; bcirrhosis or hepatitis; cparticipants who declared that 
they had smoked at least one hundred cigarettes over the course of their lives and 
were still smoking.
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of Diagnostic Blood Specimens by Venipuncture: Approved 
Standard.28 Venipuncture was performed for vacuum collection 
into tubes containing one volume of trisodium citrate (0.105 M) 
to nine volumes of blood (BD Vacutainer System; Greiner tubes). 
These were identified using barcodes, to ensure confidentiality, 
security and traceability of the sample.29 Platelet-poor plasma 
(PPP) was obtained by means of centrifugation at 2,500 g and 4 
°C for 15 minutes, and was then stored at -80 °C until use. The 
time between blood collection and centrifugation was not more 
than 30 minutes. 

Thrombin generation test
The TGT was performed in PPP using the CAT method 
(Thrombinoscope BV, Maastricht, Netherlands), using a 96-well 
plate, under two conditions for triggering the reaction: 1) low TF 
concentration; and 2) high TF concentration. The CAT method 
in PPP was carried out as described previously by Duarte et al.15 
The following TGT parameters were measured and analyzed: lag-
time (min), peak (nM), time-to-peak (min) and ETP (nM.min). 
PPP-reagent low, PPP-reagent high, thrombin calibrator and cal-
cium-containing fluorogenic substrate (FluCa) kit reagents were 
purchased from Diagnostica Stago (Reading, United Kingdom).

One control plasma pool (CPP) including male participants 
and another CPP including female participants were prepared in 
order to normalize the ETP of the other participants’ samples, for 
internal quality control and determination of intra and interassay 
variabilities. Each CPP was obtained by mixing 170 samples from 
female and 170 from male participants in ELSA-Brasil in the state 
of Minas Gerais, who met the following criteria: C-reactive pro-
tein (CRP) ≤ 3 mg/dl (to exclude acute diseases); and not using 
female hormones or antithrombotic drugs that could potentially 
interfere with the hemostatic mechanism. The sample aliquots 
from the participants selected to compose each pool were mixed, 
aliquoted again and frozen for use during the experiments. CPP 
was added in duplicate to all plates. 

The ETP of the female participants was normalized against the 
data generated in the female CPP, and the ETP of the male par-
ticipants was normalized against the data generated in the male 
CPP, at low and high TF concentrations. According to Dargaud 
et al.,16 normalization of the ETP values of samples, against an ETP 
value obtained using a CPP, guarantees lower interassay variabil-
ity in the TGT.

Statistical analysis
The intra and interassay coefficients of variation (CV) were cal-
culated for all experiments under both conditions (low and high 
TF), regarding all parameters of the TGT, which was carried out 
between March and December 2018. CPP was added in duplicate 
to all plates under the two conditions analyzed. The intraassay 

variability of the ETP, lagtime, peak and time-to-peak was deter-
mined using the CV of the duplicates for each experiment and 
then averaging all the CVs. The interassay variability of this 
parameter was determined by calculating the CV between the 
means of the duplicates of the CPP of all the 164 independent 
runs that were conducted over the ten-month period.

Skewness and kurtosis tests were applied to evaluate the dis-
tribution of TGT parameter values. A nonparametric method was 
used to determine the reference interval, calculated as the interval 
from percentile 2.5 to percentile 97.5 of the TGT parameter distri-
bution. Student’s t test was used to verify differences between sub-
groups defined according to sex and age. We assessed the need to 
recommend a specific age and sex reference range for the TGT using 
the Harris/Boyd statistical approach.25 Following this approach, 
we calculated z scores from TGT parameter means and standard 
deviations (SDs) and compared these with a critical value (z*). 

Separate reference intervals are recommended if at least one 
of the following conditions is met: 1) Calculated z exceeds critical 
value z*; 2) Statistical differences exist between TGT parameter 
SDs of each subgroup and the larger SD exceeds the smaller SD 
1.5-fold, or if the proportion [larger SD/(larger SD – smaller SD)] 
is less than 3. It should be mentioned that the CLSI recommends 
that each subgroup of pre-analytical variables should be composed 
of at least 120 individuals.25 

A P-value lower than 0.05 was considered statistically signifi-
cant, and the analysis was performed using the STATA 9.0 statis-
tical package (Stata; College Station, Texas, United States).

RESULTS
The population of this study consisted of 620 healthy participants 
for whom TGT data were available and who were not within the 
exclusion criteria (Table 1). The majority of the participants were 
men (56.6%), with ages between 35-54 years (81.6%). They self-
declared as white (46.0%) and had reached full higher educa-
tion (62.4%) (Table 2). In relation to age distribution, there was 
no statistical difference between men and women (mean age 
of the men = 47.7 years, SD = 8.0 years; and mean age of the 
women = 47.2 years, SD = 6.7 years).

The intra- and interassay CVs under low and high TF condi-
tions from the 164 CPP runs are presented in Table 3.

Histograms showing the distribution of the TGT parameters 
are presented in Figures 1 and 2. It can be seen from these that 
the dispersion of all the parameter values was close to normal 
distribution.

All TGT parameters were statistically different under both low 
and high TF conditions and according to sex; and also, for some 
mean TGT parameters, according to age. Our results relating to sex 
showed that males had higher mean values for lagtime and time-
to-peak and lower mean values for ETP, normalized ETP, peak and 



Performance and reference intervals of thrombin generation test: results from the Brazilian  
longitudinal study of adult health (ELSA-Brasil). A cross-sectional study | ORIGINAL ARTICLE

Sao Paulo Med J. 2022; 140(3):474-85     477

normalized peak, in comparison with female participants, under 
both TF conditions. Regarding age, the lagtime and time-to-peak 
values under the low TF condition were higher among individu-
als ≥ 55 years old than among those between 35 and 54 years old. 
Under the high TF condition, the lagtime and time-to-peak val-
ues were higher and peak and normalized peak values were lower 
among individuals ≥ 55 years old than among those between 35 
and 54 years old (Tables 4 and 5).

Regarding sex, the calculated z for lagtime, ETP and time-to-
peak under the low TF condition, and for lagtime, peak, normalized 
peak and time-to-peak under the high TF condition, was higher 
than z*. In addition, each category (male and female) had more 
than 120 participants. Regarding age, the calculated z for lagtime 
and time-to-peak under the high TF condition was higher than z*, 
but one category (age ≥ 55 years) had fewer than 120 individuals 

(n = 114), i.e. it did not meet the CLSI recommendations. Thus, we 
chose to present reference intervals categorized according to sex 
only for the parameters that met at least one criterion of the Harris/
Boyd statistical approach and the CLSI recommendations.

Table 6 shows the reference intervals for TGT parameters 
under both low and high TF conditions. As expected, under the 
low TF condition, ETP and peak values were slightly lower than 
those obtained under the high TF condition. However, for the lag-
time and time-to-peak parameters, the inverse was observed, i.e. 
higher values for low TF and lower values for high TF.

DISCUSSION
Our study, developed using a sample of healthy participants from 
a large cohort of Brazilian adults, showed adequate TGT per-
formance, as measured through intra- and intertest variability. 
Furthermore, this study established reference intervals for TGT 
parameters, and showed that for some parameters, these intervals 
need to be stratified according to sex.

Use of a standardized procedure for the TGT resulted in accept-
able validation criteria, with CVs for most TGT parameters of 
< 10%.30 In our study, the intra and interassay variability of the 
ETP, lagtime, peak and time-to-peak ranged from 1.4% to 2.2% 
and from 6.8% to 14.7%, respectively. These findings are in agree-
ment with those of Duarte et al.,15 in which the intra-assay CV for 
all parameters was below 10%; and with those of Ten Cate-Hoek 
et al.,23 in which none of the TGT parameters, under either condi-
tion, presented CV greater than 5%. In a study by Bloemen et al.,20 
the CVs of all parameters were shown to range from 10% to 27%. 
One explanation for this higher CV could particularly be that 
individualized reagents of different origins may have been used, 
which would involve more steps in carrying out the technique; 
whereas in our study and in the others mentioned, single-manu-
facturer kits were used. 

There is evidence that the TGT is a more sensitive method for 
assessing hemostasis than routine coagulometric assays, such as pro-
thrombin time, activated partial thromboplastin time or individual 
coagulation factor assays.31,32 The TGT has basically been performed 
under two experimental conditions: low and high concentrations of 
TF. Bagot et al.33 reported that most researchers now consider that 
use of a low TF concentration provides greater sensitivity due to its 
higher capacity for evaluating the intrinsic pathway, natural coag-
ulation inhibitors and fibrinogen. However, the TGT using high TF 
concentration may be useful for evaluating more hypercoagulable 
states, i.e. when patients are using anticoagulants,6 and for analyses 
to investigate the natural anticoagulation mechanism, through addi-
tion of activated protein C34 or thrombomodulin.35-37

In accordance with most of the studies summarized in Table 7, 
we also proposed and performed determination of TGT reference 
intervals under both experimental conditions, with low and high 

Table 2. Sociodemographic characteristics of the 620 reference 
individuals

Characteristics
Frequency

n %
Sex

Male 351 56.6
Female 269 43.4

Age group (years)
35-54 506 81.6
≥ 55 114 18.4

Self-rated race/skin color
White 285 46.0
Browna 231 37.2
Black 75 12.1
Othersb 29 4.7

Education (years)
< 11 41 6.6
11-14 192 31.0
≥ 15 387 62.4

a“Brown” or of mixed color; bincludes native indigenous (n = 2), Asian 
descendent (n = 18) and missing information (n = 9).

Table 3. Intra and interassay coefficients of variation (CVs) of 
thrombin generation test (TGT) parameters under low and 
high tissue factor (TF) conditions
TGT parameters Intraassay CV (%) Interassay CV (%)

Lagtime
Low TF 1.9 12.4
High TF 1.7 14.7

ETP
Low TF 1.7 9.3
High TF 2.2 10.5

Peak
Low TF 2.1 10.4
High TF 1.7 6.8

Time-to-peak
Low TF 1.9 10.3
High TF 1.4 10.1

ETP = endogenous thrombin potential. 
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TF, and our findings were similar to those of these previous studies. 
Only Lundbech et al.21 and Haidl et al.24 conducted evaluations only 
with low or high TF, respectively. The five studies presented were 
carried out in Austria, Germany, Denmark and Holland, and used 
the CAT method to evaluate thrombin generation. In four of them, 

Diagnostica Stago or Thrombinoscope BV kits were acquired. Only 
one study, Bloemen et al.,20 used individualized reagents from differ-
ent sources. The studies by van Paridon et al.22 and Lundbech et al.21 
stratified the reference intervals according to sex, while Bloemen 
et al.,20 Ten Cate-Hoek et al.23 and Haidl et al.24 did not stratify.

Figure 1. Distribution curves for (A) Lagtime; (B) Endogenous thrombin potential (ETP); (C) Peak; (D) Time-to-peak; (E) Normalized ETP; 
(F) Normalized peak under the low tissue factor (TF) condition.

Figure 2. Distribution curves for (A) Lagtime; (B) Endogenous thrombin potential (ETP); (C) Peak; (D) Time-to-peak; (E) Normalized ETP; 
(F) Normalized peak under the high tissue factor (TF) condition.
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Table 4. Mean, standard deviation and 95% confidence intervals of thrombin generation test (TGT) parameters under the low tissue 
factor (TF) condition, according to sex and age, among reference individuals (n = 620)  

Demographic
variable

Parameter
Lagtime 

(min) 
(n = 607)

ETP 
(nM.min)
(n = 607)

Peak 
(nM)

(n = 607)

Time to peak 
(min)

(n = 608)

Normalized ETP
(n = 597)

Normalized peak
(n = 607)

Sex

Male (n = 351)
n

Mean (SD) 
95% CI

343
6.8 (1.98)

6.5-7.0

345
1724.2 (332.1)
1689.0-1759.3

345
239.3 (72.5)
231.6-246.9

345
10.9 (2.6)
10.6-11.1

333
0.92 (0.16)
0.90-0.93

346
0.72 (0.23)
0.69-0.74

Female (n = 269)

n
Mean (SD) 

95% CI
aP-value

264
5.7 (1.8)
5.5-5.9
0.000

262
1874.0 (361.3)
1830.0-1917.9

0.000

262
256.2 (82.0)
246.3-266.2

0.007

263
9.7 (2.7)
9.4-10.1

0.000

264
0.97 (0.17)
0.95-0.99

0.000

261
0.83 (0.26)
0.80-0.86

0.000

Age group (years)

35 - 54 (n = 506)
n

Mean (SD) 
95% CI

499
6.1 (2.0)
6.0-6.3

495
1795.5 (356.6)
1764.0-1827.0

496
247.4 (77.2)
240.6-254.2

499
10.2 (2.7)
10.0-10.5

486
0.95 (0.17)
0.93-0.96

495
0.77 (0.25)
0.75-0.79

≥ 55 (n = 114)

n
Mean (SD) 

95% CI
aP-value

108
7.0 (1.7)
6.7-7.3
0.000

112
1759.5 (334.4)
1696.8-1822.1

0.330

111
243.1 (77.3)
228.5-257.6

0.595

109
11.1 (2.5)
10.6-11.5

0.004

111
0.92 (0.16)
0.89-0.95

0.196

112
0.75 (0.25)
0.71-0.80

0.591

The numbers of participants for each parameter differ due to outliers and missing information for each of them (outliers + missing: lagtime male 3 + 5, female 
3 + 2; 35-54 years 2 + 5, ≥ 55 years 4 + 2; ETP male 1 + 5, female 5 + 2; 35-54 years 6 + 5, ≥ 55 years 0 + 2; peak male 1 + 5, female 5 + 2; 35-54 years 5 + 5, ≥ 55 
years 1 + 2; time to peak male 1 + 5, female 4 + 2; 35-54 years 2 + 5, ≥ 55 years 3 + 2; normalized ETP male 3 + 15, female 3 + 2; 35-54 years 5+15, ≥ 55 years 1 + 
2; normalized peak male 0 + 5, female 6 + 2; 35-54 years 6 + 5, ≥ 55 years 0 + 2). aP-value obtained through Student’s t test.
ETP = endogenous thrombin potential; SD = standard deviation; CI = confidence interval.

Table 5. Mean, standard deviation and 95% confidence intervals of thrombin generation test (TGT) parameters under the high tissue 
factor (TF) condition, according to sex and age group, among reference individuals  

Demographic
variable

Parameter
Lagtime 

(min) 
(n = 605)

ETP 
(nM.min)
(n = 599)

Peak 
(nM)

(n = 604)

Time to peak 
(min) 

(n = 604)

Normalized ETP
(n = 593)

Normalized peak
(n = 595)

Sex

Male (n = 351)
n

Mean (SD) 
95% CI

341
2.6 (0.6)
2.5-2.6

341
1905.6 (311.6)
1872.4-1938.8

344
338.6 (47.4)
333.6-343.6

343
5.1 (0.8)
5.0-5.2

333
1.0 (0.2)

0.99-1.02

341
0.92 (0.1)
0.91-0.93

Female (n = 269)

n
Mean (SD) 

95% CI
aP-value

264
2.2 (0.5)
2.2-2.3
0.000

258
2029.8 (327.7)
1989.6-2070.0

0.000

260
384.8 (54.4)
378.2-391.5

0.000

261
4.6 (0.8)
4.5-4.7
0.000

260
1.0 (0.2)

1.01-1.05
0.051

254
0.97 (0.12)
0.96-0.99

0.000

Age group (years)

35-54 (n = 506)
n

Mean (SD) 
95% CI

493
2.4 (0.6)
2.3-2.4

488
1967.7 (355.7)
1937.8-1997.6

492
362.6 (55.7)
357.7-367.6

492
4.8 (0.8)
4.7-4.8

481
1.0 (0.2)

1.00-1.03

484
0.95 (0.12)
0.94-0.96

≥ 55 (n = 114)

n
Mean (SD) 

95% CI
aP-value

112
2.7 (0.6)
2.6-2.8
0.000

111
1921.4 (266.3)
1871.3-1971.5

0.175

112
340.4 (50.6)
330.9-349.9

0.000

112
5.3 (0.8)
5.1-5.4
0.000

112
1.0 (0.2)

0.97-1.03
0.243

111
0.91 (0.13)
0.88-0.93

0.001

The numbers of participants for each parameter differ due to outliers and missing information for each of them (outliers + missing: lagtime male 5 + 5, female 
1 + 4; 35-54 years 6 + 7, ≥ 55 years 0 + 2; ETP male 5 + 5, female 7 + 4; 35-54 years 11 + 7, ≥ 55 years 1 + 2; peak male 2 + 5, female 4 + 5; 35-54 years 6 + 8, ≥ 55 
years 0 + 2; time to peak male 2 + 6, female 3 + 5; 35-54 years 5 + 9, ≥ 55 0 + 2; normalized ETP male 3 + 15, female 2 + 7; 35-54 years 5 + 20, ≥ 55 years 0 + 2; 
normalized peak male 0 + 8, female 6 + 5; 35-54 years 6 + 11, ≥ 55 years 0 + 2). aP-value obtained through Student’s t test.
ETP = endogenous thrombin potential; SD = standard deviation; CI = confidence interval.
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In our study, significant differences according to sex were 
found in the means of all TGT parameters, under both conditions. 
Women had lower lagtime and time-to-peak averages, and higher 
ETP, peak and normalized peak, i.e. they had higher thrombin gen-
eration than men. These findings are similar to those of the study 
by van Paridon et al.,22 who suggested that female endogenous sex 
hormones had an influence on hemostasis, such that this would 
increase the fibrinogen levels and reduce the natural anticoagu-
lant levels. This would explain the differences in TGT parameter 
values between the sexes.38

Regarding age, the mean lagtime and time-to-peak under low 
TF and high TF conditions were higher and the mean peak and 
normalized peak were lower only with high TF, among individuals 
aged 55 years or over, in comparison with those aged between 35 
and 54 years. Some other studies have described the effect of age 
on the TGT.22,24,39,40 Van Paridon et al.22 observed that there was a 
positive association between lagtime and age among both men and 
women, which corroborates our findings. They also observed that 
ETP and the peak increased with age among both men and women, 
and that the potential for thrombin generation tended to decrease 
with age. Other studies have generally suggested that a positive 
association exists between thrombin generation and increasing 
age.24,39,40 It should be noted that these studies had small samples. 
We therefore believe that both the previous findings and our find-
ings relating to age still need to be better clarified.

It is known that the plasma levels of hemostatic factors can 
present racial differences. In general, blacks have higher levels of 
factors VII and VIII and lower levels of proteins C and S than those 
of whites.41-44 However, the data on possible racial differences relat-
ing to the potential for thrombin generation in a healthy popula-
tion remain inconclusive.45 In our study, no significant differences 

Table 6. Reference intervals for the thrombin generation test (TGT) 
parameters under low and high tissue factor (TF) conditions

TGT parameters Median 
Reference interval

Percentile 
2.5

Percentile 
97.5

Low TF condition

Lagtime (min)
All 6.3 3.0 10.3

Male 6.7 3.3 10.7
Female 5.7 2.7 9.7

ETP (nM.min)
All 1769.8 1134.6 2517.9

Male 1711.2 1063.0 2393.2
Female 1860.4 1202.8 2619.0

Peak (nM) All 244.6 103.2 397.7

Time-to-peak 
(min)

All 10.3 5.6 16.0
Male 10.9 6.3 16.1

Female 9.33 4.7 15.7
Normalized ETP All 0.9 0.6 1.3

Normalized peak
All 0.7 0.3 1.3

Male 0.7 0.3 1.2
Female 0.8 0.4 1.3

High TF condition

Lagtime (min)
All 2.3 1.4 3.7

Male 2.7 1.6 4.0
Female 2.3 1.3 3.4

ETP (nM.min) All 1931.7 1413.6 2658.0

Peak (nM)
All 355.1 256.4 479.0

Male 335.8 248.9 437.6
Female 381.8 279.7 499.6

Time-to-peak 
(min)

All 4.7 3.4 6.7
Male 5.0 3.6 7.0

Female 4.3 3.4 6.3
Normalized ETP All 1.0 0.7 1.4
Normalized peak All 0.9 0.7 1.2

ETP = endogenous thrombin potential; min = minutes.

Table 7. Reference intervals for thrombin generation test (TGT) parameters from different studies  

Study Subject population
Country of 

origin

Method/
equipment/

reagents

Reference intervals to PPP

Low condition  
(TF ~1 pM)

High condition  
(TF ~5 pM)

ELSA-
Brasil

620 healthy adult individuals aged 
35-74 years

Brazil

–  CAT/ Fluoroskan 
AscentTM 
microplate 
fluorometer

–  Kits were 
obtained from 
Diagnostica 
Stago

2.5%-97.5%
• Lagtime (min): 3.0-10.3

Male: 3.3-10.7
Female: 2.7-9.7

•  ETP (nM.min): 1134.6-
2517.9
Male: 1063.0-2393.2
Female: 1202.8-2619.0

• Peak (nM): 103.2-397.7
•  Time-to-peak (min): 

5.6-16.0
Male: 6.3-16.1
Female: 4.7-15.7

• Normalized ETP: 0.9-1.3

2.5%-97.5%
• Lagtime (min): 1.4-3.7

Male: 1.6-4.0
Female: 1.3-3.4

•  ETP (nM.min): 1413.6-
2658.0

• Peak (nM): 256.4-479.0
Male: 248.9-437.6
Female: 276.7-499.6

•  Time-to-peak (min): 
3.4-6.7
Male: 3.6-7.0
Female: 3.4-6.3

•  Normalized ETP: 0.7-1.4

Coninue...
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Study Subject population
Country of 

origin

Method/
equipment/

reagents

Reference intervals to PPP

Low condition  
(TF ~1 pM)

High condition  
(TF ~5 pM)

Lundbech 
et al., 
202021 

124 blood donors aged 21-66 years Denmark

–  CAT/ Fluoroskan 
AscentTM 
microplate 
fluorometer

–  Kits were 
obtained from 
Thrombinoscope 
BV

X ± 1.96*SD
Subgroups: 95% CI

•  Lagtime (min): 4.4-9.4
Male: 7.1-7.6
Female: 6.4-6.7

•  ETP (nM.min): 554.0-
1952.0
Male: 1093.0-1258.0
Female: 1249.0-1440.0

•  Peak (nM): 46.0-288.0
Male: 139.0-164.0 
Female: 167.0-203.0

•  Time-to-peak (min): 
8.0-15.0
Male: 11.7-12.5 
Female: 10.3-11.2

NA

Van 
Paridon 
et al., 
201922

1,210 apparently cardiovascularly 
healthy subjects without history of CVD 
(myocardial infarction, congestive heart 
failure, coronary artery disease, venous 
thromboembolism, atrial fibrillation or 
peripheral artery disease), presence of 
CVRFs (obesity, dyslipidemia, arterial 

hypertension or diabetes mellitus) 
or use of antithrombotic agents, 
oral contraceptives or hormonal 

replacement therapy. The median 
age was 47 years (IQR 42-55) among 

males and 48 years (IQR 45-55) among 
females.

Germany

–  CAT/ Fluoroskan 
AscentTM 
microplate 
fluorometer

–  Kits were 
obtained from 
Thrombinoscope 
BV

Lagtime: median (IQR)
ETP and Peak: mean (SD)

•  Lagtime (min): 
Male: 5.07 (4.67-5.67) 
Female: 4.67 (4.33-5.33)

•  ETP (nM.min):
Male: 1047 (216) 
Female: 1099 (203)

•  Peak (nM): 
Male: 108 (51) 
Female: 115 (48.7)

•  Time-to-peak (min): NA

Lagtime: median (IQR)
ETP and Peak: mean (SD)

•  Lagtime (min): 
Male: 2.67 (2.33-3.00) 
Female: 2.39 (2.33-2.67)

•  ETP (nM.min):
Male: 1322 (196) 
Female: 1318 (212)

•  Peak (nM): 
Male: 236 (52.2) 
Female: 259 (53.3)

•  Time-to-peak (min): NA

Bloemen 
et al., 
201720

129 healthy adult individuals (did not 
have any predisposition to/history of 
thrombosis or bleeding or they had 
not taken any oral anticoagulant or 

antiplatelet drugs for at least 2 weeks 
before testing). The median age was 

32.0 years (IQR 27.0-43.5).

Netherlands

–  CAT/ Fluoroskan 
AscentTM 
microplate 
fluorometer 

–  Individualized 
reagents from 
different sources

2.5%-97.5%
•  Lagtime (min): 3.3-5.8
•  ETP (%): 72.3-141.5
•  Peak (%): 30.5-97.2
•  Time-to-peak (min): 

6.1-10.9

2.5%-97.5%
•  Lagtime (min): 1.7-2.9
•  ETP (%): 77.7-142.9
•  Peak (%): 73.3-126.9
•  Time-to-peak (min): 

3.1-5.0

Ten 
Cate-Hoek 
et al., 
200823

137 healthy individuals (without 
anticoagulant, anti-platelet or 

oral contraceptives drugs, and no 
pregnant women) recruited from the 
community. Mean age was 53.7 years. 

Netherlands

–  CAT/ Fluoroskan 
AscentTM 
microplate 
fluorometer

–  Kits were 
obtained from 
Thrombinoscope 
BV

95% CI
•  Lagtime (min): 3.9-4.1
•  ETP (%): 99.0-106.3
•  Peak (%): 92.7-105.5

95% CI
•  Lagtime (min): 2.4-2.8
•  ETP (%): 96.6-109.2
•  Peak (%): 89.7-97.5

Haidl 
et al., 
200624

35 healthy adult volunteers consisting 
of students and medical staff who 

were not taking any medication that 
would influence coagulation aged < 

35 years.

Austria

–  CAT/ Fluoroskan 
AscentTM 
microplate 9 
fluorometer

–  Individualized 
reagents from 
different sources

NA

Mean ± 2-fold SD
•  Lagtime (min): 1.35-2.39
•  ETP (nM.min): 1745.0-

2737.0
•  Peak (nM): 433.0-669.0
•  Time-to-peak (min): 2.75-

4.31

TF = tissue factor; ETP = endogenous thrombin potential; CAT= calibrated automated thrombogram; CVD = cardiovascular disease; CVRFs = cardiovascular risk 
factors; SD = standard deviation; CI = confidence interval; PPP = platelet-poor plasma; ELSA = Longitudinal Study of Adult Health (Estudo Longitudinal de Saúde 
do Adulto); IQR = interquartile range; NA = not applicable; min = minutes.

Table 7. Continuation  
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in TGT parameters were observed in relation to the race/color of 
the participants (data not presented). However, it should be noted 
that color/race was obtained through self-reporting. Pena et al.46 
showed that in Brazil, skin color, phenotypically evaluated, has a 
very weak correlation with the degree of ancestry. 

The reference ranges in this study were determined in accor-
dance with the CLSI recommendations. We presented general and 
sex-stratified reference intervals for the parameters of lagtime, 
ETP, time-to-peak and normalized peak under the low TF condi-
tion and lagtime, peak and time-to-peak under the high TF con-
dition. For these parameters, the results from the Harris and Boyd 
test showed that the calculated z of these parameters exceeded the 
z*, thus indicating that reference intervals categorized according 
to sex would be clinically useful.25 However, we did not present 
reference intervals according to age category, because only two 
parameters (lagtime and time-to-peak under the high TF condi-
tion) showed calculated z greater than z*. Moreover, one category 
(age ≥ 55 years) had fewer than 120 individuals (n = 114) and thus 
did not meet the CLSI recommendations.

One of the greatest challenges in studies in which the pro-
posal is to determine reference intervals for biological analytes 
is how to select of healthy individuals. Most studies use conve-
nience sampling, consisting of medical students, blood donors, etc. 
This is questionable because these groups are not representative 
of the population in which these parameters are evaluated.25,47,48 
Nonetheless, most of the studies that have put forward reference 
ranges for TGT parameters used samples that were precisely from 
blood donors,21 students and medical staff24 or young and healthy 
adult individuals,20 as can be observed in Table 7.

Thus, our study innovated and aggregated information on this 
topic, since the completeness and quality of the ELSA-Brasil data 
ensured that a healthy reference sample was selected. This study 
was developed using a sample from the general population that 
did not include any individuals with medical diagnoses of diabetes, 
hypertension, CVD, venous thromboembolism, cancer or liver dis-
eases, or any obese individuals, smokers, individuals with altered 
glomerular filtration rate (GFR) and individuals making regular 
use of medications (including female hormones). Hence, condi-
tions that may affect hemostasis were excluded. 

Although our reference ranges can be generalized to other 
populations in order to identify patients with risks of bleeding 
and thrombosis, it is important to emphasize that these ranges 
should be used with caution. These values may differ according 
to the ethnic origin of the population, geographical location or 
living habits, among other factors.25 In addition, pre-analytical 
variables, including individual preparation; devices and collec-
tion tubes (with or without corn trypsin inhibitor, CTI); sample 
storage time and processing; and the analysis method itself, such 
as the use of different sources, batches and concentrations of TF 

and different mixtures of phospholipids (PL), along with proper 
interpretation of results, may also have an impact on laboratory 
test values.16,20,21 Thus, we emphasize that each laboratory should 
validate these reference ranges according to the protocols, reagents 
and equipment used. It should also be noted that internal calibra-
tion is necessary to correct intraassay variation, while normal-
ization of ETP and peak against a normal control plasma, which 
was performed in our study, is important for correcting significant 
temporal variations and for comparing plasma populations within 
and between institutions.40

One limitation of our study was that the TGT was done on 
PPP that had been prepared by means of centrifugation on whole 
blood collected in citrate, in a single stage (15 minutes at 2,500 g). 
This contrasts with the recommendations, i.e. centrifugation in two 
stages: 2000 g for 5 minutes and 10,000 g for 10 minutes. Loeffen 
et al.30 showed that double centrifugation is more appropriate for 
eliminating the interference of platelets and microparticles, which 
may contribute to the variability in the results from the TGT. 
Therefore, it cannot be ruled out that this interference could have 
occurred in our TGT evaluations. Nonetheless, it is worthwhile 
quoting the words of Tripodi,49 regarding the PPP to be tested 
using the TGT: “Double centrifugation has been advocated, but 
cannot be used on a regular basis, as it is not the standard prac-
tice in general laboratories that work by automated procedures. 
Furthermore, many samples prepared for general purpose via the 
standard centrifugation cannot be later used for TGT. An accept-
able compromise would be the blood centrifugation at 3,000 g for 
15 minutes (controlled room temperature). This procedure would 
allow getting plasma with minimal residual platelets”. On the basis 
of Tripodi’s statement, and given that our samples were centrifuged 
at 2,500 g for 15 minutes, it is likely that they did not contain many 
residual platelet fragments. Another limitation is that the intraas-
say CV was derived from only one duplicate per plate, although 
the most appropriate method would have been use of triplicates 
or greater numbers of replicates. 

On the other hand, this study presents the strong point of 
being the first to perform the TGT on a large cohort of Brazilian 
adults, with selection of a good-quality reference sample. It rep-
resents additional progress towards standardization and validation 
of the TGT via the CAT method. Furthermore, a few laboratories 
in Brazil have worked with and validated protocols for this tech-
nique, using internal controls and standardization of parameters, 
especially ETP. 

The implication for practice from our findings is that they may 
motivate other similar studies in other parts of the world aimed at 
investigating potential interference in the TGT from pre-analytical 
factors and consolidating the TGT reference intervals. Such stud-
ies will contribute towards standardization and validation of the 
TGT and, therefore, facilitate its clinical use. 
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Lastly, it should be noted that our measurement of thrombin 
generation among the baseline sample of ELSA-Brasil may stim-
ulate studies with the aim of assessing whether TGT parameters, 
especially ETP, are associated with clinical conditions, especially 
chronic non-communicable diseases in the Brazilian population, or 
whether the TGT can be a predictor of mortality when the throm-
bin level is above the maximum value of the reference interval.

CONCLUSION
TGT performance was adequate and the proposed reference 
intervals were similar to those of other studies. Our findings may 
be useful for consolidating the TGT, through contributing to its 
standardization and validation.
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Mental health interventions for suicide prevention among 
indigenous adolescents: a systematic review
Antonio Jose GrandeI, Christelle EliaII, Clayton PeixotoIII, Paulo de Tarso Coelho JardimIV, Paola DazzanV, Andre Barciela VerasVI, 
John Kennedy CruickshankVII, Maria Inês da RosaVIII, Seeromanie HardingIX

Universidade Estadual de Mato Grosso do Sul (UEMS), Campo Grande, Mato Grosso do Sul, Brazil

INTRODUCTION
There are more than 476 million indigenous people in 5,000 cultures living in 90 countries world-
wide. Despite composing 5% of the global population, they account for 15% of the extremely 
poor population.1 A comprehensive review of 28 indigenous and tribal peoples’ health in 23 
countries published in 2016 gave nuanced insights into the heterogeneity of their health and 
wellbeing. There was evidence of poorer health and social outcomes for many indigenous popu-
lations, compared with their benchmark populations.2 

A gap of more than five years in life expectancy at birth (i.e. lower in indigenous than 
in non-indigenous populations in the same country) was recorded for indigenous populations in 
Australia, Cameroon, Canada (First Nation and Inuit), Greenland, Kenya, New Zealand and 
Panama. Infant mortality rates among indigenous infants were more than twice those observed 
for non-indigenous or national populations in Brazil, Colombia, Greenland, Peru, Russia and 
Venezuela. Poverty and poor education levels, employment status and access to healthcare ser-
vices are all important contributors to health disparities. 

Despite representing a rich diversity of cultures, indigenous peoples continue to be among 
the world’s most disadvantaged groups, regardless of whether they live in high-income coun-
tries (e.g. the Inuit in Canada) or lower-middle income countries (e.g. the Baka in Cameroon). 
The legacies of colonization and of policies of forced assimilation continue to be a cause of 
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ABSTRACT
BACKGROUND: The legacies of colonization and of policies of forced assimilation continue to be a cause 
of intergenerational trauma, manifested through feelings of marginality, depression, anxiety and confu-
sion, which place indigenous peoples at increased risk of suicide.
OBJECTIVES: To assess the quality, content, delivery and effectiveness of interventions for preventing sui-
cides among indigenous adolescents.
DESIGN AND SETTING: Systematic review conducted with Cochrane methodology, Campo Grande, 
Mato Grosso do Sul, Brazil.
METHODS: The Cochrane library, MEDLINE, EMBASE, CINAHL, LILACS and PsycINFO databases were 
searched for studies published up to February 2021. The following inclusion criteria were used: published 
in any language; interventions that aimed to prevent suicides among indigenous adolescents; random-
ized or non-randomized study with a control or comparative group; and validated measurements of men-
tal health problems.
RESULTS: Two studies were identified: one on adolescents in the remote Yup’ik community in south-west-
ern Alaska, and the other on Zuni adolescents in New Mexico. Both studies showed evidence of effective-
ness in interventions for reducing some of the risk factors and increasing some of the protective factors 
associated with suicide. High levels of community engagement and culture-centeredness were key an-
chors of both studies, which ensured that the intervention content, delivery and outcome measurements 
aligned with the beliefs and practices of the communities. Both studies were judged to have a moderate 
risk of bias, with biases in sample selection, attrition and inadequate reporting of results.
CONCLUSIONS: The current evidence base is small but signaled the value of culturally appropriate inter-
ventions for prevention of suicide among indigenous adolescents.
REGISTRATION DETAILS: The study protocol is registered in the international prospective register of sys-
tematic reviews (PROSPERO); no. CRD42019141754.
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intergenerational trauma, manifested through feelings of margin-
ality, depression, anxiety and confusion, which place indigenous 
peoples at increased risk of suicide.3,4

Youth suicide is the second leading cause of mortality among 
individuals aged 15-29 years5 and it disproportionately affects indig-
enous youth.6,7 Indigenous children (5-17 years old) in Australia 
die from suicide at five times the rate of their non-indigenous peers 
(10.1 per 100,000 versus 2 per 100,000 in 2013-2017). Similarly, 
in New Zealand, the suicide rate among Maori youth aged 15-24 
years is more than twice that of non-Maori peers (40.7 per 100,000 
versus 15.6 per 100,000 among non-Maori youths), and in Canada 
the rate among Inuit youth is 11 times that of non-indigenous 
youths on average.8 

Most interpretations of this gap highlight the persistent social 
and economic disadvantage experienced by indigenous youth rela-
tive to their non-indigenous peers.9 The epidemic of youth suicide 
is relatively recent in some cultures, with an increase over time, 
more so in the latter half of the 20th century. Men account for the 
majority of suicides, and the 15 to 24-year age group has the highest 
suicide rate of any age group.10,11 Furthermore, suicide among indig-
enous young people may be unreported due to misclassification. 

The risk factors include mental health disorders, stressful life 
events, substance abuse and poor physical health, all of which occur 
at disproportionately higher rates in indigenous populations.12,13 
Suicide among youth is also known to occur in clusters, and sui-
cidal behaviors (i.e. ideation or attempts) are one of the stron-
gest risk factor for death due to suicide. These behaviors relate to 
depression, conduct disorders and substance and alcohol abuse.6 
Protective factors include high social support, cultural connected-
ness, personality factors such as high self-esteem or internal locus 
of control, and increasing age.6 

Over the last 20 years, indigenous people’s rights have been 
increasingly recognized by international organizations such as the 
United Nations Permanent Forum on Indigenous Issues, which also 
has a permanent forum for youth.2 The 2030 Agenda for Sustainable 
Development refers to indigenous people six times: three times in 
the political declaration, twice in the target under Goal 2 on Zero 
Hunger (target 2.3) and once in Goal 4 on education (target 4.5). 
However, many others among the Sustainable Development Goals 
(SDGs) are relevant for indigenous peoples, particularly those with 
the focus on reducing inequalities and reducing mortality due to 
non-communicable diseases (including suicide) by 33% by 2030. 
Given the vulnerability of indigenous communities, implementation 
of the SDGs provides opportunities for policy actors to promote 
initiatives that improve outcomes among indigenous communities. 

With such high rates of suicide among indigenous youth,8 cul-
turally appropriate suicide interventions are urgently needed. Many 
indigenous populations hold a holistic view of health and wellbe-
ing and interventions need to align with these perspectives and 

also engage with the economic, socioenvironmental and histori-
cal issues that contribute to youth suicide in indigenous cultures. 

Only two reviews of indigenous suicide prevention programs 
have been published so far, which only captured studies published up 
to 2012.9,10 In the first review, Clifford, Doran and Tsey10 reported on 
nine programs: two among Aboriginal Australians and seven among 
Native Americans. These programs targeted all ages, and there was a 
general lack of rigorous evaluation designs, considering that only one 
study evaluated outcomes using a comparator group. In the second 
review, Harlow and Clough9 reported on nine programs targeting 
youths; five targeted Native Americans; three targeted Aboriginal 
Australians; and one targeted First Nation Canadians. As in the pre-
vious review, poor evaluation designs were noted. 

We therefore recognized that there was a general lack of meth-
odologically rigorous study designs across geographically and cul-
turally diverse indigenous populations. Moreover, it was clear that 
an updated review with a broad eligibility criterion was needed 
in order to maximize the possibility of capturing any study that 
attempted to evaluate suicide prevention programs using a com-
parator group among indigenous adolescents. This review forms 
part of a larger study that is developing a culturally appropriate 
intervention for indigenous adolescent mental health in Brazil. 
In the current review, the aim was to assess the quality, content, 
delivery and evidence of effectiveness of interventions designed to 
prevent suicides among indigenous adolescents (aged 10-19 years), 
so as to inform intervention development and implementation of 
future prevention initiatives.

OBJECTIVE
The objective of this study was to synthetize the scientific evi-
dence on suicide prevention programs targeting indigenous 
youths. Our principal research question was: what interventions, 
including single or multi-component interventions, prevented 
suicides (or not); and why did they work (or not)?

METHODS
This review adhered to the Preferred Reporting Items for 
Systematic reviews and Meta-Analyses (PRISMA) guidelines.14 
The study protocol was registered with the international prospec-
tive register of systematic reviews (PROSPERO), under registra-
tion number CRD42019141754.

Types of studies
We searched for any randomized or non-randomized study that 
had a control or comparative group.

Types of participants 
The participants searched for were adolescents aged 10-19 years 
who self-identified as indigenous peoples and were accepted as 
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such by their community.2 We were guided by the policy defini-
tion developed by the International Labor Organization in 1989 
and adopted by the United Nations. This characterizes indige-
nous peoples as tribal peoples in independent countries whose 
social, cultural and economic conditions distinguish them from 
other sections of the national community and whose status is 
regulated wholly or partly by their own customs or traditions or 
by special laws or regulations; and peoples in independent coun-
tries who are regarded as indigenous because of their descent 
from the populations who inhabited the country, or a geographi-
cal region to which the country belongs, at the time of conquest 
or colonization or the establishment of present state boundaries 
and who, irrespective of their legal status, retain some or all of 
their own social, economic, cultural and political institutions.15,16 

Types of interventions 
We searched for in-person or e-health interventions that targeted 
young indigenous people anywhere in the world. We consid-
ered a wide range of delivery channels (e.g. in person, online or 
phone), different practitioners (healthcare practitioners, teach-
ers or lay healthcare providers) and sectors (i.e. primary, sec-
ondary and tertiary-level healthcare, education or guardianship 
councils). 

Types of outcome measurements 
We searched for the following primary outcomes: self-injury 
acts, suicidal ideation, suicide attempts and death due to suicide. 
We also searched for the following secondary outcomes: wellbe-
ing/quality of life; and social functioning including educational 
outcomes.

Electronic searches 
We searched for experimental studies with a comparator group 
that were designed to prevent suicide among indigenous ado-
lescents. The following electronic databases were searched up to 
February 10, 2020: Cochrane Library (up to February 10, 2020), 
MEDLINE (Medical Literature Analysis and Retrieval System 
Online) (1966 to February 10, 2020), EMBASE (Excerpta Medica 
Database) (1974 to February 10, 2020), CINAHL (Cumulative 
Index to Nursing and Allied Health Literature) (1981 to February 
10, 2020), LILACS (Literatura Latino-Americana e do Caribe em 
Ciências da Saúde) (1982 to February 10, 2020) and PsycINFO 
(1887 to February 10, 2020). 

The organization of the search strategy followed the Cochrane 
recommended strategy of PICO (Population, Intervention, Context 
and Outcomes). We included indigenous AND interventions AND 
mental health factors/problems. The full search strategy shown in 
Table 1 was adapted for each electronic database. An additional 
search using the same terms was carried out in Google Scholar. 

The search was limited to human studies and had no language 
restrictions. Reference lists of all systematic reviews were reviewed 
to identify additional relevant citations. 

We did not use any language restrictions. If articles were not in 
English, Italian, Arabic or Portuguese (the native languages of the 
present authors), we used academic networks (e.g. Cochrane) to 
translate the critical parts (methods and results) to enable screen-
ing of abstracts.

Searching other resources 
We cross-checked references from other systematic reviews and 
searched for references suggested by specialists in the area. 

Inclusion criteria
The inclusion criteria were as follows: randomized or non-ran-
domized studies that had a control or comparative group; par-
ticipants who were adolescents aged 10-19 years and self-iden-
tified as indigenous; presence of mental health problems in this 
population as defined in the Diagnostic and Statistical Manual of 
Mental Disorders 5th edition (DSM-V); use of in-person/e-health 
interventions that were delivered to indigenous adolescents any-
where globally. Consideration was given to all delivery channels 
(e.g. in person, online or phone), different practitioners (health-
care practitioners, teachers, lay healthcare providers) and differ-
ent intervention sectors (i.e. primary, secondary and tertiary-
level healthcare, education or guardianship councils). 

Exclusion criteria 
The exclusion criteria were as follows: the aims or methodology 
of the study did not fit the inclusion criteria; the study included 
populations that were not indigenous or did not make any dis-
tinction between indigenous and non-indigenous populations; 
or the study excluded adolescents, or no data was provided on 
adolescents who were included in the study.

Table 1. Search terms used and adaptation to each database

(Indigenous or Indigenous or native* or Native* or Māori or Maori 
or Aborigin* or aboriginal or “Torres Strait Island*” or “torres strait 
island*” or “first nation*” or “first people*” or Inuit or Metis or Métis 
or ethnic* or “population groups”) AND (intervention* or program* 
or treatment* or treat* or therap* or service* or prevent* or 
diversion* or initiative*) AND (wellbeing or “well being” or mental 
or depress* or anx* or suicide* or trauma* or alcohol* or drinking 
or cannabis or cocaine or methamphet* or amphet* or substance* 
or addict* or heal* or empower* or grief or loss* or stress* or 
psychosis or psychoses or psychotic or resilien* or recovery or 
“mental health” OR schizophrenia or mania or mood or internalizing 
or externalizing or affective or behavioural or drugs or “crack 
cocaine” or addiction or “mental illness” or happiness or emotion* 
or psych* or psychology) adapted to every other database. 
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Data collection and analysis 
Two review authors (AJG, CE) independently assessed all stud-
ies identified from the database searches, by screening titles and 
abstracts using the EndNote Web tool (www.myendnoteweb.
com). A third review author (SH) resolved any disagreements. 
The reasons for including or excluding trials were recorded. Next, 
AJG and CE independently assessed the full-text reports for inclu-
sion, against the selection criteria. Afterwards, these two authors 
discussed the results from the selection process and made a con-
sensual decision on which articles were to be included/excluded. 

Data extraction and management 
Two review authors (AJG, CE) independently extracted data 
from the studies included, using a standard data extraction 
form. We aimed to include qualitative data using a narrative syn-
thesis of barriers and facilitators. 

A standardized, pre-piloted form was used to extract data from 
the studies included, for assessment of study quality and evidence 
synthesis. The format included the following features: 
• Study details: aim, study design including whether a feasibil-

ity study was conducted in collaboration with the community 
in order to co-develop the design, design details (including 
evaluation), country in which study was conducted, details 
on location of intervention delivery (i.e. city or community), 
target condition/risk factor (i.e. subthreshold symptoms and 
experience of child maltreatment). 

• Participants: sample size (intervention and control groups at 
baseline and follow-up), sociodemographic characteristics (e.g. 
age, gender, ethnicity and socioeconomic status) and attrition 
from the study.

• Intervention details: description of intervention including fre-
quency and duration of treatments/sessions, mode of delivery 
(face to face or internet), format (one to one or group), cultur-
ally appropriate content and cost of intervention.

• Delivery of the intervention: setting in which intervention was 
delivered (school, home or healthcare practice), who deliv-
ered the intervention (i.e. medical doctor, nurse, psychologist, 
teacher, lay health worker, peer promotion, etc.), whether the 
intervention was delivered by one practitioner or a team of 
individuals or online, the fidelity of implementers to the pro-
tocol, culturally appropriate modes of delivery and whether 
there was intersectoral collaboration (i.e. between the health 
and education sectors or guardianship councils).

The RE-AIM framework was used to enhance the assessment 
of program elements that could improve sustainable adoption and 
implementation of effective, generalized/localized, evidence-based 
interventions.17 RE-AIM targets the ‘Reach’ of the target popula-
tion; ‘Effectiveness or Efficacy’ of the intervention (impact of an 

intervention on important outcomes, including potential negative 
effects, quality of life and economic outcomes); ‘Adoption’ by target 
staff, settings or institutions; ‘Implementation’ in terms of consis-
tency, costs and adaptions made during delivery; and ‘Maintenance’ 
of intervention effects among individuals and settings over time.

Assessment of risk of bias in studies included
In the light of the well-documented limitations of the use of 
‘western’ methods in an indigenous context, our critical appraisal 
included identification of culturally appropriate methodolo-
gies such as Storytelling and Community-Based Participatory 
Research, with the inclusion of indigenous peoples in the research 
process in a way that was respectful and reciprocal. We included 
comparator group designs, as well as randomized study designs, 
in recognition that the former may be more appropriate for the 
indigenous context.18,19

Two review authors (AJG, CE) independently assessed the 
risk of bias of the studies included using the Risk Of Bias In Non-
randomized Studies - of Interventions (ROBINS I) tool for non-ran-
domized studies and the Risk of Bias tool 2.0 for randomized stud-
ies, which are available in the Cochrane Handbook for Systematic 
Reviews of Interventions, version 6.3 (Cochrane Handbook, Oxford, 
United Kingdom, and Melbourne, Australia).20

Measurements of treatment effect 
As reported in our published protocol, we planned to synthe-
tize dichotomous or continuous data. However, the two studies 
included did not report the same outcome. Hence, no measure-
ments of treatment effect were calculated. 

Unit of analysis, missing data, assessment of reporting 
biases and heterogeneity 

We took the individual to be the unit of analysis. We planned to 
do the following: email the corresponding authors of each study 
regarding missing data; conduct a meta-analysis; assess inconsis-
tencies between studies using the I2 statistic (percentage of total 
variation across studies that was due to heterogeneity rather than 
chance); contact the trial authors to clarify the information if 
mismatches between study protocols and reports were identified; 
and explore the impact of including such studies by conducting 
a sensitivity analysis. However, these actions were unnecessary 
because of the small number of studies. 

Data synthesis 
We had planned to present the data separately for randomized 
and non-randomized studies, and to do a meta-analysis on the 
trials if combination of data on the outcomes was possible. Given 
that only two studies were included, we present a narrative anal-
ysis on the individual studies. We had planned to produce a 

http://www.myendnoteweb.com
http://www.myendnoteweb.com
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‘Summary of findings’ table using the five GRADE assumptions 
(study limitations, consistency of effect, imprecision, indirect-
ness and publication bias).21,22 However, subgroup analysis, inves-
tigation of heterogeneity and sensitivity analyses were not possi-
ble given the small number of studies included. 

RESULTS
The search identified a total of 1,498 studies and three systematic 
reviews; 579 studies were duplicates. A total of 922 studies were 

screened for titles and abstracts. Of these, a total of 41 studies were 
read in full. Of these, 39 studies were excluded because they did 
not meet the criteria regarding study design or population stud-
ied; or because they were ongoing studies. The authors of the three 
ongoing studies were contacted through email, and they confirmed 
that the studies were either at data collection or analysis stage and 
that we would be informed about their publication. Thus, a total of 
two studies were included, and data were extracted and critically 
appraised. Figure 1 shows the results from the screening process.

Figure 1. Study flow diagram.
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The two studies included23,24 involved 364 adolescents aged 
12-18 years, were published in English between 1995 and 2018 and 
met all the inclusion criteria. The proportions of females were 64% 
in the study by LaFramboise et al.24 and 40% in the study by Allen 
et al.23 LaFromboise et al. conducted a quasi-experimental study on 
adolescents of the Zuni population of New Mexico, United States.24 
Allen et al. conducted a randomized controlled study on adoles-
cents in the remote Yup’ik community in south-western Alaska, 
United States.23 Both studies used a group of indigenous adoles-
cents as controls and aimed to assess the effectiveness of suicide 
prevention programs among indigenous adolescents. The inter-
vention by LaFramboise et al. was based on Bandura’s cognitive 
social theory24 and used a wait-list control group to assess effec-
tiveness. Allen et al. used a community-based framework, deliv-
ered  multiple modules and assessed the effectiveness of each of 
them regarding suicide prevention.23 

Content and delivery
The ‘Zuni Life Skills Curriculum’, which was the name adopted 
for the program by LaFramboise et al.,24 consisted of developing 
life skills to address cognitive and behavioral factors relating to 
suicidal behavior. The Zuni life skills curriculum was structured 
around seven main units: building self-esteem; identifying emo-
tions and stress; increasing communication and problem-solv-
ing skills; recognizing and eliminating self-destructive behaviors; 
information about suicide; suicide intervention training; and set-
ting of personal and community goals. The program was adapted 
to align with the values, beliefs and attitudes of the Zuni people. It 
was delivered to students three times a week for 30 weeks by two 
non- Zuni female teachers and two trained Zuni male teachers. 
Fidelity to the protocol for delivery of the program was observed 
through periodic observations by a project coordinator. Students 
were assessed by a research team member before and after the 
intervention. The indigeneity of the research team member was 
not reported.

The program by Allen et al.23 was called ‘Qungasvik’, which is a 
Yup’ik word for toolbox. It was conceived as a multi-level commu-
nity-strengthening and culturally appropriate intervention for rural 
Yup’ik adolescents. The intervention was based on local practices 
of Yup’ik communities with the aim of developing motives for life 
and sobriety. The modules addressed issues at different levels (indi-
vidual, family and community) and were delivered in one or more 
sessions of 1-3 hours. Each module promoted two to four protective 
factors for protection that had been identified in a culture-specific 
model of protection: individual characteristics (mastery-friends and 
mastery-family); family characteristics (cohesion, expressiveness 
and conflict subscales); community characteristics (support and 
opportunities, as two protective community subscales); peer influ-
ences (two scales from the American Drug and Alcohol Survey); 

reflective processes; and reasons for life. The same program was 
delivered in two Yup’ik communities. The Qungasvik intervention 
manual was not prescriptive. It outlined 26 modules, along with a 
process for community adaptation to local customs and circum-
stances, taking into account the current season and advice from 
community members. The authors observed that adaptations were 
greater with community ownership, with ecological alignment to 
the context of remote communities in the region.

The characteristics of the studies included can be seen in Table 2.23,24

Methodological quality assessment - Risk of bias for non-
randomized studies

Overall bias
Both studies were judged to have an overall moderate risk of bias 
due to the following factors. Bias due to confounding: The study 
by LaFramboise et  al. was classified as presenting moderate risk 
of bias, since they matched students before the intervention, in 
order to reduce the bias from confounding, and used a wait-list.24 
The study by Allen et al.23 was classified as presenting low risk of 
bias, since the intervention was adapted to individual, family and 
community levels, therefore reducing the risk of bias. Bias in selec-
tion of participants into the study: Both studies were classified as 
presenting serious risk of bias. LaFramboise et al. lost 24% of the 
students and Allen et al. lost 30% of students during the follow-
up.23,24 Bias in classification of intervention: The interventions were 
well described in both studies and hence classified as presenting 
low risk of bias. Bias due to deviations from intended interven-
tions: Both studies were classified as presenting low risk of bias. 
LaFramboise et al. reported that important co-interventions were 
balanced across intervention groups, and that there were no devi-
ations from the intended interventions that were likely to impact 
on the outcome.24 Allen et al. provided outlines of the 26 modules, 
which were adapted to the community that received them. Bias due 
to missing data: Both studies were at serious risk of bias due to loss 
to follow-up. Bias in measurement of outcomes: Both studies were 
at moderate risk of bias. Outcome assessments were comparable 
across the intervention and comparator arms, but the outcome 
measurement was influenced by knowledge of the intervention 
received by study participants. Bias in selection of the reported 
result: Both studies were at moderate risk of bias. Although free 
from bias regarding selective reporting outcomes, neither study 
took account of missing data from participants. Table 3 presents 
a risk of bias summary, in which the present authors’ judgements 
about each risk of bias item are given.

Effectiveness
Both studies observed a positive effect with regard to reduc-
ing suicide risk. LaFromboise et al. found that a cognitive social 
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approach to life skills delivered by teachers was effective for 
reducing some of the risk factors (e.g. hopelessness, suicide like-
lihood or depression) and for increasing some of the protec-
tive factors (e.g. stress and anger management) in relation to 
suicide.23 In Allen’s study, a mixed model of comparative effec-
tiveness for each outcome was used, comprising the following: 
individual characteristics, family characteristics, community 
characteristics, peer influences, reasons for life and reflective 
Processes. These combined four variables called time, commu-
nity, protection and time x community.23 Thus, the authors found 
that there were important effect sizes for individual characteris-
tics (Cohen’s d = 0.59; P < 0.01); family characteristics (Cohen’s d 
= 0.67; P < 0.01); community characteristics (Cohen’s d = -0.67; P 
< 0.01); and community protection (Cohen’s d = 0.93; P < 0.01). 
For peer influences, there was no change across the results: rea-
sons for life in community (Cohen’s d = 0.36; P < 0.05); com-
munity protection (Cohen’s d = 0.88; P < 0.01); time x commu-
nity (Cohen’s d = 0.27; P < 0.05); reflective processes in community 
(Cohen’s d = -0.49; P < 0.01); and community protection (Cohen’s 
d = 0.41; P < 0.05).

DISCUSSION

Summary of evidence
The current review aimed to assess the quality, content, delivery 
and evidence of effectiveness of interventions that were designed 
to prevent suicides among indigenous adolescents (aged 10-19 
years). We only identified two studies that included impact eval-
uation using a comparator arm. Both of these studies were theo-
retically underpinned and aligned with the cultural beliefs and 
practices of the communities. They showed promising results for 
the prevention of suicide and provided detailed descriptions of the 
content and delivery of the interventions. The follow-up period 
was more than six months, but there was limited reporting of the 
long-term impact or of cost-effectiveness of the interventions.

Several strategies were used in the studies included, compris-
ing intervention co-development with communities, intervention 
delivery by cultural resource individuals and external workers, 
capacity building among teachers and culturally adapted roleplay 

for problem-solving with peer evaluation. These strategies have also 
been used in studies that did not report impact evaluations but had 
positive assessments.28,29 Community engagement, empowerment 
of communities via capacity development, and alignment of pro-
grams to histories and sociocultural contexts have been key learn-
ings from numerous studies on indigenous healthcare.9 Culturally 
secure mental health school and/community programs are partic-
ularly important for indigenous young people, given the general 
lack of accessible primary healthcare services in indigenous com-
munities, which has been a key driver for migration to urban areas, 
where discrimination can lead to a chain of stressful life events, 
such as loss of freedom, rejection, stigmatization and violence.30-33 

The studies included strongly signaled the possibility of devel-
oping effective interventions that align with the cultural contexts 
of indigenous communities, in order to reduce suicide mortality. 
The Zuni Life Skills Curriculum used the values and knowledge of 
the Zuni community in constructing the intervention, which was 
attributed by the authors of that study to be responsible for the suc-
cess of the intervention. Not only were young people receiving an 
intervention but also positive mental health was being promoted in 
their community through identification of emotions, development 
of problem-solving skills and building of self-esteem. The Qungasvik 
intervention was modeled on the Yup’ik culture, to promote cultur-
ally specific protective practices at the individual, family and com-
munity levels, which would align with indigenous perspectives on 
holism and wellbeing that had been passed down through the gen-
erations, including beliefs in the unity of mind, body and spirit.34

Valuing local indigenous perspectives in interventions is essen-
tial since the processes of illness and hopelessness in indigenous 
populations are often attributed to cultural disengagement from 
traditions, with the consequent loss of strong cultural identity. 
Cultural identity can promote resilience, protect against mental 
health symptoms and buffer against distress prompted by discrim-
ination. Another relevant point to emphasize is that both studies 
successfully incorporated a strong participatory element whilst 
maintaining scientific rigor for impact evaluation, using a com-
parator group/wait list comparison group. 

Randomized controlled trials can be seen to be incongru-
ous within the indigenous context, which is strongly centered 

Table 3. Risk-of-bias summary: the present authors’ judgements about each risk-of-bias item
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on communities and not individuals. The value of participatory 
research in indigenous contexts has been central to decolonizing 
research methodologies and has the potential for sustained changes. 
Decolonization is an ongoing process of becoming, unlearning 
and relearning, regarding who we are as researchers and educa-
tors, and taking responsibility for participants.35 

The Yup’ik community has a subsistence economy augmented 
by a limited number of tribal, state and federal jobs, primarily 
in government, healthcare and schools, in contrast with the rest 
of the United States national population. This community has 
greater commuting difficulties, due to the region’s characteristics 
and lower government investment. Additionally, it has lower per 
capita income and higher alcohol abuse and suicide rates than the 
general population of the United States.36 

Official data indicate that approximately 10% of the New Mexico 
population is indigenous and that 34% live in extreme poverty. 
Historical prejudice against the indigenous population and lack 
of control over its lands, livelihoods and future have been high-
lighted in other studies as a key contributor to poor mental health.30 

Limitations of the review and the field of knowledge
This review found that the evidence base for rigorous evalua-
tion of the impact of interventions for preventing suicide among 
indigenous adolescents is sparse. Most of the studies that were 
ineligible for the present review provided rich detail regarding 
potentially valuable intervention processes but did not conduct 
evaluations. These findings highlight the need for more evalua-
tion, in order to build a basket of effective strategies with cultural 
appeal for indigenous populations. 

Despite the overall inadequacy of the data, there is little doubt 
about the marked mental health disparities experienced by indige-
nous peoples globally.37 For example, among indigenous Australians, 
the rates of anxiety, substance use and any mental disorder were 
found to be 3.8-fold, 6.9-fold and 4.2-fold higher, respectively, than 
those of the general Australian population.38 It is also important 
to note that the rates were lower among those living on traditional 
lands in indigenous reserves and in remote areas than among those 
living in mainstream communities. 

Poor mental health among indigenous peoples has been cor-
related with the historical trauma from colonization and the loss 
of traditional lands due to climate change and/or misappropria-
tion of their lands.39 This has exposed them to multiple risk factors 
for poor mental health, including dislocation of kinship networks, 
discrimination, poverty and isolation, which have led to high rates 
of substance abuse and family violence.40 

However, cultural heterogeneity among indigenous peoples 
cautions against the generalizability of the strategies reported from 
the two studies in this review. For example, there are around 300 
different ethnic groups in Latin America and the Caribbean that 

speak around 274 languages. An understanding of the different 
socioeconomic, cultural and political contexts and processes that 
affect mental health disorders among indigenous peoples is critical 
to informing culturally responsive interventions.37-40

CONCLUSION
The evidence organized in this review is descriptive and comes 
from two studies. The risk of bias of each study was considered 
to be moderate, in that there was insufficient reporting of how 
the intervention engaged with some key structural determinants 
(e.g. poverty and gender) and the pathways towards achieving an 
impact were insufficiently evaluated. High levels of community 
engagement and culture-centeredness were key anchors of both 
studies, and these elements provide valuable lessons for future 
studies on suicide prevention among indigenous adolescents.

REFERENCES
1. The Word Bank. Understanding Poverty. Indigenous People Available 

from: https://www.worldbank.org/en/topic/indigenouspeoples#1. 

Accessed in 2021 (Oct 25).

2. Anderson I, Robson B, Connolly M, et al. Indigenous and tribal peoples’ 

health (The Lancet–Lowitja Institute Global Collaboration): a population 

study. Lancet. 2016;388(10040):131-57. PMID: 27108232; https://doi.

org/10.1016/S0140-6736(16)00345-7.

3. Pollock NJ, Apok C, Concepcion T, et al. Global goals and suicide 

prevention in the Circumpolar North. Indian J Psychiatry. 

2020;62(1):7-14. PMID: 32001925; https://doi.org/10.4103/psychiatry.

IndianJPsychiatry_717_19.

4. Lawson-Te Aho K, Liu JH. Indigenous suicide and colonization: The 

legacy of violence and the necessity of self-determination. International 

Journal of Conflict and Violence (IJCV). 2010;4(1):124-33. https://doi.

org/10.4119/ijcv-2819.

5. Patton GC, Coffey C, Sawyer SM, et al. Global patterns of mortality in 

young people: a systematic analysis of population health data. Lancet. 

2009;374(9693):881-92. PMID: 19748397; https://doi.org/10.1016/

S0140-6736(09)60741-8.

6. Harder HG, Rash J, Holyk T, Jovel E, Harder K. Indigenous youth suicide: a 

systematic review of the literature. Pimatisiwin: A Journal of Aboriginal 

and Indigenous Community Health. 2012;10(1):125-42.

7. Hunter E, Harvey D. Indigenous suicide in Australia, New Zealand, Canada 

and the United States. Emerg Med (Fremantle). 2002;14(1):14-23. PMID: 

11993831; https://doi.org/10.1046/j.1442-2026.2002.00281.x

8. Pollock NJ, Naicker K, Loro A, Mulay S, Colman I. Global incidence of 

suicide among Indigenous peoples: a systematic review. BMC Med. 

2018;16(1):145. PMID: 30122155; https://doi.org/10.1186/s12916-018-

1115-6.

9. Harlow AF, Bohanna I, Clough A. A systematic review of evaluated suicide 

prevention programs targeting indigenous youth. Crisis. 2014;35(5):310-

21. PMID: 25115489; https://doi.org/10.1027/0227-5910/a000265.

https://www.worldbank.org/en/topic/indigenouspeoples#1
https://doi.org/10.1016/S0140-6736(16)00345-7
https://doi.org/10.1016/S0140-6736(16)00345-7
https://doi.org/10.4103/psychiatry.IndianJPsychiatry_717_19
https://doi.org/10.4103/psychiatry.IndianJPsychiatry_717_19
https://doi.org/10.4119/ijcv-2819
https://doi.org/10.4119/ijcv-2819
https://doi.org/10.1016/S0140-6736(09)60741-8
https://doi.org/10.1016/S0140-6736(09)60741-8
https://doi.org/10.1046/j.1442-2026.2002.00281.x
https://doi.org/10.1186/s12916-018-1115-6
https://doi.org/10.1186/s12916-018-1115-6
https://doi.org/10.1027/0227-5910/a000265


Mental health interventions for suicide prevention among indigenous adolescents: a systematic review | ORIGINAL ARTICLE

Sao Paulo Med J. 2022; 140(3):486-98     497

10. Clifford AC, Doran CM, Tsey K. A systematic review of suicide prevention 

interventions targeting indigenous peoples in Australia, United States, 

Canada and New Zealand. BMC Public Health. 2013;13:463. PMID: 

23663493; https://doi.org/10.1186/1471-2458-13-463.

11. Gracey M, King M. Indigenous health part 1: determinants and disease 

patterns. Lancet. 2009;374(9683):65-75. PMID: 19577695; https://doi.

org/10.1016/s0140-6736(09)60914-4.

12. King M, Smith A, Gracey M. Indigenous health part 2: the underlying 

causes of the health gap. Lancet. 2009;374(9683):76-85. PMID: 19577696; 

https://doi.org/10.1016/s0140-6736(09)60827-8.

13. United Nations. Department of Economic and Social Affairs. Indigenous 

Peoples. Indigenous Peoples and the Post-2015 Development 

Agenda. Available from: https://www.un.org/development/desa/

indigenouspeoples/focus-areas/post-2015-agenda/the-sustainable-

development-goals-sdgs-and-indigenous/post2015.html. Accessed 

in 2021 (Oct 21).

14. Welch V, Petticrew M, Petkovic J, et al. Extending the PRISMA statement 

to equity-focused systematic reviews (PRISMA-E 2012): explanation and 

elaboration. J Clin Epidemiol. 2016;70:68-89. PMID: 26348799; https://

doi.org/10.1016/j.jclinepi.2015.09.001.

15. Issues UPFoI. Who are Indigenous peoples? Available from: https://

www.un.org/esa/socdev/unpfii/documents/5session_factsheet1.pdf. 

Accessed in 2021 (Oct 25).

16. Affairs UDoEaS. The concept of Indigenous peoples. New York: United 

Nations; 2004. 

17. Gaglio B, Shoup JA, Glasgow RE. The RE-AIM framework: a systematic 

review of use over time. Am J Public Health. 2013;103(6):e38-46. PMID: 

23597377; https://doi.org/10.2105/ajph.2013.301299.

18. Bachmann S. Epidemiology of Suicide and the Psychiatric Perspective. 

Int J Environ Res Public Health. 2018;15(7):1425. PMID: 29986446; https://

doi.org/10.3390/ijerph15071425.

19. Tobias JK, Richmond CA, Luginaah I. Community-based participatory 

research (CBPR) with indigenous communities: producing respectful 

and reciprocal research. J Empir Res Hum Res Ethics. 2013;8(2):129-40. 

PMID: 23651937; https://doi.org/10.1525/jer.2013.8.2.129.

20. Higgins JPT, Thomas J, Chandler J, et al. Cochrane Handbook for 

Systematic Reviews of Interventions version 6.3 (updated February 

2022). Available from https://training.cochrane.org/handbook/current. 

Accessed in 2022 (March 4).

21. GRADEpro GDT: GRADEpro Guideline Development Tool [Software]. 

McMaster University, 2020 (developed by Evidence Prime, Inc.). Available 

from: https://gradepro.org/. Accessed in 2021 (Oct 25).

22. Schünemann H, Brożek J, Guyatt G, Oxman A. GRADE handbook 

for grading quality of evidence and strength of recommendations. 

Updated October 2013. The GRADE Working Group; 2013. Available 

from https://gdt.gradepro.org/app/handbook/handbook.html. 

Accessed in 2021 (Oct 25).

23. Allen J, Rasmus SM, Fok CCT, et al. Multi-Level Cultural Intervention 

for the Prevention of Suicide and Alcohol Use Risk with Alaska Native 

Youth: a Nonrandomized Comparison of Treatment Intensity. Prev Sci. 

2018;19(2):174-85. PMID: 28786044; https://doi.org/10.1007/s11121-

017-0798-9.

24. LaFromboise T, Howard-Pitney B. The Zuni life skills development 

curriculum: Description and evaluation of a suicide prevention program. 

Journal of Counseling Psychology. 1995;42(4):479-86. https://doi.

org/10.1037/0022-0167.42.4.479.

25. Cull JG, Gill WS. Suicide probability scale (SPS). Los Angeles: Western 

Psychological Services; 1989.

26. Beck AT, Weissman A, Lester D, Trexler L. The measurement of pessimism: 

the hopelessness scale. J Consult Clin Psychol. 1974;42(6):861-5. PMID: 

4436473; https://doi.org/10.1037/h0037562.

27. Long KN, Long PM, Pinto S, et al. Development and validation of the 

Indian Adolescent Health Questionnaire. J Trop Pediatr. 2013;59(3):231-

42. PMID: 23418132; https://doi.org/10.1093/tropej/fmt006.

28. Allen J, Mohatt G, Fok CC, Henry D; People Awakening Team. Suicide 

prevention as a community development process: understanding 

circumpolar youth suicide prevention through community level 

outcomes. Int J Circumpolar Health. 2009;68(3):274-91. PMID: 19705659; 

https://doi.org/10.3402/ijch.v68i3.18328.

29. Stacey K, Keller N, Gibson B, et al. Promoting mental health and well-

being in Aboriginal contexts: successful elements of suicide prevention 

work. Health Promot J Austr. 2007;18(3):247-54. PMID: 18201169; https://

doi.org/10.1071/he07247.

30. Flicker S, Danforth JY, Wilson C, et al. “Because we have really unique 

art”: Decolonizing Research with Indigenous Youth Using the Arts. 

International Journal of Indigineous Health. 2014;10(1):16-34. https://

doi.org/10.18357/ijih.101201513271.

31. Biddle N. Developing a behavioural model of school attendance: Policy 

implications for Indigenous children and youth. CAEPR Working Paper 

No. 94/2014. Available from: https://caepr.cass.anu.edu.au/sites/default/

files/docs/WP_94_Biddle_Nicholas_DevelopingABehaviouralModel.

pdf. Accessed in 2021 (Oct 25).

32. Guerin P, Guerin B, Tedmanson D, Clark Y. How can country, spirituality, 

music and arts contribute to Indigenous mental health and wellbeing? 

Australas Psychiatry. 2011;19 Suppl 1:S38-41. PMID: 21878015; https://

doi.org/10.3109/10398562.2011.583065.

33. Latimer M, Sylliboy JR, MacLeod E, et al. Creating a safe space for First 

Nations youth to share their pain. Pain Rep. 2018;3(Suppl 1):e682. PMID: 

30324174; http://dx.doi.org/10.1097/PR9.0000000000000682.

34. Mark GT, Lyons AC. Maori healers’ views on wellbeing: the 

importance of mind, body, spirit, family and land. Soc Sci Med. 

2010;70(11):1756-64. PMID: 20338680; https://doi.org/10.1016/j.

socscimed.2010.02.001.

35. Datta R. Decolonizing both researcher and research and its effectiveness 

in Indigenous research. Research Ethics. 2017;14(2):1-24. https://doi.

org/10.1177/1747016117733296.

36. Bureau USC. My Tribal Area - Census Bureau. Available from: https://www.

census.gov/tribal/?st=06&aianihh=4760. Accessed in 2021 (Oct 25). 

https://doi.org/10.1186/1471-2458-13-463
https://doi.org/10.1016/s0140-6736(09)60914-4
https://doi.org/10.1016/s0140-6736(09)60914-4
https://doi.org/10.1016/s0140-6736(09)60827-8
https://www.un.org/development/desa/indigenouspeoples/focus-areas/post-2015-agenda/the-sustainable-development-goals-sdgs-and-indigenous/post2015.html
https://www.un.org/development/desa/indigenouspeoples/focus-areas/post-2015-agenda/the-sustainable-development-goals-sdgs-and-indigenous/post2015.html
https://www.un.org/development/desa/indigenouspeoples/focus-areas/post-2015-agenda/the-sustainable-development-goals-sdgs-and-indigenous/post2015.html
https://doi.org/10.1016/j.jclinepi.2015.09.001
https://doi.org/10.1016/j.jclinepi.2015.09.001
https://www.un.org/esa/socdev/unpfii/documents/5session_factsheet1.pdf
https://www.un.org/esa/socdev/unpfii/documents/5session_factsheet1.pdf
https://doi.org/10.2105/ajph.2013.301299
https://doi.org/10.3390/ijerph15071425
https://doi.org/10.3390/ijerph15071425
https://doi.org/10.1525/jer.2013.8.2.129
https://training.cochrane.org/handbook/current
https://gradepro.org/
https://gdt.gradepro.org/app/handbook/handbook.html
https://doi.org/10.1007/s11121-017-0798-9
https://doi.org/10.1007/s11121-017-0798-9
https://doi.org/10.1037/0022-0167.42.4.479
https://doi.org/10.1037/0022-0167.42.4.479
https://doi.org/10.1037/h0037562
https://doi.org/10.1093/tropej/fmt006
https://doi.org/10.3402/ijch.v68i3.18328
https://doi.org/10.1071/he07247
https://doi.org/10.1071/he07247
https://doi.org/10.18357/ijih.101201513271
https://doi.org/10.18357/ijih.101201513271
https://caepr.cass.anu.edu.au/sites/default/files/docs/WP_94_Biddle_Nicholas_DevelopingABehaviouralModel.pdf
https://caepr.cass.anu.edu.au/sites/default/files/docs/WP_94_Biddle_Nicholas_DevelopingABehaviouralModel.pdf
https://caepr.cass.anu.edu.au/sites/default/files/docs/WP_94_Biddle_Nicholas_DevelopingABehaviouralModel.pdf
https://doi.org/10.3109/10398562.2011.583065
https://doi.org/10.3109/10398562.2011.583065
http://dx.doi.org/10.1097/PR9.0000000000000682
https://doi.org/10.1016/j.socscimed.2010.02.001
https://doi.org/10.1016/j.socscimed.2010.02.001
https://doi.org/10.1177/1747016117733296
https://doi.org/10.1177/1747016117733296
https://www.census.gov/tribal/?st=06&aianihh=4760
https://www.census.gov/tribal/?st=06&aianihh=4760


ORIGINAL ARTICLE | Grande AJ, Elia C, Peixoto C, Jardim PTC, Dazzan P, Veras AB, Cruickshank JK, Rosa MI, Harding S

498     Sao Paulo Med J. 2022; 140(3):486-98

© 2022 by Associação Paulista de Medicina  
This is an open access article distributed under the terms of the Creative Commons license.

37. Mukherjee M, Awasthi P. Involuntary Cultural Change and Mental 

Health Status Among Indigenous Groups: A Synthesis of Existing 

Literature. Community Ment Health J. 2021. PMID: 33721141; https://

doi.org/10.1007/s10597-021-00813-w.

38. Nasir BF, Toombs MR, Kondalsamy-Chennakesavan S, et al. Common 

mental disorders among Indigenous people living in regional, remote and 

metropolitan Australia: a cross-sectional study. BMJ Open. 2018;8(6):e020196. 

PMID: 29961007; https://doi.org/10.1136/bmjopen-2017-020196.

39. Sommerfeld J, Danto D, Walsh R. Indigenous land-based interventions 

and nature-oriented wellness programs: Commonalities and important 

differences. Journal of Concurrent Disorders. 2019;1(3):37-45. Available 

from: https://www.researchgate.net/publication/337973060_Indigenous_

land-based_interventions_and_nature-oriented_wellness_programs_

Commonalities_and_important_differences. Accessed in 2021 (Oct 25).

40. Kohn R, Ali AA, Puac-Polanco V, et al. Mental health in the Americas: an 

overview of the treatment gap. Rev Panam Salud Publica. 2018;42:e165. 

PMID: 31093193; https://doi.org/10.26633/RPSP.2018.165. 

Authors’ contributions Grande AJ: conceptualization (equal), data 

curation (equal), formal analysis (equal), funding acquisition (equal), 

investigation (equal), methodology (equal), project administration 

(equal), resources (equal), supervision (equal), validation (equal), 

visualization (equal), writing-original draft (equal) and writing-review 

and editing (equal); Elia C: conceptualization (equal), data curation 

(equal), formal analysis (equal), funding acquisition (equal), project 

administration (equal), resources (equal), visualization (equal), 

writing-original draft (equal) and writing-review and editing (equal); 

Peixoto C: formal analysis (equal), investigation (equal), methodology 

(equal), validation (equal), visualization (equal), writing-original 

draft (equal) and writing-review and editing (equal); Jardim PTC: 

conceptualization (equal), investigation (equal), methodology (equal), 

project administration (equal), validation (equal), writing-original 

draft (equal) and writing-review and editing (equal); Dazzan P: 

data curation (equal), formal analysis (equal), methodology (equal), 

visualization (equal), writing-original draft (equal) and writing-review 

and editing (equal); Veras AB: investigation (equal), writing-original 

draft (equal) and writing-review and editing (equal); Cruickshank 

JK: formal analysis (equal), writing-original draft (equal) and 

writing-review and editing (equal); Rosa MI: formal analysis (equal), 

methodology (equal), writing-original draft (equal) and writing-

review and editing (equal); Harding S: conceptualization (equal), data 

curation (equal), formal analysis (equal), funding acquisition (equal), 

investigation (equal), methodology (equal), project administration 

(equal), supervision (equal), validation (equal), writing-original 

draft (equal) and writing-review and editing (equal). All authors actively 

contributed to discussion of the results from the study, and reviewed 

and approved the final version to be released 

Sources of funding: This work was supported by the Medical Research 

Council (MRC), grant number MR/R022739/1; and by the Fundação de 

Apoio ao Desenvolvimento do Ensino, Ciência e Tecnologia do Estado 

de Mato Grosso do Sul, grant number 71/700070/2018. AJG was also 

supported by the Academy of Medical Science, through the Newton 

Fund, no. NIFR7\1004. 

Conflict of interest: The authors declare that they did not have any 

competing interests

Date of first submission: April 19, 2021 

Last received: July 12, 2021 

Accepted: October 22, 2021

Corresponding author:  

Antonio Jose Grande  

Av. Dom Antônio Barbosa, 4.155 

Vila Santo Amaro — Campo Grande (MS) — Brasil 

CEP 79115-898 

Tel. (+55 67) 99959-9877 

E-mail: grandeto@gmail.com

https://doi.org/10.1007/s10597-021-00813-w
https://doi.org/10.1007/s10597-021-00813-w
https://doi.org/10.1136/bmjopen-2017-020196
https://www.researchgate.net/publication/337973060_Indigenous_land-based_interventions_and_nature-oriented_wellness_programs_Commonalities_and_important_differences
https://www.researchgate.net/publication/337973060_Indigenous_land-based_interventions_and_nature-oriented_wellness_programs_Commonalities_and_important_differences
https://www.researchgate.net/publication/337973060_Indigenous_land-based_interventions_and_nature-oriented_wellness_programs_Commonalities_and_important_differences
https://doi.org/10.26633/RPSP.2018.165
mailto:grandeto@gmail.com


Sao Paulo Med J. 2022; 140(3):499-504     499

ORIGINAL ARTICLEhttps://doi.org/10.1590/1516-3180.2021.0475.R3.03112021 

Reactions of physicians in the state of São Paulo to the 
use of telemedicine during the SARS-CoV-2 pandemic: 
cross-sectional study
José Luiz Gomes AmaralI, Antonio Carlos EndrigoII, Ana Maria MalikIII, Alberto José Niituma OgataIV, Jorge Corrêa Assumpção NetoV

Associação Paulista de Medicina (APM), São Paulo (SP), Brazil

INTRODUCTION
Telemedicine can be defined as provision of healthcare in which the participants are separated 
in time and/or space, while telehealth is of broader nature, involving all health-related telecom-
munications applications.1 Telemedicine thus involves use of interactive information and tele-
communications technologies, combined with computer systems, telemetry and biosensors to 
provide quality healthcare services that are not physically face-to-face and are outside the clini-
cal-hospital space. It thus enhances the relationship between healthcare professionals and their 
patients, through eliminating geographical and time barriers.2

On the other hand, remote consultation can be defined as care provision mediated by tech-
nologies in which professionals and patients are in different physical spaces. It covers the same 
characteristic steps and responsibilities as in face-to-face attendance, including subjective, objec-
tive and diagnostic assessments, therapeutic proposals, requests for complementary tests, guid-
ance and planning of care.3 

The use of telemedicine is not a recent phenomenon: there have been reports of its use since 
the 1960s, but its more widespread utilization began with the development of the internet in the 
1990s.4 For example, the American health plan and health provider Kaiser Permanente reported 
that in 2018, 47 million of the medical consultations they provided and 31 million prescriptions 
were issued online.5 The company Willis Towers Watson assessed cost effectiveness indicators in a 
study with the title “Current telemedicine technology can mean big savings,” published in 2014.6 
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ABSTRACT 
BACKGROUND: Telemedicine can be a component of integrated healthcare practices and its use is not a 
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ed not receiving remuneration directly for the attendance provided and 225 (23.3%) reported receiving 
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the respondents used specialized digital platforms (594; 61.6%), electronic health records (592; 61.4%) and 
electronic prescriptions (700; 72.6%).
CONCLUSION: This study demonstrates that important issues such as professional remuneration, use of 
electronic platforms and medical records, ensuring data protection and relationships between physicians 
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outcomes defined. 
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The study suggested that telehealth had the potential to save more 
than $6 billion a year for companies in the United States. It con-
stitutes an important tool within healthcare and there is evidence 
that it has an economic impact on national healthcare systems.7,8

Use of telemedicine as a component of integrated healthcare 
practices, such as preventive and chronic condition management 
programs, can be effective for clinical and administrative outcomes. 
Its attributes include greater availability of attendance, access to 
electronic medical records, online requesting of diagnostic tests, 
electronic prescription, availability of scientific material to support 
clinical decisions and reduction of the average duration of consul-
tations. Moreover, as healthcare services become organized increas-
ingly through integrated logic models, telemedicine ceases to be a 
support service and starts to have a cross-cutting role in all care.9

The Declaration of the 58th General Assembly of the World 
Medical Association (WMA) in Copenhagen, Denmark, pub-
lished in 2007 and amended by the 69th WMA General Assembly, 
held in Iceland in 2018, defines telemedicine as remote practic-
ing of medicine. Its interventions, diagnoses, treatment decisions 
and recommendations are based on data, documents and other 
information transmitted through telecommunication systems.10

With this definition as a reference point, remote practicing of 
medicine involving elaboration of diagnoses and treatments has 
generated intense debates within the medical profession. The prom-
ulgation of Resolution 2227/2019 of the Brazilian Federal Medical 
Medicine (Conselho Federal de Medicina, CFM), which extended 
and regulated the practices of telemedicine, can be highlighted.11 
However, soon thereafter, this resolution was revoked at the request 
of regional medical councils, after complaints by both profession-
als and entities through various arguments (lack of debate and 
in-depth assessment of the subject, risks to patients, potential loss 
of jobs and/or precariousness of medical activity).

Although telemedicine has been discussed and used in health-
care systems for many years, including the adoption of technologi-
cal innovations such as artificial intelligence, in Brazil it is still not 
fully used by healthcare professionals. However, the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic has 
stimulated its use, particularly since the Ministry of Health pub-
lished its Ordinance 467 on March 20, 2020, authorizing the use 
of teleconsultation.12 This enabled the continuation of a direct rela-
tionship between doctors and their patients, including for making 
diagnoses and defining treatments, during the healthcare crisis. 
Following this, law 13,989 was published by the Federal Congress,13 
ratifying the Ministry of Health’s ordinance and also creating an 
environment for exchanges of medical documents such as pre-
scriptions for medicines and legal attestations.

Use of telemedicine in the healthcare system involves adoption 
of technological resources, education of healthcare professionals and 
patients and integration into the healthcare system. Telemedicine 

attendance is considered to be a medical act, with all the techni-
cal and ethical implications involved in face-to-face consultation. 
In addition, telemedicine involves issues of data protection and 
patient privacy. In Brazil, the General Law on the Protection of 
Personal Data (Lei Geral de Proteção de Dados Pessoais, LGPD), 
published as Federal Law 13,709 in 2018, regulates how data can 
be collected and processed.14

On the other hand, there are some challenges, particularly in 
developing countries. A survey among Pakistani physicians con-
cluded that evidence of effectiveness of telemedicine across differ-
ent fields was inconsistent and lacked technical, legal, cultural and 
ethical considerations. Inadequate training, low levels of techno-
logical literacy and lack of infrastructure are the main barriers in 
implementing telehealth.15

A narrative review of factors influencing telehealth use across 
different medical specialties indicated that, while professional 
societies for specialties with lower telehealth use have played a 
limited role in providing guidance on telehealth use, their coun-
terparts for the specialties with higher telehealth use have played 
a proactive role in advocating for consistent payment policies, 
developing guidelines for telehealth use, educating providers on 
getting started with telemedicine, advocating for telehealth train-
ing in medicine residency and developing resources for engaging 
patients in telehealth use. The review revealed that lack of reim-
bursement, lack of technology training and a ‘gatekeeper’ mindset 
could all serve as barriers to adoption of telehealth at the individ-
ual provider level. Hospitals and specialty societies could play an 
organized and proactive role in addressing each of these barriers 
through campaigning for better payment, promulgating guidelines 
for telehealth use, educating providers on how to get started with 
telehealth, promoting telehealth training in medical residency and 
engaging patients in telehealth services.16 

On the other hand, a systematic review of outpatient telehealth 
implementation in the United States during the COVID-19 global 
pandemic identified three barriers impacting the implementation 
and use of telehealth resources: patient telehealth limitations, lack 
of telehealth guidelines for clinical care and issues relating to train-
ing, technology and finance.17

In the existing literature on telehealth, there has been consis-
tent emphasis on the importance of recognizing the complexity of 
implementing telehealth services for successful and sustainable use. 
There are also multiple interdependent dimensions of telehealth 
to consider, including processes, user-experience and sustainabil-
ity. Correspondingly, the design and implementation of telehealth 
services often involves engagement of stakeholders from a variety 
of disciplines, both within and outside the setting of the organi-
zation, including healthcare providers, managers, administrators, 
patients, information and communication technologists, econo-
mists and policymakers.18
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With the rise of the COVID-19 pandemic, the course of tele-
medicine underwent a major upswing. As shelter-in-place became 
the norm around the world, patients and clinicians had to adapt 
to a new, yet not novel, way to provide medical care. Use of tele-
medicine will continue to grow in the post-pandemic world, but its 
development will depend on several factors. Some of those factors 
are related to patients, some to the physician and their practices 
and some to reimbursement.15

This article tries to fill the gap in the literature regarding the 
short-term reaction of physicians in the state of São Paulo, Brazil, 
to the use of telemedicine/teleconsultations after this procedure 
became officially approved in this country, due to the SARS-
CoV-2 pandemic. 

OBJECTIVE
To describe some aspects of use of teleconsultation among 
a sample of physicians in the state of Sao Paulo during the 
SARS-CoV-2 pandemic.

METHODS
This was a cross-sectional study based on a survey among doc-
tors. It consisted of an analysis on responses to questions that 
formed part of a periodic survey conducted by the São Paulo 
Medical Association (Associação Paulista de Medicina, APM) on 
medical practice during the SARS-CoV-2 pandemic. Invitations 
to participate were sent out via electronic means (e-mails, social 
networks and websites) using the APM’s register of physicians, 
between December 18, 2020, and January 18, 2021. 

In order to participate, potential respondents needed to firstly 
agree to the terms of a free and informed consent statement that they 
received. The present study was approved by the Ethics Compliance 
Committee on Research Involving Human Beings of the Getulio 
Vargas Foundation (Fundação Getulio Vargas, FGV), through 
opinion report no. 265/2020.

The variables analyzed in the present study were the following:
a. Adoption of telemedicine (and its modalities) 
b. Remuneration of telemedicine attendance
c. Linking of telemedicine attendance
d. Technological resources used:

d.1. Digital platform
d.2. Electronic health record
d.3. Electronic prescription

e. Telemedicine training
f. Patients perceptions of telemedicine 

The data collected were compiled in the Microsoft Excel soft-
ware, version 15.0, 2015 (Microsoft, Redmond, Washington, United 
States). These data were then tabulated for descriptive analysis, 
considering absolute and relative frequencies.

RESULTS 
This survey, which was available via electronic means from 
December 18, 2020, to January 18, 2021, generated responses 
from 2,052 physicians. It was sent out to a general mailing list of 
physicians containing 89,486 email addresses. The survey man-
agement system found that 4789 emails were opened and, from 
these, responses were received from 2,052 physicians. Among 
these physicians, 981 (47.8%) reported not practicing any form 
of telemedicine.

Among the physicians who reported practicing telemedicine, 
274 (28.4%) reported that they had not received any remuneration 
directly for the attendance provided and 225 (23.3%) reported that 
they had received remuneration equal to what they would have 
received from face-to-face consultations. A further 149 physicians 
(15.5%) reported that they had received payment that was lower 
through the virtual procedure than what they would have received 
from face-to-face consultations. Lastly, 164 (17.0%) directly set 
the price of the consultation with the patient (Table 1). It is likely 
that many of these professionals started to provide care remotely, 
on a temporary basis, and thus did not develop a definitive remu-
neration model.

Regarding the public attended through telemedicine, most 
of the respondents who used this model (630 physicians; 65.4%) 
attended both new and old patients. Most of the patients whom 
they attended did not have any complaints or evidence of SARS-
CoV-2 infection (Table 2).

Regarding the professional linkage of the physicians who under-
took telemedicine attendance, the majority (499; 51.8%) only 
attended private patients. Other physicians did this while working 
in medical-hospital institutions (188; 19.5%); or through participa-
tion in private healthcare insurance plans (231; 24.0%); or through 

Table 1. Remuneration of physicians who attended telemedicine 
consultations
Type of remuneration  n % 95% CI
I did not receive remuneration for 
telemedicine attendance

274 28.4 25.6% 31.3%

I was paid per consultation, at the same 
rate as established for face-to-face 
consultations

225 23.3 20.7% 26.0%

I was paid per consultation, with an 
amount agreed jointly with the patient

164 17.0 14.6% 19.4%

I was paid per consultation, at a rate lower 
than that established for face-to-face 
consultations

149 15.5 13.2% 17.7%

I w I was paid per hour of work 147 15.2 13.0% 17.5%
I was paid per consultation, at a rate higher 
than that established for face-to-face 
consultations

5 0.5 0.1% 1.0%

Total 964 100.0

CI = confidence interval.
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an employment relationship with the organization in which they 
worked (46; 4.8%), as shown in Table 3. These findings highlight 
that many professionals started to remotely care for their former 
patients, on a temporary basis. With reorganization of care, after 
the emergency situation, this scenario will probably tend to change.

Regarding the resources used to provide telemedicine atten-
dance, most of the respondents used specialized digital platforms 
(594; 61.6%), electronic health records (592; 61.4%) and electronic 
prescriptions (700; 72.6%) (Table 4). 

Regarding the experiences of patients who used the attendance 
provided through telemedicine, most of the physicians reported 
that the users accepted and liked the experience (788; 51.5%). 
However, 678 (44.3%) said that their patients accept this form of 
attendance only because of the SARS-CoV-2 pandemic but did 
not really like it. Another 64 (5.9%) said that their patients did 
not agree to use this resource.

Telehealth does not consist merely of transposition of face-
to-face care to a virtual environment. It is permeated by actions 
of education, care, diagnosis and procedures.11 It requires train-
ing for proper and efficient use of the tools available. The present 
survey revealed that, out of the total number of respondents, 1,607 
(88.33%) had not participated in any educational activities relating 
to telemedicine and that 27.97% (574) did not have any interest in 
participating in this in the future. Among the physicians who had 
participated in training activities, the majority had attended pro-
grams of duration less than four hours (238; 11.6%). In this con-
text, the need for training professionals to provide care using the 

resources of telemedicine becomes relevant. Recently, a Brazilian 
guidebook for remote consultation was published and, certainly, 
other resources will be made available to Brazilian professionals.3

DISCUSSION
Telemedicine has been widely used in several countries. 
Legal  and regulatory issues still prevent it from advancing in 
Brazil. Its emergency use due to the SARS-CoV-2 pandemic has 
stimulated the entry of new service providers into the market and 
the use of information and communication technology (ICT) 
resources in a somewhat improvised way by professionals. 

Telemedicine has the potential to increase the capacity for case 
resolution and facilitate coordination of care and therapeutic adher-
ence. It can consequently reduce hospitalizations and unnecessary 
searches for emergency services. In terms of patient safety issues, 
its use during the pandemic can be considered to have constituted 
an appropriate use of resources, thereby reducing the misuse of 
face-to face consultations. 

 Although this use of telemedicine resources was an innova-
tive experience for many of the physicians surveyed, the results 
from this study revealed that almost half of the respondents did 
not use telemedicine. In addition, more than a quarter of the par-
ticipants who used it (28.4%) did not receive payment for the care 
they provided. 

Telehealth needs to be part of an integrated care model, with 
action in a network. Telehealth should contribute to facilitating 
access to services, while maintaining coordination of care that is 

Table 2. Types of patients who received telemedicine attendance

Types of patients attended
Without SARS-CoV-2 With SARS-CoV-2

n % 95% CI n % 95% CI
Only old patients 281 29.1 26.3% 32.0% 53 5.5 4.1% 6.9%
Both new and old patients 452 46.9 43.7% 50.0% 178 18.5 16.0% 20.9%

SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2; CI = confidence interval.

Table 3. Professional linkage of the physicians who undertook telemedicine attendance, according to the types of patients attended
Types of patients attended n % 95% CI
Only private patients 499 51.8 48.6% 54.9%
Healthcare insurance plan beneficiaries 231 24.0 21.3% 26.7%
Patients at a medical-hospital care institution 188 19.5 17.0% 22.0%
Patients in organizations in which the physician was employed 46 4.8 3.4% 6.1%
Total 964 100

CI = confidence interval.

Resources used Yes, n (%) 95% CI No, n (%) 95% CI
Access to a specific digital platform for conducting teleconsultation 594 (61.6%) 58.5% 64.7% 370 (38.4%) 35.3% 41.5%
Remote attendance done with support from electronic medical records 592 (61.4%) 58.3% 64.5% 372 (38.6%) 35.5% 41.7%
Electronic prescriptions used 700 (72.6%) 69.8% 75.4% 264 (27.4%) 24.6% 30.2%

Table 4. Resources used by physicians for telemedicine attendance

CI = confidence interval.
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integrated with other dimensions and which gives due regard to 
the social determinants of health. In a recent study, the correla-
tion between socioeconomic determinants and use of telemedi-
cine services was measured and it was concluded that adoption 
of these services was significantly impacted by the social determi-
nant factors of health, such as income, education level, race and 
insurance type.18

Lastly, incorporation of new technology within care, for exam-
ple through use of remote consultations, brings the need to seek 
training for professionals regarding its use and its integration 
with secondary and tertiary-level healthcare services; and regard-
ing adoption of safe processes, both for doctors and for patients. 
Training physicians to deliver high-quality, secure and personable 
healthcare through telemedicine can alleviate concerns and pro-
mote population-wide adoption of the technology. This is a key 
strategy that needs to be included in medical education and it is 
important to create opportunities for practitioners to learn more 
about this approach.8 

It is important to build strategies and policies to enhance the 
use of telemedicine through deployment of appropriate infrastruc-
ture, continuous training and use of advanced technologies, with 
the aim of overcoming some pre-existing barriers and thereby 
ensuring high quality for professional medical actions.18

In a recent discussion about the telemedicine and current 
clinical practice trends during the COVID-19 pandemic, Wahezi 
et al. pointed out that adoption of telemedicine among physicians 
depends on reimbursement and on education to improve telemed-
icine consultations.15

Many physicians used telemedicine as support for their exist-
ing patients. It is known that there are more effective results when 
remote consultations are integrated into comprehensive health-
care.2,8,9 However, in the present study, many physicians who 
undertook telemedicine as a source of care did not use dedicated 
platforms (38.4%); nor did they use electronic health records 
(38.6%) or electronic prescriptions (27.4%). These resources are 
important for care to be provided in a more professional man-
ner, so as to ensure the conditions for increased patient and pro-
vider safety, information integration and patients’ adherence to 
treatment.

Limitations
The unquestionable limitation of this analysis relates to the sam-
ple analyzed: out of the total number of questionnaires distrib-
uted, only just over 2,000 were answered, which represents about 
4% of the possible sample size. Moreover, even in this sample, 
only about 50% of the respondents said that they had been using 
telemedicine. This shows that although there was unclear risk of 
bias among the respondents, existence of this risk has to be rec-
ognized. In addition, the survey was applied only to physicians 

working in the state of São Paulo and is therefore not representa-
tive of the universe of Brazilian professionals.

CONCLUSION 
Currently, there is an international consensus that telemedicine 
is an important tool for medical practice that facilitates access to 
care, based on incorporation of new technologies and integra-
tion of the dimensions of prevention, diagnosis, treatment and 
monitoring. The SARS-CoV-2 pandemic has led to rapid adop-
tion of telemedicine in various parts of the Brazilian healthcare 
system. However, as demonstrated in this study, important issues 
such as professional remuneration, use of electronic platforms 
and medical records, ensuring data protection and relationships 
between physicians and other stakeholders (healthcare insur-
ance plans, hospitals and diagnostic centers) still need to be bet-
ter defined, in order to achieve the desired scale and reach the 
outcomes defined. 

Further research will be necessary with regard to the Brazilian 
scenario. There is a need to longitudinally assess different indica-
tors relating to the efficiency of remote consultations and the per-
ceptions of professionals and citizens.

This study has provided real-life knowledge of the general 
impressions and reactions of Brazilian physicians regarding tele-
medicine. This can improve the teaching of soft skills to medical 
and continuing education students, so as to impact their behav-
ior as providers using the new technology. Managers may learn 
that physicians have concerns regarding adequate payment for 
use of these processes. Lastly, through telemedicine, the Brazilian 
population will increasingly be brought into the contemporary 
21st century way of practicing part of medical care, which is less 
time and effort-consuming.
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Early reduction of pulmonary arterial hypertension 
in patients using a long-term mechanical ventricular 
assistance device: a cross-sectional study 
Bruno Soares da Silva RangelI, Bruno BiselliII, Nádia Romanelli QuintanilhaIII, Mônica Samuel AvilaIV, Paulo Manuel Pêgo-FernandesV, 
Fabio Biscegli JateneVI, Roberto Kalil FilhoVII, Silvia Moreira Ayub FerreiraVIII

Hospital Sírio-Libânes (HSL), São Paulo (SP), Brazil

INTRODUCTION
Despite advances in the therapeutic arsenal for treating heart failure, comprising lifestyle 
changes, pharmacological therapy and cardiac stimulation devices, a considerable portion of 
the population progresses to refractoriness. In such situations, more advanced treatments such 
as heart transplantation or use of a ventricular assistance device (VAD) need to be considered. 
Heart transplantation remains the therapy of choice and provides greater life expectancy for 
patients with advanced heart failure.1 However, technological advances involving use of VADs, 
with reduction of adverse events and greater management experience among specialists, have 
allowed greater availability, use and tolerability of this method worldwide, including increasing 
use of this therapy in Brazil. VADs can be used as a bridge to transplantation or as the destina-
tion therapy.2

Constant pulmonary arterial hypertension (PAH) is one of the main contraindications for 
heart transplantation.1,3 In this context, it has been observed, after VAD implantation, that patients 
with contraindications for heart transplantation due to pulmonary arterial hypertension presented 
decompression of the left cardiac cavities and reverse remodeling of the pulmonary vessels, with 
reversal of PAH. This gave rise to the possibility of candidature for heart transplantation. Data in 
the current literature show that this change occurs over the first three to six months after VAD 
implantation,1 with some reports of earlier reduction.

OBJECTIVE
The objectives of the present study were to evaluate the reduction of PAH and correlate data 
from right catheterization with the earliness of this reduction.
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ABSTRACT
BACKGROUND: Severe pulmonary arterial hypertension (PAH) is a contraindication for heart transplan-
tation (HT). It has been correlated with increased early and late mortality, mainly associated with right 
ventricular failure. Ventricular assistance devices (VADs) can promote reduction of intracardiac pressures 
and consequent reduction of PAH over the medium and long terms, thus enabling future candidature for 
HT. The diminution of early pulmonary pressure within this scenario remains unclear.
OBJECTIVE: To evaluate the reduction of PAH and correlate data from right catheterization with the ear-
liness of this reduction.
DESIGN AND SETTING:  Cross-sectional study in a general hospital in São Paulo, Brazil.
METHODS: This was a retrospective analysis on the medical records of patients undergoing VAD implanta-
tion in a single hospital. Patients for whom VAD had been indicated as a bridge to candidature for HT due 
to their condition of constant PAH were selected.
RESULTS: Four patients with VADs had constantly severe PAH. Their mean pulmonary artery systolic pres-
sure (PASP) before VAD implantation was 66 mmHg. Over the 30-day period after the procedure, all the 
patients evolved with a drop in PASP to below 60 mmHg. Their new average was 36 mmHg, which was a 
drop of close to 50% from baseline values. The one-year survival of this sample was 100%. 
CONCLUSION: VAD implantation can reduce PAH levels. Early reduction occurred in all patients. Thus, use of 
VAD is an important bridge tool for enabling candidature for HT among patients with constantly severe PAH.
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METHODS
This was a retrospective evaluation on patients with advanced 
heart failure who underwent VAD implantation between 2013 
and 2019, through data collection from the electronic medical 
records. Patients for whom VAD had been indicated as a bridge 
to candidature for heart transplantation due to their condition of 
constant PAH were selected. Constantly severe PAH was defined 
as pulmonary artery systolic pressure (PASP) > 60 mmHg or 
pulmonary vascular resistance (PVR) > 3.0 Woods units, after a 
vasodilation test during right catheterization.12

The outcomes analyzed were the reduction of pulmonary artery 
pressures within 30 days of VAD implantation, analyzed by means 
of transthoracic echocardiogram, and one-year survival. This pres-
ent study was approved by our institution’s ethics committee on 
July 13, 2020 (#1799; CAAE 33484320.5.0000.5461).

RESULTS
Out of the total of 23 patients who received VAD during the 
period from 2013 to 2019, four had had an indication for VAD 
implantation due to constantly severe PAH, as a bridge to can-
didature for heart transplantation. The devices implanted were 
Heart Mate II and Heart Mate III, with half of the sample in each 
group. The patients’ clinical characteristics are demonstrated in 
Table 1. Their mean age was 52 years, 50% were male, 75% had 
ischemic etiology and the mean ejection fraction of the left ven-
tricle was 28%. 

Table 2 presents the hemodynamic variables of the four patients 
before implantation of the VAD. These variables were obtained 
through right catheterization. All the patients were classified as 
INTERMACS 3, with a mean HeartMate II risk score of 1.1. The 

mean PASP in the preoperative period before VAD implantation 
in these patients was 65 mmHg ± 4 mmHg. 

Over the 30-day period after the procedure, all the patients 
evolved with a fall in PASP to below 60 mmHg, with an average 
value of 36 mmHg ± 10 mmHg (Figure 1). One of the patients 
underwent heart transplantation: this outcome can be ascribed to 
having achieved a reduction in PAH levels. The other patients con-
tinued to use the device, while presenting significant improvements 
in their functional class. None of the patients were using oral drugs 
for PAH management (such as phosphodiesterase-5 inhibitors). 
The one-year survival of this sample was 100%. 

DISCUSSION
This is the first Brazilian report on early effective reduction of 
constant PAH through long-term VAD use. This case series 
showed an average reduction of PASP over 30 days, from 65 
mmHg ± 4 mmHg to 36 mmHg ± 10 mmHg (P = 0.256). The 
results show that decompression of the left ventricle by the VAD 
acted to reduce the pressure of left ventricle filling and that, ret-
rogradely though the principle of communicating vessels, it acted 
to reduce pulmonary pressure, which is a determining factor for 
eligibility for heart transplantation.

Pulmonary hemodynamic evaluation remains an essential 
examination for inclusion of patients in the heart transplantation 
waiting list, through enabling evaluation of the degree of pulmo-
nary hypertension and its reversibility with vasodilators. The main 
data obtained from this evaluation are the PASP, mean pulmonary 
artery pressure (mPAP), pulmonary artery occlusion pressure 
(PAOP) or pulmonary capillary pressure (PCP), transpulmonary 
gradient (TPG) and PVR.4 High levels of pre-transplantation pul-
monary pressure, resistance and gradient have been correlated 
with increased post- heart transplantation mortality rates. These 
are therefore considered to be contraindications for this proce-
dure, given the high risk of failure of the right ventricle of the graft.

Use of VAD as a tool capable of reducing PAH was first demon-
strated in pulsatile flow devices.5,6 It is now known to also be effica-
cious with continuous flow devices.3-9 Zimpfer et al. demonstrated, 
in a cohort of 35 patients with a six-week follow-up, that there was 
a drop in mPAP levels by about 18 mmHg,4 which is compatible 
with the results demonstrated in our study. In another cohort of 
50 patients, Ranjit et al found that there was a reduction in mean 
PASP of 20 mmHg, in an evaluation conducted three months after 
implantation of the device.10 These results allow us to infer that the 
reduction in PASP occurs mainly in the first 30 days and is main-
tained over the passage of the months.

We noticed that results similar to those described here had 
been found earlier, i.e. with favorable results within less than the 
30-day period of our analysis, even without use of drugs to aid in 
this process, such as phosphodiesterase-5 inhibitors.

Table 1. Characteristics of the patients who underwent ventricular 
assistance devices (VAD) implantation
Characteristics Number of patients = 4
Average age (years) 51 ± 13
Male, n (%) 2 (50)
Ischemic cardiomyopathy, n (%) 3 (75)
INTERMACS 3, n (%) 4 (100)
Creatinine, mg/dl 1.28 ± 0.26
Sodium, mEq/l 134.3 ± 4.1
Hemoglobin, g/dl 12.0 ± 2.8
Albumin, g/dl 3.8 ± 0.4
Mean ejection fraction of LV, n (%) 28 ± 1
LV diastolic diameter (mm) 69 ± 4
PASP (mmHg) 65 ± 4
HeartMate mean risk score 1.1 ± 0.8
Implanted device, n (%)

HeartMate II™ 2 (50)
HeartMate III™ 2 (50)

Continuous variables expressed in ± standard deviation, SD; LV = left ventricular; 
PASP = pulmonary artery systolic pressure.



Early reduction of pulmonary arterial hypertension in patients using a long-term mechanical ventricular assistance device: a cross-sectional study  | ORIGINAL ARTICLE

Sao Paulo Med J. 2022; 140(3):505-8     507

Limitations
The main limitation that impeded provision of additional 
data from this observational study was the absence of pul-
monary hemodynamic evaluation by means of a pulmonary 
artery catheter after VAD implantation. Evaluation of PASP 
was performed by means of echocardiography. However, the 
data obtained from this cohort of patients in Brazil allowed us 
to confirm the findings from studies conducted elsewhere in 
the world, thus emphasizing the importance of VAD devices 
as a bridge to candidature for heart transplantation, among 
patients for whom this is initially contraindicated due to con-
stant PAH.

CONCLUSION
Considering that all patients who underwent VAD implanta-
tion achieved early reduction of pulmonary pressures, thus 
enabling candidature for heart transplantation, this study 
opens up the possibility of new approaches with protocols for 
use of VAD as a bridge for candidature among patients with 
constant PAH, such that these patients can subsequently be 
offered heart transplantation.

REFERENCES
1. Steimle AE, Stevenson LW, Chelimsky-Fallick C, et  al. Sustained 

hemodynamic efficacy of therapy tailored to reduce filling pressures 

in survivors with advanced heart failure. Circulation. 1997;96(4):1165-

72. PMID: 9286945; https://doi.org/10.1161/01.cir.96.4.1165. 

2. Quader MA, Wolfe LG, Kasirajan V. Heart transplantation outcomes in 

patients with continuous-flow left ventricular assist device-related 

complications. J Heart Lung Transplant. 2015;34(1):75-81. PMID: 

25150620; https://doi.org/10.1016/j.healun.2014.07.015.

3. Gallagher RC, Kormos RL, Gasior T, et al. Univentricular support results 

in reduction of pulmonary resistance and improved right ventricular 

function. ASAIO Trans. 1991;37(3):M287-8. PMID: 1751153. 

4. Zimpfer D, Zrunek P, Roethy W, et al. Left ventricular assist devices 

decrease fixed pulmonary hypertension in cardiac transplant candidates. 

J Thorac Cardiovasc Surg. 2007;133(3):689-95. PMID: 17320566; https://

doi.org/10.1016/j.jtcvs.2006.08.104. 

5. Miller LW, Guglin M. Patient selection for ventricular assist devices: a 

moving target. J Am Coll Cardiol. 2013;61(12):1209-21. PMID: 23290542; 

https://doi.org/10.1016/j.jacc.2012.08.1029. 

6. Nair PK, Kormos RL, Teuteberg JJ, et al. Pulsatile left ventricular assist 

device support as a bridge to decision in patients with end-stage 

heart failure complicated by pulmonary hypertension. J Heart Lung 

Transplant. 2010;29(2):201-8. PMID: 20113910; https://doi.org/10.1016/j.

healun.2009.09.013. 

7. Salzberg SP, Lachat ML, von Harbou K, Zünd G, Turina MI. Normalization 

of high pulmonary vascular resistance with LVAD support in heart 

transplantation candidates. Eur J Cardiothorac Surg. 2005;27(2):222-5. 

PMID: 15691674; https://doi.org/10.1016/j.ejcts.2004.11.001.

8. Haft J, Armstrong W, Dyke DB, et al. Hemodynamic and exercise 

performance with pulsatile and continuous-flow left ventricular assist 

devices. Circulation. 2007;116(11 Suppl):I8-15. PMID: 17846330; https://

doi.org/10.1161/CIRCULATIONHA.106.677898. 

9. Ozturk P, Engin AY, Nalbantgil S, et al. Comparison of continuous-

flow and pulsatile-flow blood pumps on reducing pulmonary 

artery pressure in patients with fixed pulmonary hypertension. Artif 

Organs. 2013;37(9):763-7. PMID: 24033601; https://doi.org/10.1111/

aor.12164. 

Table 2. Hemodynamic variables obtained by means of right cardiac catheterization prior to ventricular assistance device (VAD) implantation 

PASP
(mmHg)

mPAP
(mmHg)

SBP
(mmHg)

mBP
(mmHg)

PAOP
(mmHg)

CO
(l/min)

PVR
(Wood 
units)

Post-PASP*

(mmHg)
LVDD (pre)

LVDD 
(post)

Patient 1 67 43 87 53 40 5.1 0.6 33 67 67
Patient 2 60 32 84 68 23 1.6 5.6 51 75 65
Patient 3 64 38 80 53 22 5.2 3.1 31 66 66
Patient 4 70 48 100 80 20 2.6 10.8 28 68 62

*Value obtained by means of echocardiogram within 30 days after VAD implantation; hemodynamic measurements obtained after pulmonary reactivity test 
(patient 1: milrinone + dobutamine; patient 2: dobutamine + nitric oxide; patient 3: dobutamine + nitroprusside; patient 4: dobutamine + milrinone + nitric 
oxide); PASP = pulmonary artery systolic pressure; mPAP = mean pulmonary artery pressure; SBP = systolic blood pressure; mBP = mean blood pressure; PAOP = 
pulmonary artery occlusion pressure; CO = cardiac output; PVR: pulmonary vascular resistance; LVDD = left ventricular diastolic diameter.

Figure 1. Pulmonary artery systolic pressure (PASP) levels 
in mmHg before ventricular assistance device (VAD) 
implantation (hemodynamic evaluation) and 30 days after 
VAD implantation (noninvasive echocardiogram evaluation). 

https://doi.org/10.1161/01.cir.96.4.1165
https://doi.org/10.1016/j.healun.2014.07.015
https://doi.org/10.1016/j.jtcvs.2006.08.104
https://doi.org/10.1016/j.jtcvs.2006.08.104
https://doi.org/10.1016/j.jacc.2012.08.1029
https://doi.org/10.1016/j.healun.2009.09.013
https://doi.org/10.1016/j.healun.2009.09.013
https://doi.org/10.1016/j.ejcts.2004.11.001
https://doi.org/10.1161/CIRCULATIONHA.106.677898
https://doi.org/10.1161/CIRCULATIONHA.106.677898
https://doi.org/10.1111/aor.12164
https://doi.org/10.1111/aor.12164


ORIGINAL ARTICLE | Rangel BSS, Biselli B, Quintanilha ND, Avila MS, Pêgo-Fernandes PM, Jatene FB, Filho RK, Ayub-Ferreira SM

508     Sao Paulo Med J. 2022; 140(3):505-8

© 2022 by Associação Paulista de Medicina  
This is an open access article distributed under the terms of the Creative Commons license.

10. John R, Liao K, Kamdar F, et al. Effects on pre- and posttransplant 

pulmonary hemodynamics in patients with continuous-flow left 

ventricular assist devices. J Thorac Cardiovasc Surg. 2010;140(2):447-

52. PMID: 20435321; https://doi.org/10.1016/j.jtcvs.2010.03.006. 

11. Kirklin JK, Naftel DC, Pagani FD, et al. Seventh INTERMACS annual report: 

15,000 patients and counting. J Heart Lung Transplant. 2015;34(12):1495-

504. PMID: 26520247; https://doi.org/10.1016/j.healun.2015.10.003. 

12. Cowger JA, Castle L, Aaronson KD, et al. The HeartMate II Risk Score: An 

Adjusted Score for Evaluation of All Continuous-Flow Left Ventricular 

Assist Devices. ASAIO J. 2016;62(3):281-5. PMID: 26955002; https://doi.

org/10.1097/MAT.0000000000000362. 

Authors’ contributions: Rangel BSS: investigation (equal), writing-review 

and editing (lead), validation (equal) and writing-original draft (equal); 

Biselli B: supervision (equal), validation (equal) and visualization 

(equal) and project administration (equal); Quintanilha ND: formal 

analysis (equal), resources (equal), visualization (equal) and writing-

review and editing (equal); Avila MS: supervision (equal), validation 

(equal), project administration (equal) and writing-review and 

editing (lead); Pêgo-Fernandes PM: conceptualization (equal), project 

administration (equal), supervision (equal) and validation (equal); Jatene 

FB: conceptualization (equal), investigation (equal), methodology 

(equal), supervision (equal) and writing-review and editing (lead); Filho 

RK: conceptualization (equal), investigation (equal), methodology 

(equal), supervision (equal) and writing-review and editing (lead); 

and Ferreira SMA: conceptualization (equal), investigation (equal), 

methodology (equal), project administration (equal), supervision 

(equal), validation (equal) and writing-original draft (equal)

Sources of funding: There are no funders to report for this submission 

Conflicts of interest: None

First submission: December 2, 2021

Last received: March 18, 2022

Accepted: March 18, 2022

Address for correspondence: 

Paulo Manuel Pêgo Fernandes 

Instituto do Coração, Hospital das Clínicas da Faculdade de Medicina da 

Universidade de São Paulo (HCFMUSP)

Av. Dr. Enéas de Carvalho Aguiar, 44 

Cerqueira César — São Paulo (SP) — Brasil 

CEP 05403-000

Tel. (+55 11) 26615039

E-mail: paulopego@incor.usp.br

https://doi.org/10.1016/j.jtcvs.2010.03.006
https://doi.org/10.1016/j.healun.2015.10.003
https://doi.org/10.1097/MAT.0000000000000362
https://doi.org/10.1097/MAT.0000000000000362
mailto:paulopego@incor.usp.br


Sao Paulo Med J. 2022; 140(3):509-13     509

SHORT COMMUNICATIONhttps://doi.org/10.1590/1516-3180.2021.0108.R2.22112021 

Application of telesimulation in a medical undergraduate 
course during the SARS-CoV-2 pandemic: a quantitative 
and retrospective study
Carolina Felipe Soares BrandãoI, Gabriela Furst VaccarezzaII, Regina Pose AlbaneseIII,  
Glória Celeste Vasconcelos Rosário FernandesIV, Dario Cecilio-FernandesV

Universidade Cidade de São Paulo (UNICID), São Paulo (SP), Brazil

INTRODUCTION
Over recent years, the use of clinical simulation within healthcare education has grown, since it 
offers the opportunity to integrate skills and clinical reasoning with motor and behavioral skills 
simultaneously. Moreover, clinical simulation allows students to learn from their mistakes in a 
safe environment while replicating a real-life environment.1,2 

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic has brought 
major disruption to all academic institutions, particularly medical courses. Within a short time, 
face-to-face activities were transformed into online activities mediated through technologies.3 
Most activities focused on the theoretical part of the curriculum or, at most, clinical reasoning, 
since all in-service training was suspended, potentially bringing a significant loss to students’ 
learning, especially among those at the end of the course. 

To reduce students’ losses, we implemented telesimulation, which is a model that has 
been used to provide education, training and evaluation within healthcare. Telesimulation is 
defined as a process that combines telecommunication and simulation, to allow most students 
to attend simulations online.4,5 Telesimulation has also been described as a useful resource in 
other fields such as robotic surgery and ophthalmological surgery,4-8 which do not particularly 
belong to emergency medicine. However, these are super-specialized fields and may not be 
applicable to undergraduates. 

OBJECTIVES 
The aim of our study was to describe the implementation of telesimulation and seek to investi-
gate medical students’ satisfaction with telesimulation. 

IBSc, DVM, MSc, PhD. Professor, Hospital 
Simulation, Medicine Program, Universidade 
Cidade de São Paulo (UNICID), São Paulo (SP), 
Brazil. 

 https://orcid.org/0000-0002-7861-565X

IIDDS, MSc. Professor, Medicine Program, 
Universidade Municipal de São Caetano do Sul 
(USCS), São Caetano do Sul (SP), Brazil. 

 https://orcid.org/0000-0002-2179-5338

IIIMSc. Professor, Medicine Program, Universidade 
Municipal de São Caetano do Sul (USCS), São 
Caetano do Sul (SP), Brazil. 

 https://orcid.org/0000-0001-6288-2860

IVMD, PhD. Professor, Medicine Program, 
Universidade Cidade de São Paulo (UNICID), São 
Paulo (SP), Brazil. 

 https://orcid.org/0000-0001-5430-2010

VMSc, PhD. Researcher, Department of Medical 
Psychology and Psychiatry, School of Medical 
Sciences, Universidade Estadual de Campinas 
(UNICAMP), Campinas (SP), Brazil. 

 https://orcid.org/0000-0002-8746-1680

KEY WORDS (MeSH terms):
Simulation training.
Education, medical, undergraduate.
COVID-19.

AUTHORS’ KEY WORDS: 
Telesimulation.
Medical education.
Undergraduate.
Coronavirus disease 19.

ABSTRACT
BACKGROUND: Because of the social isolation and distancing measures that were imposed to stop the 
spread of coronavirus disease 19 (COVID-19), new ways of teaching were implemented. 
OBJECTIVES: To describe the implementation of telesimulation and seek to assess students’ perceptions 
regarding telesimulation. 
DESIGN AND SETTING: Retrospective quantitative study conducted within the hospital simulation at a 
private medical school in São Paulo, Brazil. 
METHODS: After telesimulation training, students answered a questionnaire that provided an overall as-
sessment of this activity, self-assessment and assessments of the facilitators and infrastructure provided 
by the University.
RESULTS: Among the students, 50% reported that the activity was below expectations and 45% reported 
that it was in line with their expectations. The strong points of the activity were the clinical cases, workload 
and teachers. The main challenge was students’ difficulty in reflecting on their learning and the infrastructure. 
CONCLUSIONS: Since students have less experience and fewer clinical encounters than residents or pro-
fessionals, they also face more difficulty. Although telesimulation may have provided a valid alternative to 
replace simulation training during the COVID-19 pandemic, more face-to-face activities should be offered 
to students, when possible. 
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METHODS 
The simulation took place every week between August and December 
2020 since it is integrated into the institution’s competency-based 
curriculum. Students were divided into two groups, with an interval 
of one hour for sanitization procedures. Each week, there was a new 
opportunity for other students to participate as volunteers, which 
promoted the opportunity for everyone to participate. 

The students in the face-to-face activity were volunteers, with a 
maximum of six students per activity. Before the start of every ses-
sion, the students were guided through the biosecurity norms and 
signed an imaging rights statement, since the rest of the students 
were following the activity remotely and synchronously. A variety 
of scenarios were played out, around the following themes: chronic 
obstructive pulmonary disease, pulmonary thromboembolism, 
foreign body airway obstruction, pancreatitis, septic shock and 
diabetic ketoacidosis.

Our hospital simulation consisted of a large room that had been 
adapted to follow all sanitary protocols. The simulation included 
cameras and microphones that allowed us to film and record the 
simulated patient (who could be either an actor or a simulator) 
and undertake multiparametric monitoring through the institu-
tion’s communication platform (Figure 1), which in this case was 
Microsoft Teams. In this model, one teacher stayed in the face-to-
face simulation and another in the online environment attending 
to students who were participating remotely.

The technique used for these simulations consisted of a rapid 
cycle of deliberate practice, since those students lacked the nec-
essary practice, which consequently would make it unlikely that 
there would be any reflection process. A rapid cycle of deliberate 
practice splits simulation scenarios into small segments with feed-
back, in the form of pause, feedback and try again. Students only 
move forward when no mistake is made in that segment.9 In addi-
tion, the input from the facilitator made the simulated experi-
ence more motivating for the students, especially those at home. 
A second facilitator was responsible for engaging and interacting 

with students at home. This form of telebriefing was performed 
considering that the students already were aware of the feedback 
structure that would be adopted in the rapid cycle of deliberate 
practice. Students could access the simulation session on their 
smartphones or other device. Another facilitator was responsible 
for the online students in case of doubts.

After the activities of that semester had been completed, all 
students received an online questionnaire, which it was not man-
datory to respond to. This asked the students to give their overall 
assessment of this activity, self-assessment and assessment of facil-
itators and infrastructure provided by the university. The online 
questionnaire contained a mix of dichotomous questions (yes or 
no), gradings (ranging from 0 to 10), multiple-choice questions 
and open questions (Appendix 1).  

This data collection was approved by our institution’s research 
ethics committee (protocol number 37360820.8.0000.0064) on 
September 9, 2020. Quantitative data were analyzed using descriptive 
analysis, and qualitative data were analyzed using content analysis, as 
proposed by Bardin.10 After categorizing the answers for each open-
ended questions, we used descriptive analysis to present the results.

RESULTS
Among the 180 students who were involved in this activity, only 
11% (n = 20) answered the questionnaire. Out of those students, 18 
participated in the scenario (face-to-face activity), one did not want 
to participate in the scenario and one wanted to participate but did 
not have the chance. All the students who answered the question-
naire considered simulation important in medical training and 
agreed that the clinical cases selected for the activities were good. 

Concerning the implementation of telesimulation, 50% reported 
that it was below their expectations and 45% reported that it was 
in line with their experience (5% reported that it was above their 
expectations). Half of the students felt safe during the simulation 
and had a good experience and 10% did not like it. 30% of the 
students felt exposed, although they felt that it was a good expe-
rience. Most of the students considered that Microsoft Teams was 
an adequate tool. The students also reported that teachers were 
accessible (70%). The workload was considered adequate by 50% 
of the students; adequate but would have been better with more 
hours, by 30%; and inadequate and ought to have been extended 
for more hours, by 20%. 

Although most of the students (85%) reported that telesim-
ulation did not provide the possibility of leading to reflection in 
the same way as would occur with face-to-face simulation, most 
of them (70%) said that they would be willing to take some other 
course using telesimulation. Lastly, the qualitative analysis showed 
that the main barriers reported were the following: infrastructure 
(35%); applied methodology (25%); volunteers’ performance (20%); 
workload (10%); proposed scenarios (5%); and teachers (5%). Figure 1. Example of a room for telesimulation.
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DISCUSSION
Despite the students’ understanding about the pandemic and the 
teaching effort needed to adapt to simulated training, they showed 
great frustration regarding telesimulation. This was probably 
because simulation training is one of the activities most eagerly 
expected by students. It takes place while the students are still in 
the preclinical phase. This is the time at which clinical reasoning 
becomes integrated with procedural and behavioral conduct. 

We identified some barriers that impeded the activity. 
Oscillations in internet connections, inconsistencies in using 
Microsoft Teams and difficulties in sound recording in the simulated 
environment hampered the students’ understanding. These barri-
ers have also been reported elsewhere, especially in low and mid-
dle-income countries.11 

One limitation of the present study was that the students who 
participated in the research were more likely to rate this activity 
positively, since most of them participated in the face-to-face sim-
ulation. Another limitation was that this study focused only on the 
students’ satisfaction without measuring their learning. 

CONCLUSION 
Use of telesimulation has supported clinical training to some 
degree during the COVID-19 pandemic. Although telesimu-
lation may provide a valid alternative for replacing simulation 
training during COVID-19, more face-to-face activities should 
be offered to students, when possible.  
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Appendix 1. Medical student experience instrument for use of a new telesimulation-based educational tool during the SARS-CoV-2 
pandemic.

(Start by reading and signing the free and informed consent statement. This is MANDATORY for continuing the process).

Continue...

Date: __________

Group:
A. blue [ ] green [ ]
B. blue [ ] green [ ]

Gender:
Female [ ]
Male [ ]
Non-binary [ ]
I don’t want to answer [ ]

Age (in years): _______________

Stage: _______________

Do you know of any other university institution that is carrying out telesimulation during this pandemic?
No [ ]
Yes [ ]
– Please write the name of the institution and its location, city, state and country: _______________

We ask you to answer all of the following items about your experience with the telesimulation training that was implemented. You must answer all 
items. Each item has only one valid answer. (Note: for some items, the responses are nested because they depend on the previous answer).  

1. Do you consider simulation important for your undergraduate medical training? 
Yes [ ]
No [ ]
Indifferent [ ]

2. Because of the pandemic, telesimulation was included as a curriculum subject. How has this experience been?
Above your expectations [ ]
Below your expectations [ ]
Indifferent [ ]

3. Have you volunteered for any in-service training?
No [ ] 
I wanted to but I couldn’t because of the pandemic [ ]
I didn’t ask for this method [ ]
Yes [ ] 

In this telesimulation experience:
I felt exposed [ ]
I did not like it [ ] 
I considered it valid [ ]
I didn’t feel exposed. It was a good experience [ ]

4. Analysis on the process experienced:

Regarding the cases discussed, I considered that they:
Were very complex [ ]
Could have been more complex [ ]
Were very simple [ ]

Regarding the technological tool selected for telesimulation (Microsoft Teams), I considered that it was: 
Suitable. No problem [ ]
Poor. I would prefer another app [ ]
– State which app: _______________
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Appendix 1. Continuation.

Regarding the professor who facilitated the telesimulation/telefeedback, I considered that this person was:
Always accessible [ ]
Not always accessible [ ]

Regarding the workload, I considered that:
It was good/adequate [ ]
It should have been greater [ ]
It should have been smaller [ ]
It was poor/inadequate [ ]

I considered that the infrastructure of the hospital simulation during the pandemic was:
Adequate [ ]
Inadequate [ ]
Justify your response in a few words: _______________

5. Do you consider that telesimulation has contributed to your undergraduate medical training?
Yes [ ]
No [ ]

6. Do you consider that telesimulation can lead to reflection in the same way as occurs with face-to-face simulation?
Yes [ ]
No [ ]

7. Would you take another training course in telesimulation?
Yes [   ]
No [   ]

8. Check the factor that describes your biggest difficulty with this methodology:
The technology (which hampered my development) [ ]
The method (which did not favor my understanding) [ ]
The teacher (who did not facilitate the process) [ ]

9. In your opinion, what had the most positive impact on these telesimulation activities?
Workload [ ]
Proposed scenario [ ]
Infrastructure [ ]
Professor [ ]
Technology applied [ ]
Your performance [ ]

10. In your opinion, what had the most negative impact on these telesimulation activities?
Workload [ ]
Proposed scenario [ ]
Infrastructure [ ]
Professor [ ]
Technology applied [ ]
Your performance [ ]

11. Choose a score from 0 (worst) to 10 (best) for your overall assessment of the process that you experienced: _______________

12. Choose a score from 0 (worst) to 10 (best) for your self-assessment of this process: _______________

13. Describe, in one paragraph, your experience over the course of this process: 
__________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________

Thank you for your participation in this process.
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this sample and recruitment method. For clinical trials, for instance, 
it is mandatory to inform each of the three main values used to cal-
culate sample size:
• power (usually 80% or more);
• level of significance (usually 0.05 or lower);
• clinically meaningful difference (effect size targeted), according to 

the main outcome measurement.

Regardless of study results (if “positive” or “negative”), the jour-
nal will probably reject articles of trials using underpowered samples, 
when sample size has not been properly calculated or the calculation 
has not been fully described as indicated above.

Abbreviations, acronyms and products
Abbreviations and acronyms must not be used, even those in 

everyday use, unless they are defined when first used in the text. 
 However, authors should avoid them for clarity whenever possible. 
Drugs or medications must be referred to using their generic names 
(without capital letters), with avoidance of casual mention of com-
mercial or brand names. 

Interventions
All drugs, including anesthetics, should be followed by the dosage 

and posology used. 
Any product cited in the Methods section, such as diagnostic or 

therapeutic equipment, tests, reagents, instruments, utensils, prosthe-
ses, orthoses and intraoperative devices, must be described together 
with the manufacturer’s name and place (city and country) of man-
ufacture in parentheses. The version of the software used should be 
mentioned. 
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Any other interventions, such as exercises, psychological assess-
ments or educational sessions, should be described in enough details 
to allow reproducibility. The Journal recommends that the TIDieR 
reporting guidelines should be used to describe interventions, both in 
clinical trials and in observational studies.13 

Supplementary material
Because supplementary material comprises documents that do 

not form part of the text of the manuscript, São Paulo Medical Journal 
will not publish it. The authors should cite an access link that allows 
readers to view the supplementary material.

Short communications
Short communications are reports on the results from ongo-

ing studies or studies that have recently been concluded for which 
urgent publication is important. They should be structured in the 
same way as original articles. The authors of this kind of commu-
nication should explain, in the covering letter, why they believe 
that publication is urgent. Short communications and case reports 
must be limited to 1,000 words (from the introduction to the end 
of the conclusion). 

Case reports, case series, narrative reviews and letters to the editor
Starting in June 2018, only individual case reports dealing with 

situations of public health emergencies will be accepted by São Paulo 
Medical Journal. Case reports that had already been accepted for pub-
lication up to May 2018 will still be published in a timely manner.

After initial evaluation of scope by the editor-in-chief, case 
reports, case series and narrative reviews will be considered for 
peer-review evaluation only when accompanied by a systematic 
search of the literature, in which relevant studies found (based on 
their level of evidence) are presented and discussed.12 The search 
strategy for each database and the number of articles obtained from 
each database should be shown in a table. This is mandatory for all 
case reports, case series and narrative reviews submitted for publica-
tion. Failure to provide the search description will lead to rejection 
before peer review.

The access route to the electronic databases used should be 
stated (for example, PubMed, OVID, Elsevier or Bireme). For the 
search strategies, MeSH terms must be used for Medline, LILACS, 
and Cochrane Library. DeCS terms must be used for LILACS. 
EMTREE terms must be used for Embase. Also, for LILACS, the 
search strategy must be conducted using English (MeSH), Spanish 
(DeCS) and Portuguese (DeCS) terms concomitantly. The search 
strategies must be presented exactly as they were used during the 
search, including parentheses, quotation marks and Boolean opera-
tors (AND, OR, and NOT). The search dates should be indicated in 
the text or in the table.

Patients have the right to privacy. Submission of case reports 
and case series must contain a declaration that all patients gave their 

consent to have their cases reported (even for patients cared for in 
public institutions), in text and images (photographs or imaging 
examination reproductions). The Journal will take care to cover any 
anatomical part or examination section that might allow patient iden-
tification. For deceased patients whose relatives cannot be contacted, 
the authors should consult the Editor-in-Chief. All case reports and 
case series must be evaluated and approved by an ethics committee. 

Case reports should be reported in accordance with the CARE 
Statement,7 including a timeline of interventions. They should be 
structured in the same way as original articles. 

Case reports must not be submitted as letters. Letters to the edi-
tor address articles that have been published in the São Paulo Medi-
cal Journal or may deal with health issues of interest. In the category 
of letters to the editor, the text has a free format, but must not exceed 
500 words and five references.

FORMAT: FOR ALL TYPES OF ARTICLES

Title page 
The title page must contain the following items:

1. Type of paper (original article, review or updating article, short 
communication or letter to the editor);

2. Title of the paper in English, which should be brief but informa-
tive, and should mention the study design.14 Clinical trial, cohort, 
cross-sectional or case-control study, and systematic review are 
the most common study designs. Note: the study design declared 
in the title should be the same in the methods and in the abstract;

3. Full name of each author. The editorial policy of the São Paulo 
Medical Journal is that abbreviations of authors’ names must not 
be used; therefore, we ask that names be stated in full, without 
using abbreviations;

4. Place or institution where the work was developed, city and 
country;  

5. Each author should indicate the way his/her name should be used 
in indexing. For example: for “João Costa Andrade”, the indexed 
name could be “Costa-Andrade J.” or “Andrade JC”, as preferred;

6. The author’s professional background (Physician, Pharmacist, 
Nurse, Dietitian or another professional description, or Under-
graduate Student); and his/her position currently held (for exam-
ple, Master’s or Doctoral Student, Assistant Professor, Associate 
Professor or Professor), in the department and institution where 
he/she works, and the city and country (affiliations);

7. Each author should present his/her ORCID identification number (as 
obtained from  HYPERLINK “http://www.orcid.org/” www.orcid.org); 

8. Each author must inform his contribution, preferably following 
the CRediT system (see above in Authorship);

9. Date and venue of the event at which the paper was presented, if 
applicable, such as congresses, seminars or dissertation or thesis 
presentations.
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10. Sources of financial support for the study, bursaries or funding 
for purchasing or donation of equipment or drugs. The proto-
col number for the funding must be presented with the name of 
the issuing institution. For Brazilian authors, all grants that can 
be considered to be related to production of the study must be 
declared, such as fellowships for undergraduate, master’s and doc-
toral students; along with possible support for postgraduate pro-
grams (such as CAPES) and for the authors individually, such as 
awards for established investigators (productivity; CNPq), accom-
panied by the respective grant numbers.

11. Description of any conflicts of interest held by the authors 
(see above). 

12. Complete postal address, e-mail address and telephone number 
of the author to be contacted about the publication process in the 
Journal (the “corresponding author”). This author should also 
indicate a postal address, e-mail address and telephone number 
that can be published together with the article. São Paulo Medical 
Journal recommends that an office address (rather than a residen-
tial address) should be informed for publication.
Second page: abstract and keywords
The second page must include the title and a structured abstract in 

English with a maximum of 250 words. References must not be cited 
in the abstract.

The following headings must be used in the structured abstract:
• Background – Describe the context and rationale for the study;
• Objectives - Describe the study aims. These aims need to be con-

cordant with the study objectives in the main text of the article, 
and with the conclusions; 

• Design and setting – Declare the study design correctly, and the 
setting (type of institution or center and geographical location);

• Methods – Describe the methods briefly. It is not necessary to give 
all the details on statistics in the abstract;

• Results – Report the primary results;
• Conclusions – Make a succinct statement about data interpre-

tation, answering the research question presented previously. 
Check  that this is concordant with the conclusions in the main 
text of the article;

• Clinical Trial or Systematic Review Registration – Mandatory for 
clinical trials and systematic reviews; optional for observational 
studies. List the URL, as well as the Unique Identifier, on the pub-
licly accessible website on which the trial is registered.

• MeSH Terms - Three to five keywords in English must be chosen 
from the Medical Subject Headings (MeSH) list of Index Med-
icus, which is available at http://www.ncbi.nlm.nih.gov/sites/
entrez?db=mesh.These terms will help librarians to quickly index 
the article.

• Author keywords - The authors should also add three to six “author 
keywords” that they think express the main article themes. These 
keywords should be different from the MeSH terms and preferably 

different from words already used in the title and abstract, so as to 
improve the discoverability of the article by readers doing a search 
in PubMed. They provide an additional chance for the article to be 
retrieved, read and cited. Combinations of words and variations 
(different wording or plurals, for example) are encouraged.
References
For any manuscript, all statements in the text that do not result 

from the study presented for publication in the São Paulo Medical 
Journal but from other studies must be accompanied by a quotation 
of the source of the data. All statements regarding health statistics and 
epidemiological data should generally be followed by references to the 
sources that generated this information, even if the data are only avail-
able electronically.

São Paulo Medical Journal uses the reference style known as the 
“Vancouver style,” as recommended by the International Commit-
tee of Medical Journal Editors (ICMJE). Follow the instructions and 
examples at www.icmje.org, item “References”, for the format. 

In the text, the references must be numbered in the order of 
citation. The citation numbers must be inserted after periods/full 
stops or commas in sentences, and in superscript (without paren-
theses or square brackets). References cited in the legends of tables 
and figures must maintain sequence with the references men-
tioned in the text.

In the list of references, all the authors must be listed if there are 
up to and including five authors; if there are six or more, the first three 
should be cited, followed by the expression “et al.” For books, the city 
of publication and the name of the publishing house are mandatory. 
For texts published on the internet, the complete uniform resource 
locator (URL) or address is necessary (not only the main home page 
of a website or link), so that by copying the complete address into a 
computer internet browser, the Journal’s readers will be taken to the 
exact document cited, and not to a general website.

At the end of each reference, please insert the “PMID” number (for 
papers indexed in PubMed) and the link to the “DOI” number if available.

Authors are responsible for providing a complete and accurate list 
of references. All references cited in the text must appear in the refer-
ence list, and every item in the reference list must be cited in the text. 
Also, citations must be in the correct sequence.

Manuscripts that do not follow these guidelines for references will 
be returned to the authors for adjustments.

The reference list should be inserted after the conclusions and 
before the tables and figures.

Figures and tables
Images must be submitted at a minimum size that is reproduc-

ible in the printed edition. Figures should be sent at a resolution of 
300 DPI and minimum size of 2,500 pixels (width) and be recorded 
in “.jpg” or “.tif ” format. Images submitted in inadequate formats will 
not be accepted.
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Images must not be embedded inside Microsoft PowerPoint or 
Microsoft Word documents, because this reduces the image size. 
Authors must send the images separately, outside of .doc or .ppt doc-
uments. Failure to send the original images at appropriate sizes leads 
to paper rejection before peer review.

Flowcharts are an exception: these must be drawn in an editable 
document (such as Microsoft Word or PowerPoint), and should not 
be sent as an image that can’t be changed.

Figures such as bars of line graphs should be accompanied by 
the tables of data from which they have been generated (for example, 
sending them in the Microsoft Excel spreadsheets, and not as image 
files). This allows the Journal to correct legends and titles if necessary, 
and to format the graphs according to the Journal’s style. Graphs gen-
erated from software such as SPSS or RevMan must be generated at the 
appropriate size, so that they can be printed (see above). Authors must 
provide internal legends/captions in correct English.

All the figures and tables should be cited in the text. All figures 
and tables must contain legends or titles that precisely describe their 
content and the context or sample from which the information was 
obtained (i.e. what the results presented are and what the kind of 
sample or setting was). The reader should be able to understand the 
content of the figures and tables simply by reading the titles (with-
out the need to consult the text), i.e. titles should be complete. Acro-
nyms or abbreviations in figure and table titles are not acceptable. 
If it is necessary to use acronyms or abbreviations inside a table or 
figure (for better formatting), they must be spelled out in a legend 
below the table or figure.

For figures relating to microscopic findings (i.e. histopathological 
results), a scale must be embedded in the image to indicate the mag-
nification used (just like in a map scale). The staining agents (in his-
tology or immunohistochemistry evaluations) should be specified in 
the figure legend.
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