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Robot-assisted surgery emerged in the 2000s and has grown almost exponentially in the last
decade. The use of robotic-assisted surgery has increased 10-40-fold more than that of laparo-
scopic surgery for general routine procedures.! The continuous improvement of robotic plat-
forms has allowed surgeons to overcome the limitations of conventional laparoscopy, such as
2D visualization and long instruments that do not accurately reproduce human wrist move-
ments. Robotic systems provide high-definition 3D visualization, giving control of the cam-
era to the surgeon. Robotic platforms have surgical instruments with intracavitary joints that
reduce tremors, reproducing the movements of the surgeon on the console with great accuracy.
Combined with these technical advantages, the clinical results consistently demonstrated in sci-
entific articles seem to corroborate the great growth of robotic surgery in several specialties.
The increasing use of robotic systems has raised concerns about the safety of patients oper-
ated on by surgeons on a learning curve. This demand resulted in a standardized curriculum for
training new surgeons. A few years ago, robotic training was controlled and certified by Intuitive,
the company that manufactured the only robotic platforms then available in Brazil. The signifi-
cantly increased demand for robotic surgery led the Brazilian Medical Association (AMB), the
Specialty Societies, and the Federal Council of Medicine (CFM) to regulate robotic surgery in
Brazil, establishing a structured training curriculum®* consisting of a basic and an advanced stage.
The basic or pre-clinical stage includes acquiring theoretical knowledge about robotic equipment
and how the robot works, online training on the fundamentals of robotic surgery, watching vid-
eos and attending some robotic surgeries in person, training on a robotic simulator, and train-
ing on the robot console simulating real surgery movements and procedures (in-service train-
ing). In the advanced stage, the apprentice performs the robotic procedure as the main surgeon
under the supervision of a surgeon-instructor (proctor) with extensive experience in the tech-
nique. After supervising at least ten specialty procedures, the proctor will be able to certify the
apprentice surgeon’s competence to perform robotic surgery. Next, we will describe the stages of

the structured curriculum in more detail.

ONLINE TRAINING

The Fundamentals of Robotic Surgery (FRS) is an online program on the principles of robotic
surgery developed by more than 80 experts. Actually, it is not just an online program because
it included other training stages. It is divided into an introduction to the robotic surgical sys-
tem, didactic instructions on robotic surgical systems, psychomotor skills curriculum and train-
ing, communication skills training, and staff training. However, the program that is currently
mostly used is the Technology Training Pathway, developed by Intuitive Surgical for its plat-
form. This website provides videos and documents about the principles of the da Vinci system,
especially about robotic instruments and accessories, port placement, docking, intraoperative

configuration, surgical console manipulation, troubleshooting, and safety resources.’

BEDSIDE EXPERIENCE
This stage allows the apprentice surgeon to consolidate some of the concepts taught in the online
stage. Watching and, ideally, participating in robotic surgeries in theater as a supervised assis-

tant, the apprentice practices proper patient positioning, port placement, docking, and handling
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the robots arms and instruments, in addition to learning how
to solve system problems. Live observation of an experienced
surgeon allows the apprentice to become more familiar with the
main standard procedures in their specialty and learn some criti-

cal points and technical tricks.®

SIMULATION
The apprentice surgeon uses simulators to practice the skills
required for robotic procedures. The exercises include handling
articulated and 3D optic instruments, improving forceps move-
ments, suturing, tying surgical knots, dissecting structures,
and using different forms of energy. The most used 3D simula-
tors are the dVSS da Vinci Simulator (3-D Systems/Simbionix),
adapted to the surgeon’s console on the da Vinci platform, and the
DV-Trainer (Mimic Technologies). In both models, the apprentice
receives scores that evaluate different aspects of their movements
throughout the exercises, helping to improve their weaker points.
In addition to virtual reality simulators, there are also physical
simulators in which the surgeon performs exercises to develop skills
such as suturing, cauterizing, and closing planes in organic tissues
and anatomical parts. For an experience even closer to reality, ani-
mal organs such as porcine models can be used inside domes and
manikins. However, due to their high costs, they are reserved for
more advanced training stages or for the final evaluation of the
pre-clinical part of robotic certification. A cadaveric human model

is also a very realistic option, but it is very expensive.®

SUPERVISED PROCEDURES

After being certified in the pre-clinical/basic stage, the apprentice
surgeon can begin the clinical/advanced stage. This stage consists
of at least ten robotic procedures supervised by an instructor sur-
geon with extensive robotics experience. Ideally, the first surger-
ies should be simpler procedures, and as the apprentice gains con-
fidence with robotic technology, they move on to more complex
procedures. When this progression is not possible, the appren-
tice can begin by receiving help from the instructor in the more
technically difficult stages of complex procedures, gaining more
autonomy as they gain experience. At the end of the advanced
stage, the apprentice surgeon will be able to continue indepen-

dently, as long as the proctor deems that they are ready to do so.

SYSTEMS AVAILABLE IN BRAZIL

In Brazil, we currently have platforms produced by three com-
panies. Most of the robotic systems are produced by Intuitive
Surgical, the American company that pioneered robotics.
The available platforms are the da VinciO Si, X, and Xi, with

the Si model being discontinued over the next few years and
gradually replaced by the VinciO X and Xi models. One hun-
dred and three da VinciO systems are distributed in 88 hospitals
across all Brazilian regions. The second company that came to
Brazil was CMR Surgical, a British company that produces the
VersiusO platform. At the moment, there are six VersiusO sys-
tems installed in six different hospitals in the South and Southeast
regions. Finally, we have the HugoO RAS platform, produced by
Medtronic, already available in two hospitals in Sdo Paulo, SP.
However, to date, the HugoO system is only validated for urologi-
cal and gynecological surgeries.

The increased number of new platforms requires structured
curriculum adaptations because even accredited surgeons will
require training to use each of the different systems. Furthermore, an
increasing number of surgeons will begin their experience directly
on the new platforms. In the near future, the ideal structured cur-
riculum should cover even broader skills, enabling new surgeons
to work across all different platforms. However, predicting how
training will be affected by an increasing number of robotic sys-

tems is difficult.
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ABSTRACT
BACKGROUND: Dynapenia is characterized by mobility limitations in the older population when com-
bined with aggravating behavioral factors that can increase the risk of morbidity and mortality.
OBJECTIVE: To investigate the hypothetical effects of reallocation of time spent on sedentary behavior
(SB), moderate-to-vigorous physical activity (MVPA), and sleep on dynapenia in older adults.
DESIGN AND SETTING: A prospective cohort study using exploratory surveys in Alcobaca City, Bahia
State, Brazil.
METHODS: In total, 176 older adults (= 60 years) of both sexes participated in this study. Dynapenia was
assessed using the handgrip strength test with cutoff points of < 27 kg for men and < 16 kg for women.
MVPA and SB were assessed using the International Physical Activity Questionnaire, and sleep was as-
sessed using the Pittsburgh Sleep Quality Index.
RESULTS: Effects on reallocation were found for the shortest times, such as 10 minutes (odds ratio (OR)
0.92; 95% confidence interval (Cl): 0.85-0.99); substituting MVPA with SB increased the chances of dynap-
enia by 58.0% (95% Cl: 1.01-2.49). Analyzing the substitution of 60 minutes/day of SB with 60 minutes/day
of MVPA revealed a protective effect, with a lower OR for dynapenia of 37.0% (OR 0.63; 95% Cl: 0.40-0.99).
The reallocation of sleep time did not significantly reduce dynapenia.
CONCLUSIONS: Substituting the time spent sitting with the same amount of time spent on MVPA can
reduce dynapenia, and a longer reallocation time confers greater health benefits in older adults.

INTRODUCTION
Aging is commonly accompanied by a significant reduction in muscle performance, since skel-
etal muscle mass and strength are affected by this process.! The age-related decline in muscle
strength is termed dynapenia. This condition exposes older adults to a greater risk of mobility
limitations.? It is directly influenced by behavioral factors such as the level of physical activity
(PA), exposure to sedentary behavior (SB), and quality and duration of sleep.?

Moderate-to-vigorous physical activity (MVPA) is an established component of healthy
aging and can improve the health and longevity of the population.* Insufficient levels of physical
activity are prevalent worldwide; in older adults, this prevalence reportedly ranges from 4.9%
(Sweden)® and 29.0% (Portugal)® to 33% in Brazil.® PA levels among older adults remain below
the minimum 150 to 300 minutes per week recommended by the World Health Organization.”
These low levels induce several deleterious muscle adaptations, including reductions in muscle
volume, power, and strength, which are aggravating factors for older adults.®

Concomitantly, advancing age has been associated with high SB,* with an estimated
sedentary time of older adults of 9.4 hours per day, ranging from 8.5 to 10.7 hours per day,
according to a systematic review of 22 studies.” Consequently, SB is independently asso-
ciated with reduced muscle strength, which contributes to reducing the functionality and
autonomy of older adults.”

Therefore, exposure to dynapenia may play a role in the relationship between PA, MVPA,
and SB. Establishing and quantifying the associations between such variables is thus a prior-
ity for informing potential lifestyle guidelines and interventions, ultimately mitigating poor

health outcomes.!!
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Regarding sleep, its relationship with aging and strength and
its close association with the development of adverse health con-
ditions have been described.”? A study found that low handgrip
strength was independently associated with poor sleep quality in
middle-aged and older adults."

Although the association between SB, PA, and sleep has been
investigated in the literature,'*"* studies examining the relationship
between dynapenia and SB, PA, and sleep, especially their effects
when assessing the reallocation of the exposure time of older indi-
viduals to these activities, are lacking. Therefore, investigating sleep
hour time, MVPA, and SB in relation to dynapenia is relevant; an
isotemporal substitution modeling shows the ability not only to
control the effect between activities but also the effect of substi-
tutions of time spent, reducing the heterogeneity of associations,
thus facilitating public health recommendations.’® We hypothe-
sized that the hypothetical reallocation of time in MVPA by SB

would increase the odds of dynapenia.

OBJECTIVE
To investigate the hypothetical effects of the reallocation of time

spent on SB, MVPA, and sleep on dynapenia in older adults.
METHODS

Study design

This was a prospective and observational cohort study, part of the
Longitudinal Study of Elderly Health in Alcobaga (ELSIA, as per
its Portuguese acronym) conducted between 2015 and 2020 in the
municipality of Alcobaga, located in the extreme south of state of
Bahia, Brazil. It comprised 743 older adults aged 60 years and over
who lived in urban areas and were registered in the Family Health
Strategy (FHS). This program comprises a care model to access pub-
lic health, aiming to promote the integration of social security ser-

vices with the public health services of states and municipalities.”

Participants

For the survey, individuals registered in the FHS of the Health
System of the Brazilian government, conducted in Alcobaga,
were selected. Alcobaga has 743 older adults enrolled in the FHS;
54 of whom refused to participate in the survey, 58 were excluded
because they did not meet the inclusion criteria, and 158 could
not be located, resulting in a final sample of 473 individuals."®
The exclusion criteria were severe cognitive impairment accord-
ing to the Mini-Mental State Examination (MMSE), adapted for
the Brazilian population,' severe difficulty in visual and hearing
acuity, use of wheelchairs, severe sequelae of stroke with localized
loss of strength, or terminal illness. For home visits, the research-
ers used data provided by the Municipal Health Department of

Alcobaga as a reference. Contact was made with the older adults

through home visits, informing them of the objectives, and
requesting their participation in the research voluntarily.?’

In February 2020, 249 participants were excluded due to a lack of
information (59 due to death, 36 due to relocation to another city, 18
due to refusal to participate, 25 due to not meeting the inclusion cri-
teria, and 105 due to not being locatable); 48 were excluded because
they already had dynapenia at the beginning of the study, and 6 were
excluded due to a lack of information on handgrip strength, result-

ing in a final study population of 176 individuals (Figure 1).

Ethical consideration

This study complied with the procedures and protocols of the
Declaration of Helsinki and was approved by the Research Ethics
Committee of the Universidade Federal do Triangulo Mineiro (no.
966.983/2015; date: February 25, 2015) and the Universidade do
Estado da Bahia (no. 3.471.114/2020; date: July 26, 2019). Participation

was voluntary and all participants provided informed consent.

Dynapenia
Dynapenia was assessed using the handgrip strength test with
a Jamar portable hydraulic dynamometer (SAEHAN, SH5001,
Korea). The participants were instructed to remain standing,
with their elbows extended, then press the handle of the dyna-
mometer with the highest force possible and hold it for 6 sec-
onds. The recovery time between attempts was 1 minute. Three
measurements were obtained in kilograms/force (kgf). The high-
est value of attempts for the dominant hand (self-reported by the
subject) was used in the analysis.”!

Dynapenia was classified as < 27 kgf for men and < 16 kgf for

women, according to the criteria of Dodds et al.*?

Physical activity and sedentary behavior

PA and SB were assessed using the long form of the International
Physical Activity Questionnaire (IPAQ), validated for Brazilian
older adults.”**

PA was determined based on activities with MVPA for at least
10 continuous minutes during one day of the week. To characterize
older individuals, a cutoff point of 150 minutes/week of MVPA was
used (= 150 minutes/week = sufficiently active and < 150 minutes/
week = insufficiently active),” and for the reallocation analysis, the
time of MVPA was used continuously.

SB was determined by the time spent sitting during one day in
the week and one day on the weekend. The total time spent sitting
(minutes/day) was determined based on the weighted arithmetic
mean [(time sitting on a weekday x 5 + time sitting on a weekend
Day x 2)/7].% The 50" percentile of sitting time, corresponding to
391.78 minutes/day, was used as the cutoff point to characterize
older individuals with high SB (= 50" percentile). For isotempo-

ral analyses, total continuous values were used.
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Figure 1. Longitudinal Study of Elderly Health in Alcobaca, 2015-2020, Sample flowchart.

Sleep

The time spent on nocturnal sleep was measured by the ques-
tion, “During the past month, how many hours did you sleep at
night?,” from the Pittsburgh Sleep Quality Index,* translated and
validated for Brazilian Portuguese.” It refers to the amount of
sleep an individual has per night. Continuous values expressed as
minutes per day (minutes/day) were considered for the construc-

tion of the isotemporal substitution models.

Covariables

Data on socioeconomic and general health variables were collected
using a structured questionnaire. The variables consisted of sex (male
and female), age group (60-69, 70-79, and = 80 years), marital status

(with a partner and without a partner), occupation (paid work and

without paid work), income (value in financial unit BRL converted
to American dollars U$) and schooling (years of study), polyphar-
macy (0 to 4 medicines > 5 medicines), Basic Activities of daily liv-
ing (BADL) (score) was assessed by using the Katz Index,® number
of diseases (amount), smoking (yes or no) self-reported by the partici-
pant. The body mass index (BMI) was calculated as body mass/height®
(kg/m?). The waist-hip ratio (WHR) was determined by measuring
the circumference in centimeters (cm) and was defined as waist to
umbilical scar and hip at the largest circumference of the gluteal bone

through the ratio of one measure to the other (cm waist/hip cm).”

Data analysis
Epidata software, version 3.1b, was used to prepare the database,

and the analyses were performed using SPSS software (version




23.0; SPSS, Inc. Chicago, Illinois, United States). The Kolmogorov—
Smirnov test was used to test the normality of the data.

Descriptive statistics were used to identify the sample, includ-
ing the distribution of absolute and relative frequencies, medi-
ans, means, standard deviations (SDs), and interquartile ranges.
The difference between groups with and without dynapenia was
measured using the Mann-Whitney U test. For the association
between the covariables and dynapenia, inferential statistics were
used (Pearson’s chi-square test).

To determine the hypothetical effects of the reallocation of
time spent on sleep, SB, and PA on dynapenia, the isotemporal
substitution approach was used.*® Isotemporal substitution anal-
yses were performed using logistic regression, with an estimate
of odds ratio (OR) and 95% confidence interval (CI). The effects of
substituting the times of 10, 20, 30, 40, 50, and 60 minutes spent

on sleep, SB, and MVPA for the presence of dynapenia were also
checked. The models were adjusted for sex, basic activities of daily
living scores, income, smoking, number of diseases, polypharmacy,
schooling, body mass index, and waist-hip ratio. A significance

level of 5% was used.

RESULTS
This study included 176 older adults of both sexes, with a median
age of 66.0 years. The incidence of dynapenia during the follow-
up period was 17% (n = 30). Table 1 displays the characteristics
of the participants and their associations with the covariables at
baseline, according to the incidence of dynapenia at follow-up.
The mean times of the measured variables included in the
hypothetical isotemporal substitution model were a mean of 64
minutes/day (SD 76.57; IRQ 73.21) for MVPA, a mean of 413.94

Table 1. Characteristics of participants and associations according to the presence and absence of dynapenia. Alcobaga-BA, Brazil, 2020

Dynapenia
Variables Total Absence Presence P
n (%)
n (%) n (%)
Sex
Male 63 (35.8) 50 (79.4) 13 (20.6) 0,404
Female 113 (64.2) 96 (85.0) 17 (15.0)
Age group
60-69 years 120 (68.2) 106 (88.3) 14(11.7)
70-79 years 46 (26.1) 35(76.1) 11 (23.9) 0.003
>80 years 10(5.7) 5(50.0) 5(50.0)
Marital status
Without partner 87 (49.4) 69 (79.3) 18(20.7) 0233
With partner 89 (50.6) 77 (86.5) 12(13.5)
Occupation
Employed 48 (27.3) 42 (87.5) 6(12.5) e
Unemployed 128 (72.7) 104 (81.3) 24 (18.3)
Polypharmacy
0-4 medicines 148 (84.1) 128 (86.5) 20(13.5) 0.011
> 5 medicines 28 (15.9) 18 (64.3) 10 (35.7)
Smoking
No 160 (90.9) 133 (75.6) 27 (16.9) 5758
Yes 16 (9.1) 13 (81.3) 3(18.8)
Level of physical activity
> 150 minutes/week 114 (64.8) 98 (86.0) 16 (14.0) 0.207
< 150 minutes/week 62 (35.2) 48 (77.4) 14 (22.6)
Sedentary lifestyle
< 535 minutes/day 142 (80.7) 120 (84.5) 22 (15.5) 0.309
> 535 minutes/day 34 (19.3) 26 (76.5) 8(23.5)
Median (IQR) Median (IQR) Median (IQR) P
Income (Dollars) 322.81(326.96) 326.96 (284,54) 322.81(326.96) 0.179
Number of Diseases 3.00 (4.00) 3.00 (4.00) 3.50 (4.00) 0.379
Schooling (years) 4.00 (6.00) 4.52 (5.00) 3.50 (6.00) 0.828
BMI (kg/mz) 27.01 (6.93) 27.03 (6.54) 26.78 (7.61) 0.196
WHR (cm) 0.98 (0.10) 0.98 (0.10) 0.99 (0.13) 0.406

Data are expressed as absolute and relative frequencies for categorical variables and as medians and interquartile ranges for quantitative variables.
IQR = interquartile range; BMI = body mass index; WHR = waist-to-hip ratio.



minutes/day (SD 149.48; IRQ 173.04) for sedentary behavior and
a mean of 414.00 minutes/day (SD 98.36; IRQ 120.00) for sleep.

In the isotemporal substitution analyses (Table 2), it was
observed that the substitution of MVPA time for time spent on
SB resulted in a higher OR of dynapenia at all tested times of 10,
20, 30, 40, 50, and 60 minutes among the surveyed older individ-
uals (P < 0.05).

The reduction in SB and increase in MVPA were shown to
have a protective role, where the longer the substitution time, the
greater the protective effect. Substituting short times, such as 10
minutes/day of SB, with 10 minutes/day of MVPA was associated
with an 8% reduction in dynapenia. In comparison, at the maxi-
mum time of 60 minutes/day, reallocation was associated with a
37% reduction in the development of dynapenia (95% CI: 0.40—
0.99). Substitutions of sleep time with SB and MVPA times did

not result in significant differences.

DISCUSSION

The main findings show that reallocations of SB by MVPA at
all times tested reduced the chances of developing dynapenia.
The inverse mode also occurs where the reallocation of time
in MVPA by SB is a risk factor for the conservation of muscle
strength in older adults.

Recent investigations have shown the possible effect of phys-
ical activity on muscle strength.*"!! Consistent with these studies,
the results of the current study reinforce this positive association,
showing PA as a protective factor for reducing muscle strength
in the aging process. Cooper et al.,”> with a sample of more than
66,000 English citizens aged > 60 years, identified a linear and
positively associated behavior of handgrip strength and PA, the
older adults whose handgrip strength increased spent more min-
utes per day on MVPA.

Despite its health benefits, PA levels among older adults remain
below the recommended 150 minutes/week.* It has been shown
that even at low levels, small changes in the inactive profile can
improve and maintain the health of older adults.® These results
reinforce that changes in small amounts of time (10 and 20 min-
utes/day) in the increase of PA showed benefits by significantly
reducing the chances of developing dynapenia.

Conversely, SB contributes to an unhealthy lifestyle* associ-
ated with declines in performance and muscle strength in older
adults.! Accordingly, the results of the current study highlight the
risks of time increments in SB for dynapenia from the short times
of 10 to 30 minutes per day, in addition to the fact that the reallo-
cation of an additional hour (60 minutes daily) of SB, there was a
58% increase of dynapenia, corroborating the results reported by
Gianoudis et al.* for each additional hour.

This factor has been assessed by sedentary activity; the study
by Hammer and Stamatakis'® addressed the daily time spent on TV

and internet use and its inverse association with muscle strength,
highlighting that older adults who watched TV for > 6 hours per
day had less handgrip strength than older individuals who watched
TV for < 2 hours per day.

In older adults, sleep and muscle strength vary according to
the aging process. As modifiable parameters, they can interact
and influence each other.*® The results of the current study did not
show significant changes in the reallocations of sleep time by SB or
MVPA, which can be explained by the mean sleep rate of the popu-
lation, which was of the recommended regular amount (~7 hours).
However, recent investigations have identified strong evidence
between the quality and amount of sleep and muscle strength.***
Pourmotabbed et al. showed that both short (< 6 hours) and long
(> 8 hours) periods of sleep could lead to an increase in the risk of
sarcopenia (decline in muscle mass, strength, and performance).”

In the isotemporal substitution model, no studies reported

on dynapenia as an outcome; however, with sarcopenia and its

Table 2. Isotemporal substitution model of the association among
sleep time reallocation, sedentary behavior, and moderate to vigorous
physical activity in the risk of dynapenia in older adults. Alcobaca-BA,

Brazil, 2020
Dynapenia
Substitution Models OR (95% Cl) OR (95% Cl) OR (95% CI)
MVPA SB Sleep
10 minutes
MVPA Substitution - 1.08 (1.01-1.16)" 1.05(0.95-1.14)
SB Substitution 0.92 (0.85-0.99) - 0.97 (0.92-1.02)
Sleep Substitution  0.95(0.87-1.04) 1.02 (0.97-1.08) -
20 minutes
MVPA Substitution - 1.16 (1.01-1.35)" 1.10(0.92-1.31)
SB Substitution 0.85 (0.73-0.99) - 0.94 (0.84-1.05)
Sleep Substitution  0.90 (0.75-1.08)  1.05 (0.95-1.17) -
30 minutes
MVPA Substitution - 1.26 (1.01-1.58)" 1.15(0.88-1.51)
SB Substitution 0.79 (0.63-0.99)" - 0.91 (0.78-1.07)

Sleep Substitution

0.86 (0.66-1.13)

1.09 (0.92-1.28)

1.21(0.84-1.74)
0,89 (0.71-1.10)

1.27(0.81-2.00)
0.86 (0.66-1.13)

1.33(0.77-2.29)

40 minutes

MVPA Substitution - 1.36 (1.01-1.83)"

SB Substitution 0.73 (0.54-0.99) -

Sleep Substitution  0.82(0.57-1.18)  1.12 (0.90-1.39) -
50 minutes

MVPA Substitution - 1.47 (1.01-2.14)

SB Substitution 0.68 (0.46-0.99)" -

Sleep Substitution 0.78 (0.50-1.23) 1.15(0.88-1.51) -
60 minutes

MVPA Substitution - 1.58 (1.01-2.49)

SB Substitution 0.63 (0.40-0.99) -

Sleep Substitution

0.74 (0.43-1.28)

1.18 (0.86-1.64)

0.84 (0.61-1.16)

Cl = confidence interval; OR = odds ratio; MVPA = moderate to vigorous physical
activity; SB = sedentary behavior. Adjusted for sex, basic activities of daily living

score, income, smoking, number of diseases, polypharmacy, years of study, body
mass index, and waist-hip ratio; "P < 0.005.



components, Sanchez-Sénchez et al.*® found that the reallocation
of 60 minutes/day of MVPA by time spent on SB was associated
with a reduction in the risk of sarcopenia (OR = 0.522; 95% CI:
0.367-0.726). Furthermore, when its components were assessed
separately, reallocation was also associated with higher handgrip
strength values (3 = 0.888; 95% CI: 0.145-1.631).

MVPA is an important predictor for the maintenance of mus-
cle physiology,'? especially in aging, contributing to the increase
of systemic inflammation, improving its oxidative power, and
decreasing the loss of motor units, thus helping to conserve mus-
cle strength.! On the other hand, the systems directly involving SB
and dynapenia remain unclear; however, physiological processes
explain that staying sedentary can influence systemic inflamma-
tion, which contributes to the infiltration of adipocytes into mus-
cle tissue,” reducing the contractile capacity of the skeletal muscle
that entails, among other outcomes, decreased muscle power and
strength,* thus revealing similar paths between SB and dynapenia.

The use of isotemporal substitution modeling demonstrates a
valuable avenue for the development of research within the epi-
demiological area owing to its ability to interdependently identify
activities of different intensities, making more realistic assumptions
that an increase in a behavior will be accompanied by a decrease in
the equal duration of the others while the total time in all behav-
iors is kept constant.”” These findings may be important in pre-
paring specific recommendations for PA and SB in older adults.
This can be useful for primary health and health professionals on
how to use discretionary time in a way that is beneficial to health
in daily practice.

With the need for future studies that complement our results,
monitoring the high exposure to SB already present in the pop-
ulation can influence the development of dynapenia, even if PA
levels remain above the recommended parameters.

Among the limitations of this study is the isotemporal sub-
stitution method, which is hypothetically applied, and the lack
of estimating the change in behavior via a direct assessment.
Moreover, we implemented an instrument that indirectly assesses
PA and SB, which does not estimate mild intensity, which is con-
sidered important for the composition of the day in 24 hours.
Nevertheless, the strengths of the study should be highlighted, such
as its representative sample, the follow-up having been performed
by the same assessors throughout the study period, in addition to
the measurement of muscle strength with the hydraulic dyna-
mometer, considered the gold standard for large populations, its
originality, and its configuration in a longitudinal design that no

other studies have utilized.

CONCLUSION
Substitution of the time spent on MVPA with the same amount in

SB is associated with an increased risk of dynapenia. The opposite

also occurs; longer time spent on MVPA correlates with greater
benefits, drastically reducing the risk of developing dynapenia,
thus directly reflecting on the reduction of the limiting impacts

of the decline in muscle strength.
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ABSTRACT
BACKGROUND: The university context plays an important role in the health-disease process since stu-
dents are potentially vulnerable to obesogenic behaviors that can influence long-term health.
OBJECTIVE: To estimate the prevalence of and factors associated with the co-occurrence of obesogenic
behaviors among university students.
DESIGN AND SETTING: This was a cross-sectional study at a Brazilian public university.
METHODS: This study was conducted with all university students in the first and second semesters of
2019 at Universidade Federal de Ouro Preto, Minas Gerais, Brazil. Data were collected between April
and September 2019, using a self-administered questionnaire. The outcome was the co-occurrence
of obesogenic behaviors, measured as the sum of three risk behaviors: inadequate eating practices,
leisure-time physical inactivity, and sedentary behavior. A Venn diagram was used to evaluate the si-
multaneous occurrence of risk behaviors. Pearson’s chi-square test and multivariate logistic regression
were used for statistical analyses.
RESULTS: A total of 351 students participated in the study. Inadequate eating practices constituted the
most prevalent isolated risk behavior (80.6%), which was also the most prevalent when combined with
sedentary behavior (23.6%). University students aged 20 years or younger, with non-white skin color,
poor self-rated health, and symptoms of depression had increased chances of simultaneous occurrence
of obesogenic behaviors.
CONCLUSION: These findings highlight the importance of developing and implementing actions to re-
duce combined obesogenic behaviors in the university environment. Institutions should focus on creating
an environment that promotes health-protective behaviors such as physical activity and healthy eating.

INTRODUCTION

The prevalence of obesity has increased rapidly in recent decades in both developed and devel-
oping countries, reaching the status of a global pandemic. This condition is characterized as
both a disease and a risk factor for other chronic non-communicable diseases (NCDs). The eti-
ology of this condition is multifactorial, resulting from a complex interaction between genetic,
individual, sociocultural, economic, environmental, and behavioral factors. Epidemiological
studies have demonstrated the relationship between important risk factors associated with this
morbidity, which represents one of the biggest public health problems today.'*

Many health risk behaviors, such as inadequate eating practices, low levels of physical activ-
ity, and sedentary behavior (SB), are considered independent risk factors for being overweight,
contributing to increased morbidity and mortality due to NCDs.*® However, exposure to these
risk factors does not occur in an isolated manner® but in a group or simultaneously, increasing
the risk of becoming overweight and obese.'*!!

Although studies have evaluated the aggregation of multiple health risk behaviors, especially
in the general adult population,'* few studies have focused on university students.'*!* University
enrollment represents a period of health risk for young adults, as it results in numerous changes
in the student’s life, including increased opportunities to initiate and establish unhealthy behav-
iors that favor weight gain.”> Additionally, it is observed that other factors are associated with
obesogenic behaviors among university students during academic life, with emphasis on those

related to sociodemographic, individual, social, and environmental characteristics.'
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Understanding potentially obesogenic behavioral risk factors
among university students is imperative for identifying more sus-
ceptible groups and recognizing the health effects of these factors,
to facilitate the development of prevention and health promotion
strategies targeted at the university environment. Additionally,
this information can contribute to more effective public policies

to reduce the rates of obesity- and overweight-related NCDs.

OBJECTIVE
This study therefore aimed to estimate the prevalence of co-
occurrence of obesogenic behaviors and their associated factors

in university students.

METHODS

Study design and population

This cross-sectional study was integrated with a project on anxi-
ety and depression among university students titled “Symptoms
of Anxiety and Depression among University Students of
Minas Gerais: a longitudinal study” (Projeto sobre Ansiedade e
Depressao em Universitarios - PADu). This study was approved
by the Research Ethics Committee of the Universidade Federal de
Ouro Preto (UFOP) under CAAE no. 19467919.5.0000.5150 on
December 19, 2019.

PADu is a longitudinal study conducted with university stu-
dents entering undergraduate courses offered at the campi of Ouro
Preto and Mariana of the UFOP. Data will be collected at three dif-
ferent time points (T0—in the first semester of the undergraduate
course; T1—after attending two years; T2—after attending four
years) to verify behavioral changes during academic life. For the
present study, data from the baseline (T0) were used.

The study population included all university students entering
the first and second semesters in the 2019 undergraduate courses
in architecture and urbanism, performing arts, law, physical edu-
cation, civil engineering, production engineering, geological engi-
neering, pharmacy, history, journalism, mathematics, medicine,
nutrition, and pedagogy. The students’ lists were made available
through the UFOP’s teaching sections.

Students who met the following inclusion criteria participated
in the research: regularly enrolled in the first period of the under-
graduate courses evaluated in the study and aged 18 years or older.

The PADu sample comprised 355 university students. However,
the final sample of this study consisted of 351 university students,
since four participants did not answer all the questions related to

the co-occurrence of obesogenic behaviors.

Data collection
Data were collected between April and September 2019 by proj-

ect members who were previously trained to apply the instrument

and clarify possible doubts of the students. A pilot study was con-
ducted with students attending the eighth period of the nutrition
course in the second semester of 2018 who would therefore not
participate in the sample.

The questionnaires were administered during class hours,
after taking prior appointments, and the teacher’s presence in each
selected course. The researchers oriented the university students
about the study, risks, and benefits. They were also informed that
their participation was voluntary and anonymous. Those who agreed
to participate signed the informed consent form and answered a
questionnaire consisting of socioeconomic characteristics, lifestyle
habits, and health conditions.

Variables of the study

The outcome variable (co-occurrence of obesogenic behaviors)
was obtained from the sum of three risk behaviors: inadequate
eating practices, leisure-time physical inactivity, and SB. The
responses were categorized as none to three obesogenic behav-
iors. These behaviors are justified because they are considered
health risk factors and are associated with the most significant
burden of NCDs and mortality."”

The variable “inadequate eating practices” was obtained through
a scale developed and validated by Gabe and Jaime for adults,
which measures adherence to healthy eating practices based on
the recommendations of the second edition of the Food Guide
for the Brazilian Population.'®" For classification purposes, the
cut-off points proposed by Gabe and Jaime were used, wherein
eating practices were classified as “inadequate” when the sum of
the individual scores assigned to the responses for each alternative
resulted in a score of up to 31 points, at “risk” when the score was
between 32 and 41 points, and “adequate” when it was greater than
41 points.?** Subsequently, for the present study, eating practices
were recategorized as “adequate” and “inadequate”

Leisure-time physical inactivity was assessed using the study
Surveillance System for Risk and Protective Factors for Chronic
Diseases by Telephone Survey (VIGITEL), with questions such as:
“In the last three months, did you practice any physical exercise
or sport? (Do not consider physical therapy).”? Participants who
answered “no” were classified as “inactive in leisure time,” and
those who answered “yes” were considered “active in leisure time.

SB was included in the study because a growing number of
studies characterize it as a health risk factor, different from and
independent of physical inactivity, and associated with the occur-
rence of adverse health effects, such as metabolic syndrome.>* SB
was determined in the questionnaire using the following question:
“In your free time, that is, when you are not studying or work-
ing, how much time (in hours) do you dedicate to using the cell
phone, television, computer, or tablet?” This question was adapted

from two questions from VIGITEL.* For each of the screen types



» «

evaluated, eight answers were possible: “I don’t use,” “less than an

hour,” “between one to two hours,” “between two to three hours,’

» «

“between four to five hours,” “between five to six hours,” and “more
than six hours.” For analysis purposes, SB was analyzed as a contin-
uous variable and responses were coded as 0, 0.5, 1.5, 2.5, 3.5, 4.5,
5.5, and 6.5 hours, respectively. Subsequently, the responses of the
time spent on each type of screen were summed, and the classifi-
cation of SB was established according to the median. University
students with screen time < 6 h were classified as “non-sedentary;’
while those with screen time > 6 h were considered “sedentary”

The explanatory variables included in this study were grouped
into two domains: sociodemographic characteristics and health
conditions. The variables assessed in the sociodemographic domain
included sex (male and female), age (< 20 years and > 20 years),
skin color (white and non-white—yellow, brown, mulatto, or black),
sexual orientation (heterosexual and others—homosexual, bisex-
ual, or asexual), marital status (single and others—married, stable
union, widowed, or divorced), and total monthly family income
(< three minimum wages and > three minimum wages). The wage
value considered in this study refers to the minimum wage in force
in Brazil in 2019 (R$ 998.00). The sociodemographic domain com-
prised the following variables: housing (without and with family
members), area of knowledge (life sciences, exact sciences, human-
ities, and social and applied sciences), and work (no and yes).

In the health condition domain, the following variables were
evaluated: self-rated health, categorized as “good” (good and very
good) and “bad” (regular, bad, and very bad); anthropometric pro-
file (not overweight or overweight); use of medication for chronic
diseases (no and yes); anxiety symptoms (no and yes); depression
symptoms (no and yes); and stress symptoms (no and yes).

The anthropometric profile was evaluated by calculating the body
mass index (BMI) through the anthropometric measurements of weight
and height, self-reported by the participants. The classification was
made according to the BMI reference values established by the World
Health Organization for adults* and adolescents.” Individuals classi-
fied as underweight and eutrophic (BMI < 24.9 kg/m?) were grouped
in the “not overweight” category and those classified as overweight and
obese (BMI>25kg/m?) in the “overweight” category. Additional details
on the anthropometric profile classification methodology can be found
in a previous publication.”®

The variables “anxiety symptoms,” “depression symptoms,”
and “stress symptoms” were obtained through the reduced ver-
sion of the Depression Anxiety Stress Scale-21 (DASS-21).” The
scale is composed of a set of three subscales, designed to estimate
in a self-reported way the symptoms of anxiety, depression, and
stress in the week before data collection. The response scale to the
items is a four-point Likert scale ranging from 0 (not applicable)
to 3 (applicable most of the time), generating scores that allow

the classification of anxiety, depression, and stress symptoms as

“normal,” “mild,” “moderate,” “severe,” and “extremely severe” In
the present study, symptoms of mental disorders were re-classified
as absence (“no”; normal and mild) and presence (“yes”; moder-

ate, severe, and extremely severe).

Statistical analysis

The variables were descriptively analyzed using frequency distri-
bution. A Venn diagram was used to represent the simultaneous
occurrence of obesogenic behaviors among the evaluated univer-
sity students. This representation method allows for the compar-
ison and visualization of the overlap and differences among the
datasets being analyzed based on the intersections of the graphi-
cal shapes.®%

Initially, the chi-square test was performed between the explan-
atory variables and the co-occurrence of obesogenic behaviors, and
those with a P value < 0.20 in the bivariate analysis were included
in the multivariate model. Multivariate logistic regression was used
to verify the association between the co-occurrence of obesogenic
behaviors and explanatory variables. In this analysis phase, three
models were structured to represent the co-occurrence of the
obesogenic behaviors evaluated: Models 1, 2, and 3 included no
behavior versus one behavior, no behavior versus two behaviors,
and no behavior versus three behaviors, respectively. For this, we
used a reference category for university students with no obesogenic
behavior versus the number of obesogenic behaviors (1, 2, or 3). To
select sociodemographic and health condition variables, the back-
ward method was adopted, and only the variables that presented
a P value of < 0.05 remained in the multivariate model. All the
models were adjusted for the variable “sex” The odds ratio (OR)
was used to measure the association with the respective 95% con-
fidence intervals (95% CI). The level of statistical significance was
5%. The analyses were performed using Stata version 13.0 (Stata

Corporation, College Station, Texas, United States).

RESULTS
Of the 351 university students included in this study, 57.6%
were female and 65.8% were 20 years or younger, ranging from
18 to 31 years. Most participants self-reported their color or
race as white (51.1%), single (95.4%), heterosexual (79.5%),
living without family members (66.4%), and not employed
(89.2%). Regarding family income, slightly more than half
(56.7%) of the students reported a family income higher than
or equal to three minimum wages. Regarding the distribution
by area of knowledge, 41.0% were from life sciences courses,
34.5% from the humanities and social and applied sciences, and
24.5% from the exact sciences (Table 1).

Regarding health conditions, 41.0% of the university students self-
rated their health as bad, 22.3% were overweight, and 13.7% reported

using medications for chronic diseases. Anxiety, depression, and stress



Table 1. Number of obesogenic behaviors in university students entering the Universidade Federal de Ouro Preto in 2019, according to
sociodemographic characteristics and health conditions. Ouro Preto, Minas Gerais, 2019 (n =351)
% of obesogenic behaviors

Variables n % P value®
0 1 2 3

Sex
Male 149 424 8.0 40.3 383 134 0.013
Female 202 576 10.9 24.7 43.1 213

Age (n =348)
<20 years 229 65.8 6.5 33.6 41.1 18.8 0.040
> 20 years 119 34.2 16.0 27.7 40.3 16.0

Skin color (n =350)
White 179 51.1 14.5 313 36.9 17.3 0.015
Non-white (yellow, brown, mulatto, or black) 171 48.9 4.7 31.0 45.6 18.7

Sexual orientation
Heterosexual 279 79.5 9.7 323 41.2 16.8 0.729
Others (homosexual, bisexual, or asexual) 72 205 9.7 27.8 403 222

Marital status
Single 335 95.4 9.3 31.6 40.9 18.2 0.584
Others (married, stable union, widowed, or divorced) 16 4.6 18.7 25.0 43.8 125

Total monthly family income™
< 3 minimum wages 152 433 59 35.5 38.2 204 0.077
23 minimum wages 199 56.7 12.6 28.1 43.2 16.1

Housing
Without family members 233 66.4 9.9 35.6 38.2 16.3 0.091
With family members 118 336 9.3 229 46.6 21.2

Area of knowledge
Life Sciences 144 41.0 1.1 31.2 41.0 16.7
Exact Sciences 86 24.5 12.8 33.7 40.7 12.8 0365
Humanities and Social and Applied Sciences 121 345 5.8 29.8 413 23.1

Work
No 313 89.2 10.5 32.0 39.6 179 0.268
Yes 38 10.8 26 26.3 52.7 18.4

Self-rated health
Good (very good and good) 207 59.0 12.6 333 40.1 14.0 0.024
Bad (regular, bad, and very bad) 144 41.0 5.6 28.5 423 236

Anthropometric profile (n = 346)
Not overweight 269 77.7 104 30.9 394 19.3 0.365
Overweight 77 223 6.5 35.1 454 13.0

Use of medication for chronic diseases
No 303 86.3 9.9 327 39.9 17.5 0.519
Yes 48 13.7 8.3 229 47.9 20.9

Anxiety symptoms (n = 350)
No 201 57.4 1.9 32.8 44.8 10.5 <0.001
Yes 149 42.6 6.7 28.9 36.2 28.2

Depression symptoms (n = 349)
No 232 66.5 12.1 323 44.4 11.2 <0.001
Yes 117 335 5.1 28.2 35.1 31.6

Stress symptoms (n = 349)
No 222 63.6 13.1 324 419 12.6 0.001
Yes 127 36.4 3.9 283 40.2 27.6

'P value obtained using Pearson’s Chi-Square test; “The minimum wage in force in Brazil in 2019 = R$ 998.00.
In bold: the statistically significant variables in the bivariate analysis.



symptoms were observed to be 42.6%, 33.5%, and 36.4% of the inter-
viewed university students, respectively (Table 1).

Regarding isolation, the most prevalent obesogenic behavior
was inadequate eating practices (80.6%; 95% CI: 76.5%-84.8%),
followed by SB (49.2%; 95% CI: 44.0-54.5%) and leisure-time
physical inactivity (37.3%; 95% CI: 32.2-42.4%).

Figure 1 shows the co-occurrence of obesogenic behavior.
The adoption of inadequate eating practices and SB (23.6%) was
observed to be the most prevalent combination of risk behav-
iors among students, followed by inadequate eating practices,
leisure-time physical inactivity, and SB (17.9%), and inadequate
eating practices and leisure-time physical inactivity (15.7%). The
absence of risk factors was observed in 9.7% of university students.

The prevalence distribution of obesogenic behaviors according
to sociodemographic characteristics and health conditions is pre-
sented in Table 1. In the bivariate analysis, sex, age, skin color, self-
rated health, anxiety, depression, and stress symptoms remained
associated with the co-occurrence of obesogenic behaviors among
university students.

Table 2 presents the results of the multivariate analysis. In the
final adjusted models, the following variables maintained a signif-
icant association (P value < 0.05) with the co-occurrence of obe-
sogenic behaviors: age, skin color, self-rated health, and depres-
sion symptoms. Age and skin color remained associated, in the

three evaluation models.

In model 1 (no behavior versus one behavior), individuals aged
20 years or younger [OR: 3.68 (95% CI: 1.58-8.59)] and those who
reported colored skin [OR: 3.09 (95% CI: 1.23-7.74)] were more
likely to have obesogenic behavior. In model 2 (no behavior versus
two behaviors), students who were 20 years or younger [OR: 2.77
(95% CI: 1.23-6.26)], colored skin [OR: 4.61 (95% CI: 1.88-11.31)],
and self-rated their health as bad [OR: 2.70 (95% CI: 1.09-6.71)]
were more likely to have two obesogenic behaviors simultaneously.
In model 3 (no behaviors versus three behaviors), those aged 20
years or younger [OR:3.34 (95% CI: 1.23-9.05)], colored skin
[OR:3.31 (95% CI: 1.15-9.58)], and reported symptoms of depres-
sion [OR: 6.15 (95% CI: 2.10-18.05)] had an increased chance of

having three obesogenic behaviors.

DISCUSSION
The findings of this study indicate that obesogenic behaviors are
highly prevalent among university students and tend to co-occur,
with more than 80.0% of students presenting at least one obe-
sogenic behavior and 17.9% presenting three behaviors simulta-
neously. We found a higher chance of one or more obesogenic
behaviors in students aged 20 years or younger who self-reported
colored skin, self-rated their health as bad, and reported symp-
toms of depression.

Adopting inadequate eating practices was the single most prev-

alent risk behavior among university students and was associated

Number of obesogenic behaviors (9.7%)

82
23.4%

55
15.7%
63
17.9%

2.0% 1.7%

Inadequate eating practices

Leisure-time physical inactivity

Sedentary behavior

83
23.6%

21
6.0%

Figure 1. Co-occurrence of obesogenic behaviors (inadequate eating practices, leisure-time physical inactivity, and sedentary behavior)

in university students entering the Universidade Federal de Ouro Preto in 2019. Ouro Preto, Minas Gerais, 2019 (n = 351).




with the co-occurrence of two or more obesogenic behaviors. With
the transition from high school to higher education, university
students face many changes, such as lack of time due to studies,
overlapping activities, and new responsibilities, which may inter-
fere with adopting healthy eating practices.” In addition, many fac-
tors, such as socioeconomic status, lack of ability to make healthy

food choices, difficulty cooking, lack of healthy food in university

Table 2. Odds ratio (OR) and 95% confidence interval (95% Cl) for one or
more obesogenic behaviors; multivariate model of sociodemographic
characteristics and health conditions associated with the co-occurrence
of obesogenic behaviors in university students entering the Universidade
Federal de Ouro Preto in 2019. Ouro Preto, Minas Gerais, 2019 (n =351)

Model one: No obesogenic behavior versus one obesogenic behavior

Variables OR 95% ClI P value
Age (n =348)
> 20 years 1 0.003
<20years 3.68 (1.58-8.59)
Skin color (n =350)
White 1 T
Non-white (yellow, brown, 3.09 (1.23-7.74)

mulatto, or black)

Model two: No obesogenic behavior versus two obesogenic behaviors

Variables OR 95% CI P value
Age (n = 348)
> 20 years 1 0.014
<20years 2.77 (1.23-6.26)
Skin color (n =350)
White 1 0.001
Non-white (yellow, brown,
mulatto, or black) 461 (2T
Self-rated health
Good (very good and good) 1 0.033
Bad (regular, bad, and very bad) 2.70 (1.09-6.71)
Model three: No obesogenic behavior versus three obesogenic behaviors
Variables OR 95% ClI P value
Age (n =348)
> 20 years 1 0.018
<20years 3.34 (1.23-9.05)
Skin color (n =350)
White 1 0.027
Depression symptoms
No 1 0.001
Yes 6.15 (2.10-18.05)

OR = odds ratio; Cl = confidence interval.

cafeterias, and “environmental barriers,” such as opening hours of
nearby food stores, influence the availability of food, and negatively
affect students’ eating behaviors.**!

These factors may favor new eating habits, reflected in unhealthy
eating practices and health-related problems, including being
overweight.** Thus, health promotion strategies, including pro-
moting healthy eating in the university environment, are vital, as
numerous health behaviors are developed and established during
this period* and tend to continue into adulthood, increasing the
risk of developing chronic diseases in subsequent years."®

Exposure to health-risk behaviors has been described in stud-
ies with young populations.® Studies that evaluated the aggre-
gation of inadequate eating practices and SB showed that these
factors share contextual determinants and influence each other.”
In the present study, we found that the most prevalent combina-
tion of risk behaviors among university students was the coex-
istence of inadequate eating practices and SB. In contrast, in a
study of adults, SB, including the habit of watching television,
using a computer, reading books, or magazines, remained asso-
ciated with the consumption of healthy and unhealthy foods.*
However, comparisons between the risk factors analyzed should
be interpreted with caution, given the various methods used to
assess food intake. It is noteworthy that the instrument used in
the present study included other dimensions of adequate and
healthy eating and food intake.

Scientific evidence shows that SB reduces energy expenditure
and favors inadequate food consumption, including increased
intake of foods rich in fat and sugars and decreased consump-
tion of healthy foods such as fruits and vegetables.*>** Moreover,
besides being risk factors for becoming overweight, this associa-
tion between high screen time and inadequate eating habits may
increase susceptibility to other health-risk behaviors,” resulting
directly in series of unfavorable health outcomes.”

The simultaneous occurrence of the three risk behaviors
assessed, characterized by inadequate eating practices, leisure-time
physical inactivity, and SB, was prevalent in 17.9% of university
students. Few studies have investigated the clustering of health risk
behaviors among university students.”® In a study conducted with
Brazilian university students, a high prevalence was observed for
the simultaneous occurrence of the four primary behavioral risk
factors for NCDs: physical inactivity, inadequate fruit and vegeta-
ble consumption, excessive alcohol consumption, and smoking.*
The study did not include SB in its analyses since this risk fac-
tor has been less studied than other risk behaviors already estab-
lished in the literature, such as food intake and physical activity.
It is worth noting the importance of investigating the aggregation
of traditional and emerging risk behaviors among young people,
especially university students, to provide information on which

to base future actions."



In this study, the co-occurrence of obesogenic behaviors was
associated with students’ skin color, differing from the findings of
Cureau, Duarte, and Teixeira,”® who found no association between
the simultaneous presence of three or more behavioral risk fac-
tors and skin color of university students. Studies that have eval-
uated this association are scarce, making comparisons difficult.
However, there is evidence showing that ethnic and racial minori-
ties, the black community in particular, have a high prevalence of
obesity and obesogenic behavior. Social inequalities make access
to health difficult for groups that live in the same environment,
such as universities. In this context, studies highlight the urgent
need for broad-based, affirmative actions and policies to overcome
racial disparities.**

In this study, we also observed that university students who
self-rated their health as bad had a higher chance of one, two, or
three obesogenic behaviors than those who self-rated their health
as good. Studies show that individuals who perceive their
health as bad tend to present more health risk behaviors,* such as
inadequate intake of fruits and vegetables, physical inactivity, and
SB. These behaviors are determinants of NCDs and are related to
the negative subjective assessment of health.*? Thus, these findings
highlight the importance of considering how health is perceived
by university students since perceptions of health can influence
the adoption of healthy lifestyle behaviors. *

The presence of depressive symptoms was associated with
the co-occurrence of obesogenic behaviors among university stu-
dents, corroborating the findings of Champion et al.,"* who eval-
uated 18-year-old Australian youth and observed a significant
association between the clustering of multiple health-risk behav-
iors and mental health outcomes such as anxiety and depression.
One hypothesis to justify this association is that individuals may
engage in unhealthy behaviors to help cope with mental health
problems.* In addition, stress and mental health disorders may
interfere with a person’s choice to adopt healthy lifestyle behav-
iors such as physical activity, while also exposing themselves to
health-risk behaviors.*

There was a greater chance of exposure to multiple obesogenic
behaviors among university students aged 20 years or younger.
Evidence shows that the prevalence of simultaneous exposure
to health risk behaviors increases with age,**¢ since young peo-
ple acquire greater autonomy and economic independence with
advancing age. However, this association has not been well estab-
lished in the literature. In a systematic review of the co-occurrence
of multiple risk behaviors, older age groups were considered risk
factors for aggregating multiple risk behaviors.'

Although the findings of this study are consistent with those
reported in the literature, some limitations should be considered
when interpreting the results. Students from a single university

were included, limiting comparisons with students from other

higher education institutions. Another limitation of the study is
the methodological design, which does not establish a cause-ef-
fect relationship between the variables and temporal relationships
on the associations found. In addition, as the students were eval-
uated in their initial semester at the university, their recent entry
into academic life may not have set their lifestyles.

It is important to highlight that this study was based on self-re-
ported behaviors, which may have generated information bias, as
young people tend to overestimate or underestimate their expo-
sure to health risk behaviors. Despite these limitations, the find-
ings obtained add essential evidence regarding the prevalence and
factors associated with the co-occurrence of obesogenic behaviors

among university students.

CONCLUSION

The findings from this study showed that a high proportion of
university students with simultaneous obesogenic behaviors,
especially among those who self-reported colored skin, rated
their health as bad, and reported depressive symptoms. These
findings contribute to a better understanding of the associations
between various obesogenic behaviors, highlighting the need for
interventions directed at university students. In addition, these
results highlight the importance of health promotion in the uni-
versity environment, with actions aimed at a healthy lifestyle.
Public policies that target risk behaviors in groups and stimu-
late a healthy food environment and physical activity in universi-
ties are essential for reducing the risk of major chronic diseases

related to excess weight.
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ABSTRACT
BACKGROUND: Carpal tunnel syndrome (CTS) is a common condition greatly affects patients’ quality of
life and ability to work. Systematic reviews provide useful information for treatment and health decisions.
OBJECTIVE: This study aimed to assess the methodological quality of previously published systematic
reviews on the treatment of CTS.
DESIGN AND SETTING: Overview of systematic reviews conducted at the Brazilian public higher educa-
tion institution, S&o Paulo, Brazil
METHODS: We searched the MEDLINE and Cochrane Library database for systematic reviews investigat-
ing the treatment of CTS in adults. The Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) and measurement tool to assess systematic reviews (AMSTAR) were applied by two inde-
pendent examiners.
RESULTS: Fifty-five studies were included. Considering the stratification within the AMSTAR measurement
tool, we found that more than 76% of the analyzed studies were “low” or “very low". PRISMA scores were
higher when meta-analysis was present (15.61 versus 10.40; P = 0.008), while AMSTAR scores were higher
when studies performed meta-analysis (8.43 versus 5.59; P = 0.009) or when they included randomized
controlled trials (7.95 versus 6.06; P = 0.043). The intra-observer correlation demonstrated perfect agree-
ment (> 0.8), a Spearman’s correlation coefficient of 0.829, and an ICC 0f0.857. The inter-observer correla-
tion indicated that AMSTAR was more reliable than PRISMA.
CONCLUSION: Overall, systematic reviews of the treatment of CTS are of poor quality. Reviews with bet-
ter-quality conducted meta-analysis and included randomized controlled trials. AMSTAR is a better tool
than PRISMA because it has a better performance and should be recommended in future studies.
REGISTRATION NUMBER IN PROSPERO: CRD42020172328 (https://www.crd.york.ac.uk/PROSPERO/dis-
play_record.php?ID=CRD42020172328).

INTRODUCTION

Median nerve compression in carpal tunnel syndrome (CTS) affects 1-3 people per 1,000
according to studies in the United States. This syndrome leads to pain, decreased sensitivity, and
hand strength, and has a significant detrimental economic impact.! The initial treatment of the
condition is usually non-operative, and surgical treatment is reserved for cases in which non-
surgical treatment fails or when facing advanced disease.

In this context, the aims of CTS treatment include the achievement of more efficient reso-
lution of symptoms and earlier return to work. In recent decades, many studies have been con-
ducted to establish the best treatment for this disease. The advent of systematic reviews and
modern methods of statistical evaluation is currently pushing research towards more reliable
evidence. However, systematic reviews do not always follow the necessary methodological con-
cepts, leading to imprecision and erroneous conclusions.> Recent studies have shown, both in
hand surgery as a whole,* and specifically in carpal tunnel syndrome treatment,’ that systematic
reviews are often lacking in quality.

To identify poorly conducted systematic reviews, objective tools and questionnaires have
been developed to improve the methodological robustness of reviews and to provide a parame-
ter for data collection, analysis, and synthesis of the evidence achieved. These protocols®® act as
safeguards for systematic reviews, and numerous studies in the literature have supported their

systematic usefulness.
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OBJECTIVE

This study aimed to assess the methodological quality of previ-
ously published systematic reviews on the treatment of CTS, as
well as to verify the reproducibility of the A Measurement Tool to
Assess Systematic Reviews (AMSTAR) and Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
scores in this scenario, as no study in the literature has previously

used these two tools for this purpose.

METHODS

The methodology of this review is registered in the PROSPERO data-
base CRD42020172328 (https://www.crd.york.ac.uk/PROSPERO/
display_record.php?ID=CRD42020172328).

Literary search

A comprehensive literature search was performed in the
MEDLINE and Cochrane Library databases for articles pub-
lished from January 1950 to February 2020, with the only restric-
tion being articles in the Mandarin language. The search strategy
was performed using two methods.

Method 1 - Search for the terms “carpal tunnel syndrome”
and “systematic review” in the “Clinical Queries” section of the
PubMed platform. (“carpal tunnel syndrome” AND “systematic
review”) AND (Therapy/Broad|filter])

Method 2 - Search with the keyword “carpal tunnel syndrome”
and “systematic review” in the Cochrane Library platform with the
filter “Other reviews” (Epistemonikos)

(“carpal tunnel syndrome” AND “systematic review”) AND
(Epistemonikos|filter])

The results of both search strategies were independently analyzed
by two researchers (M.C.C. and G.L.O.), and any discrepancies and
disagreements were resolved with the help of a senior third author
(V.Y.M.). We selected the MEDLINE and the Cochrane Library data-

bases for their worldwide audience and to include relevant research data.

Inclusion criteria

Systematic reviews (with or without meta-analysis) that included
any studies (Randomized Clinical Trials or non-Randomized
Clinical Trials) evaluating the treatment of CTS in an adult pop-

ulation (18 years or older).

Exclusion criteria
Reviews lacking a transparent literature search and strategy for
their data approach, those that were diagnostic-focused, involved

anesthetic procedures, or were clearly narrative.

Methodology evaluation (internal validity) and quality reports
The data from all evaluated studies were considered for the elabo-
ration of a descriptive table presenting the various characteristics

of the systematic reviews on the topic.

The following were included in the data analysis: journal impact
factor (high impact versus low impact), performed a meta-analysis
or not, number of institutions involved, total number of patients,
total number of words, presence of conflicts of interest, country
of origin of the study;, citation of PRISMA, and inclusion or exclu-

sion of randomized controlled trials.

Impact factor stratification

The impact factor is expressed as the average number of weighted
citations received in the last three years of articles published
in the journal. This calculation yields a number, and all grades
are ranked in quartiles according to the criteria of the SCImago
Journal and Country Rank (https://www.scimagojr.com/journ-
alrank.php). The evaluated journals were dichotomized between
those in the first quartile (Q1), defined as high-impact publica-
tions, and those outside of this quartile (not Q1), which were

defined as low-impact.

Tools to assess quality

AMSTAR® was used to assess the quality of the systematic
reviews. This tool covers 16 dichotomous questions relevant to
the internal validity of systematic reviews related to study design
(Q1), research and study inclusion/exclusion (Q2-5), study char-
acteristics (Q6), internal validity of systematic reviews (Q7-15),
and conflicts of interest (Q16). AMSTAR has a maximum score
of 16 points, with higher scores indicating better quality. This tool
further grades the quality of the analyzed studies as “very low”,
“low”, “medium’, or “high”.

PRISMA (https://www.prisma-statement.org/PRISM AStatement/)
is a tool comprising 27 items that aids in the formulation and analysis
of systematic reviews and meta-analyses. For this analysis, we consid-
ered all 27 items and the sum of answers as the final score. Although
the overall aim of PRISMA is to help ensure the transparency of sys-
tematic reviews, in this study, it was used as a tool in which the sum of
its items denoted better quality in the studies, as has been performed
in previous studies.'®!!

The acquisition of study data and application of the AMSTAR
and PRISMA questionnaires were performed in duplicate. A senior
author (V.Y.M.) mediated any cases of disagreement between the

examiners.

Data analysis
We defined a priori subgroups for a comparative analysis of the
quality of systematic reviews: high-impact journal (Q1) versus
low impact (non-Q1), presence of meta-analysis versus non-meta-
analysis, randomized controlled trials versus non-randomized
clinical trials, statement of interest versus non-declaration, whether
PRISMA was cited, country of origin, and number of words.

We defined a priori subgroups for a comparative analysis of the

quality of systematic reviews, as follows: high-impact journals (Q1)
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versus low-impact journals (non-Q1), presence of meta-analysis
versus its absence, systematic reviews of randomized clinical trials
versus studies that did not employ them, presence of a declaration
of interest versus its absence, whether PRISMA was mentioned,
country of origin of the study, total number of words, total num-

ber of patients, and number of institutions involved.

Statistical analysis

Continuous variables were compared using the Mann-Whitney
U test. Categorical variables were compared using the Wilcoxon's
test. Intraobserver agreement was assessed using Spearman’s cor-
relation coefficient and the intraclass correlation coeflicient. Inter-
observer agreement was performed according to the Blant Altman
and Kappa coefficient, with a score of more than 0.8 indicating per-
fect agreement; 0.61-0.8, substantial agreement; 0.60-0.41, mod-

erate agreement; and scores below 0.4 indicating low agreement."

RESULTS
In this systematic review, we considered 55 studies.

The PRISMA flowchart, including the reasons for exclusion at
each stage, is outlined in Figure 1.Studies characteristics are detailed
in Table 1,"*% and quantitative data are presented in Table 2.

The mean values of the two examiners (Examiner E1 and
Examiner E2) for the PRISMA and AMSTAR scores were com-
pared with the following covariates: impact factor, conflict of inter-
est, country of origin, meta-analysis, cite PRISMA, and design of
the included studies.

Considering the stratification within the AMSTAR, 87% of the
studies evaluated by E1 had “low” or “very low” quality, whereas
for E2, this value was 76.4%. Thus, only 2.7% of the studies were
classified as having “high” quality (Table 3).

PRISMA resulted in the highest scores when the studies
included meta-analysis (15.61 versus 10.40; P = 0.008). There were
no differences in the other variables analyzed, as shown in Table 4.

AMSTAR resulted in higher scores when the studies performed
meta-analysis (8.43 versus 5.59; P = 0.009) or when they included
randomized clinical trials (RCT) (7.95 versus 6.06; P = 0.043), as
presented in Table 5.

Journals with the greatest impact did not influence most vari-
ables, except for the PRISMA citation statement. In publications
that cited PRISMA, 47.6% were low-impact journals and 20.6%
were high-impact journals. Among those that did not mention
PRISMA, 52.4% were low-impact journals, whereas 79.4% were
high-impact journals (P = 0.035), as shown in Table 6.

By assessing the correlation of the country of origin with the
same qualitative covariates, we observed a positive correlation
between Chinese studies and those that performed meta-analysis
(100% in Chinese studies versus 51% in non-Chinese studies) (P
=0.022), as presented in Table 7.

We identified that the intraobserver correlation for E1 and E2
in the AMSTAR and PRISMA scores was above 0.8, with perfect
agreement between the pairs, as presented in Table 8.

The inter-observer correlation between the two examiners,
using the Blant-Altman model, showed that PRISMA has low
reliability, unlike AMSTAR, as the values of the latter were closer
to zero, as shown in Table 9.

Applying the Kappa coeflicient to assess inter-observer agree-
ment in AMSTAR, revealed substantial agreement (0.61-0.8) when
grouping this tool into two variables: “low” or “medium/high”
quality studies, as presented in Table 10.

Multivariate analysis using the linear regression model showed
a greater impact factor for a journal when a study used meta-anal-
ysis, and further showed that multicenter studies have significantly
increased PRISMA and AMSTAR scores, as presented in Table 11.

DISCUSSION

Systematic reviews on CTS are mostly of low quality. Several
factors are related to better methodological quality, including
study design, studies that mention PRISMA, and meta-analyses.
Factors such as conflicts of interest, country of origin, and multi-
center studies did not have the same influence.

Similar studies have shown consistent results regarding the
intra-observer correlation of the PRISMA and AMSTAR scores. In
agreement with our study, these studies found the influence of the
presence of meta-analysis on the score values. They also pointed
out that there was no difference in the AMSTAR score in terms of
the presence of conflicts of interest and impact factor."

Other studies have indicated that reviews including only RCTs
have better AMSTAR scores, which is similar to the findings of
our study. They also observed differences in the PRISMA results of
studies that presented declared conflicts of interest. In our study,
we did not observe this difference.®”

There have been relatively few studies on the quality of system-
atic reviews of specific hand and upper limb diseases in orthope-
dics. However, several of these studies have pointed out that the
quality of systematic reviews in leading journals in orthopedics is
suboptimal,*®”® despite having substantially improved following
publication of PRISMA.”!

Taking into account the same area of knowledge of hand sur-
gery, an overview of the quality of systematic reviews of the treat-
ment of fractures of the distal radius’ also showed that studies only
including randomized clinical trials and those that performed
meta-analyses had better quality.

AMSTAR scores had greater inter-observer agreement than
PRISMA scores, especially when dichotomously dividing the qual-
itative results into high- and low-quality studies. Our findings
therefore suggest that AMSTAR is more robust, although improve-

ments are still possible.



=
a
=
E’i Records identified through a
8 database search (n = 389)
g l
Selection of records referring to the treatment
of carpal tunnel syndrome (n = 136)
w2 .
% Records after duplicates removed
8 (n=61)
=
- l
Records excluded (n = 3)
Records screened (n = 61) —» | Chinese langg age: 2
Retracted articles: 1
sl .
& Fgll‘ te.x‘t articles assessed for , Records exclgded (n=23)
g eligibility (n = 58) Narrative reviews: 3
Studies included in qualitative
synthesis (n = 55)
v
a Studies included in quantitative
(ED. synthesis (meta-analysis) (n = 55)
[=N

PRISMA has emerged as a guideline for systematic reviews with
better technical quality, which differs from the AMSTAR scores.
We speculate that this is one explanation for the lower agreement
between observers and the lower robustness of this score. In addi-
tion, AMSTAR generally presents more detailed items.”*¢

Observing the relationship between the same covariates
and country of origin, we noted that Chinese studies performed
meta-analyses more consistently: 100% of Chinese studies included
in this study performed meta-analyses, while only 51% of non-Chi-
nese studies performed meta-analyses in their systematic reviews,

which supports the current trend of high-quality Chinese studies."

Figure 1. The Preferred Reporting Items for Systematic Reviews and Meta-Analyzes (PRISMA) flowchart of this study.

Studies citing PRISMA were more common in journals with
a lower impact factor. Although this finding is not intuitive,
many high-impact journals endorse PRISMA, and we inferred
that many high-quality studies rely on the items in this question-
naire despite not explicitly quoting it (i.e. they have a high PRISMA
score despite not mentioning it).

Systematic reviews on CTS have consistently revealed recur-
rent imperfections. Many lost points on PRISMA for presenting
an incomplete, unstructured summary, not presenting a review
protocol, not presenting a detailed search strategy, not presenting

the data combination methods in detail, and not presenting the



Table 1. Study characteristics

Author, Year

Alvayay
etal.,'> 2008

Babaei-
Ghazani
etal.,'*2017

Ballestero-
perezetal.,'
2016

Bekhet
etal,'©2017

Burgeretal.,””
2017

Burton et al.,’®
2016

Chapell
etal.,’® 2003
Chen et al.,?
2014
Chenetal.,”
2015

Choi etal.,?
2018

Dunn et al.,?
2017

Franke et al.,**
2017

Gerritsen
et al.> 2001

Gerritsen
etal.,® 2002

Goodyear-
Smith et al.,””
2004

Impact
factor

Q4

Q1

Q1

Q2

Q2

Q1

Q1

Q1

Q2

Q1

Q2

Q1

Q1

Q1

Q1

Conflict

interest

NO

NO

YES

YES

YES

YES

YES

NO

YES

YES

YES

YES

YES

YES

YES

Country of
our.\ ry ° What comparison?
origin
Different CTS
CHILE physiotherapeutic
treatments
Corticosteroid
injection into the
IRAN carpal tunnel:

guided ultrasound
versus guided
landmark
Effectiveness
SPAIN of nerve glide
exercises in CTS
Low frequency
EGYPT laser versus
placebo
Low frequency
SOUTH AFRICA laser versus
placebo
Clinical course and
UNITED prognostic factors
KINGDOM of conservative
treatment CTS
Neurolysis and
epineurotomy
versus placebo in
surgical treatment
Open versus
endoscopic release

UNITED STATES

CHINA

Different local
infiltrations of
corticosteroids in
the carpal tunnel

TAIWAN

Acupuncture
and related
interventions
for placebo
treatments
Labor
compensation
versus no labor
compensation in
the treatment of
CTS
Benefits of low
NETHERLANDS frequency laser
therapy for CTS
Surgical treatment
of CTS
Non-surgical
NETHERLANDS  treatment carpal
tunnel syndrome
Non-surgical
NEW ZEALAND  treatment carpal
tunnel syndrome

SOUTH KOREA/
UNITED STATES

UNITES STATES

NETHERLANDS

Number of
institutions

1

Total
number of Number
) of words
patients
1,415 1,702
137 3,502
733 2,420
473 2,731
614 4,897

2.639 4,490

390 2,925
1.395 2,481

633 4,728

869 13,354
4,367 2,006

1,048 4,923

1,264 5,021

639 3,189

2,536

Study design

RCT,
SYSTEMATIC
REVIEW

RCT

RCT, CT

RCT

RCT

COHORT

RCT

RCT

RCT

RCT/QUASI-RCT

PROSPECTIVE,
RETROSPECTIVE

REVIEWS, RCT

RCT

RCT

RCT

Meta-
analysis

NO

YES

NO

YES

NO

NO

YES

YES

YES

YES

NO

YES

NO

NO

NO

Quoted
PRISMA?

NO

NO

YES

YES

NO

NO

NO

NO

NO

YES

NO

NO

NO

NO

NO

Continue....



Table 1. Continuation

Author, Year

Hamamoto
filho et al.,®
2009
Huetal.?
2016

Huisstede
etal.* 2010

Huisstede

etal.’' 2010

Huisstede
etal.,??2017

Huisstede
etal.,*2017

Huisstede
etal.* 2018

Hunt et al.,*®
2009

Jimenez Del
Barrio et al.*¢
2016

Kim et al.,*”
2019

Kim et al.,®
2015

Klokkari
etal.*® 2018

Kohanzadeh
etal,*2012

Lai et al.*'
2019

Li et al.,*
2019

Lietal,* 2016

Q2

Q1

Q1

Q1

Q1

Q1

Q3

Q2

Q2

Q2

Q3

Q2

Q1

Q2

Q2

Conflict

interest

YES

YES

YES

YES

YES

YES

NO

YES

YES

YES

NO

YES

YES

YES

YES

YES

Country of
origin

BRAZIL

CHINA

NETHERLANDS

NETHERLANDS

NETHERLANDS

NETHERLANDS

NETHERLANDS

UNITED
KINGDOM

SPAIN

SOUTH KOREA

SOUTH KOREA

GREECE/
CYPRUS

UNITED STATES

CHINA

CHINA

CHINA/UNITED
STATES

What comparison?

Anti-inflammatory
drugs in the
treatment of CTS
Open versus
endoscopic release
Effects of non-
surgical treatment
on CTS
Effects of surgical
treatment on CTS
Effectiveness of
physiotherapy and
electrophysical
modalities in CTS
Comparison
between different
treatment
modalities and
post-surgical
interventions
Oral pain
medications
versus placebo/
oral steroids
versus splinting/
corticosteroid
versus placebo
Chiropractic
manipulation CTS
Effectiveness of
non-surgical carpal
tunnel syndrome
treatment
Shockwave
therapy versus
non-therapy - CTS
Effectiveness of
nerve and tendon
slip exercises in CTS
Surgical versus
non-surgical
treatment
Open versus
endoscopic release
Surgical treatment
with reconstruction
versus without
retinaculum flexor
reconstruction
Standard incision
versus limited
incision
Low frequency laser
effectiveness in CTS

Number of
institutions

Total
number of
patients

323

142

4,596

2,957

1,617

9,566

1,760

91

1,818

281

261

1,787

4,178

639

1,020

531

Number
of words

3,078

3,052

5,822

9,127

5,273

7,352

5171

2,513

2,505

2,341

1,697

5,194

1,846

2,644

2,722

2,112

Study design

RCT

RCT

SYSTEMATIC
REVIEW /RCT

SYSTEMATIC
REVIEW /RCT

REVIEWS, RCT

REVIEWS, RCT

SYSTEMATIC

REVIEW /RCT

RCT

“CLINICAL
TRIALS”

RCT

RCT
RCT, CT,
PROSPECTIVE,
RETROSPECTIVE

RCT,
RETROSPECTIVE

RCT

RCT

RCT

Meta-
analysis

NO

YES

NO

NO

NO

NO

NO

NO

NO

YES

NO

YES

NO

YES

YES

YES

Quoted
PRISMA?

NO

YES

NO

NO

NO

NO

NO

NO

SIM

YES

YES

YES

NO

YES

YES

NO

Continue....



Table 1. Continuation

Impact Conflict
Author, Year P of
factor
interest

Lim et al.,*
2|01 7 Q1 YES
Malahias,*
2019 ! Q2 YES
Marshall

1 YES
et al.,* 2007 Q
Medina
McKeon Q2 NO
et al.,*” 2008
Muller et al.,*®
20‘:)49“3 i a NO
O’Connor

1 YES
etal,* 2003 Q
O’Connor

1 YE!
etal,*® 2012 Q S
P tal.,”
23?; eta Q1 YES
P tal.J,*?
23?; eta Q1 YES
P t al., >
23?: e Q1 YES
Piazzini

1 NO
etal.** 2007 Q
Sanati ka

1 YES
etal.> 2011 Q
Sayegh

1 YES
etal.*© 2014 Q

Country of
origin

AUSTRALIA/
SINGAPORE

GREECE/
CYPRUS

CANADA

UNITED STATES

CANADA

CANADA/
AUSTRALIA

AUSTRALIA/
CANADA

AUSTRALIA

AUSTRALIA

AUSTRALIA

ITALY

SCOTLAND/
UNITED
KINGDOM/
UNITED
STATES/IRAN

UNITED STATES

What comparison?

Mobilization of
the median nerve
in CTS

Platelet rich
plasma versus
control

Corticosteroid
injection into the
carpal tunnel

CTS nerve slip

Effects of non-
surgical treatment
on CTS

Non-surgical
treatment in CTS
(except steroid
injection)
Effects of
ergonomic
positioning or
equipment versus
no treatment,
placebo, non-
surgical treatment
Orthosis versus
no treatment,
placebo, other
non-surgical
intervention
Exercise and
mobilization
versus placebo, no
treatment or non-
surgical treatment
Therapeutic
ultrasound versus
other treatments
for CTS
Non-surgical
treatment in CTS

Standard incision
versus limited
incision

Open versus
endoscopic release

Number of
institutions

Total
number of Number
) of words
patients
404 2,676
192 2,636
671 7,052
428 4,284
1,280 5,387
884 10,131
105 4,654
1,190 14,163
741 20,024
443 14,759
1,556 2,569
1,512 1,697
1,859 3,505

Study design

RCT

RCT, CASE

CONTROL,
PROSPECTIVE
CONTROLED
TRIAL, CASE

CONTROL, CASE
REPORT

RCT/QUASI-RCT

CcT

RCT UNTIL

AUTHOR'S
OPINION

RCT/QUASI-RCT

RCT/QUASI-RCT

RCT/QUASI-RCT

RCT/QUASI-RCT

RCT

RCT

RCT

RCT

Meta-
analysis

NO

NO

YES

YES

NO

YES

YES

YES

NO

YES

NO

YES

YES

Quoted
PRISMA?

YES

YES

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

YES

Continue....



Table 1. Continuation

Impact
Author, Year P
factor

Scholten

1
etal.”” 2007 Q
Shi et al.*®

2
2011 Q
Shietal.”®
2018 Q
Sim et al.,®®

2
2011 ©
Soltani

1
etal. 2013 Q
Thoma

1
et al.,’? 2004 Q
Vasiliadis

1
etal.,® 2014 Q
Vasiliadis

1
etal.®2015 Q
Verdugo

1
etal.? 2008 Q
Wade et al.,®®

Q1

2018
Zuo et al.,®

2
2015 Q

Conflict

interest

YES

YES

YES

YES

YES

NO

YES

YES

YES

YES

YES

Country of
origin

NETHERLANDS

CANADA

CANADA

SOUTH KOREA/
UNITED
KINGDOM

UNITED STATES

CANADA

GREECE/
SWEDEN/
CANADA/

NETHERLANDS
SWITZERLAND/

GREECE/

CANADA/
UNITED
KINGDOM/
NETHERLANDS

CHILE

UNITED
KINGDOM/
ITALY

CHINA

What comparison?

Different surgical
treatments
Surgical treatment
versus non-
surgical treatment
Surgical
intervention
versus no surgical
intervention
Acupuncture
versus other
non-surgical
treatments
CTS recurrence:
open
decompression
versus flap
Open versus
endoscopic release
Endoscopic
release versus
other surgical
intervention in CTS

Open versus
endoscopic release

Surgical treatment
versus non-
surgical treatment

Absorbable versus
non-absorbable
suture

Open versus
endoscopic release

Total
Number of nur:b:r of Number Study desian Meta-  Quoted
institutions ) of words y 9 analysis PRISMA?
patients

1 1,284 4,137 RCT YES NO

1 712 2,948 RCT, CT YES NO

4 1,028 2,800 RCT YES YES

4 442 2,245 RCT YES NO

CASE SERIES:
1 658 2,990 PROSPECTIVE/ YES NO
RETROSPECTIVE

1 2,448 RCT NO NO

4 2,586 11,843  RCT/QUASI-RCT YES NO

6 2,449 4,754 RCT/QUASI-RCT YES YES

1 198 3,276 RCT/QUASI-RCT YES NO

4 255 9,703 RCT/QUASI-RCT YES YES

1 1,253 3,940 RCT YES NO

PRISMA = preferred reporting items for systematic reviews and meta-analyzes; CTS = carpal tunnel syndrome; RCT = randomized controlled trial; CT = controlled trial.

Table 2. Quantitative data

PRISMA E1
PRISMA E2
PRISMA average
AMSTAR E1
AMSTAR E2

AMSTAR average

Number patients
Number words

Average
12.67
14.00
13.34
717
7.21

7.19

1326.66
4872.27

Cl95%
11.36-13.99
12.94-15.06

12.17-14.5
6.38-7.96
6.59-7.83

6.51-7.87

905.74-1747.58
3.867.37-5877.18

Cl = confidence interval; E1 = examiner 1; E2 = examiner 2.

impact of the risk of bias on the results. Studies lose points in the
AMSTAR score for not explaining the study designs included, not
describing the studies in detail, not citing the study funding, not dis-
cussing the impact of the risk of bias of the studies on the results,
and not explaining the causes of heterogeneity between studies. An
ideal systematic review of CTS would explain all of these aspects.

The use of PRISMA and AMSTAR is important for the gener-
ation of quality scientific evidence, and allows for the critical eval-

uation of available publications to date. The dissemination of other



Table 3. Qualitative results of the A measurement tool to assess systematic reviews assessment

“Very low” quality
“Low” quality
“Moderate” quality
“High” quality

E1 = Examiner 1; E2 = Examiner 2.

26
22
5
2

E1
(47%)
(40%)
(10%)
(3%)

Table 4. Comparison of covariates for PRISMA
Number of studies (total = 55)

Impact factor
Meta-analysis
Study design
Conflict of interest
Country of origin
Quote PRISMA

Q1(n=34)
Yes (n=31)
RCT (n=33)

Conflict (n = 46)

China (n=6)
Yes (n=17)

17

25

12
1

Average
14.16
15.61
14.47
13.95
14.67
14.47

E2
(31%)
(45.4%)
(21.8%)
(1.8%)

215
235
8.5
1.5

cl
12.64-15.68
14.25-16.97
12.82-16.12
12.69-15.21
12.96-16.38
12.19-16.75

Average E1; E2

Cl = confidence interval; PRISMA = preferred reporting items for systematic reviews and meta-analyzes; RCT = randomized controlled trial.

Table 5. Comparison of Covariates for A Measurement Tool to Assess Systematic Reviews
Number of studies (total = 55)

Impact factor
Meta-analysis
Study design
Conflict of interest
Country of origin
Quote PRISMA

Q1(n=34)
Yes (n=31)
RCT (n=33)
Conflict (n = 46)
China (n=6)
Yes (n=17)

Average
7.55
843
7.95
7.57
8.21
7.47

cl
6.68-8.42
7.55-9.31
6.98-8.92
6.83-8.31
6.72-9.7
6.04-8.9

Cl = confidence interval; PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RCT = randomized controlled trial.

Table 6. Impact factor X covariates

Quote PRISMA
Conflict of interest
Study design

N. Institutions
Meta-analysis
Country of origin

“Total number of studies = 55.

Low impact
(Non Q1)

n" %
Yes 10 47.60%
Conflict 18 85.70%
RCT 18 85.70%
Multicentric 13 61.90%
Yes 12 57.10%
China 4 19.00%

PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RCT = randomized controlled trial.

Table 7. Country of origin X covariates

Quote PRISMA
Conflict of interest
Study design

N. Institutions
Meta-analysis

Total number of studies = 55.

Yes
Conflict
RCT

Multicentric

Yes

Chinese studies
) %
50%
83.30%
100%
50%
100%

O w oLt w3

”'9*(' c'z';‘)”a“ Total

n’ % n’ %

7 20.60% 17 30.90%
28 82.40% 46 83.60%
31 91.20% 49 89.10%
20 58.80% 33 60.00%
19 55.90% 31 56.40%

2 5.90% 6 10.90%

Chinese studies Total

n % n’ %
14 28.60% 17 30.90%
41 83.70% 46 83.60%
43 87.80% 49 89.10%
30 61.20% 33 60.00%
25 51.00% 31 56.40%

PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RCT = randomized controlled trial.

(39.1%)
(42.7%)
(15.5%)
(2.7%)

P value
0.095
0.008
0.103
0.155
0.268
0.131

P value
0.372
0.009
0.043
0.173

0.16
0.183

P value

0.035
0.743
0.528
0.821
0.927
0.128

P value

0.284
0.983
0.364
0.596
0.022



Table 8. Intra-observer correlation between the scores for A Measurement
Tool to Assess Systematic Reviews and Preferred Reporting Items for
Systematic Reviews and Meta-Analyzes

E1 E2 Average
Corr (r) 0.82 0.798 0.829
Spearman
P value <0.001 <0.001 <0.001
Corr (r) 0.856 0.839 0.857
ICC
P value <0.001 <0.001 < 0.001

ICC = intraclass correlation coefficient; E1 = examiner 1; E2 = examiner 2.

Table 9. Inter-observer correlation between the scores for a PRISMA
and AMSTAR

PRISMA AMSTAR
Average -1.33 -0.04
Standard deviation 1.91 1.48
P value < 0.001 0.856
Regression <0.001 0.001

PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses;
AMSTAR = A Measurement Tool to Assess Systematic Reviews.

Table 10. Inter-observer correlation for A Measurement Tool to Assess
Systematic Reviews

Kappa P value
Original’ 0.442 <0.001
Grouped™ 0.641 <0.001
“Very low, low, moderate, high; “Low, moderate/high.
Table 11. Results of multivariate analysis
PRISMA AMSTAR
Coef. (B) P value Coef. (B) P value
Constant 4.89 0.03 3.36 0.016
Impact Q1 2.54 0.01 1.06 0.076
Meta-analysis 4.74 <0.001 253 <0.001
Multicentric 2.2 0.022 1.69 0.005
Conflict of interest 1.41 0.263 1.16 0.138
Non-Chinese studies 0.17 0911 -0.45 0.633
Quote PRISMA 1.12 0.275 -0.2 0.747
RCT 1.34 0.353 0.26 0.77
ANOVA < 0.001 <0.001
R2 54.40% 49.20%

PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses;
AMSTAR = A measurement tool to assess systematic reviews; Coef. = coefficient;
RCT = randomized controlled trial; ANOVA = analysis of variance.

similar systems allows for the organization and systematiza-
tion of the main aspects related to the quality and reliability of
information sources. This would further improve the refine-
ment of the best currently available evidence for the treatment

of carpal tunnel syndrome.

Limitations

The main limitation of this study was that the search for
systematic reviews was published in all languages, except
Mandarin.

We tried to minimize biases in the selection, application
of questionnaires, and data analysis by carrying out our anal-
ysis with independent examiners, and any disagreements were
concluded with reference to the senior author. Statistical anal-
ysis was conducted by an independent statistician with no con-

flicts of interest.

CONCLUSION

Our results suggest that published systematic reviews on the
treatment of CTS are of low quality, and those that contain
meta-analyses and include randomized clinical trials are gen-
erally of better quality.

The PRISMA and AMSTAR scores are effective tools for
formulating and guiding systematic reviews, although AMSTAR
performed better. The reproducibility of AMSTAR scores allows
for the analysis of future studies on the treatment of CTS, which

is useful for the preparation of other high-quality studies.

REFERENCES

1. Hubbard ZS, Law TY, Rosas S, Jernigan SC, Chim H. Economic
benefit of carpal tunnel release in the Medicare patient population.
Neurosurg Focus. 2018;44(5):E16. PMID: 29712517; https://doi.
0rg/10.3171/2018.1.FOCUS17802.

2. Verdugo RJ, Salinas RS, Castillo J, Cea JG. Surgical versus non-surgical
treatment for carpal tunnel syndrome. Cochrane Database Syst
Rev. 2002;(2):CD001552. Update in: Cochrane Database Syst Rev.
2003;(3):CD001552. PMID: 12076416; https://doi.org/10.1002/14651858.
CDO001552.

3. Roberts|, Ker K. How systematic reviews cause research waste. Lancet.
2015;386(10003):1536. PMID: 26530621; https://doi.org/10.1016/50140-
6736(15)00489-4.

4. Long C, desJardins-Park H, Popat R, Fox P. Quality of surgical
randomized controlled trials in hand surgery: a systematic review.
J Hand Surg Eur Vol. 2018;43(8):801-7. PMID: 29896997; https://doi.
0rg;10.1177/1753193418780184.

5. Long C, Azad AD, desJardins-Park HE, Fox PM. Quality of Randomized
Controlled Trials for Surgical Treatment of Carpal Tunnel Syndrome:
A Systematic Review. Plast Reconstr Surg. 2019;143(3):791-9. PMID:
30822284; https://doi.org/10.1097/PRS.0000000000005366.


https://doi.org/10.3171/2018.1.FOCUS17802
https://doi.org/10.3171/2018.1.FOCUS17802
https://doi.org/10.1002/14651858.CD001552
https://doi.org/10.1002/14651858.CD001552
https://doi.org/10.1016/S0140-6736(15)00489-4
https://doi.org/10.1016/S0140-6736(15)00489-4
https://doi.org;10.1177/1753193418780184
https://doi.org;10.1177/1753193418780184
https://doi.org/10.1097/PRS.0000000000005366

Quiality analysis of prior systematic reviews of carpal tunnel syndrome: an overview of the literature | ORIGINAL ARTICLE

Brand J, Hardy R, Monroe E. Research Pearls: Checklists and Flowcharts
to Improve Research Quality. Arthroscopy. 20,36(7):2030-8. PMID:
32169662; https://doi.org/10.1016/j.arthro/2020.02.046.

Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that
evaluate healthcare interventions: explanation and elaboration. BMJ.
2009;339:b2700. PMID: 19622552; https://doi.org/10.1136/bmj.b2700.
Shea BJ, Bouter LM, Peterson J, et al. External validation of a measurement
tool to assess systematic reviews (AMSTAR). PLoS One. 2007;2(12):e1350.
PMID: 18159233; https://doi.org/10.1371/journal.pone.0001350
Shea BJ, Grimshaw JM, Wells GA, et al. Development of AMSTAR: a
measurement tool to assess the methodological quality of systematic
reviews. BMC Med Res Methodol. 2007;7:10. PMID: 17302989; https://
doi.org/10.1186/1471-2288-7-10.

. Cohen J. A Coefficient of Agreement for Nominal Scales. Educational

and Psychological Measurement. 1960;20(1):37-46. https://doi.org/1
0.1177/001316446002000104.

. TianJ, Zhang J, Ge L, Yang K, Song F. The methodological and reporting

quality of systematic reviews from China and the USA are similar. J
Clin Epidemiol. 2017;85:50-8. PMID: 28063911; https://doi:10.1016/j.
jclinepi.2016.12.004.

. Zhang J, Han L, Shields L, Tian J, Wang J. A PRISMA assessment of the

reporting quality of systematic reviews of nursing published in the
Cochrane Library and paper-based journals. Medicine (Baltimore).
2019;98(49):218099. PMID: 31804319; https://doi.org/10.1097/
MD.0000000000018099.

. Alvayay CS, Arce-Alvarez A. Revision sistemética de tratamientos

fisioterapéuticos conmejor evidencia para el sindrome del tunel
carpiano [Systematic review of physiotherapy treatments with better
evidence for the carpal tunnel sindrome]. Rev Soc Esp del Dolor.
2008;15(7):475-80.

. Babaei-Ghazani A, Roomizadeh P, Forogh B, et al. Ultrasound-guided

versus landmark-guided local corticosteroid injection for carpal tunnel
syndrome: A systematic review and meta-analysis of randomized
controlled clinical trials. Arch Phys Med Rehabil. 2018;99(4):766-75.
PMID: 28943161. https://doi.org/10.1016/j.apmr.2017.08.484.

. Ballastero-Pérez R, Plaza-Manzano G, Urraca-Gesto A, et al. Effectiveness

of Nerve Gliding Exercises on Carpal Tunnel Syndrome: A Systematic
Review. J Manipulative Physiol Ther 2017;40(1):50-9. PMID: 27842937,
https://doi.org/10.1016/jjmpt.2016.10.004.

. Bekhet AH, Ragab B, Abushouk Al, Elgebaly A, Ali Ol. Efficacy of low-level

laser therapy in carpal tunnel syndrome management: a systematic
review and meta-analysis. Lasers Med Sci. 2017;32(6):1439-48. PMID:
28580494; https://doi.org/10.1007/510103-017-2234-6.

. Burger M, Kriel R, Damon A, et al. The effectiveness of low-level laser

therapy on pain, self-reported hand function, and grip strength
compared to placebo or“sham”treatment for adults with carpal tunnel
syndrome: A systematic review. Physiother Theory Pract. 2017;33(3):184~
97.PMID: 28272964; https://doi.org/10.1080/09593985.2017.1282999.

20.

21.

22.

24.

25.

26.

27.

28.

. Burton CL, Chesterton LS, ChenY, van der Windt DA. Clinical Course and

Prognostic Factors in Conservatively Managed Carpal Tunnel Syndrome:
A Systematic Review. Arch Phys Med Rehabil. 2016;97(5):836-852.e1.
PMID: 26440776; https://doi.org/10.1016/j.apmr.2015.09.013.

. Chapell R, Coates V, Turkelson C. Poor outcome for neural surgery

(epineurotomy or neurolysis) for carpal tunnel syndrome compared with
carpal tunnel release alone: a meta-analysis of global outcomes. Plast
Reconstr Surg. 2003;112(4):983-90; discussion 991-2. PMID: 12973213,
https://doi.org/10.1097/01.PRS.0000076222.77125.1F.

Chen L, Duan X, Huang X, et al. Effectiveness and safety of endoscopic
versus open carpal tunnel decompression. Arch Orthop Trauma Surg.
2014;134(4):585-93. PMID: 24414237, https://doi.org/10.1007/500402-
013-1898-z.

Chen PC, Chuang CH, Tu YK, et al. A Bayesian network meta-analysis:
Comparing the clinical effectiveness of local corticosteroid injections
using different treatment strategies for carpal tunnel syndrome. BMC
Musculoskelet Disord. 2015;16:363. Erratum in: BMC Musculoskelet
Disord. 2015;16(1):394. PMID: 26585378; https://doi.org/10.1186/512891-
015-0815-8.

Choi GH, Wieland LS, Lee H, Sim H, Lee MS, Shin BC. Acupuncture
and related interventions for the treatment of symptoms
associated with carpal tunnel syndrome. Cochrane Database
Syst Rev. 2018;12(12):CD011215. PMID: 30521680; https://doi.
0rg/10.1002/14651858.CD011215.pub2.

. Dunn JC, Kusnezov NA, Koehler LR, et al. Outcomes Following Carpal

Tunnel Release in Patients Receiving Workers' Compensation: A
Systematic Review. Hand (N Y). 2018;13(2):137-142. PMID: 28387162;
https://doi.org/10.1177/1558944717701240.
Franke TP, Koes BW, Geelen SJG, Huisstede BM. Do Patients with Carpal
Tunnel Syndrome Benefit from Low-Level Laser Therapy? A Systematic
Review of Randomized Controlled Trials. Arch Phys Med Rehabil.
2018;99(8):1650-1659.e15. PMID: 28629992; https://doi.org/10.1016/j.
apmr.2017.06.002.
Gerritsen AA, Uitdehaag BM, van Geldere D, et al. Systematic review
of randomized clinical trials of surgical treatment for carpal tunnel
syndrome. Br J Surg. 2001;88(10):1285-95. PMID: 11578281; https.//
doi.org/10.1046/j.0007-1323.2001.01858.x.

Gerritsen AA, de Krom MC, Struijs MA, et al. Conservative treatment
options for carpal tunnel syndrome: a systematic review of randomised
controlled trials. J Neurol. 2002;249(3):272-80. PMID: 11993525; https://
doi.org/10.1007/5004150200004.

Goodyear-Smith F, Arroll B. What can family physicians offer patients
with carpal tunnel syndrome other than surgery? A systematic review
of nonsurgical management. Ann Fam Med. 2004;2(3):267-73. PMID:

15209206; https://doi.org/10.1370/afm.21.

Hamamoto Filho PT, Leite FV, Ruiz T, Resende LA. A systematic review
of anti-inflammatories for mild to moderate carpal tunnel syndrome.
J Clin Neuromuscul Dis. 2009;11(1):22-30. PMID: 19730018; https://doi.
0rg/10.1097/CND.0b013e3181ac8364.

Sao Paulo Med J. 2023;141(5):e20211020

11


https://doi.org/10.1016/j.arthro/2020.02.046
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1371/journal.pone.0001350
https://doi.org/10.1186/1471-2288-7-10
https://doi.org/10.1186/1471-2288-7-10
https://doi.org/10.1177/001316446002000104
https://doi.org/10.1177/001316446002000104
https://doi:10.1016/j.jclinepi.2016.12.004
https://doi:10.1016/j.jclinepi.2016.12.004
https://doi.org/10.1097/MD.0000000000018099
https://doi.org/10.1097/MD.0000000000018099
https://doi.org/10.1016/j.apmr.2017.08.484
https://doi.org/10.1016/j.jmpt.2016.10.004
https://doi.org/10.1007/s10103-017-2234-6
https://doi.org/10.1080/09593985.2017.1282999
https://doi.org/10.1016/j.apmr.2015.09.013
https://doi.org/10.1097/01.PRS.0000076222.77125.1F
https://doi.org/10.1007/s00402-013-1898-z
https://doi.org/10.1007/s00402-013-1898-z
https://doi.org/10.1186/s12891-015-0815-8
https://doi.org/10.1186/s12891-015-0815-8
https://doi.org/10.1002/14651858.CD011215.pub2
https://doi.org/10.1002/14651858.CD011215.pub2
https://doi.org/10.1177/1558944717701240
https://doi.org/10.1016/j.apmr.2017.06.002
https://doi.org/10.1016/j.apmr.2017.06.002
https://doi.org/10.1046/j.0007-1323.2001.01858.x
https://doi.org/10.1046/j.0007-1323.2001.01858.x
https://doi.org/10.1007/s004150200004
https://doi.org/10.1007/s004150200004
https://doi.org/10.1370/afm.21
https://doi.org/10.1097/CND.0b013e3181ac8364
https://doi.org/10.1097/CND.0b013e3181ac8364

ORIGINAL ARTICLE | Cavalcante MC, Moraes VY, Osés GL, Nakachima LR, Belloti JC

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Hu K, Zhang T, Xu W. Intraindividual comparison between open and
endoscopic release in bilateral carpal tunnel syndrome: a meta-analysis
of randomized controlled trials. Brain Behav. 2016;6(3):e00439. PMID:
27099801; https://doi.org/10.1002/brb3.439.

Huisstede BM, Hoogvliet P, Randsdorp MS, et al. Carpal tunnel syndrome.
Part I: effectiveness of nonsurgical treatments--a systematic review.
Arch Phys Med Rehabil. 2010;91(7):981-1004. PMID: 20599038; https://
doi.org/10.1016/j.apmr.2010.03.022.

Huisstede BM, Randsdorp MS, Coert JH, et al. Carpal tunnel syndrome.
Part II: effectiveness of surgical treatments--a systematic review. Arch
Phys Med Rehabil. 2010;91(7):1005-24. PMID: 20599039; https://doi.
org/10.1016/j.apmr.2010.03.023.

Huisstede BM, Hoogvliet P, Franke TP, Randsdorp MS, Koes BW. Carpal
Tunnel Syndrome: Effectiveness of Physical Therapy and Electrophysical
Modalities. An Updated Systematic Review of Randomized Controlled
Trials. Arch Phys Med Rehabil. 2018;99(8):1623-1634.e23. PMID:
28942118; https://doi.org/10.1016/j.apmr.2017.08.482.

Huisstede BM, van den Brink J, Randsdorp MS, Geelen SJ, Koes BW.
Effectiveness of Surgical and Postsurgical Interventions for Carpal
Tunnel Syndrome-A Systematic Review. Arch Phys Med Rehabil.
2018;99(8):1660-1680.e21. Erratum in: Arch Phys Med Rehabil.
2020;101(9):1665. PMID: 28577858; https://doi.org/10.1016/j.
apmr.2017.04.024.

Huisstede BM, Randsdorp MS, van den Brink J, et al. Effectiveness
of Oral Pain Medication and Corticosteroid Injections for Carpal
Tunnel Syndrome: A Systematic Review. Arch Phys Med Rehabil.
2018;99(8):1609-1622.e10. PMID: 29626428; https://doi.org/10.1016/j.
apmr.2018.03.003

Hunt KJ, Hung SK, Boddy K, Ernst E. Chiropractic manipulation for carpal
tunnel syndrome: a systematic review. Hand Therapy. 2009;14(4):89-94.
https://doi.org/10.1258/ht.2009.009023.

Jiménez Del Barrio S, Bueno Gracia E, Hidalgo Garcia C, et al. Conservative
treatment in patients with mild to moderate carpal tunnel syndrome:
A systematic review. Neurologia (Engl Ed). 2018;33(9):590-601. PMID:
27461181; https://doi.org/10.1016/j.nr.2016.05.018.

Kim JC, Jung SH, Lee SU, Lee SY. Effect of extracorporeal shockwave
therapy on carpal tunnel syndrome: A systematic review and meta-
analysis of randomized controlled trials. Medicine (Baltimore).
2019;98(33):16870. PMID: 31415424; https://doi.org/10.1097/
MD.0000000000016870.

Kim SD. Efficacy of tendon and nerve gliding exercises for carpal tunnel
syndrome: a systematic review of randomized controlled trials. J Phys
Ther Sci. 2015;27(8):2645-8. PMID: 26357452; https://doi.org/10.1589/
jpts.27.2645.

Klokkari D, Mamais . Effectiveness of surgical versus conservative
treatment for carpal tunnel syndrome: A systematic review,
meta-analysis and qualitative analysis. Hong Kong Physiother
J.2018;38(2):91-114. PMID: 30930582; https://doi.org/10.1142/
S51013702518500087.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Kohanzadeh S, Herrera FA, Dobke M. Outcomes of open and
endoscopic carpal tunnel release: a meta-analysis. Hand (N Y).
2012;7(3):247-51. PMID: 23997726; https://doi.org/10.1007/s11552-
012-9413-5.

Lai, Sike; Zhang, Kaibo; Li, Jian; Fu, Weili; Harhaus, Leila . Carpal tunnel
release with versus without flexor retinaculum reconstruction for carpal
tunnel syndrome at short- and long-term follow up—A meta-analysis of
randomized controlled trials. Plos One (2019), 14(1),e0211369-. https.//
doi.org/10.1371/journal.pone.0211369

Li G, Kong L, Kou N, et al. The comparison of limited-incision versus
standard-incision in treatment of carpal tunnel syndrome: A meta-
analysis of randomized controlled trials. Medicine (Baltimore).
2019;98(18):e15372. PMID: 31045782; https://doi.org/10.1097/
MD.0000000000015372.

Li ZJ,Wang, Zhang HF, et al. Effectiveness of low-level laser on carpal
tunnel syndrome: A meta-analysis of previously reported randomized
trials. Medicine (Baltimore). 2016;95(31):e4424. PMID: 27495063; https://
doi.org/10.1097/MD.0000000000004424.

Lim YH, Chee DY, Girdler S, Lee HC. Median nerve mobilization
techniques in the treatment of carpal tunnel syndrome: A systematic
review. J Hand Ther. 2017,;30(4):397-406. PMID: 28764878; https://doi.
0rg/10.1016/}jht.2017.06.019.

Malahias MA, Chytas D, Mavrogenis AF, et al. Platelet-rich plasma
injections for carpal tunnel syndrome: a systematic and comprehensive
review. Eur J Orthop Surg Traumatol. 2019;29(1):1-8. PMID: 30022241,
https://doi.org/10.1007/500590-018-2278-8.

Marshall S, Tardif G, Ashworth N. Local corticosteroid
injection for carpal tunnel syndrome. Cochrane Database
Syst Rev. 2007;(2):CD001554. PMID: 17443508; https://doi.
0rg/10.1002/14651858.CD001554.pub?2.

Medina McKeon JM, Yancosek KE. Neural gliding techniques for the
treatment of carpal tunnel syndrome: a systematic review. J Sport
Rehabil. 2008;17(3):324-41 PMID: 18708684; https://doi.org/10.1123/
jsr.17.3.324.

Muller M, Tsui D, Schnurr R, et al. Effectiveness of hand therapy
interventions in primary management of carpal tunnel syndrome: a
systematic review. J Hand Ther. 2004;17(2):210-28. PMID: 15162107;
https://doi.org/10.1197/}jht.2004.02.009.

O'Connor D, Marshall S, Massy-Westropp N. Non-surgical treatment
(other than steroid injection) for carpal tunnel syndrome. Cochrane
Database Syst Rev. 2003;2003(1):CD003219. PMID: 12535461; https:.//
doi.org/10.1002/14651858.CD003219.

O'Connor D, Page MJ, Marshall SC, Massy-Westropp N. Ergonomic
positioning or equipment for treating carpal tunnel syndrome. Cochrane
Database Syst Rev.2012;1(1):CD009600. PMID: 22259003; https://doi.
0rg/10.1002/14651858.CD009600.

. Page MJ, Massy-Westropp N, O'Connor D, Pitt V. Splinting for carpal

tunnel syndrome. Cochrane Database Syst Rev. 2012;2012(7):CD010003.
PMID: 22786532; https://doi.org/10.1002/14651858.CD010003.

12 Sao Paulo Med J. 2023;141(5):e20211020


https://doi.org/10.1002/brb3.439
https://doi.org/10.1016/j.apmr.2010.03.022
https://doi.org/10.1016/j.apmr.2010.03.022
https://doi.org/10.1016/j.apmr.2010.03.023
https://doi.org/10.1016/j.apmr.2010.03.023
https://doi.org/10.1016/j.apmr.2017.08.482
https://doi.org/10.1016/j.apmr.2017.04.024
https://doi.org/10.1016/j.apmr.2017.04.024
https://doi.org/10.1016/j.apmr.2018.03.003
https://doi.org/10.1016/j.apmr.2018.03.003
https://doi.org/10.1258/ht.2009.009023
https://doi.org/10.1016/j.nrl.2016.05.018
https://doi.org/10.1097/MD.0000000000016870
https://doi.org/10.1097/MD.0000000000016870
https://doi.org/10.1589/jpts.27.2645
https://doi.org/10.1589/jpts.27.2645
https://doi.org/10.1142/S1013702518500087
https://doi.org/10.1142/S1013702518500087
https://doi.org/10.1007/s11552-012-9413-5
https://doi.org/10.1007/s11552-012-9413-5
https://doi.org/10.1371/journal.pone.0211369
https://doi.org/10.1371/journal.pone.0211369
https://doi.org/10.1097/MD.0000000000015372
https://doi.org/10.1097/MD.0000000000015372
https://doi.org/10.1097/MD.0000000000004424
https://doi.org/10.1097/MD.0000000000004424
https://doi.org/10.1016/j.jht.2017.06.019
https://doi.org/10.1016/j.jht.2017.06.019
https://doi.org/10.1007/s00590-018-2278-8
https://doi.org/10.1002/14651858.CD001554.pub2
https://doi.org/10.1002/14651858.CD001554.pub2
https://doi.org/10.1123/jsr.17.3.324
https://doi.org/10.1123/jsr.17.3.324
https://doi.org/10.1197/j.jht.2004.02.009
https://doi.org/10.1002/14651858.CD003219
https://doi.org/10.1002/14651858.CD003219
https://doi.org/10.1002/14651858.CD009600
https://doi.org/10.1002/14651858.CD009600
https://doi.org/10.1002/14651858.CD010003

Quiality analysis of prior systematic reviews of carpal tunnel syndrome: an overview of the literature | ORIGINAL ARTICLE

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Page MJ, O'Connor D, Pitt V, Massy-Westropp N. Exercise and mobilisation
interventions for carpal tunnel syndrome. Cochrane Database Syst Rev.
2012;(6):CD009899. PMID: 22696387; https://doi.org/10.1002/14651858.
CD009899.

Page MJ, O'Connor D, Pitt V, Massy-Westropp N. Therapeutic
ultrasound for carpal tunnel syndrome. Cochrane Database
Syst Rev. 2013;2013(3):CD009601.  PMID: 23543580; https://doi.
0rg/10.1002/14651858.CD009601.pub?2.

Piazzini DB, Aprile I, Ferrara PE, et al. A systematic review
of conservative treatment of carpal tunnel syndrome. Clin
Rehabil. 2007;21(4):299-314. PMID: 17613571; https://doi.
org/10.1177/0269215507077294.

Sanati KA, Mansouri M, Macdonald D, et al. Surgical techniques and
return to work following carpal tunnel release: a systematic review and
meta-analysis. J Occup Rehabil. 2011;21(4):474-81. PMID: 21528400;
https://doi.org/10.1007/510926-011-9310-8.

Sayegh ET, Strauch RJ. Open versus endoscopic carpal tunnel release:
a meta-analysis of randomized controlled trials. Clin Orthop Relat
Res. 2015;473(3):1120-32. PMID: 25135849; https://doi.org/10.1007/
$11999-014-3835-z.

Scholten RJ, Mink van der Molen A, Uitdehaag BM, Bouter LM, de Vet
HC. Surgical treatment options for carpal tunnel syndrome. Cochrane
Database Syst Rev. 2007 Oct 17;2007(4):CD003905. PMID: 17943805;
https://doi.org/10.1002/14651858.CD003905.pub3.

Shi Q, MacDermid JC. Is surgical intervention more effective than
non-surgical treatment for carpal tunnel syndrome? A systematic
review. J Orthop Surg Res. 2011;6:17. PMID: 21477381; https://doi.
0rg/10.1186/1749-799x-6-17.

ShiQ, Bobos P, Lalone EA, Warren L, MacDermid JC. Comparison of
the Short-Term and Long-Term Effects of Surgery and Nonsurgical
Intervention in Treating Carpal Tunnel Syndrome: A Systematic
Review and Meta-Analysis. Hand (N Y). 2020;15(1):13-22. PMID:
30015499; https://doi.org/10.1177/1558944718787892.

Sim H, Shin BC, Lee MS, et al. Acupuncture for carpal tunnel
syndrome: a systematic review of randomized controlled trials. J
Pain.2011;12(3):307-14. PMID: 21093382; https://doi.org/10.1016/.
jpain.2010.08.006.

Soltani AM, Allan BJ, Best MJ, Mir HS, Panthaki ZJ. A systematic review of
the literature on the outcomes of treatment for recurrent and persistent
carpal tunnel syndrome. Plast Reconstr Surg. 2013;132(1):114-21.
PMID: 23806914; https://doi.org/10.1097/prs.00013e318290faba.
Thoma A, Veltri K, Haines T, Duku E. A systematic review of reviews
comparing the effectiveness of endoscopic and open carpal tunnel
decompression. Plast Reconstr Surg. 20041;113(4):1184-91. PMID:
15083019; https://doi.org/10.1097/01.prs.0000110202.08818.c1.
Vasiliadis HS, Georgoulas P, Shrier I, Salanti G, Scholten RJ.
Endoscopic release for carpal tunnel syndrome. Cochrane
Database Syst Rev. 2014;(1):CD008265. PMID: 24482073; https://
doi.org/10.1002/14651858.CD008265.pub?2.

64. Vasiliadis HS, Nikolakopoulou A, Shrier |, et al. Endoscopic and
Open Release Similarly Safe for the Treatment of Carpal Tunnel
Syndrome. A Systematic Review and Meta-Analysis. PLoS
One. 2015;10(12):e0143683. https://doi.org/10.1371/journal.
pone.0143683.

65. Wade RG, Wormald JC, Figus A. Absorbable versus non-absorbable
sutures for skin closure after carpal tunnel decompression surgery.
Cochrane Database Syst Rev. 2018;2(2):CD011757. PMID: 29390170;
https://doi.org/10.1002/14651858.CD011757.pub2.

66. Zuo D, Zhou Z,Wang H, et al. Endoscopic versus open carpal tunnel
release for idiopathic carpal tunnel syndrome: a meta-analysis of
randomized controlled trials. J Orthop Surg Res. 2015;10:12. PMID:
25627324 https://doi.org/10.1186/513018-014-0148-6.

67. Belloti JC, Okamura A, Scheeren J, Faloppa F, Ynoe de Moraes V. A
systematic review of the quality of distal radius systematic reviews:
Methodology and reporting assessment. PLoS One. 2019;14(1):€0206895.
PMID: 30673700; https://doi.org/10.1371/journal.pone.0206895.

68. ZhiX, Zhang Z, CuiJ, et al. Quality of Meta-analyses in Major Leading
Orthopedics Journals: A Systematic Review. Orthop Traumatol Surg
Res. 2017;103(8):1141-6. PMID: 28928047; https://doi.org/10.1016/j.
otsr.2017.08.009.

69. Adie S, Ma D, Harris IA, Naylor JM, Craig JC. Quality of Conduct and
Reporting of Meta-analyses of Surgical Interventions. Ann Surg.
2015;261(4):685-94. PMID: 25575252; https://doi.org/10.1097/
SLA.0000000000000836.

70. Felson DT. Bias in meta-analytic research. J Clin Epidemiol.
1992;45(8):885-92. PMID: 1624971; https://doi.org/10.1016/0895-
4356(92)90072-u.

71. Kunkel ST, Sabatino MJ, Moschetti WE, Jevsevar DS. Systematic
Reviews and Meta-Analyses in the Orthopaedic Literature:
Assessment of the Current State of Quality and Proposal of a New
Rating Strategy. Clinical Research in Orthopaedics. 2018;1(1):1-7.
Available from: https://asclepiusopen.com/clinical-research-in-

orthopaedics/volume-1-issue-1/1.pdf. Accessed in 2022 (Oct 18).

Authors’ contribution: Cavalcanti MC: conceptualization (equal),
investigation (equal), methodology (equal), software (equal),
validation (equal), visualization (equal), writing-original draft
(equal); Moraes VY: conceptualization (equal), investigation (equal),
methodology (equal), validation (equal), visualization (equal),
writing-original draft (equal) and writing-review and editing (equal);
Osés GL: formal analysis (equal), methodology (equal), project
administration (equal), validation (equal), visualization (equal) and
writing-original draft (equal); Nakachima LR: supervision (equal),
validation (equal), writing-original draft (equal) and writing-

review and editing (equal); Belloti JC: conceptualization (equal),
investigation (equal), methodology (equal), and writing-review and
editing (equal). All authors critically revised the intellectual content

of the manuscript and approved the final version

Sao Paulo Med J. 2023;141(5):e20211020

13


https://doi.org/10.1002/14651858.CD009899
https://doi.org/10.1002/14651858.CD009899
https://doi.org/10.1002/14651858.CD009601.pub2
https://doi.org/10.1002/14651858.CD009601.pub2
https://doi.org/10.1177/0269215507077294
https://doi.org/10.1177/0269215507077294
https://doi.org/10.1007/s10926-011-9310-8
https://doi.org/10.1007/s11999-014-3835-z
https://doi.org/10.1007/s11999-014-3835-z
https://doi.org/10.1002/14651858.CD003905.pub3
https://doi.org/10.1186/1749-799x-6-17
https://doi.org/10.1186/1749-799x-6-17
https://doi.org/10.1177/1558944718787892
https://doi.org/10.1016/j.jpain.2010.08.006
https://doi.org/10.1016/j.jpain.2010.08.006
https://doi.org/10.1097/prs.0b013e318290faba
https://doi.org/10.1097/01.prs.0000110202.08818.c1
https://doi.org/10.1002/14651858.CD008265.pub2
https://doi.org/10.1002/14651858.CD008265.pub2
https://doi.org/10.1371/journal.pone.0143683
https://doi.org/10.1371/journal.pone.0143683
https://doi.org/10.1002/14651858.CD011757.pub2
https://doi.org/10.1186/s13018-014-0148-6
https://doi.org/10.1371/journal.pone.0206895
https://doi.org/10.1016/j.otsr.2017.08.009
https://doi.org/10.1016/j.otsr.2017.08.009
https://doi.org/10.1097/SLA.0000000000000836
https://doi.org/10.1097/SLA.0000000000000836
https://doi.org/10.1016/0895-4356(92)90072-u
https://doi.org/10.1016/0895-4356(92)90072-u
https://asclepiusopen.com/clinical-research-in-orthopaedics/volume-1-issue-1/1.pdf
https://asclepiusopen.com/clinical-research-in-orthopaedics/volume-1-issue-1/1.pdf

ORIGINAL ARTICLE | Cavalcante MC, Moraes VY, Osés GL, Nakachima LR, Belloti JC

Sources of funding: The authors received no specific funding for this study
Conflicts of interest: The authors declare that there are no conflicts of

interest

Date of first submission: December 28, 2021
Last received: September 2, 2022
Accepted: October 10, 2022

Address for correspondence:

Marcelo Cortes Cavalcante

R.Borges Lagoa, 786

Vila Clementino — Sé&o Paulo (SP) — Brasil
CEP 04038-001

Tel. (+55 11) 99859-2210

E-mail: marcelo_cortes88@hotmail.com

Editors responsible for the evaluation process:
Paulo Manuel Pégo-Fernandes, MD, PhD.
Alvaro Nagib Atallah, MD, PhD.

© 2023 by Associagao Paulista de Medicina
This is an open access article distributed under the terms of the Creative Commons license.

14 Sao Paulo Med J. 2023;141(5):e20211020


mailto:marcelo_cortes88@hotmail.com

Hypertension from the patient’s perspective: contributions
to the care offered by health professionals and self-care - a

qualitative study

Felipe Leonardo', Clarissa Garcia Custédio", Débora Paulino de Lira", Dayana de Oliveira Ferreira", Maria Valéria Pavan,

Fernando Antonio de Almeida"'

Faculty of Medical and Health Sciences, Pontificia Universidade Catdlica de Séo Paulo (PUC-SP), Sorocaba (SP), Brazil

'Undergraduate Medicine Student, Faculty
of Medical and Health Sciences, Pontificia
Universidade Catdlica de Sdo Paulo (PUC-SP),
Sorocaba (SP), Brazil.

@ https://orcid.org/0000-0002-1837-7207

'Undergraduate Medicine Student, Faculty
of Medical and Health Sciences, Pontificia
Universidade Catdlica de Sdo Paulo (PUC-SP),
Sorocaba (SP), Brazil.

@ https://orcid.org/0000-0002-6153-3850

"Undergraduate Medicine Student, Faculty
of Medical and Health Sciences, Pontificia
Universidade Catdlica de Sdo Paulo (PUC-SP),
Sorocaba (SP), Brazil.

@ https://orcid.org/0000-0002-3813-9935.

“Undergraduate Medicine Student, Faculty
of Medical and Health Sciences, Pontificia
Universidade Catdlica de Sdo Paulo (PUC-SP),
Sorocaba (SP), Brazil.

@ https://orcid.org/0000-0001-6795-0092

YMD, PhD. Doctor-Assistant Professor,
Department of Collective Health, Faculty

of Medical and Health Sciences, Pontificia
Universidade Catdlica de Séo Paulo (PUC-SP),
Sorocaba (SP), Brazil.

@ https://orcid.org/0000-0001-8804-2499

VIMD, PhD, Full Professor, Department of
Clinics, Faculty of Medical and Health Sciences,
Pontificia Universidade Catélica de Sao Paulo
(PUC-SP), Sorocaba (SP), Brazil.

@ https://orcid.org/0000-0002-9404-9707

KEY WORDS (MeSH terms):
Hypertension.

Primary health care.

Self care.

Qualitative research.

Health promotion.

AUTHORS’ KEY WORDS:
Disease prevention.
Focal groups.

Promotion of health.

ABSTRACT
BACKGROUND: Hypertension is the most common disease in primary care settings. Only 30% of cases
were adequately controlled.
OBJECTIVES: To analyze the knowledge and understanding of patients with hypertension regarding the
factors that facilitate and limit adherence to treatment and, based on the results, build specific guidelines
on hypertension self-care and control.
DESIGN AND SETTING: This qualitative study was conducted in a primary healthcare setting.
METHODS: Patients with hypertension who were followed at a primary healthcare unit were interviewed
through focus groups, and a qualitative interpretation of their statements according to Bardin’s content
analysis was performed.
RESULTS: Three focus groups were formed (21 participants), from whose analysis emerged 74 core ideas
related to the concept of hypertension, causes of increase in blood pressure, clinical consequences of
hypertension, and possible patients'contributions to help control blood pressure, arising from eating hab-
its, psychosocial conditions, and lifestyle. Patients tend to accept the concept of “high blood pressure”
as an inherent condition of the disease in their lives. Eating habits are strongly related to life history and
self-perception of health. The association between high blood pressure and nervousness or stress appears
to be strong.
CONCLUSION: The experience of having “pressure problem” is unique for each person. It is necessary
to optimize listening, recognizing that, for the patient to understand what hypertension is and its man-
agement, there must be understanding and convergence of proposals, adjustments, and changes in a
positive and personalized way. As a result of this study, we implemented educational actions in primary
healthcare units.

INTRODUCTION

Hypertension, defined as the persistent elevation of systolic blood pressure (BP) to values
> 140 mmHg and/or diastolic BP > 90 mmHg, is a chronic disease with a high worldwide prev-
alence."? In Brazil, the disease affects 21.4-32.3% of the population, varying according to the
survey’s methodological criteria.>® Among the risk factors for hypertension development are
heredity, age, sex, race, overweight/obesity, excessive sodium consumption, sedentary lifestyle,
excessive alcohol consumption, smoking, and socioeconomic factors, such as educational level.2
Hypertension is directly associated with a higher risk of cardiovascular and renal complications,
particularly stroke, myocardial infarction, chronic kidney disease, and other serious complica-
tions.? There is a slight increase in the mortality rate directly related to hypertension; however,
50% of deaths from cardiovascular disease are associated with hypertension.>*

As the main objective of treatment is to reduce cardiovascular and renal morbidity and mor-
tality associated with hypertension, the use of non-pharmacological and pharmacological treat-
ment is essential in the reduction of BP levels and prevention of hypertension complications.
In practice, non-pharmacological treatment mainly involves dietary measures aimed at weight
loss and reduction of sodium consumption, regular physical activity, alcohol consumption reduc-
tion (when excessive), and smoking cessation. Regarding pharmacological treatment, adherence

to medication is essential to achieve BP control.
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Although the diagnosis of hypertension is relatively simple and
some consider its treatment easy, the high percentage of individ-
uals with undiagnosed hypertension and the number of patients
diagnosed with hypertension who continue to have elevated BP
express the complexity of monitoring these patients, requiring
great attention and effort from the healthcare system, and there is
no doubt about the importance of a multidisciplinary approach.?

Adherence to a therapeutic plan can be understood as the rela-
tionship between the guidance and prescription of the healthcare
team and the patient’s conduct to follow them. Compliance with
the therapeutic plan is a multidimensional process, which involves
several circumstances: lack of knowledge about the disease and lack
of motivation to comply with the treatment of a chronic disease; the
absence of symptoms; unfavorable socioeconomic and educational
background; difficulties in the relationship with healthcare services
and in scheduling appointments; cost of certain medications and
their adverse effects; and other aspects such as cultural and social
beliefs and changes in quality of life after treatment initiation.>*

Considering that a patient’s relationship with the healthcare
team is an important element in the context of chronic diseases, a
multidisciplinary approach in the follow-up of patients with hyper-
tension, which focuses on the therapeutic process, is fundamental
to the adherence and maintenance of treatment.®

In a primary healthcare unit (PHU) in a large city in Sdo Paulo
state, a pilot study is underway to evaluate a new systematization
of care for the entire population with hypertension and/or diabetes
mellitus accompanied by a family healthcare team (approximately
2,600 residents). This includes nursing care and home visits that aim

for BP and glycemic control and individual and family guidance.

OBJECTIVES

In the context of this pilot project, medical students working reg-
ularly at the PHU dedicated themselves to identifying the fac-
tors that facilitate and limit adherence to the treatment of hyper-
tension in this population and understanding, from the patient’s
perspective, the meaning and repercussions of the disease in

their lives, contributing to the follow-up by the healthcare team.

METHODS
This was an exploratory, qualitative, cross-sectional, analytical
observational study. Individuals with hypertension belonging to
the territory of a PHU with a family health strategy were invited
to participate. The selection of participants with hypertension
was aleatory among those attending the PHU. All the partici-
pants who agreed to participate were included in the study.

The areas of competence related to hypertension self-care were
defined through a bibliographic survey in the Virtual Health Library
database, considering articles written in Portuguese, English, and

Spanish, from 2013 to 2018, using the descriptors “hypertension,”

“self-care,” and “health education,” and involved the following top-
ics: general notions about hypertension and its complications, BP
self-control, self-care in drug treatment, self-care in the prevention
of chronic and acute hypertension complications, and nutritional
self-care. From this list of competencies, a script was formulated,
which contained questions that guided the focus groups in ana-
lyzing patients with hypertension.

Focus groups were formed based on the definition proposed
by Morgan: “A research technique that collects data through
group interactions when discussing a special topic suggested by
the researcher,” to understand feelings, beliefs, and participants’
behaviors.” The focus group discussions were conducted until
saturation of alternative answers was achieved and not pre-estab-
lished. Three focus groups consisted of an average of seven par-
ticipants per group. The discussions were recorded, transcribed,
and analyzed by two authors, aiming to understand the most sig-
nificant contents, according to the analysis process recommended
by Bardin.® The units were categorized according to the semantic
criteria, establishing thematic categories that were exhaustively
reviewed and described below.

The research project and informed consent form were submit-
ted to a research ethics committee, approved on May 8, 2018, and
only started after their approval (CAAE 86670318.6.0000.5373).

RESULTS
A total of 21 participants with hypertension were included in
the focus group. The participants’ characteristics are presented
in Table 1. The sample of participants and their distribution by
age, sex, autodeclared race or skin color, time from diagnosis of
hypertension, BP levels, and number of antihypertensive pre-
scriptions were similar to the profiles of those attending the PHU.
The content analysis allowed the classification of the speeches

into categories in accordance with the core ideas, which summarized

Table 1. Demographic and clinic characteristics of the
participants

Parameter Mean £ SD Comments
Age 65.4+ 13.6 years > 60 years (70%)
Sex 13 women, 8 men

Autodeclared race
16 whites, 5 blacks

(skin color)
Time fi h i
|.me ro‘m ypertension 14,6+ 8.7 years
diagnosis
< 140/90 mmH
Systolic blood pressure 154.6 £18.3 mmHg 9

(33.3%)
Diastolic blood pressure 87.5+11.6 mmHg

3 persons 1 AH
12 persons 2 AH
5 persons 3 AH

1 person 4 AH

Number of AH prescribed Median =2 AH

SD = standard deviation; AH = antihypertensive.



the topic addressed in the response. To analyze these core ideas,
summary tables were prepared from the statements listed for each
issue raised in the discussions. The different statements of the par-
ticipants were considered and counted. Table 2 shows the core ideas
based on the frequency of their appearance among the statements.

Regarding the first question, “Does anyone know what hyper-
tension or ‘high blood pressure’ is?” some representative expres-
sions of the participants’ understanding of what hypertension is
were as follows: “It is a silent disease, I don't feel anything,” which
is related to the absence of symptoms; “It must be a blood problem,
right doctor? Change the heartbeat”; and “It messes with the circu-

lation,” which is related to the core idea of cardiovascular disease.

Table 2. Core ideas expressed during focus group discussion
Regarding the concept of hypertension or high

blood pressure Frequency
1. Cardiovascular diseases 5
2. Asymptomatic 4
3. Heredity 4
4. Unknown 3
5. Lifestyle 3
6. Related to the nervous system 2
7. Blood pressure levels 2
Regarding possible causes of increased blood
Frequency
pressure
1. Nervousness/stress 17
2. Inadequate food intake 16
3. Salt consumption 10
4. Anxiety 5
5. Hypercholesterolemia/fat consumption 5
6. Consumption of alcoholic beverages and smoking 4
7. White coat hypertension 3
8. Treatment interruption 3
9. Sedentary lifestyle 3
10. Kidney injury 2
11. Weight excess 1
12. Others 4
Regarding consequences of high blood pressure Frequency
1. Circulatory problems 5
2. Stroke/paralysis/dementia 4
3. Nephropathy 4
4. Neck pain 3
5. Myocardial infarction 3
6. Dizziness 3
7.Death 2
Regarding control or prevention of high blood R
pressure
1. Healthy eating/salt reduction/water intake 54
2. Medicine treatment 47
3. Physical exercise 16
4. Access to health/information services 14
5. Emotional control 13
6. Self-care 5
7. Faith 4

Regarding the second question, ‘What can cause hypertension
or high blood pressure?” some examples of how they expressed
themselves during the focus groups were as follows: “It’s an unwel-
come inheritance, it’s hereditary;” which is related to the heredity of
hypertension; “It's what you eat, what you drink, and what you do
during your life, right?” which is related to dietary habits and life-
style; “Pressure is nervous, stuff like that”; “The increase in blood
pressure ... has a lot of emotional influence, a lot of,” which is related
to the core idea of nervousness, stress, and/or the nervous system.

Regarding the third question, “What are the consequences
of high blood pressure?” the consequences were mentioned in a
similar way to those illustrated in the following examples, which
were obtained from their statements: “It can really cause kidney
problems”; “Oh, it causes stroke, [hypertension] can cause a heart
attack”; and “My mother died suddenly of a heart attack at age 47,
from high blood pressure.”

In view of the nature of the answers, analyses of the fourth and
fifth questions were grouped. The fourth question was “What can you
do to control high blood pressure?” and the fifth was “What can you
do to prevent high blood pressure?” Some statement on what helps
hypertension control were as follows: “to consume little salt, and elim-

», <«

inate nervousness helps a lot”; “that’s where I think physical activity
comes in, right?”; “oh... exercise, walking, medication..”; “you have to
control the salt, which is the main thing, ... and control the nerves;
“The only thing I do, my whole life, I've been taking medication for

about 18 years, I take it all together, in the morning and at night”

DISCUSSION

Focus group discussion, the method selected for this study,
provides the appreciation of the individual within the collec-
tive, under the influence of social pressure and the reactions
that demand it, being in an intermediate position between pure
observation and in-depth interviews.’

In brief, the results showed that the participants expressed the
concept that hypertension is an asymptomatic disease caused by
hereditary and behavioral factors, particularly dietary habits and
lifestyle, and is associated with circulatory and renal diseases and
complications. This was also evident in their statements regarding
the understanding of emotional factors as possible causes of high
BP. Regarding the control of hypertension, they valued adherence
to adequate eating habits, physical exercise, emotional control, drug
treatment, and access to health services. Self-care and faith were rarely
mentioned but were present in their statements. Overweight or obe-
sity was mentioned as a possible cause of hypertension only once.
Difficulties in accessing the healthcare system or lack of antihyper-
tensive medications did not emerge as problems in hypertension care.

Although the definition, awareness of causes, and recognition of
complications of hypertension have been mentioned, these concepts

were confused and mixed in their statements. Some participants



provided the definition of “high blood pressure” as a pressure value
achieved by assessing it with measuring devices. Others related it
to a problem with the heart or blood vessels, while others associ-
ated it with lifestyle habits. Some studies have already shown that
most patients do not know how to define or wrongly define hyper-
tension.!®!? Renovato and Dantas claim that there is a “crisis of
understanding” about the disease by patients with hypertension.'
These authors suggest that the absence of symptoms at the time
when the healthcare professional imputes him as sick is responsible
for the contradiction, while the constant high BP levels through-
out the disease follow-up end up convincing them that there is
really something wrong, making them move along this gradient
of conviction about being carriers of this “hypertension” entity.”®
In addition to this difficulty in recognizing the problem, there
is still semantic disagreement in the discourse between doctors
and patients. Fleischer, in her ethnographic study conducted in
Guariroba (Federal District) on patients with hypertension, rec-
ognized the disparity in meanings between the terms used by
doctors and what the patient understands.'* The nosological cate-
gory “hypertension” does not exactly match “high blood pressure”
in popular vocabulary but the term “pressure problem.”** This is
due to the fact that patients link the moments of uncontrolled BP,
which are represented by pressure peaks, to the term “high blood
pressure” and understand this phenomenon as transitory, often
related to the emotional status, as arising from a moment of stress.
Conversely, having the disease “under control,” without documented
moments of pressure peaks, is better understood by patients as a
“pressure problem.” This is preceded by the verb “to have,” pre-
senting a permanent character, while “high blood pressure” is usu-
ally preceded by the verb “to be/estar;” evidencing its transience.™
Our study also showed that, as a group, patients tended to
assume the definition of “high blood pressure” as the practical con-
dition that the disease has in the life of each of them and not on a
biomedical basis as was expected by the researchers, which allows
us to understand that, in the participant’s view, the full concept of
hypertension did not matter only in terms of meaning for them
but in what it would pragmatically reflect, that is, its consequences
(stroke, heart attack, kidney problems, circulatory problems, and
even death). Moreover, symptoms such as neck pain, dizziness,
leg pain, shortness of breath, and tachycardia have been reported,
which, from a physician’s perspective, will only be present after the
complications of hypertension arise.™* It is evident in the speech
of the study participants and in the literature that there is a mis-
conception that these reported symptoms represent hypertension
itself and not common complications of the advanced stage of
the disease, which are preventable with adequate BP control.!*
Participants also mentioned the need for chronic food restric-
tion and drug treatment for the rest of their lives, factors recog-

nized in the literature for influencing quality of life and adherence

to treatment.’>'® Food intake is strongly linked to the history of
people’s lives, culture, and self-perception of health. Many people
have a history of vulnerability or food deprivation at other times in
their lives and are negatively associated with restrictions required
by their disease at such times, which makes their adherence diffi-
cult. The absence of visible signs of the disease in their daily lives
makes them question the real need to adopt such habits as well as
influence adherence to drug treatment."”

In the quest to identify the origin of their health problems,
participants recognized factors such as high consumption of salt,
fatty foods, alcoholic beverages, and cigarettes; sedentary lifestyle;
and heredity as present in the genesis of hypertension. Such factors
have already been reported by patients in other studies, and the
result was not surprising.'® However, it is noteworthy that there
was only one mention of overweight and obesity as risk factors
for hypertension. Although there were several references to inad-
equate nutrition as a possible cause of the disease, the participants
did not relate carbohydrate excess and weight gain as a risk fac-
tor for hypertension nor did they recognize the limitation of the
consumption of carbohydrates and fat as a way of reducing weight
and consequently BP. We were also surprised by the overestimation
of the etiological association between hypertension and nervous-
ness, which were mentioned in terms such as “nervous system,”
“nervous,” “nerve,” “emotional,” “stress,” “anxiety,” and “frighten-
ing” Such a relationship has already been demonstrated in other
studies, although it is unclear whether the association made by
patients is a cause or a consequence.'*!'"*1720 Tt js assumed that
patients perceive the disease as a thermometer of their emotional
state, oscillating along with their emotions, even treating the two
things as the same entity.'® The two things are so strongly aggre-
gated in the participants’ imagination that they assume as valid the
strategy that it is possible to control the disease just by controlling
nervousness, even evoking a curative characteristic of hypertension
if the emotions that trigger it were controlled.'*'>*!

Fava et al. and Fleischer discussed in their ethnographic studies
how this hypertension-nervousness marriage is taken into account
by healthcare professionals who take care of these patients.'*?
Although there are physiological bases on the contribution of stress
in the development of high BP, the hypertension control programs
of our healthcare system do not include effective strategies to deal
with these factors.!** In fact, in many places of the Unified Health
System, it is difficult to adequately discuss and treat mental health
disorders, a topic shrouded in taboo, which allows the perpetuation
of myths and prejudices when referring to the topic of hypertension.**

In addition to controlling the emotional state, patients under-
stand that the modification of lifestyle recognized as causes of high
BP is a way of exercising self-care and controlling BP. However, this
is a challenge in practice. The chronic nature of the treatment is one

of the reasons that leads to the discontinuation of these practices,



causing discouragement, since the practices that need correction
are often the same ones that produce a psychologically compen-
satory effect for the individuals, considered by them as protectors
of the stress that they believe to be the cause of the increase in
their BP.">' Moreover, the state of social vulnerability that most
patients are in makes it difficult to access healthier life practices.?

Health professionals have an opportunity to intervene in these
groups of people, aiming to spread techniques that are econom-
ically viable and easily accessible, so that these people can find
qualified scientific information.

Adherence to pharmacological treatment is ambiguous, as it
is frequently associated with the occurrence of symptoms, which
are often late in this group. In the absence of BP peaks and symp-
toms, patients with hypertension carry a conception of having
been cured, allowing themselves to interrupt the treatment, even
with the opposite orientation.'¢

As a result of this study and with the support of medical stu-
dents who attend the PHU, we are implementing several actions in
health units, such as forming support networks via social media that
can offer health education, exchanging information, and facilitat-
ing the follow-up of patients with hypertension; distributing edu-
cational posters and leaflets in PHU with short and direct informa-
tion; encouraging self-care and self-measurement of BP at home; and
establishing simple and direct nutritional guidelines. Some examples
of sentences with information and guidelines were communicated:

“Did you know that the best medicine to fight the pressure
problem is to lose weight?”

“People with pressure problem don’t feel any discomfort, but
it can hurt their heart, brain, and kidneys.”

“If you have pressure problem, learn how to measure your blood
pressure at home with automatic (arm) devices. It is very simple
and cheap and helps to control your blood pressure”

“If you have high blood pressure and you take medication
to control it, keep taking them, even if you have had alcoholic
beverages.”

“You can help control your blood pressure. Eats with little salt,
lose weight if they are overweight, and perform regular physical
exercise (walking is the best)””

Due to the coronavirus disease 2019 pandemic, we should
still avoid crowds to prevent disease transmission; however, as
soon as sanitary conditions allow, group meetings will be pro-
moted to encourage self-care educational practices for patients

with hypertension.

CONCLUSION

The group approach of patients with hypertension allowed us
to analyze how the experience of having “pressure problem” is
unique for each person. Being personal, it is not possible to imag-

ine an awareness strategy that can reach everyone. It is important

to confirm in this study the perception that these patients need
professionals who listen to them, seeking to recognize the mean-
ings of their speeches, in contrast to the use of scientific and bio-
medical jargon, through pre-shaped recipes for a human being
impersonal and generalized. For this, it is necessary to listen to
these patients, with a high degree of empathy, recognizing that,
for the patient to understand what hypertension is and its man-
agement, there must be understanding, convergence of propos-

als, adjustments, and changes in a positive and personalized way.
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ABSTRACT
BACKGROUND: Although an association has been made between coronavirus disease 2019 (COVID-19) and
microvascular disease, data on vascular complications (other than venous thromboembolism) are sparse.
OBJECTIVE: To investigate the vascular complications in severely ill patients hospitalized with COVID-19
and their association with all-cause mortality.
DESIGN AND SETTING: This cohort study was conducted at the Universidade Federal de Sao Paulo, Brazil.
METHODS: All 305 consecutive patients diagnosed with COVID-19 and hospitalized in the intensive care unit
(ICV) of a tertiary university hospital from April 2 to July 17, 2021, were included and followed up for 30 days.
RESULTS: Of these, 193 (63.3%) were male, and the mean age was 59.9 years (standard deviation = 14.34).
The mortality rate was 56.3% (172 patients), and 72 (23.6%) patients developed at least one vascular com-
plication during the follow-up period. Vascular complications were more prevalent in the non-survivors
(28.5%) than in the survivors (17.3%) group and included disseminated intravascular coagulation (DIC,
10.8%), deep vein thrombosis (8.2%), acrocyanosis (7.5%), and necrosis of the extremities (2%). DIC (adjust-
ed odds ratio (aOR) 2.30, 95% confidence interval (Cl) 1.01-5.24, P = 0.046) and acrocyanosis (@OR 5.21,95%
C11.48-18.27, P =0.009) were significantly more prevalent in the non-survivors than in the survivors group.
CONCLUSION: Vascular complications in critically ill COVID-19 patients are common (23.6%) and can be
closely related to the mortality rate (56.3%) until 30 days after ICU admission. Macrovascular complications
have direct implications for mortality, which is the main outcome of the management of COVID-19.
REGISTRATION: RBR-4qjzh7 (https://ensaiosclinicos.gov.br/rg/RBR-4qjzh7).

INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), has rapidly grown into a pandemic and affected populations worldwide,
challenging public health and healthcare systems.! The clinical spectrum of COVID-19 com-
prises a wide range of clinical manifestations such as mild upper respiratory tract illness, severe
pneumonia with respiratory failure, disseminated intravascular coagulation, and even death.
At the beginning of the COVID-19 outbreak, the three primary symptoms of the disease were
fever, cough, and dyspnea, as well as other less common symptoms, including muscle pain,
anorexia, malaise, and headache. However, 2-10% of patients with COVID-19 present with gas-
trointestinal symptoms such as diarrhea, abdominal pain, and vomiting; therefore, fecal-oral
transmission, other than via close contact through respiratory droplets, has been questioned.?

During the COVID-19 pandemic, the authors have explored the risk factors related to life-
threatening conditions or mortality in severely ill people with COVID-19. Age > 70 years and
male sex were first associated with worse prognosis in hospitalized patients with COVID-19 who
underwent surgical procedures.’

Recently, some studies have discussed other complications of COVID-19, including acute
coronary syndrome, arrhythmia, pulmonary hypertension, arterial and venous thrombosis, and
coagulopathy, especially in critically ill patients.*!! Some publications discuss vascular complica-
tions and the hypercoagulability status in severe COVID-19 disease, but the related management
is still under discussion.®*"* Although some studies discuss cardiovascular complications mainly
during the late phase of COVID-19, there are sparse and conflicting data regarding the vascular

complications and the real burden and course of these complications.'***
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OBJECTIVE

The aim of this study was to evaluate vascular complications in
critically ill patients hospitalized with COVID-19 and investigate
their association with all-cause mortality. Second, the association
between baseline conditions and vascular complications, invasive

mechanical ventilation, vasopressors, and mortality was studied.

METHODS

Ethical approval and registration

The local research ethics commission approved this study
(3.966.152) on June 24, 2020, and the methods were prospec-
tively registered (RBR-4qjzh7) at the Rebec portal and the
International Clinical Trials Registry Platform (U1111-1252-
1318), World Health Organization (WHO). The study was con-

ducted in accordance with the Brazilian Ethical Review System

for research involving human beings and conformed to the
Declaration of Helsinki of the World Medical Association (June
1964) and subsequent amendments. This study was conducted
and reported in accordance with the Strengthening the Reporting
of Observational Studies in Epidemiology Statement guidelines

for reporting observational studies.

Patients and study design

The researchers enrolled consecutive patients with confirmed
COVID-19 who were admitted to the intensive care unit (ICU)
of a tertiary hospital between April 2 and July 17, 2021. The clini-
cal outcomes were monitored until August 30, 2021. All patients
were included retrospectively and were diagnosed with COVID-
19 by RNA detection, following the WHO interim guidance.'
Although the researchers planned to exclude patients younger
than 18 years old and those who died within 24 hours of admis-
sion to the ICU, all 305 enrolled patients were included, and
none fulfilled the criteria for exclusion. All patients underwent
a clinical examination, laboratory tests, and blood gas analy-
sis. Symptoms were evaluated before ICU admission, that is, at
hospital admission. All other outcomes are reported at the lon-
gest possible time point. At least one additional objective test,
such as chest radiography, computed tomography, or duplex
ultrasound, was used to confirm the diagnosis. All patients
were treated in the ICU, with electrocardiography, non-invasive
pressure, and peripheral oxygen saturation continuous motor-
ization, and received prophylactic anticoagulants if there were
no contraindications. Thromboprophylaxis was done accord-
ing to the American Society of Hematology.’* The use of low
molecular weight heparin was preferred for all patients except
those with severe renal impairment and, due to the lack of evi-
dence, no patient received the treatment dose for prophylactic

purposes.®*11:16

Outcomes of interest

As primary outcomes, the researchers analyzed the following
vascular complications: disseminated intravascular coagulation
(DIC), deep vein thrombosis (DVT), acrocyanosis, acute arterial
occlusion, rhabdomyolysis, and distal extremity necrosis until 30
days after admission, discharge from the ICU, or death. All diag-
noses were made after a specialized physical examination and at
least one additional objective laboratory or imaging test. Second,
the association between baseline conditions and vascular com-
plications, invasive mechanical ventilation (IMV) requirement,
vasopressors, and mortality was studied. All outcomes were
monitored until August 30, 2021. The researchers evaluated
core outcomes as predefined by the Core Outcome Measures in
Effectiveness Trials Initiative for people with COVID-19."

Data collection

Epidemiological, demographic, clinical presentation, laboratory,
imaging, and clinical data were extracted from electronic medi-
cal records. Two physicians independently checked all imputed
data to avoid bias during the data collection and analysis pro-
cesses. Details of the treatment measures (respiratory support,
kidney replacement, and anticoagulant therapy) were also ana-
lyzed. Laboratory tests were collected at ICU admission, after 7,
10, 14, and 30 days, and at death, following the ICU routine.

The date of disease onset was defined as the day on which the
first symptom or sign was observed. DIC was defined according to
the International Society on Thrombosis and Hemostasis (ISTH) in
2001." The duration from disease onset to hospital admission, acute

respiratory distress syndrome, and ICU admission were recorded.

Laboratory procedures

The method used for laboratory confirmation of SARS-CoV-2
infection was throat swab real-time reverse transcriptase poly-
merase chain reaction. Blood cell count, alanine transaminase,
aspartate transaminase, renal function, coagulation profile,
C-reactive protein, liver function, D-dimer, troponin, and arte-
rial blood gases were also determined. All patients underwent
chest radiography or computed tomography. When there was
clinical suspicion of DVT, the patient underwent a full bilateral
lower limb venous duplex ultrasound scan (11 MHz linear trans-
ducer, Logic P6, GE Healthcare, Milwaukee, Wisconsin, United
States). In cases of acute arterial occlusion, an additional arterial
duplex ultrasound scan of the affected lower limb was performed

to confirm clinical suspicion.

Statistical analysis
Categorical variables were described as frequency rates (num-
ber of events and %), and continuous variables were described as

mean or median values, in addition to standard deviation (SD) or
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minimum and maximum ranges when appropriate. For dichot-
omous variables, researchers calculated the odds ratio (OR),
adjusted odds ratio (aOR), and 95% confidence intervals (Cls) by
comparing baseline characteristics and outcomes of interest or
by comparing different groups of patients. Age > 70 years and sex
were used as confounding parameters to calculate the adjusted
values. Mean differences (MD) and 95% CIs were used for con-
tinuous data and were compared using the t-test. Categorical
variables were compared using the Pearson chi-square or Wald
chi-square independence test, and multivariate analysis using
multinomial logistic nominal regression or Poisson regression.
Statistical analysis was based on all cases with valid data for all the
variables in the model. Poisson regression models would be used
when it was not possible to proceed with analyses using multino-
mial logistic nominal regression model. However, at the end of
our study and after corrections, the Poisson regression model was
not used. For adjusted and unadjusted analyses, we used the sta-
tistical software IBM SPSS Statistics for Windows (version 20.0,
2011, IBM Corp. Released, Armonk, New York, United States)
and Minitab (version 17.1.0, 2013, Minitab Inc., State College,
Pennsylvania, United States). In all tests, P < 0.05 was defined as
statistically significant. IBM SPSS Statistics for Windows (version

Table 1. Demographics and baseline characteristics

20.0, 2011, IBM Corp. Released, Armonk, New York, United

States) was used for forest plot graph development.

RESULTS

General characteristics

All 305 included patients were treated in the ICU due to the
development of organ dysfunction; 193 (63.3%) were male, and
the mean age was 59.94 (SD = 14.34) years. The mean age was
higher in non-survivors than in survivors (MD 9.32, 95% CI
6.23-12.42, P < 0.00001), but there was no sex-related differ-
ence. All patients had at least one previous medical condition,
and there was a mean of three comorbidities per patient (mean
3.04 [SD = 1.70]). Comorbidities and addiction were less preva-
lent in the survivors than in the non-survivors (MD 0.97, 95%
CI 0.60-1.34, P < 0.00001), and hypertension (69.8%), diabetes
(40.7%), chronic kidney disease (34.8%), and smoking (27.5%)
were the most common in all samples. However, when adjusted
for age and sex, hypertension (aOR 1.78, 95% CI 1.06-2.96, P =
0.028) and chronic kidney disease (aOR 1.89, 95% CI 1.14-3.12,
P = 0.013) were significantly more prevalent in the non-survi-

vors than in the survivors group (Table 1). The most common

General Survivors  Non-survivors Difference’ Adjusted difference”
(n=305) (n=133) (n=172)  MD*|OR CI(95%) Pvalue MD'|OR CI(95%) P value
Age, mean years (SD) 59.94 (14.34) 54.68(13.69) 64.01(13.53) 9.32t (6.23;12.42) 0.000% 9.32f (6.23;12.42)  0.000*
Female, n (%) 112 (36.7) 46 (34.6) 66 (38.4)
0.85 (0.53;1.36)  0.496 0.79 (0.49; 1.28) 0.34
Male, n (%) 193 (63.3) 87 (65.4) 106 (61.6)
Comorbidities
Mean per Patient, mean (SD) 3.04(1.70) 2.50(1.57) 3.46 (1.68) 0.971 (0.60; 1.34)  0.000% 0.97¢ (0.60; 1.34)  0.000%
Hypertension, n (%) 213 (69.8) 81 (60.9) 132 (76.7) 2.12 (1.29;3.48) 0.003% 1.78 (1.06;2.96) 0.028*
Diabetes, n (%) 124 (40.7) 48 (36.1) 76 (44.2) 1.40 (0.88;2.23) 0.154 1.43 (0.88;2.30)  0.145
Chronic kidney disease, n (%) 106 (34.8) 37 (27.8) 69 (40.1) 1.74 (1.07;2.83) 0.026% 1.89 (1.14;3.12)  0.013%
Current smoking, n (%) 84 (27.5) 28(21.1) 56 (32.6) 1.81 (1.07;3.06) 0.027% 1.71 (0.99;2.95) 0.056
Symptoms
Mean per Patient, mean (SD) 4.02(1.85) 4.35 (1.90) 3.78(1.78) -0,57t  (-0,99;-0,15) 0.008% -0.57% (-0.99;-0.15)  0.008*
Dyspnea, n (%) 248 (81.3) 110(82.7) 138(80.2) 0.54 (0.30;0.97) 0.039% 0.92 (0.50;1.68)  0.787
Dry cough, n (%) 195 (63.9) 92 (69.2) 103 (59.9) 0.53 (0.33;0.86) 0.009% 0.69 (0.42;1.13)  0.145
Fever, n (%) 155 (50.8) 77 (57.9) 78 (45.3) 0.59 (0.37;0.93) 0.023% 0.71 (0.44;1.15)  0.162
Asthenia, n (%) 118(38.7) 47 (35.3) 71(41.3) 0.56 (0.35;0.90) 0.016% 1.27 (0.78;2.06)  0.332
Myalgia, n (%) 81 (26.6) 41 (30.8) 40 (23.3) 0.71 (0.43;1.19)  0.197 0.72 (0.43;1.23)  0.229
Hyporexia, n (%) 55(18.0) 26 (19.5) 29 (16.9) 0.67 (0.37;1.20)  0.182 0.7 (0.38;1.29)  0.251
Vomiting, n (%) 40(13.1) 20 (15.0) 20(11.6) 0.74 (0.38;1.45)  0.383 0.79 (0.40; 1.56)  0.497
Headache, n (%) 39(12.8) 22 (16.5) 17 (9.9) 0.87 (0.45;1.71)  0.696 0.58 (0.29;1.17)  0.126
Anosmia, n (%) 37(12.1) 20(15.0) 17 (9.9) 0.86 (0.43;1.71)  0.663 0.64 (0.32;1.31)  0.223
Abdominal pain, n (%) 31(10.2) 13(9.8) 18(10.5) 0.78 (0.38;1.59)  0.493 0.92 (0.42;2.02) 0.835
Chest pain, n (%) 26 (8.5) 17 (12.8) 9(5.2) 1.34 (0.58;3.12)  0.491 0.39 (0.16;0.93)  0.033*
Sweating, n (%) 5(1.6) 3(23) 2(1.2) 1.15 (0.19;6.97)  0.882 0.63 (0.10;3.87)  0.619

Cl = confidence interval; MD = mean difference; n = number of patients; OR = odds ratio; SD = standard deviation.
‘Comparison between surviving and non-surviving patients, "MD, *P < 0.05 (t-test for non-adjusted and nominal regression multinomial logistics for adjusted

(age > 70 years and sex) comparisons).



symptoms were dyspnea (81.3%), cough (63.9%), and fever
(50.8%). Although there were more symptoms in survivors than
in non-survivors (MD -0.57, 95% CI -0.99 to -0.15, P = 0.008),
only chest pain (aOR 0.39, 95% CI 0.16-0.93, P = 0.033) was sig-

nificantly less incident in the non-survivors group (Table 1).

Clinical manifestations
Of the 305 included patients, 172 (56.3%) died by the end of the
follow-up on August 30, 2021. The mean hospitalization time of
the included patients was 24.68 (SD = 20.98) days, and the mean
time in the ICU was 15.14 (SD = 15.88) days. The non-survivors
group stayed more time in the ICU (MD 6.41, 95% CI 3.03-9.79,
P < 0.0001) and had less time until the first outcome of interest for
this study (MD -4.43, 95% CI -8.45 to -0.41, P = 0.032) (Table 2).

Seventy-two (23.6%) patients developed at least one vascu-
lar complication during the follow-up period. Among all the
vascular complications identified, DIC (10.8%), DVT (8.2%),
acrocyanosis (7.5%), and necrosis of the extremities (2%) were
the most common. DIC (aOR 2.30,95% CI 1.01-5.24, P = 0.046)
and acrocyanosis (OR 5.21, 95% CI, 1.48-18.27; P = 0.009) were
significantly more common in the non-survivors than in the sur-
vivors group (Table 2). DVT, necrosis of the extremities, acute
arterial occlusion, and rhabdomyolysis were also more com-
mon in the non-survivor group, but the difference was not sig-
nificant (Table 2).

Endovenous vasopressor medicines and IMV were required

in 55.1% and 59% of the patients, respectively. Non-survivors had

Table 2. Clinical outcomes

General Survivors

significantly higher IMV requirements than survivors (aOR 5.07,
95% CI 3.03-8.50, P < 0.0001) (Table 2).

Investigating the association between baseline characteristics
and clinically relevant outcomes, there was more death in patients
older than 70 years (aOR 3.31, 95% CI 1.83-5.99, P < 0.0001) and
in those who presented with two or more comorbidities (aOR 2.00,
95% CI 1.06-3.78, P = 0.033) (Figure 1). Among all assessed base-
line risk factors, only the previous use of heparin was associated
with a decreased incidence of vascular complications (aOR 0.46,
95% CI0.22-0.98; P = 0.043) (Figure 2). There was a greater need
for IMV in patients who were hospitalized for surgical reasons
(aOR 3.72,95% CI 1.05-13.19, P = 0.042) (Figure 3). None of the
baseline risk factors evaluated (age, sex, comorbidities, reason for
hospitalization, use of heparin, and heparin dose used during hos-
pitalization) were associated with any difference in the necessity of

vasopressor agents during hospitalization (Figure 4).

Laboratory findings

Laboratory tests were performed on all patients. See Appendix 1
for the full local reference range used and Appendix 2 for the full
laboratory testing results. Tests with values outside the local ref-
erence range were considered an event of interest, and the results
were compared between non-surviving and surviving patients
(Figure 5). Non-surviving patients presented significantly
abnormal values for leukogram, platelets, international nor-
malized ratio, normalized ratio, urea, and creatinine compared

with surviving patients in the adjusted analysis (Appendix 2 and

Non-survivors

Time mean (days) (n =305) (n=133) (n=172) Difference Adjusted difference
Mean SD Mean SsD Mean SD MD Cl (95%) Pvalue MD Cl (95%) P value
ICU 15.14 1588 1153 1216 1794 1778 641 (3.03;9.79) 0.000" N/A N/A N/A
Hospitalization 2468 2098 25,65 1866 2405 2262 -1.60 (-6.26;3.06) 0.500 N/A N/A N/A
ICU time until the outcome 20.01 1786 2250 1748 18.08 1796 -443 (-8.45;-0.41) 0.032f N/A N/A N/A
symptom onset to mechanical 896 668 832 485 924 733 092 (098282 0342 N/A N/A N/A
ventilation
General Survivors Non-Survivors ) . ) ) .
Outcomes (n=305) (n=133) (n=172) Difference Adjusted Difference
n % n % n % OR CI(95%) Pvalue OR Cl(95%) Pvalue

Disseminated intravascular

. 33 10.8 ih 8.2 24 13.9 223  (1.00;4.98) 0.050" 230 (1.01;5.24) 0.046"
coagulation, n (%)
Deep vein thrombosis, n (%) 25 8.2 9 6.8 14 116 098 (0.43;2.24) 0967 087 (037;2.04) 0.742
Acrocyanosis, n (%) 23 7.5 3 2.2 20 8.1 570 (1.66;19.62) 0.005" 521 (1.48;18.27) 0.009*
Necrosis of extremities, n (%) 6 2.0 2 1.5 5 2.9 3.95 (0.46;34.24) 0212 476 (0.54;42.17) 0.161
Acute arterial occlusion, n (%) 4 1.3 1 0.7 2 1.1 0.77 (0.11;5.54) 0.796 098 (0.14;7.12) 0.985
Rhabdomyolysis, n (%) 1 0.3 0 0 1 0.6 234 (0.09;57.79) 0.604 N/A N/A N/A
Complication free, n (%) 233 76.4 110 82.7 123 71.5 N/A N/A N/A N/A N/A N/A
IMV requirement, n (%) 180 (59.0) 52(39.1) 128 (74.4) 453 (2.78;7.38) 0.000" 5.07 (3.03;8.50) 0.000"
Vasopressors, n (%) 168 (55.1) 75 (56.4) 93 (54.1) 0.91 (0.58; 1.44) 0.686 0.856 (0.54;1.37) 0.517

Cl = confidence interval; IMV = invasive mechanical ventilation; MD = mean difference; n = number of patients; OR = odds ratio; SD = standard deviation.
‘Comparison between surviving and non-surviving patients; 'P < 0.05 (t-test for non-adjusted and nominal regression multinomial logistics for adjusted (age >
70 years and sex) comparisons).
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The researchers assumed an OR of 1 for control baseline characteristics.
aOR = adjusted odds ratio; N = total number of patients; n = number of events.
P < 0.05 (hominal regression multinomial logistics; IBM SPSS Statistics for Windows).

Figure 1. Association between baseline characteristics and all-cause mortality.

The researchers assumed an OR of 1 for control baseline characteristics.

aOR = adjusted odds ratio; N = total number of patients; n = number of events.

P < 0.05 (nominal regression multinomial logistics; IBM SPSS Statistics for Windows); "disseminated intravascular coagulation, deep vein thrombosis,
acrocyanosis, necrosis of extremities, acute arterial occlusion, and rhabdomyolysis.

Figure 2. Association between baseline characteristics and vascular complications.
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The researchers assumed an OR of 1 for control baseline characteristics.
aOR = adjusted odds ratio; N = total number of patients; n = number of events.
P < 0.05 (nhominal regression multinomial logistics; IBM SPSS Statistics for Windows).

Figure 3. Association between baseline characteristics and invasive mechanical ventilation

The researchers assumed an OR of 1 for control baseline characteristics.
aOR = adjusted odds ratio; N = total number of patients; n = number of events.
P < 0.05 (nominal regression multinomial logistics; IBM SPSS Statistics for Windows).

Figure 4. Association between baseline characteristics and vasopressor necessity
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Figure 5). Notably, the baseline D-dimer count was significantly
higher in all 305 patients during the study period (Figure 6).
According to the ISTH diagnostic criteria for DIC, 33 patients
(10.8%) matched the grade of overt DIC (= 5 points). The criteria
were matched in the later stages of COVID-19. In our enrolled
patients with DIC, all had a high D-dimer count, that is, more
than five times the upper normal limit.

DISCUSSION
Patients with confirmed COVID-19 are commonly prone to
in-hospital mortality and an elevated rate of thromboembolic
events, including other vascular complications.*** A higher
D-dimer level was observed in all patients admitted to the ICU,
which suggests an association with the severity of the disease.’
The incidence of vascular complications were DIC = 10.8%,
8.2%, 7.5%, 2%, 1.3%, and 0.3% up to one month. The risk fac-
tors associated with death were age > 70 years and the pres-
ence of two or more comorbidities, while the risk factors associ-
ated with the necessity of invasive mechanical ventilation were
hospitalization for surgical reasons in critically ill patients with
COVID-19.

All 305 consecutive severely ill patients with confirmed COVID-
19 were followed up for at least 30 days or until death. The major-
ity were male (n = 193, 63.3%) and older adults (mean age 59.94
years [SD = 14.34]). Similarly, SARS-CoV-2 has been reported to

infect more males than females."

Of the 305 patients, 142 (79 %) had more than two comor-
bidities and chronic underlying diseases, including hypertension
(69.8%), diabetes (40.7%), chronic kidney disease (34.8%), and
smoking (27.5%). Previous studies have indicated hypertension
and diabetes as highly prevalent in hospitalized patients with
COVID-19, but we introduced chronic kidney disease as another
highly incident comorbidity on this site.”” Our data also confirm
the probable association with severe COVID-19 related outcomes
such as chronic kidney disease.

Of the 305 included patients, 172 (56.3%) died, and 72 (23.6%)
developed at least one vascular complication (DIC, 10.8%; DVT,
8.2%; acrocyanosis, 7.5%; necrosis of extremities, 2%; acute arterial
occlusion, 1.3%; and rhabdomyolysis, 0.3%) during the follow-up
period. One patient (0.3 %) presented rhabdomyolysis, which is
not a frequent complication related to novel coronavirus infection,
but has already been described in the literature.> Another study
reported rates of 6.6% pulmonary embolism and 11.6% other car-
diac complications in hospitalized patients with COVID-19.22 We
reported other clinically relevant and highly prevalent vascular
complications such as DIC, acrocyanosis, necrosis of extremities,
acute arterial occlusion, and rhabdomyolysis. Our symptomatic
DVT rate (8.2%) was similar to previous venous thromboembolism
(VTE) rates of 11.2% in hospitalized patients, but was less than the
rates (31% to 49%) reported for ICU patients.***

Thromboembolic events have been frequently described in
patients with COVID-19, but the actual incidence of these events

P < 0.05 (t-test).

FiO2 = fraction of inspired oxygen; INR = international normalized ratio; N = total number of patients; n = number of events; NR = normalized ratio; aOR,
adjusted odds ratio; pCO2, partial pressure of carbon dioxide; pO2, partial pressure of oxygen.

Figure 5. Laboratory findings and mortality prediction.




DO = date of admission; D7 = day 7; D14 = day 14; D30 = day 30; NS = non-survivors; S = survivors.

“Values in mg/L.

Figure 6. D-dimer levels® of all patients.

might be underestimated due to underdiagnosis and the low num-
ber of imaging tests performed.** Further studies are necessary
to determine the real incidence of these events and to improve the
prevention and facilitate the diagnosis and treatment of throm-
boembolic complications in patients with COVID-19. As there is
high certainty evidence against the use of a therapeutic dose of
anticoagulation for prophylactic purposes in patients hospital-
ized with COVID-19, strategies for early VTE diagnosis, mainly
in critically ill patients, could be helpful %%

Tang et al. reported a higher D-dimer level and a longer
prothrombin time in non-surviving patients when compared to
survivors, and a high rate of DIC manifested in the majority of
deaths.® It is well established that sepsis is one of the most com-
mon causes of DIC and that viral infection may develop into sep-
sis associated with organ dysfunction.®* However, in our analy-
sis, D-dimer levels were elevated in all patients (mean 4.54, SD
= 5.41 mg/L), that is, almost five times the local upper normal
limit. Recent studies have associated D-dimer levels with a poor
prognosis in people with COVID-19%; therefore, it is considered
a typical marker related to hypercoagulability and thrombotic
events, and it also has the potential to be used as an indica-

tor for prognosis and progression of the disease.”” We observed

DICin 33 (10.8%) of all included patients and in 24 (15%) of the
non-survivors group, differing from the currently available data,
which reached 70% DIC occurrence in some samples.” It can be
explained by the fact that D-dimer levels were not measured daily
in the ICU, only on admission. Hence, DIC was diagnosed based
on the ISTH criteria in our sample.

The most prevalent symptoms at the onset of the illness were
dyspnea (81.3%), cough (63.9%), and fever (50.8%), similar to those
reported in other studies.” However, other symptoms such as tho-
racic and abdominal pain, vomiting, and sweating were present in
our patients, showing that coronavirus infection can present itself
with a wide range of clinical manifestations.

Most patients required IMV (59%) and endovenous vasopres-
sor medication (55.1%) in the ICU. All non-survivors developed
acute respiratory failure, underwent oral intubation, and required
vasopressor administration. Half of these patients needed hemodi-
alysis as a result of acute kidney injury diagnosed using the Kidney
Disease Improving Global Outcomes (KDIGO) clinical practice
guidelines.?® Cheng et al. found a higher in-hospital death rate for
patients with kidney abnormalities, showing that acute kidney
injury or even chronic renal disease can contribute as a risk fac-

tor for a poor prognosis in COVID-19 patients.”



Benson et al.* emphasized a high mortality rate of 11% after
vascular and endovascular procedures (elective or urgent) dur-
ing the pandemic period, even at lower rates (4%) of confirmed
COVID-19 cases. COVIDSurg Collaborative et al.*! found that
30-day mortality in patients with COVID-19 increased from
7.4% to 40.8% in those with VTE, and Kollias et al.*? reported
that severely ill patients with COVID-19 had high rates of pulmo-
nary embolism (32%) and DVT (27%) despite prophylactic anti-
coagulation. In our study, the death rate was even higher: 55.1%
in those hospitalized for clinical reasons and 77.8% in those hos-
pitalized for surgical reasons. Most deaths also occurred during
the first two weeks after admission to the ICU, which demon-
strates that the length of stay in the ICU can be long, demand-
ing more resources and meaning a longer time of intubation for
these patients.

Our study had some limitations. First, this was a retrospec-
tive observational study based on the analysis of medical records.
Although laboratory tests were performed for all patients, not all
laboratory tests, including D-dimer and fibrinogen, were performed.
Hence, their importance in the poor outcomes of these patients
could be underestimated. However, establishing the incidence of
highly relevant vascular complications is essential for providing
better treatment for all patients with COVID-19.

Even more than two years after its outbreak, the COVID-19
pandemic is a global health issue. However, non-transmissible
circulatory diseases remain the leading cause of disease burden
worldwide.” The high prevalence of related risk factors, such as
hypertension (69.8%), diabetes (40.7%) and smoking (27.5%),
reaffirmed their burden. Additionally, severely ill patients with
COVID-19 are often followed by cardio-, cerebral-, and peripheral
vascular complications, and clinicians prescribe pharmacological
and non-pharmacological interventions to avoid complications
such as VTE, acute limb ischemia, amputation, and death.®!%?>%
However, there is no consensus regarding the impact of vascular
complications on managing severely ill patients with COVID-
19. The high prevalence of vascular complications (23.6%) in our
study suggests that this impact may also be observed in severely
ill patients with COVID-19.

CONCLUSION

The high death rate (56.3%) and the relatively high incidence
of all vascular complications (23.6%) demonstrate the need to
improve specific diagnostic and prevention strategies to manage
COVID-19 complications.
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Appendix 1. Local reference range for laboratory tests

Laboratory tests Reference range
Blood count (g/dL) 13.5-17.5
Hematocrit (%) 39-50
Leukogram (n/pL) 3,500-10,500
Platelets (n/uL) 150,000-450,000
INR (N/A) 0.8-1.2
NR (N/A) 0.8-1.2
Aspartate transaminase (U/L) Up to 40
Alanine aminotransferase (U/L) Up to 41
Total bilirubin (mg/dL) Upto 1.0
Indirect bilirubin (mg/dL) 0.1-0.6
Urea (mg/dL) 10-50
Creatinine (mg/dL) 0.7-1.2
Lactic dehydrogenase (U/L) Up to 250
C-reactive protein (mg/L) Upto 1.0
D-dimer (mg/L) Upto 0.5
Arterial blood gas analysis
pH (N/A) 7.35-7.45
pOZ (mmHg) 80-100
FiO, (%) 95-98
pCO2 (mmHg) 35-45
Serum bicarbonate (mmol/L) 22-26
Lactate (mg/dL) 45-144
Troponin (pg/mL) Upto 14
Natriuretic peptide (pg/mL) 125-400

INR = international normalized ratio; NR = normalized ratio; U/L = units/liter; pH = potential of hydrogen; N/A = not available; pO,=partial pressure of oxygen;
FiO, _fraction of inspired oxygen; pCO, _ partial pressure of carbon dioxide.

Appendix 2. Laboratory testing

X General N(?n- Survivors Difference” Adjusted difference”
Laboratory testing survivors
N n (%) n (%) OR Cl (95%) P value OR Cl (95%) P value

Blood Count (g/dL) 1024 470 (84.1) 356 (76.6) 1.62 (1.18; 2.21) 0.0021 1.08 (0.59; 1.99) 0.808
Hematocrit (%) 1022 447 (80.1) 335(72.2) 1.55 (1.16; 2.07) 0.003* 0.89 (0.5; 1.58) 0.693
Leukogram (n/uL) 1021 360 (64.4) 184 (39.8) 2.73 (2.12;3.52) 0.000* 1.73 (1.25; 2.38) 0.001*
Platelets (n/uL) 1012 222 (40.4) 98 (21.2) 2.51 (1.90; 3.33) 0.000* 2.37 (1.68; 3.34) 0.000*
INR (N/A) 606 193 (50.4) 51(22.9) 3.43 (2.36; 4.97) 0.000* 1.96 (1.22; 3.16) 0.005*
NR (N/A) 619 238 (59.8) 70 (31.7) 3.21 (2.27; 4.54) 0.000* 2.29 (1.48; 3.55) 0.000*
Aspartate Transaminase (U/L) 382 149 (64.8) 85 (55.9) 1.45 (0.95; 2.20) 0.082 1.18 (0.67; 2.08) 0.565
Alanine Aminotransferase (U/L) 482 122 (41.1) 81 (43.8) 0.89 (0.62; 1.30) 0.558 0.65 (0.39;1.07) 0.091
Total Bilirubin (mg/dL) 450 62 (21.7) 15(9.1) 2.75 (1.51;5.01) 0.001* 1.48 (0.68; 3.23) 0.320
Indirect Bilirubin (mg/dL) 455 109 (38.0) 59 (35.1) 1.13 (0.76; 1.68) 0.542 0.64 (0.39; 1.05) 0.080
Urea (mg/dL) 1001 474 (86.0) 234 (52.0) 5.68 (4.19;7.70) 0.000" 3.47 (2.34;5.14) 0.000"
Creatinine (mg/dL) 950 437 (84.5) 261 (60.3) 3.60 (2.65; 4.89) 0.000* 1.55 (1.03; 2.31) 0.0341
Lactic Dehydrogenase (U/L) 253 143 (92.9) 88 (88.9) 1.62 (0.68;3.91) 0.278 0.81 (0.27; 2.44) 0.702
C-reactive Protein (mg/L) 574 283 (99.6) 288 (99.3) 1.96 (0.18; 21.79) 0.582 2.16 (0.16; 29.02) 0.562
Dimer D (mg/L) 309 179 (96.2) 119 (96.7) 0.86 (0.25; 3.00) 0.812 0.72 (0.16; 3.18) 0.661
Arterial Blood Gas Analysis

pH (N/A) 548 250 (63.9) 85 (54.1) 1.50 (1.03; 2.19) 0.034* 1.14 (0.72; 1.81) 0.563

pO2 (mmHg) 549 292 (74.7) 120 (75.9) 0.93 (0.61; 1.44) 0.756 1.41 (0.85; 2.33) 0.179

FiO, (%) 341 235(100.0) 106 (100.0) 2.21 (0.04;112.19)  0.692 N/A N/A N/A

pCO2 (mmHg) 550 330 (84.4) 127 (79.9) 1.36 (0.85; 2.19) 0.200 0.74 (0.39; 1.38) 0.338

Serum Bicarbonate (mmol/L) 543 324 (83.5) 114 (73.5) 1.82 (1.16; 2.84) 0.008" 1.07 (0.61; 1.89) 0.813

Lactate (mg/dL) 408 215 (77.1) 74 (57.4) 2.50 (1.60; 3.90) 0.000" 1.65 (0.91; 2.98) 0.098

Troponin (pg/mL) 250 143 (88.8) 54 (60.7) 5.15 (2.69; 9.85) 0.000* 2.15 (0.96; 4.8) 0.062

Natriuretic Peptide (pg/ml) 43 28 (93.3) 11 (84.6) 2.54 (0.32;20.38) 0.379 1.41 (0.08; 24.77) 0.813

Cl = confidence interval; MD = mean difference; n = number of patients or tests; SD = standard deviation; U/L = units/liter; pH = potential of hydrogen; pO,=
partial pressure of oxygen; FiO, _ fraction of inspired oxygen; pCO, _ partial pressure of carbon dioxide.
‘Comparison between surviving and non-surviving patients. /P < 0.05 (t-test).

© 2023 by Associacao Paulista de Medicina
This is an open access article distributed under the terms of the Creative Commons license.



Investigation of the relationship between red blood
cell distribution width and mortality in patients with
hemophagocytic lymphohistiocytosis: a retrospective study

Chunyan Chen', Shili Zhong", Zhengbin Wu", Hao Tang", Zhen Wang", Dongpo Jiang"

Department of Intensive Care Unit, Daping Hospital, Army Medical University, Chongqing, China

'MD, MSc. Physician, Department of Intensive
Care Unit, Daping Hospital, Army Medical
University, Chongging, China.

@ https://orcid.org/0000-0001-8336-6398

'"MD, MSc. Physician, Department of Intensive
Care Unit, Daping Hospital, Army Medical
University, Chongging, China.

@ https:;//orcid.org/0000-0001-5351-4417

"MD, MSc. Physician, Department of Intensive
Care Unit, Daping Hospital, Army Medical
University, Chongging, China.

@ https://orcid.org/0000-0002-8074-1858

YMD, PhD. Assistant Professor, Department
of Intensive Care Unit, Daping Hospital, Army
Medical University, Chongging, China.

@ https://orcid.org/0000-0001-6414-0377

YMD, PhD. Assistant Professor, Department of
Intensive Care Unit, Daping Hospital, Army
Medical University, Chongging, China.

@ https://orcid.org/0000-0002-4789-1977

YIMD, MSc. Physician, Department of Intensive
Care Unit, Daping Hospital, Army Medical
University, Chongging, China.

@ https://orcid.org/0000-0002-2134-094X

KEYWORDS (MeSH terms):
Lymphohistiocytosis, hemophagocytic.
Mortality.

Erythrocytes.

Erythrocyte count.

Erythrocyte indices.

Inflammation.

AUTHORS' KEYWORDS:

Red blood cell distribution width.
Prediction.

Correlation.

ABSTRACT
BACKGROUND: Red blood cell distribution width (RDW) is related to sepsis-related mortality. He-
mophagocytic lymphohistiocytosis (HLH) is a syndrome caused by severe infection, tumors, or autoim-
munity without a specific diagnosis.
OBJECTIVE: To explore the correlation between RDW and mortality in patients with HLH.
DESIGN AND SETTING: A retrospective study conducted in a hospital in China.
METHODS: A total of 101 inpatients with HLH from January 1, 2017 to December 31, 2021 were divided
into non-survivor (n = 52) and survivor (n = 49) groups. A non-parametric test was used to analyze demo-
graphic, clinical, and laboratory data between groups. Independent variables with P < 0.05 were analyzed
using binary logistic regression to screen out mortality-related variables. Selected variables were subjected
to multivariate logistic regression analysis, and those with strong correlations were screened. Receiver
operating characteristic (ROC) curves of strongly correlated variables and area under curve (AUC) values
were obtained.
RESULTS: The APACHE Il score, RDW, and platelet (PLT) and fibrinogen (FIB) levels (P < 0.05) different signifi-
cantly. RDW, PLT, FIB were correlated with mortality. The AUC values of RDW, PLT, and FIB were 0.857,0.797,
and 0.726, respectively. RDW was associated with mortality in patients with HLH (P < 0.01, cut-off value:
16.9). The sensitivity and specificity of predicting mortality were 97.96% and 96.1%, respectively.
CONCLUSION: Logistic regression analysis showed a correlation between RDW and patients’ mortality.
Therefore, RDW can be used to predict mortality in patients with HLH.

INTRODUCTION

Hemophagocytic lymphohistiocytosis (HLH) is a high inflammatory response syndrome,
wherein uncontrolled immune activation leads to multiple organ failure, with high mortality.*
Impaired immune function, such as that of natural killer (NK) or T cells, is a key factor in
the occurrence of HLH.!* Overactivation of macrophages can induce hemophagocytosis and a
cytokine storm, resulting in clinical manifestations, such as fever, enlargement of the liver and
spleen, and reduction of extracellular cells.**

The concept of HLH was proposed by two pediatricians, Scott and Robb Smith, in 1939.°
Therefore, our understanding of HLH was initially concentrated in children, and adult HLH
was gradually recognized.” Adult HLH in Italy, Sweden, and the United States have an annual
incidence rate of 1 per 800,000 people.*® Increasing annual infections, tumors, and autoimmune
diseases are the leading causes of secondary adult HLH in China.'*!!

Red blood cell distribution width (RDW), derived from whole blood count, is a parameter
reflecting the volume heterogeneity of red blood cells that can classify anemia.'*"* Elevated RDW
is considered an inflammatory marker that can predict the adverse prognosis of various diseases,
including heart failure, acute renal injury, sepsis, and cancer. Platelets play an important role in
regulating inflammation and innate immunity."*** They adhere to endothelial cells during acute
inflammation, mediating neutrophil chemotaxis, infiltration, and secretion of pro-inflammatory
chemokines. Severe infection can lead to a decreased platelet count. Studies'>'® have shown that
platelet count is a predictor of mortality. Adult secondary HLH is associated with rapid progress
and high mortality. More biological indicators are needed to predict patients’ mortality as they

have attracted clinicians’ attention and improved patient vitality thus far.
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RDW is also considered a novel inflammatory predictor in
various conditions including functional bowel conditions,'” auto-
immune diseases,'® rheumatoid arthritis,'* degenerative vertebral
conditions,”” malignancy,*! autoimmune hepatitis,” and even coro-
navirus disease 2019 infection.?* Moreover, increased RDW has
been linked with multiple hospital admissions in patients with
chronic conditions.?* Since RDW and cardiovascular conditions
are associated with inflammation, RDW could also be associated

with HLH prognosis.

OBJECTIVE
This study aimed to explore the correlation between RDW and
mortality in patients with HLH.

METHODS
Ethics committee approval

This study was approved by the ethics committee of Daping
Hospital of Army Medical University (Approval No. 2022-11;

January 24, 2022). It was performed in accordance with the
Helsinki Declaration of 1975, as revised in 2013 (http://www.
wma.net/en/20activities/10ethics/10helsinki/).

Patients

This retrospective study was conducted among 105 inpa-
tients with HLH from January 1, 2017 to December 31, 2021.
According to the inclusion criteria, of these patients, three who
were younger than 18 years and one with recurrence after treat-
ment were excluded. Finally, a total of 101 patients were included
in this study (Figure 1). These patients were divided into non-

survivor (n = 52) and survivor (n = 49) groups.

Inclusion criteria

The patients involved in this study had to comply with the follow-
ing requirements. First, the patient must be aged over 18 years.
Second, the patient must meet the following criteria (HLH-2004
diagnostic criteria):* 1) fever > 38.5 °C; 2) splenomegaly; 3) cyto-
penia that affects at least two peripheral blood samples of three

A total of 105 patients with hemophilia
syndrome in The Army Special Medical
Center of The Third Military Medical
University from January 2017 to
December 2021 were collected.

v
A total of 101 cases met
the inclusion criteria.

4
None-parametric rank sum test was
performed for death group (n = 52) and
survival group (n = 49).

1. Three patients were younger than
18 years old and did not meet the
inclusion criteria.

2. One case was followed up in our
hospital after being cured.

The variables with differences
between the two groups were binary
Logistic regression and multivariate

Logistic regression.

l

Relationship between platelet,
fibrinogen RBC distribution width and
mortality.

Figure 1. Flow chart for the study selection process.
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cell lines (i.e., hemoglobin < 90 g/L, platelet count <100x10°/L,
and neutrophils <1x10%L); 4) high serum triglyceride (3
mmol/L) and/or low fibrinogen (FIB < 1.5 g/L) levels; 5) hemo-
phagocytosis of the bone marrow, spleen, or lymph nodes; 6) low
or absent NK cell activity; 7) ferritin > 500 pg/L; and 8) soluble
CD25 (soluble interleukin-2 [IL-2] receptor) > 2400 U/mL.

Parameter measurement

The non-rank sum test was used to analyze the following param-
eters of the two groups: patient age, sex, Acute Physiology and
Chronic Health Evaluation IT (APACHE II) score, APACHE II
death risk coefficient, sequential organ failure assessment (SOFA)
score, blood routine, coagulation, liver and renal function, inter-
leukin (IL)-2, IL-6, ferritin, bone marrow puncture, immuno-
globulin, and hormone use. Moreover, this study also measured

whether the liver and kidney were enlarged.

Statistical analysis

In this study, data were analyzed using the STATA statistical soft-
ware (Corp, College Station, Texas, United States). Kolmogorov-
Smirnov test was used to verify whether all data conform to the
normal distribution. The measurement data satisfying the nor-
mal distribution were represented as means * standard devia-
tions. The measurement data that did not meet the normal dis-
tribution were represented as medians (P25, P75). Categorical
variables were expressed as percentages (%). Two groups of data
were analyzed using a non-parametric test. The assumption of
normality of the variances required for comparison was analyzed
with the Kolmogorov-Smirnov test. P < 0.05 showed a statistical
difference. The variables with statistical differences were used as
independent variables and death as the dependent variable for
binary and multiple logistic regression analyses (P < 0.05 indi-
cated the correlation). Finally, a Cox proportional hazards model
was established for the relevant variables to generate a receiver
operating characteristic (ROC) curve that can improve the pre-
diction accuracy of RDW and platelet and FIB levels and calcu-
late the area under the curve (AUC).

RESULTS

Comparison of clinical data and laboratory records

In this study, the demographics, clinical data, and laboratory
results of patients with HLH in the non-survivor and survi-
vor groups were analyzed and compared (Table 1). The results
showed no significant difference between non-survivor and sur-
vivor groups regarding population data, including age and sex
(P > 0.05). There were significant differences in most clinical
data and laboratory indicators between both groups, including
APACHE II and SOFA scores, APACHE II death risk coefficient,

levels of leukocytes, hemoglobin, high-sensitivity C-reactive pro-
teins, platelets, IL-6, FIB, D-dimer, albumin, globulin, y-glutamyl
transpeptidase, lactate dehydrogenase, total cholesterol, and
blood lactic acid; percentage of neutrophils; lymphocyte count;
RDW; international normalized ratio; activated partial thrombo-
plastin time; oxygenation index; length of hospital stay; hormone
treatment; and proportion of tumor diseases. Bone marrow
puncture results showed that phagocytes and liver size increased
(Table 1, all P < 0.05). However, there was no significant differ-
ence between non-survivor and survivor groups in other param-
eters and data listed in Table 1 (all P > 0.05).

RDW, FIB, and platelets were positively correlated with
mortality in patients with HLH

This study analyzed the correlation between RDW and other lab-
oratory parameters (Table 2). The results showed a significant
positive correlation between RDW and patients’ mortality (P =
0.01, odds ratio [OR]: 0.97, 95% confidence interval [CI]: 1.31-
2.97). FIB (P = 0.05, OR: 0.43, 95% CI: 0.18-1.02) and platelets
(P =0.04, OR: 0.99, 95% CI: 0.95-1.02) were slightly to moder-
ately correlated with patients’ mortality (Table 2). After binary
and multiple logistic analyses, the results showed no significant
difference between other indexes and patients’ mortality (Table
2,all P > 0.05).

AUC analyses of RDW, FIB, and platelets for the predictive
ability on mortality in patients with HLH

To clarify the predictive ability of RDW, FIB, and platelets on
mortality, ROC curves were drawn and analyzed in this study.
The AUC curve of RDW was 0.857 (Figure 2A), which was
higher than that of FIB (Figure 2B, AUC: 0.726) and platelet
(Figure 2C, AUC: 0.797) levels; however, there were no signifi-

cant differences.

RDW demonstrated higher sensitivity and specificity for
predicting mortality in patients with HLH

In this study, we assigned the cut-off level as 16.9%. Based on
the cut-off value, the sensitivity of RDW for predicting patients’
mortality was 97.96%, whereas the specificity was 96.1%
(Figure 3). However, the sensitivity and specificity of FIB were
90.9% and 59.6%, respectively. Therefore, RDW demonstrated
higher sensitivity and specificity for predicting mortality in
patients with HLH.

DISCUSSION

Adult HLH has received a lot of attention recently, but the current
diagnostic criteria have some limitations for clinical patients.?®
Usually, patients with HLH can only be diagnosed in the mid-

dle and late stages of the disease; however, the initial stage is the



Table 1. Demographics, clinical data, and laboratory findings of patients with hemophagocytic lymphohistiocytosis (HLH) in the non-

survivor and survivor groups

Characters Non-survivor Survivor P value
(n=52) (n=49) (P < 0.05)

Age (years), Mean (Min, Max) 50.8 (13.0, 89.0) 48.7 (14.0, 75.0) 0.67
Male/Total (%) 38% 42% 0.28
APACHEII SCROE, Mean (Min, Max) 29.4(15.0,47.0) 20.9 (8,31) <0.001
APAHCHEII Dead Rate, Mean (Min, Max) 71.9 (32.6,97.9) 51.8 (16.8, 88.3) < 0.001
SOFA, Mean (Min, Max) 10.6 (3.0, 18.0) 6.8(2,14) <0.001
Temperature upon admission, Mean (Min, Max) 39.6(37.0,41.2) 39.4(36.9,41) 0314
WBC (10'?/L), Mean (Min, Max) 0.9 (0.1, 189.3) 2.7 (0.8, 20.0) 0.05
HB (g/L), Mean (Min, Max) 63 (42, 95) 71 (30, 136) 0.04
NEUT (%), Mean (Min, Max) 1.9(0,45.2) 1.5 (0, 13.5) 0.38
LY (10°/L), Mean (Min, Max) 0.5(0,8.2) 0.4(0.3,1.2) 0.04
CRP (mg/L), Mean (Min, Max) 127.0 (8.3,294.8) 89.9 (0.5, 255.7) 0.006
RDW (%), Mean (Min, Max) 20.6 (12.4,29.4) 16.0 (12.4, 25.1) <0.001
PLT (10'/L), Mean (Min, Max) 23.7(1.0,128.0) 51.5 (5, 365) <0.001
PCT (ng/L), Mean (Min, Max) 9.6 (0.2, 64.5) 3.8(0.1,36.3) 0.07
IL-2 (U/mL), Mean (Min, Max) 6,241.1 (48.5, 7500.0) 5,696 (883.0, 7,500.0) 0.33
IL-6 (pg/mL), Mean (Min, Max) 824.5 (1.5,5000.0) 163.8 (1.5, 1,921.0) < 0.001
INR, Mean (Min, Max) 2.0(0.6,16) 1.4(0.7,11.5) <0.001
FIB (g/L), Mean (Min, Max) 1.1(0.2,3.6) 2.2(0.34,9.7) < 0.001
APTT (s), Mean (Min, Max) 53 (1.4, 240.0) 44.9 (23.6, 240) 0.01
DD (ug/L), Mean (Min, Max) 10,308.5 (437.8, 8,6287.0) 4,852.4 (10.6, 48,745) 0.01
ALB (g/L), Mean (Min, Max) 22.7 (10.1, 45.6) 24.2 (15,39.8) 0.01
GLOB (g/L), Mean (Min, Max) 22.4(10.8,48.0) 25.6 (11.2,46.8) 0.01
AST (U/L), Mean (Min, Max) 671.9(11.6,9,315.6) 324.7 (23.6,2915) 0.87
ALT (U/L), Mean (Min, Max) 545.1 (9.9, 15,876) 234.9(15.3,1102.8) 0.26
AKP (U/L), Mean (Min, Max) 297.3(51.9,1,091.0) 382.1(61.9, 1496.2) 0.29
v-GT (U/L), Mean (Min, Max) 141.4 (21.7,453.0) 296.1(11.2,1320) 0.04
LDH (U/L), Mean (Min, Max) 2,415.0 (4.6, 21,205.0) 1,182.8 (78.5, 8,849) 0.05
TB (umol/L), Mean (Min, Max) 64.5 (4.5,391.9) 52.5 (6.7, 385) 0.63
DB (umol/L), Mean (Min, Max) 35.5(2.0,336.9) 24.7 (1.5,231.3) 0.91
IB (umol/L), Mean (Min, Max) 27.8(2.9,160.3) 23.6(2,119) 0.93
CHOL (mmol/L), Mean (Min, Max) 3.6(0,35.3) 4.8(1.7,44.4) 0.01
Triglyceride (mmol/L), Mean (Min, Max) 2.9(0,16.3) 3.3(0.8,9.7) 0.21
Ferritin (ng/mL), Mean (Min, Max) 2,515.7 (307.0, 27,406.0) 1,947.7 (79.5, 7,500) 0.81
Na* (mmol/L), Mean (Min, Max) 132.8(117.0, 184.0) 131.9(121,175) 0.18
K* (mmol/L), Mean (Min, Max) 3.5(2.2,5.7) 34(25,5.8) 0.76
FiO, (mmHg), Mean (Min, Max) 168.7 (42.0, 350.0) 256 (80, 402) <0.001
Lac (mmol/L), Mean (Min, Max) 6.5(1.7,17.1) 3.4(1,15) <0.001
SCR (umol/L), Mean (Min, Max) 120.6 (16.8, 586.7) 91.2(25.9,426.8) 0.13
Length of stay (days), Mean (Min, Max) 11.0(1.0,17.0) 15.5(1.0, 48.0) 0.03
Hormone therapy, (%) 53.8% 79.6% 0.04
Immunoglobulin shock therapy, (%) 25% 28.6% 0.18
Tumor disease, (%) 58% 32.6% 0.03
Phagocytes in bone marrow biopsy, (%) 78.8% 96.0% 0.05
Liver enlargement, (%) 38.4% 57.0% 0.05
Spleen enlargement, (%) 82.6% 85.7% 0.22
Lung Infection, (%) 59.6% 53% 0.32

Min = minimum; Max = maximum; APACHE Il = Acute Physiology and Chronic Health Evaluation Il; SOFA = Sequential Organ Failure Assessment; WBC

= white blood cell; HB = hemoglobin; NEUT = neutrophils; LY = lymphocyte; CRP = C-reactive protein; RDW = red blood cell distribution width; PLT =
platelet; PCT = procalcitonin; IL-2 = interleukin 2; IL-6 = interleukin 6; INR = International Normalized Ratio; FIB = fibrinogen; APTT = activated partial
thromboplastin time; DD = D-dimer; ALB = albumin; GLOB = globulin; AST = aspartate aminotransferase; ALT = alanine aminotransferase; AKP = alkaline
phosphatase; y-GT = y-glutamyl transpeptidase; LDH = lactate dehydrogenase; TB = total bilirubin; DB = direct bilirubin; IB = indirect bilirubin; CHOL =
cholesterol; Na* = sodium ion; K*= potassium ion; FiO, * = fraction of inspiration O,; Lac = lactic acid; SCR = creatinine. The P values in bold font represent
significant differences.



Table 2. Correlation analyses between red blood cell distribution width (RDW), fibrinogen and platelets levels, and mortality in patients
with hemophagocytic lymphohistiocytosis (HLH)

Survival rate

Variables OR adjusted crude
OR crude P value (195% a P value

Hemoglobin 0.97 (0.95-0.99) 0.03 0.98 (0.93-1.02) 0.34
C-reactive protein 1.01 (1.00-1.01) 0.01 0.99 (0.99-1.00) 0.44
Red cell distribution width 1.61(1.31-1.97) 0.00 0.97 (1.31-2.97) 0.01
Platelet count 0.98 (0.96-0.99) 0.01 0.99 (0.95-1.02) 0.04
Fibrinogen 0.38(0.23-0.63) 0.00 0.43 (0.18-1.02) 0.05
Globulin 0.95 (0.90-1.00) 0.05 1.06 (0.97-1.15) 0.20
v-glutamyl transpeptidase 0.99 (0.99-1.00) 0.05 0.99 (0.99-1.00) 0.30

Cl = confidence interval; OR = odds ratio; RDW = red blood cell distribution width; HLH = hemophagocytic lymphohistiocytosis.
The P values in bold font represent significant differences.

PLT = platelet; Rdw = red blood cell distribution width; Fib = fibrinogen.

Figure 2. Distribution map of red blood cell distribution width and platelet and fibrinogen levels between non-survivor and survivor groups.




PLT = platelet; Rdw = red blood cell distribution width; Fib = fibrinogen;
AUC = area under curve.

Figure 3. Receiver operating characteristic curves for the red blood cell
distribution width and platelet and fibrinogen levels evaluating the
area under the curve and predictive value of mortality in patients with
hemophagocytic lymphohistiocytosis.

best treatment period. The RDW is correlated with mortality
in patients with sepsis.'? Previous studies”>*® have reported that
RDW is significantly associated with the prognosis of many dis-
eases, such as cancer, sepsis, and cardiovascular disease. However,
there are limited reports®®* on the relationship between HLH
and RDW. HLH is characterized by an excessive inflammatory
response and a cytokine storm. During the inflammatory reac-
tion, proinflammatory cytokines affect the survival of circulating
red blood cells, damage the cell membrane of these cells, produce
larger and renewed reticulocytes that enter the blood circu-
lation, and increase the distribution width of red blood cells.
This is also a pathophysiological foundation for us to clarify the
relationship between HLH and RDW. In this study, most adult
HLH cases were induced by infection through blood phagocy-
tosis. Therefore, this study explored whether there was a corre-
lation between RDW and mortality in patients with adult HLH.
We found that RDW was positively correlated with mortality in
patients with HLH and had a high prediction level. Furthermore,
the sensitivity of RDW for predicting mortality was 97.96%, and
the specificity was 96.1%, providing more auxiliary diagnostic
evidence for patients with HLH.

Hormone pulse therapy is a double-edged sword for clinicians.
The application of sufficient hormone pulse at the right time is a

rescue treatment for patients, but in the case of severe infection,

high-dose hormone pulse may lead to the death of patients. More
clinical studies are needed to provide a clinical basis for hormone
pulse therapy. In this study, we found significant differences in hor-
mone pulse therapy between non-survivor and survivor groups.
We also found that the RDW, and platelets and FIB levels had
predictive values for mortality in patients with adult HLH. Fardet
etal.® proposed HScore to predict the possibility of a single patient
with HLH so that clinicians can make appropriate treatment deci-
sions as soon as possible. However, HScore is a complex index that
needs to be improved and comprehensively evaluated after sev-
eral laboratory tests. Therefore, faster and more easily available
laboratory indexes are needed to assist in the diagnosis of adult
HLH.®” The HScore includes the FIB level. This study found that
RDW, compared with FIB, demonstrated higher sensitivity and
specificity on mortality of patients with HLH (sensitivity: 90.9%,
specificity: 59.6%). The sensitivity and specificity of RDW are
higher than those of FIB, which has a high predictive value for
mortality in adult HLH.

This study had a few limitations. First, this study is a single-cen-
ter, small sample, cross-sectional retrospective study. Patients with
HLH in the survival group were not followed up. Second, IL-2 and
ferritin tests in our center have not been analyzed for accuracy.
The test results of most patients are greater than a certain value
that is not accurate. Therefore, RDW cannot be compared with

the predicted values of IL-2 and ferritin.

CONCLUSION

This study collected data from patients with HLH in the hospital
and expounded the clinical understanding and treatment percep-
tion of HLH from the perspective of the critical care department.
This study showed that RDW was associated with mortality in
patients with HLH. The cut-off value of RDW was 16.9. The sen-
sitivity and specificity of predicting mortality were 97.96% and
96.1%, respectively. Logistic regression analysis showed a corre-
lation between RDW and mortality. In summary, the RDW can
be used as an important index to predict mortality in patients
with HLH. The findings of this study suggest that RDW may be
suitable as an auxiliary diagnostic method for HLH and an aux-
iliary means for predicting mortality in adult patients with HLH

clinically.

REFERENCES

1. RismaK, Jordan MB. Hemophagocytic lymphohistiocytosis: updates and
evolving concepts. Curr Opin Pediatr. 2012;24(1):9-15. PMID: 22189397,
https://doi.org/10.1097/MOP0b013e32834ec9c].

2. Shi X, Zhan H, Zeng Y, et al. A Case of Hemophagocytic
Lymphohistiocytosis Secondary to Ralstonia Solanacearum Infection.
Clin Lab. 2019;65(6). PMID: 31232034; https://doi.org/10.7754/Clin.
Lab.2018.181118.


https://doi.org/10.1097/MOP.0b013e32834ec9c1
https://doi.org/10.7754/Clin.Lab.2018.181118
https://doi.org/10.7754/Clin.Lab.2018.181118

Investigation of the relationship between red blood cell distribution width and mortality in patients with hemophagocytic lymphohistiocytosis: a retrospective study | ORIGINAL ARTICLE

3.

Henter JI, Horne A, Aricé M, et al. HLH-2004: Diagnostic and therapeutic
guidelines for hemophagocytic lymphohistiocytosis. Pediatr Blood Cancer.
2007;48(2):124-31. PMID: 16937360; https://doi.org/10.1002/pbc.21039.
Arca M, Fardet L, Galicier L, et al. Prognostic factors of early death
in a cohort of 162 adult haemophagocytic syndrome: impact of
triggering disease and early treatment with etoposide. Br J Haematol.
2015;168(1):63-8. PMID: 25157895; https://doi.org/10.1111/bjh.13102.
Chandrasekaran P, 1zadjoo S, Stimely J, et al. Regulatory Macrophages
Inhibit Alternative Macrophage Activation and Attenuate Pathology
Associated with Fibrosis. J Immunol. 2019;203(8):2130-40. PMID:
31541024; https://doi.org/10.4049/jimmunol.1900270.

Fardet L, Galicier L, Lambotte O, et al. Development and validation
of the HScore, a score for the diagnosis of reactive hemophagocytic
syndrome. Arthritis Rheumatol. 2014;66(9):2613-20. PMID: 24782338;
https://doi.org/10.1002/art.38690.

Debaugnies F, Mahadeb B, Ferster A, et al. Performances of the H-Score
for Diagnosis of Hemophagocytic Lymphohistiocytosis in Adult and
Pediatric Patients. Am J Clin Pathol. 2016;145(6):862-70. PMID: 27298397;
https://doi.org/10.1093/ajcp/aqw076.

Prokesch BC, Nagalla S, Ezzati F, et al. What's in a name? The
heterogeneous clinical spectrum and prognostic factors in a cohort
of adults with hemophagocytic lymphohistiocytosis. Transfus Apher
Sci. 2018;57(6):779-84. PMID: 30327177, https://doi.org/10.1016/j.
transci.2018.10.001.

Yoon SE, EunY, Huh K, et al. A comprehensive analysis of adult patients
with secondary hemophagocytic lymphohistiocytosis: a prospective
cohort study. Ann Hematol. 2020;99(9):2095-104. PMID: 32440790;
https://doi.org/10.1007/500277-020-04083-6.

. Parikh SA, Kapoor P, Letendre L, Kumar S, Wolanskyj AP. Prognostic factors

and outcomes of adults with hemophagocytic lymphohistiocytosis.
Mayo Clin Proc. 2014;89(4):484-92. PMID: 24581757, https://doi.
org/10.1016/j.mayocp.2013.12.012.

. Lachmann G, Knaak C, von Haefen C, et al. Diagnostic biomarkers for

adult haemophagocytic lymphohistiocytosis in critically ill patients
(HEMICU): a prospective observational study protocol. BMJ Open.
2019;9(10):e032695. PMID: 31666276; https://doi.org/10.1136/
bmjopen-2019-032695.

. Wang AY, Ma HP, Kao WF, Tsai SH, Chang CK. Red blood cell distribution

width is associated with mortality in elderly patients with sepsis.
Am J Emerg Med. 2018;36(6):949-53. PMID: 29133071; https://doi.
0rg/10.1016/j.ajem.2017.10.056.

. Dogan P, Guney Varal I. Red cell distribution width as a predictor of

late-onset Gram-negative sepsis. Pediatr Int. 2020;62(3):341-6. PMID:
31880020; https://doi.org/10.1111/ped.14123.

. Elalfy MS, Ragab IA, AbdelAal NM, Mahfouz S, Rezk AR. Study of the

diagnostic criteria for hemophagocytic lymphohistiocytosis in neonatal
and pediatric patients with severe sepsis or septic shock. Pediatr
Hematol Oncol. 2021,38(5):486-96. PMID: 33622175; https://doi.org
/10.1080/08880018.2021.1887983.

15.

20.

21.

22.

23.

24.

25.

27.

Jeong JH, Heo M, Lee SJ, et al. Clinical Usefulness of Red Cell Distribution
Width/Albumin Ratio to Discriminate 28-Day Mortality in Critically Il
Patients with Pneumonia Receiving Invasive Mechanical Ventilation,
Compared with Lacate/Albumin Ratio: A Retrospective Cohort Studly.
Diagnostics (Basel). 2021;11(12):2344. PMID: 34943582; https://doi.
org/10.3390/diagnostics11122344.

. Chen CK, Lin SC, Wu CC, et al. STARD-compliant article: The utility of red

cell distribution width to predict mortality for septic patients visiting
the emergency department. Medicine (Baltimore). 2016,95(24):e3692.
PMID: 27310948; https://doi.org/10.1097/MD.0000000000003692.

. Aktas G, Alcelik A, Tekce BK, et al. Red cell distribution width and mean

platelet volume in patients with irritable bowel syndrome. Prz Gastroenterol.
2014,9(3):160-3.PMID: 25097713; https.//doi.org/10.5114/pg.2014.43578.

. Aktas G, Sit M, Dikbas O, et al. Could red cell distribution width be a markerin

Hashimoto's thyroiditis? Exp Clin Endocrinol Diabetes. 2014;122(10):572-
4. PMID: 25380549; https://doi.org/10.1055/5-0034-1383564.

. Al-Rawi ZS, Gorial Fl, Al-Bayati AA. Red Cell Distribution Width in

Rheumatoid arthritis. Mediterr J Rheumatol. 2018;29(1):38-42. PMID:
32185295; https://doi.org/10.31138/m;jr.29.1.38.

Dagistan, Dagistan E, Gezici AR, et al. Could red cell distribution width
and mean platelet volume be a predictor for lumbar disc hernias?
Ideggyogy Sz. 2016,69(11-12): 411-4. PMID: 29733559; https://doi.
0rg/10.18071/is2.69.0411.

Aktas G, Sit M, Karagoz |, et al. Could Red Cell Distribution Width be a
Marker of Thyroid Cancer? J Coll Physicians Surg Pak. 2017,27(9):556-8.
PMID: 29017671.

Ustaoglu M, Aktas G, Avcioglu U, Bas B, Bahceci BK. Elevated platelet
distribution width and red cell distribution width are associated with
autoimmune liver diseases. Eur J Gastroenterol Hepatol. 2021,33(1S
Suppl 1):905-e908. PMID: 34643621; https://doi.org/10.1097/
MEG.0000000000002296.

Aktas G. Hematological predictors of novel Coronavirus infection. Rev
Assoc Med Bras (1992). 2021;67Suppl 1(Suppl 1):1-2. PMID: 34259763;
https://doi.org/10.1590/1806-9282.67.Suppl1.20200678.

Alshoabi SA, Hamid AM, Gameraddin MB, et al. Risks of khat chewing
on the cardiovascular, nervous, gastrointestinal, and genitourinary
systems: A narrative review. J Family Med Prim Care. 2022;11(1):32-6.
PMID: 3530960; https://doi.org/10.4103/jfmpcjfmpc_1254_21.
Henter JI, Horne A, Aricé M, et al. HLH-2004: Diagnostic and therapeutic
guidelines for hemophagocytic lymphohistiocytosis. Pediatr Blood Cancer.
2007;48(2):124-31. PMID: 16937360; https://doi.org/10.1002/pbc.21039.

. Knaak C, Nyvlt P, Schuster FS, et al. Hemophagocytic lymphohistiocytosis

in critically ill patients: diagnostic reliability of HLH-2004 criteria
and HScore. Crit Care. 2020;24(1):244. PMID: 32448380; https://doi.
0rg/10.1186/513054-020-02941-3.

Chen CK, Lin SC, Wu CC, et al. STARD-compliant article: The utility of red
cell distribution width to predict mortality for septic patients visiting
the emergency department. Medicine (Baltimore). 2016,95(24):e3692.
PMID: 27310948; https://doi.org/10.1097/MD.0000000000003692.

Sao Paulo Med J. 2023;141(5):e2022190 7


https://doi.org/10.1002/pbc.21039
https://doi.org/10.1111/bjh.13102
https://doi.org/10.4049/jimmunol.1900270
https://doi.org/10.1002/art.38690
https://doi.org/10.1093/ajcp/aqw076
https://doi.org/10.1016/j.transci.2018.10.001
https://doi.org/10.1016/j.transci.2018.10.001
https://doi.org/10.1007/s00277-020-04083-6
https://doi.org/10.1016/j.mayocp.2013.12.012
https://doi.org/10.1016/j.mayocp.2013.12.012
https://doi.org/10.1136/bmjopen-2019-032695
https://doi.org/10.1136/bmjopen-2019-032695
https://doi.org/10.1016/j.ajem.2017.10.056
https://doi.org/10.1016/j.ajem.2017.10.056
https://doi.org/10.1111/ped.14123
https://doi.org/10.1080/08880018.2021.1887983
https://doi.org/10.1080/08880018.2021.1887983
https://doi.org/10.3390/diagnostics11122344
https://doi.org/10.3390/diagnostics11122344
https://doi.org/10.1097/MD.0000000000003692
https://doi.org/10.5114/pg.2014.43578
https://doi.org/10.1055/s-0034-1383564
https://doi.org/10.31138/mjr.29.1.38
https://doi.org/10.18071/isz.69.0411
https://doi.org/10.18071/isz.69.0411
https://doi.org/10.1097/MEG.0000000000002296
https://doi.org/10.1097/MEG.0000000000002296
https://doi.org/10.1590/1806-9282.67.Suppl1.20200678
https://doi.org/10.4103/jfmpc.jfmpc_1254_21
https://doi.org/10.1002/pbc.21039
https://doi.org/10.1186/s13054-020-02941-3
https://doi.org/10.1186/s13054-020-02941-3
https://doi.org/10.1097/MD.0000000000003692

ORIGINAL ARTICLE | Chen C, Zhong S, Wu Z, Tang H, Wang Z, Jiang D

28. Hu ZD, Lippi G, Montagnana M. Diagnostic and prognostic value of
red blood cell distribution width in sepsis: A narrative review. Clin
Biochem. 2020;77:1-6. PMID: 31935355; https://doi.org/10.1016/j.
clinbiochem.2020.01.001.

29. Turgay Yildinm O, Aydin F, Hiseyinoglu Aydin A, Aksit E. Red cell
distribution width and its prediction value of mortality. Heart
Lung. 2020;49(2):205. PMID: 31679803; https://doi.org/10.1016/].
hrting.2019.10.008.

30. Peng, Guan X, Wang J, Ma J. Red cell distribution width is correlated
with all-cause mortality of patients in the coronary care unit. J Int
Med Res. 2020;48(7):300060520941317. PMID: 32731772; https://doi.
0rg/10.1177/0300060520941317.

31. Lim SH, Park S, Jang JH, et al. Clinical significance of bone marrow
hemophagocytosis in adult patients with malignancy and non-
malignancy-induced hemophagocytic lymphohistiocytosis. Ann
Hematol. 2016;95(2):325-35. PMID: 26453074; https://doi.org/10.1007/
500277-015-2523-8.

Authors’ contributions: Chen C: conceptualization (equal), data
curation (lead), formal analysis (equal), investigation (equal),
methodology (equal), project administration (equal), software

(lead), supervision (equal), and writing-original draft (lead); Zhong S:
conceptualization (lead), data curation (equal), formal analysis (equal),
funding acquisition (lead), methodology (lead), project administration
(equal), supervision (lead), and writing-review and editing (lead); Wu Z:
data curation (equal), formal analysis (supporting), investigation (equal),
methodology (supporting), resources (equal), software (supporting),
validation (equal), and writing-review and editing (equal); Tang H:

data curation (supporting), investigation (supporting), methodology
(supporting), resources (supporting), software (supporting), validation
(equal), visualization (supporting), and writing-review and editing
(supporting); Wang Z: data curation (supporting), formal analysis
(equal), investigation (supporting), methodology (supporting),
validation (supporting), and writing-review and editing (supporting);
and Jiang D: data curation (supporting), formal analysis (supporting),
investigation (supporting), methodology (supporting), software (equal),
validation (supporting), and writing-review and editing (supporting). All

authors approved the final version of the manuscript for publication

Sources of funding: None

Conflict of interest: The authors declare no conflict of interest

Date of first submission: April 2, 2022
Last received: August 22, 2022
Accepted: October 17,2022

Address for correspondence:

Shili Zhong

Department of Intensive Care Unit, Daping Hospital, Army Medical
University, No. 10, Daping Changjiang Branch Road, Yuzhong District,
Chongging 400042, China

Tel. +86-023-68757091

E-mail: chenchunyanzx@126.com
Editors responsible for the evaluation process:

Paulo Manuel Pégo-Fernandes, MD, PhD

Renato Azevedo Junior, MD

© 2023 by Associacao Paulista de Medicina

This is an open access article distributed under the terms of the Creative Commons license.

8 Sdo Paulo Med J. 2023;141(5):e2022190


https://doi.org/10.1016/j.clinbiochem.2020.01.001
https://doi.org/10.1016/j.clinbiochem.2020.01.001
https://doi.org/10.1016/j.hrtlng.2019.10.008
https://doi.org/10.1016/j.hrtlng.2019.10.008
https://doi.org/10.1177/0300060520941317
https://doi.org/10.1177/0300060520941317
https://doi.org/10.1007/s00277-015-2523-8
https://doi.org/10.1007/s00277-015-2523-8
mailto:chenchunyanzx@126.com

Efficacy of methimazole before the administration of
radioactive iodine in the management of Graves’ disease:
a systematic review and meta-analysis

Ikeoluwapo Kendra Bolakale-Rufai', Imodoye Abioro", Samuel Osobuchi Ngene", Yohannes Woldeamanuel"

University College Hospital Ibadan, Ibadan, Oyo, Nigeria

'MD. Physician, Department of Medicine, University
College Hospital Ibadan, Ibadan, Oyo, Nigeria.
@ nhttps://orcid.org/0000-0002-5994-8010

'"MD. Physician, Department of Medicine, University
College Hospital Ibadan, Ibadan, Oyo, Nigeria.
@ hitps://orcid.org/0000-0002-2178-9907

"MPH. Postgraduate Scholar, Swansea University
Medical School, Swansea University, Wales,
United Kingdom.

@ hittps://orcid.org/0000-0002-2389-8912

YMD, PhD. Expert Physician, Medical Scientist
and Instructor at Department of Neurology,
School of Medicine, Stanford University,
California, United States.

@ hitps://orcid.org/0000-0003-4879-6098

KEYWORDS (MeSH terms):
Methimazole.

Graves disease.

Elements, radioactive.
Hyperthyroidism.

AUTHORS’' KEYWORDS:
Anti-thyroid drugs.
Radioactive iodine.
Hyperthyroidism secondary.

ABSTRACT
BACKGROUND: The efficacy of anti-thyroid drugs in conjunction with radioactive iodine therapy in the
management of Graves' disease is still controversial.
OBJECTIVE: To compare the efficacy of pretreatment with methimazole before the administration of ra-
dioactive iodine for the treatment of Graves'disease.
DESIGN AND SETTING: A systematic review and meta-analysis was conducted at a teaching/tertiary hos-
pital in Ibadan, Nigeria.
METHODS: A systematic search of the PubMed, Embase, Cochrane Library, and Web of Science databases
was performed from inception to December, 2021.
RESULTS: Five studies with 297 participants were included. There was no difference in the risk of per-
sistent hyperthyroidism when radioactive iodine was used in conjunction with methimazole compared
with when radioactive iodine was used alone (relative risk: 1.02, 95% confidence interval, Cl: 0.62-1.66;
P =0.95, I>’= 0%). Subgroup analysis based on the duration between discontinuation of methimazole and
the administration of radioactive iodine showed a lower risk of persistent hyperthyroidism when methim-
azole was discontinued within 7 days before radioactive iodine use, although this did not reach statistical
significance (risk ratio: 0.85, Cl: 0.28-2.58).
CONCLUSIONS: The use of methimazole before radioactive iodine administration was not associated with
an increased risk of persistent hyperthyroidism. Concerns about medication toxicity and adverse effects
should be considered when clinicians make decisions on combination therapies for the treatment of
Graves'disease.
PROSPERO REGISTRATION: CRD42020150013, https://www.crd.york.ac.uk/prospero/display_record.
php?RecordID=150013.

INTRODUCTION

Graves’ disease is an immune system disorder that results in an unregulated and overproduc-
tion of thyroid hormones due to circulating antibodies in the blood.!* The antibodies produced
bind to the thyrotropin receptor and activate glandular function, resulting in hyperthyroid-
ism.? Graves’ disease leads to major cardiovascular and psycho-cognitive complications if left
untreated, thus contributing to significant morbidity and mortality.**

As a leading cause of hyperthyroidism worldwide with an incidence of 30 cases per
100,000 persons per year in the United States, it is imperative to understand the pathophys-
iology and treatment modalities for the management of Graves’ disease.’” According to the
2016 American Thyroid Association guidelines for the diagnosis and management of hyper-
thyroidism and other causes of thyrotoxicosis, patients with overt Graves” hyperthyroidism
should be treated with any of the following modalities: radioactive iodine therapy, anti-thy-
roid drugs, and thyroidectomy.’

In the United States, radioactive iodine therapy (RAI) has been the most preferred therapy
by physicians, with 59.7% of clinical endocrinologists opting for this as the primary therapy for
an uncomplicated case of Graves’ disease.® There has also been an increasing trend toward the
use of anti-thyroid drugs (ATD), as this is the preferred first-line treatment for Graves’ disease

5,10-13

by thyroidologists in Europe, Latin America, and Japan. However, a network meta-analysis

has suggested higher relapse rates with ATDs (52.7%) than with RAI (15%).?
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Although there is widespread and accepted use of radioactive
iodine and anti-thyroid drugs individually, there is no consensus
regarding their use in conjunction.' It has been noted in the liter-
ature that following radioiodine therapy, an acute rise in thyroid
hormone levels could occur, thus triggering a clinical exacerbation
of symptoms.'>” It has also been postulated that anti-thyroid med-
ications such as methimazole could have radioprotective attributes
and are thus beneficial for patients receiving radioactive iodine
therapy.'®" While some authors have explored the use of adjunct
anti-thyroid drugs before radioactive iodine therapy,>'*2° others
prefer the use of anti-thyroid medications continuously during
radioactive iodine'*”” and after radioactive iodine treatment.”*

The varying study designs (retrospective studies, narrative
reviews), disease population (toxic multinodular goiter, toxic ade-
noma), interventions (use of carbimazole and propylthiouracil), and
the interval between therapies (use of ATD before, during, or after
RALI) in the established literature produce considerable heterogene-
ity, which makes it difficult to reach a conclusion on the efficacy of

anti-thyroid drugs in conjunction with radioactive iodine therapy.

OBJECTIVE

We conducted a systematic review and meta-analysis of random-
ized controlled trials to evaluate the efficacy of treatment with
methimazole before the administration of radioactive iodine
compared to the use of radioactive iodine therapy alone for the

treatment of Graves' disease.

METHODS

Search strategy

The PubMed, Embase, Cochrane Library, and Web of Science
electronic databases were searched for randomized controlled
trials comparing adjunctive anti-thyroid drug use with radioac-
tive iodine therapy versus radioactive iodine only in the treat-
ment of Graves' disease, from inception to December, 2021. The

»

search terms included “Hyperthyroidism,” “Radioactive iodine,”
and “Antithyroid drugs” There were no restrictions on language
or publication period. The searches were rerun immediately
before the final data extraction and analyses, with further studies

retrieved for inclusion.

Study identification and selection

The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses® was used as a guide for the identification and selection
of studies (Figure 1).Two investigators independently screened
and reviewed the titles and/or abstracts retrieved using the
search strategy to identify titles that potentially met the inclusion
criteria. The full texts of these potentially eligible studies were

retrieved and independently assessed for eligibility by the two

review team members. Disagreements between the two over the
eligibility of the selected studies were resolved through consensus
with a third reviewer.

Randomized clinical trials that compared adjunctive anti-thy-
roid medications with radioactive iodine therapy were deemed eli-
gible for an in-depth review. Subsequently, 20 full-text articles were
assessed for eligibility. Randomized clinical trials that evaluated
initial treatment with methimazole before the administration of
radioactive iodine therapy, regardless of the duration of treatment,
were selected for final data extraction. We excluded studies that
utilized anti-thyroid medications other than methimazole (such as
carbimazole propylthiouracil) and those that administered methi-
mazole either continuously or post-radioiodine therapy. We also
excluded studies that incorporated other causes of hyperthyroid-
ism, such as toxic multinodular goiter, because the focus was on
Graves hyperthyroidism. This systematic review was specified in a
registered protocol (PROSPERO: CRD42020150013, https://www.
crd.york.ac.uk/prospero/display_record.php?RecordID=150013)

before data extraction commenced.

Risk of bias assessment

The risk of bias for studies incorporated in the systematic review
and meta-analysis was assessed using the Cochrane risk of bias
tool for randomized control trials. The studies were assessed for
the following domains: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective report-
ing, and other biases. The studies were further judged as ‘low

risk; ‘some concerns, or* high risk’

Data extraction and synthesis
The RevMan 5.4 software (The Cochrane Collaboration, Oxford,
United Kingdom)was used to perform the meta-analysis. The
primary outcome measure was evidence of persistent hyperthy-
roidism after treatment (methimazole and radioiodine therapy in
the experimental arm and radioiodine only in the control arm).
The presence of hyperthyroidism after treatment was considered
a “treatment failure” Hypothyroid or normal thyroid values fol-
lowing treatment were stratified to be under the same class as
“non-hyperthyroid state,” and thus considered a treatment suc-
cess. Thyroid status was determined based on the clinical and
laboratory criteria used for each clinical trial. The secondary out-
come measure was the duration of discontinuation of adjunctive
treatment with methimazole and its effect on the cure rates in
patients with Graves’ disease.

We employed the random-effects meta-analysis model and
inverse variance weighting method. A summary of the interven-
tion effect for each study was provided by calculating the risk ratios

and corresponding 95% confidence intervals (CI) for the main
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dichotomous variables: hyperthyroidism or non-hyperthyroidism.
Heterogeneity was assessed using both the Q test and I-squared
statistics. An I? value greater than 50% was considered indicative
of substantial heterogeneity. Forest plots were generated to evalu-

ate the risk of publication bias.

RESULTS
A total of 378 studies were identified through multiple database

searches. Twenty full-text articles were assessed for eligibility, of

which five randomized control trials were included in the final
qualitative synthesis and meta-analysis. Full-text articles that
were excluded were those with a patient population that had
hyperthyroidism from other causes (n = 1), used other anti-thy-
roid medications (n = 9), and those with continuous treatment
or treatment with methimazole after radioiodine (n = 5). Only
trials that used methimazole as the drug of choice for the ini-
tial medical treatment were selected. The follow-up duration

varied among the eligible studies; thus, studies were analyzed
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Figure 1. The Preferred Reporting Items for Systematic reviews and Meta-Analyses flow chart for study selection.




independently based on the duration of follow-up and evalua-
tion of thyroid status at each visit. This was done to limit hetero-
geneity and incorporate all values into the final data synthesis. In
the final meta-analysis, 289 patients who received methimazole
before radioactive treatment were randomized to the treatment
arm, while 335 were assigned to the control arm and received

radioactive iodine therapy only.

Study characteristics

The clinical trials included in this study were conducted
in Brazil (n = 2), Slovenia (n = 1), and the United States of
America (n = 2). All included studies were randomized tri-
als, with the patient population being adults with Graves’
disease. The follow-up duration ranged from 14 days to one
year (Table 1).

Minimal heterogeneity was found in the trials regarding the
diagnostic criteria for hyperthyroidism. All studies utilized clin-
ical assessments, suppressed thyroid stimulating hormone levels,
thyroid hormone levels, 24-hour radioactive iodine uptake, and
antibody levels to diagnose patients. Based on Cochrane’s tool
to assess the risk of bias, there was no study with a high risk of
bias (Table 2). One study had a low risk of bias, while others had
concerns regarding the randomization process and selection of

reported data (Figure 2).

Table 1. Baseline characteristics of participants in included trials

Outcome analysis

Using a random effects model for the meta-analysis, pretreatment
with methimazole in conjunction with radioactive iodine therapy
alone was not associated with an increased risk of persistent hyper-
thyroidism at follow-up in patients with Graves' disease (relative
risk, RR:1.02, 95% CI: 0.62-1.66; P = 0.95). Heterogeneity among
the treatment effects was low (12 = 0%). The funnel plot displayed an
asymmetric distribution (Egger’s t-test = 1.31, P = 0.238) (Figure 3).

Figure 2. Funnel plot of publication bias in selected studies.
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RAI = radioactive iodine; MMZ = methimazole; FT4 = free tyrosine.
Table 2. Risk of bias assessment of included studies
Randomization Deviations Missin Measurement  Selection of
Unique ID Experimental ~ Comparator from intended 9 of the the reported Overall
process X X outcome data
interventions outcome result

Andrade et al.2 RAI+MMZ RAI + + + + ? +
Braga et al.?! RAI+MMZ RAI ? + + ? ? ?
Andrade et al.® RAI+MMZ RAI + + + + ? ?
Burch et al.Z RAI+MMZ RAI + ? + + + ?
Pirnat et al.?* RAI+MMZ RAI ? ? + ? ? ?

+ = Low risk; ? = Some concerns.
RAI = radioactive iodine; MMZ = methimazole.



A subgroup was created based on the interval between the discon-
tinuation of methimazole and radioactive iodine therapy. Subsequently,
a subgroup analysis was performed, which revealed an RR of 1.52
(CI: 0.28-8.18) for studies with a 4-day duration of discontinua-
tion of methimazole before radioactive therapy, while an RR of 1.38
(CI: 0.27-7.16) and 0.85 (CI: 0.28-2.58) was calculated for studies with
6 days and 7 days’ intervals between discontinuation of anti-thyroid
drugs and radioactive treatment, respectively. The combined effect size
for subgroup analysis was 1.38 (CI: 1.07-1.79) (Table 3).

DISCUSSION

Our meta-analysis showed no difference between the risk of per-
sistent hyperthyroidism when radioactive iodine was used in con-
junction with methimazole and when radioactive iodine was used
alone (RR: 1.02, 95% CI: 0.62-1.66; P = 0.95, I* = 0%). Subgroup

analysis based on the duration between discontinuation of

methimazole and the administration of radioactive iodine showed
a lower risk of persistent hyperthyroidism when methimazole was
discontinued within 7 days before radioactive iodine use, although
this did not reach statistical significance (RR: 0.85, CI: 0.28-2.58)

Over the years, there have been debates on the use of anti-thy-
roid drugs in conjunction with radioactive iodine therapy for
the management of hyperthyroidism in Graves’ disease, with the
increasing popularity of adjunctive anti-thyroid medications with
radioactive iodine therapy.® To the best of our knowledge, this is
the first meta-analysis to evaluate the efficacy of treatment with
methimazole before the administration of radioactive iodine ther-
apy inpatients with Graves’ disease.

In our study, we focused on the risk of persistent hyperthyroid-
ism (treatment failure) following adjunctive treatment for Graves’
disease; our analysis showed that the risk was not significant and

was only 1.02 times higher in patients treated with methimazole

Heterogeneity: Tau? = 0.00; Chi? = 5.02, df =7 (P = 0.66); I> = 0%
Test for overall effect: Z = 0.07 (P = 0.94)

RAI+MMZ RAI Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight [V, Random, 95% CI 1V, Random, 95% CI
Andrade 1999 3 23 2 28 8.3% 1.830.33, 10.02] -
Andrade 2001 5 29 4 32 16.3% 1.38 [0.41, 4.65] I
Braga 2002 1 16 1 18 3.3% 1.130.08, 16.55]
Burch 2001 3 21 2 21 8.5% 1.50 [0.28, 8.08] -
Pirnat-12M 2010 2 50 2 59 6.5% 1.18 [0.17, 8.08]
Pirnat-1M 2010 6 50 12 59 29.4% 0.59 [0.24, 1.46] — &
Pirnat-3M 2010 3 50 7 59 14.2% 0.51[0.14, 1.85] - * 1
Pirnat-6M 2010 6 50 3 60 13.5% 2.40[0.63, 9.11] -1 -
Total (95% Cl) 289 336 100.0% 1.02 [0.62, 1.66] ‘
Total events 29 33

] ]
005 02 1
Favours RAI+MMZ Favours RAI only

Figure 3. Forest plot of comparison: radioactive iodine + methimazole versus radioactive iodine only; outcome: persistent hyperthyroidism.

Table 3. Subgroup analysis based on interval between discontinuation of methimazole and initiation of radioactive iodine

Study name / Subgroup name Risk ratio Cl lower limit Cl upper limit Weight Q Pq
1 Andrade et al.2 1.38 0.40 4.77 66.25%
2 Andrade et al.?° 1.83 0.32 10.45 33.75%
3 4 days 1.52 0.28 8.18 45.01% 0.07 0.793
4 Braga et al.”! 113 0.07 18.34 28.17%
5 Burch et al.? 1.50 0.26 8.50 71.83%
6 6 days 1.38 0.27 7.16 46.69% 0.03 0.859
7 Pirnat et al.* (12 months) 1.18 0.17 8.25 11.87%
8 Pirnat et al.** (6 months) 2.36 0.61 9.09 22.70%
9 Pirnat et al.** (3 months) 0.51 0.14 1.88 23.73%
10 Pirnat et al.** (1 month) 0.59 0.24 1.47 41.71%
1 7 days 0.85 0.28 2.58 8.30% 3.59 0.309
12 Combined effect size 1.38 1.07 1.79 4.96 0.665

Cl = confidence interval.

0.00%

0.00%

16.46%
0.00%




before radioactive iodine as compared with those who received
radio-iodine therapy alone.

A similar meta-analysis done by Walter et al.*! on a per pro-
tocol basis revealed a summary RR of 1.34 (0.96-1.88; P = 0.09)
for treatment failure with adjunctive anti-thyroid drugs compared
with the control. This study differs from ours in that the authors
evaluated the combined effect of adjunctive anti-thyroid drugs
administered before and after radioactive iodine. In addition,
some studies included in this meta-analysis had patient popula-
tions other than those with Graves’ disease.

While some studies concluded that treatment with anti-thy-
roid drugs during the peri-therapeutic period in patients treated
with P'T reduced the effectiveness of radioiodine, thus leading to
higher treatment failure rates,'®*>*” we can argue that the flawed
methodology and selection bias of some observational studies
could have imposed some limitations.

Crooks et al.”” opined that methimazole has radioprotectant
properties even if discontinued 6 days before administration of
radioactive iodine and that the single dose RAI treatment failure
rate was significantly higher in the group pretreated with methi-
mazole (71%) than in those receiving RAI alone (25%). This cor-
relates with the study by Connell et al.”” which reported a higher
incidence of persistent hyperthyroidism in the group administered
adjunct treatment with carbimazole 46% versus 16% (P < 0.05).
One year after treatment, a similar proportion of each group had
persistent thyrotoxicosis (23% in the pretreated group versus 21%
in the non-pretreated group).

In a retrospective study by Tuttle et al.,** pretreatment with
propylthiouracil was also associated with higher treatment failure
rates. Persistent hyperthyroidism was observed in 4% of patients
(2/48) treated with only RAI and in 34% of patients (13/38) receiv-
ing RAI after pretreatment with propylthiouracil (P = 0.003).
Patients were treated with propylthiouracil for a mean of 151 +32
days.*? Another retrospective study conducted by the authors on a
later date showed that discontinuation of the anti-thyroid drug at
least a week before radioactive iodine was associated with higher
failure rates.”® The effects of propylthiouracil and methimazole/
carbimazole may not be directly comparable, making it difficult
to extrapolate findings from different sources that utilize varying
anti-thyroid medications for adjunctive treatment.

Sabri et al.” conducted a prospective randomized clinical trial
that showed significantly greater success in the group without
carbimazole during radioactive therapy(93% versus 49%, respec-
tively). Stepwise logistic regression demonstrated that the failure
was related to the administration of carbimazole during '*'I ther-
apy (P < 0.005) and the absorbed dose of radioiodine (P < 0.025).
It is interesting to note that in this study, simultaneous administra-
tion of the anti-thyroid drug was the decisive factor for successful

radioactive iodine therapy, as16 patients who discontinued ATD

1-3 days before radioiodine therapy showed a 94% success rate.
Thus, the authors recommended that, if clinically feasible, ATDs
should be discontinued at least a day before the initiation of radio-
iodine treatment.

This is in tandem with the study by Bonnema et al."* which
assessed cure rates in a group receiving continuous methimazole
therapy during and 4 weeks after radioactive iodine therapy ver-
sus a group that discontinued methimazole 8 days before radio-
iodine therapy. Patients receiving continuous methimazole had a
lower cure rate (44%) than those who discontinued methimazole
8 days before radioactive iodine therapy (61%). Pirnat et al.** also
reported similar lower cure rates in patients who were continu-
ously administered methimazole until radioiodine application.

Some studies have advocated adjunctive treatment with ATDs
in conjunction with radioactive iodine. Kung et al.*® studied the use
of a block replacement regimen of methimazole plus L-thyroxine
on the result of radioactive iodine therapy and determined that
persistent hyperthyroidism was found in 38.7% of the patients pre-
treated with methimazole plus L-thyroxine versus 44.5% of those
who were administered radioactive iodine only. In addition, the
time to achieve euthyroidism was earlier with adjunctive treatment
(two versus eight weeks).*

Similar effectiveness and cure rates were observed in patients
pretreated with methimazole compared to non-pretreated
patients in two of the studies included in our meta-analysis.?***
However, Burch et al.”* had the opinion that most patients with
Graves’ disease should not be pretreated with anti-thyroid drugs
before receiving radioiodine, as pretreatment with methima-
zole results in a rapid increase in thyroid hormone levels upon
discontinuation of these medications in preparation for radio-
iodine therapy. This was also supported by an earlier clinical
trial by Andradeet al.**which observed that interruption of
anti-thyroid drugs caused a short-term increase in serum thy-
roid hormone levels in patients with Graves’ hyperthyroidism
receiving radioactive iodine therapy. One year later, the pre-
treated group and those who received radioactive iodine ther-
apy alone were similar in terms of persistent hyperthyroidism
(15.6% in the radioactive iodine group versus 13.8% in the
adjunctive methimazole group).

The 2016 American Thyroid Association guidelines state that
pretreatment with methimazole before radioactive iodine therapy
for Graves’ disease should be considered in patients at increased risk
of complications due to worsening hyperthyroidism, and methi-
mazole should be discontinued 2-3 days before radioactive iodine
therapy.” The subgroup analysis performed in our study with regard
to the interval between stopping ATD and RAI therapy showed
a lower risk ratio with increasing duration of discontinuation of
ATD. The risk ratio was 1.52 (0.28-8.18) for a 4-day interval, 1.38
(0.27-7.16) for a 6-day interval, and 0.85 (0.28-2.58) for a 7-day



interval between discontinuation of methimazole and administra-
tion of radioiodine. This implies that the risk of persistent hyper-
thyroidism is reduced by 15% if pretreatment with methimazole
is administered 7 days before radioiodine therapy, although the
observation was not considered statistically significant.
Publication bias was minimal, as the funnel plot displayed an
asymmetric distribution (Egger’s t-test = 1.31, P = 0.238). There are
significant side-effect profiles of ATDs, with 13% of patients devel-
oping an adverse reaction, as shown in a network meta-analysis
conducted by Sundareshet al.* Liver injury and elevated transam-
inases (worse with propylthiouracil), and dermatologic reactions
are common adverse effects.>* Therefore, the choice of therapy in
Graves’ disease is influenced by many factors and must be tailored
to each patient’s characteristics and needs.*"* Pretreatment may
be considered in patients who require rapid biochemical control

and are at increased risk of thyrotoxic complications.*

Limitations and recommendations

The narrow eligibility criteria of our systematic review resulted in
a small sample size and limited number of studies included in the
final synthesis. This might have reduced the power of the study
and accounted for the statistical insignificance of the results
obtained. The limited number of randomized controlled trials
motivates the essence of conducting well-designed RCTs with a
homogenous disease population (Graves disease) and a larger
sample size to expand the evidence needed to make informed
decisions. The last randomized study reported on this subject was
conducted by Pirnat et al.** over nine years ago.

The only anti-thyroid drug considered in the included trials
for our systematic review was methimazole. This might limit the
translation of our findings with regard to other anti-thyroid med-
ications, such as carbimazole (a precursor of methimazole) and
propylthiouracil. Overall, our study showed minimal statistical
heterogeneity (I*= 0%) for the main outcome measure. We also
included a uniform sample population with Graves® disease only
and ATD (methimazole) utilized. However, the dose of radioactive
iodine utilized (fixed or adapted dose)and the varying duration
of follow-up for the different studies included could be imminent
sources of heterogeneity. Future systematic reviews with a subgroup
analysis evaluating the varying duration of follow-up as it pertains

to persistent hyperthyroidism should be conducted.

CONCLUSION

This study shows that treating patients with an anti-thyroid
medication(methimazole)before utilizing radioactive iodine has
the same treatment failure risk as using radioactive iodine therapy
alone. The use of methimazole before radioactive iodine admin-
istration was not associated with an increased risk of persistent

hyperthyroidism.

Although the treatment failure risks were similar between the
two groups, only the subgroup that discontinued methimazole seven
days before the use of radioactive iodine had a lower risk of per-
sistent hyperthyroidism. Concerns about medication toxicity and
adverse effects should be considered when clinicians make deci-

sions on combining therapies for the treatment of Graves’ disease.

Key implications

« Clinicians who schedule radioactive iodine therapy for Graves’
disease treatment may not need to administer an initial methi-
mazole use to patients, except in cases of increased risk of thy-
rotoxic complications, such as liver injury and dermatological
reactions, which are associated with methimazole use.

o Research institutions should conduct randomized controlled
trials with larger patient cohorts on treatment options for
Graves’ disease to obtain statistically significant results that

aid clinical decisions and improve patient outcomes.
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ABSTRACT
BACKGROUND: Patients with chronic renal disease and undergoing hemodialysis are at a high risk for
developing several complications. Fatigue is a common, troubling symptom that affects such patients and
can contribute to unfavorable outcomes and high mortality.
OBJECTIVE: This cross-sectional study aimed to evaluate the prevalence of fatigue in Brazilian patients
with chronic kidney disease undergoing hemodialysis and determine the predisposing factors for fatigue.
DESIGN AND SETTING: An observational, cross-sectional, descriptive study was conducted in two renal
replacement therapy centers in the Greater ABC region of S&o Paulo.
METHODS: This study included 95 patients undergoing dialysis who were consecutively treated at two
Brazilian renal replacement therapy centers between September 2019 and February 2020. The Chalder
questionnaire was used to evaluate fatigue. Clinical, sociodemographic, and laboratory data of the pa-
tients were recorded, and the Short Form 36 Health Survey, Pittsburgh Sleep Quality Index, and Beck De-
pression Inventory were administered.
RESULTS: The prevalence of fatigue in patients undergoing hemodialysis was 51.6%. Fatigue was inde-
pendently associated with lower quality of life in terms of physical and general health. Patients with fatigue
had a higher incidence of depression (65.9% vs. 34.1%, P = 0.001) and worse sleep quality (59.1% vs. 49.9%;
P =0.027) than those without fatigue.
CONCLUSION: Prevalence of fatigue is high in patients undergoing hemodialysis and is directly related to
physical and general health.

INTRODUCTION

Patients with chronic renal disease undergoing hemodialysis are at a higher risk of develop-
ing several complications, including infection, cardiovascular and bone disease, and metabolic
changes.!? The prevalence of chronic kidney disease is exponentially increasing in Brazil, with
596 patients per million undergoing dialysis and an annual gross mortality rate of 18.2%.?

Patients undergoing renal replacement therapy present with varying levels of disease severity
that compromise their quality of life and affect their physical and psychological health. Dialysis-
induced changes include physical, self-care, and social activity limitations, intense body pain,
frequent episodes of fatigue, and poor self-assessment of physical health. Mental changes include
psychological distress, emotional problems related to the social impact of treatment, and poor
mental health assessment.*

A meta-analysis of patients undergoing hemodialysis showed that physical and emotional
symptoms were also associated with depressive symptoms.! Furthermore, patients with signs
of depression report fatigue.! Thus, it is believed that fatigue and depression or mood disor-
ders may share the same pathogenic pathway.® Sleeping disorders are frequently associated with
fatigue as well.>

The definition of fatigue remains unclear and is often characterized by an increased feeling
of weakness, tiredness, and lack of energy. Furthermore, it is described as a physical and men-
tal experience.”®

Several multifaceted and multidimensional factors affect fatigue in patients with chronic renal
disease undergoing hemodialysis.” Although it is a prevalent symptom in patients undergoing

dialysis, fatigue has been poorly studied in Brazilian patients.
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OBJECTIVE

This cross-sectional study aimed to assess the prevalence of
fatigue in patients with chronic kidney disease undergoing renal
replacement therapy in the form of hemodialysis at two dialysis
centers in the ABC Paulista region. This study also examined the

predisposing factors for fatigue in the study population.

METHODS

This observational, cross-sectional, descriptive study analyzed
the prevalence of and predisposing factors for fatigue in patients
with chronic kidney disease undergoing hemodialysis. The study
was conducted at two renal replacement therapy centers in the
Greater ABC region of Sao Paulo. One of the centers was located
at a high-complexity hospital treating patients from the Unified
Health System; the other was located in a center treating patients
from the private sector.

Patients with stage 5 chronic kidney disease who were under-
going hemodialysis were eligible to participate in the study. The
exclusion criteria were as follows: peritoneal dialysis, age < 21
years, dialysis for < 12 months, psychiatric disorders with cogni-
tive deterioration, active infectious or autoimmune disease, liver
failure, and metastatic malignant neoplasms.

The study protocol was approved by our institution’s eth-
ics committees for research on humans under the CAAE num-
ber 24471419.7.0000.0082 (Decision number: 3.705.408) on
November 14, 2019. The study was conducted in accordance
with the Declaration of Helsinki. All participants provided
written informed consents before any study-related procedures
were performed.

The patients’ demographic characteristics (age, sex, race, mar-
ital status, education, and income) were collected directly from
clinical databases and records. Clinical data, including the cause
of chronic kidney disease, existing comorbidities, medications
being used, treatment complications, and duration of dialysis,
were collected from the patients’ medical records. The patients’
laboratory parameters, including the serum hemoglobin, albu-
min, urea, parathyroid hormone, ferritin, calcium , phosphorus,
and potassium levels and dialysis adequacy were also collected
from the system.

Patients were evaluated during a single consultation and
instructed to complete the following surveys: Chalder Fatigue
Questionnaire, 36-Item Short Form Survey (SF-36), Beck Depression
Inventory IT (BDI-II), and Pittsburgh Sleep Quality Index (PSQI).

The Chalder Fatigue Scale is a self-administered questionnaire
used to measure the extent and severity of fatigue in both clinical
and non-clinical epidemiological populations. This scale consists
of 11 items which are answered on a 4-point scale ranging from
asymptomatic to maximum symptomology (“better than usual,”

“no worse than usual,” “worse than usual,” and “much worse than

usual”). The total score ranges from 0 to 33 and spans two dimen-
sions: physical and psychological fatigue.’

The SF-36 questionnaire consists of the following eight multi-
item scales: physical functioning, body pain, mental health, general
health, vitality, role limitation due to emotional problems, role limi-
tations due to physical health, and social functioning. The scores
range from 0 to 100, where 0 corresponds to bad health and 100
corresponds to good health.'

BDI-II is a self-administered scale used worldwide to detect
depressive symptoms. This questionnaire consists of 21 statements
about depression ranked on an ordinal scale from 0 to 3, resulting
in a total score ranging from 0 to 63."

The PSQI is a self-evaluation tool developed by Buysse that
assesses sleep quality. It consists of 18 items, and the total score
ranges from 0 to 21. A score< 7 indicates good sleep quality;
a score > 7 indicates poor sleep quality. This questionnaire has
been widely used to measure sleep quality in different groups
of patients, including those with kidney and intestinal diseases,
asthma, and cancer.”

In both institutions, dialysis was performed in three shifts per
day; each session lasted for four hours with a half hour in between
for reorganizing the rooms. Dialysis sessions started at 06:00 and
ended at 19:00. Questionnaires were administered by an investi-
gator and a nurse responsible for each dialysis, who had been duly

trained for this study.

Statistical analysis

Qualitative variables are described using absolute and relative
frequencies, whereas, quantitative variables are presented as
summary measures (mean, standard deviation, median, mini-
mum, and maximum).!?

The prevalence of fatigue was analyzed according to each
qualitative characteristic, using absolute and relative frequen-
cies. Chi-square or likelihood ratio tests were used to evalu-
ate the association between the characteristics and presence of
fatigue. Quantitative characteristics were described in terms
of their association with fatigue and compared using Student’s t-
or Mann-Whitney U-tests.'?

Odds ratios (OR) were calculated with unadjusted 95% confi-
dence intervals (CI). A binary logistic regression model was used
to identify the presence or absence of fatigue for each of the eval-
uated characteristics. The model included descriptive sex and age
characteristics with a P value < 0.20 and the probability for fatigue.
A backward stepwise regression selection method was used, with
the input and output criteria of the final model at 5%."*

All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS) for Windows (version 20.0;
IBM, Armonk, New York, United States). Clinical significance
was set at P<0.05.



RESULTS

A total of 155 patients were registered at two hemodialysis clin-
ics in the Greater ABC region of Sao Paulo. Of these, 60 patients
were excluded for the following reasons: cognitive deteriora-
tion (4), diagnosis of liver failure (1), withdrawal of consent (5),
refusal to participate (7), dialysis for <12 months (30), hospital-
ization (6), diagnosis of an active infection (3), and diagnosis of
cancer (4). The remaining eligible 95 patients, who were diag-
nosed with chronic kidney disease and were undergoing hemo-
dialysis were included in the study (Figure 1). After obtaining
patient consent, relevant data were extracted from their medi-
cal records, including from physician and nursing notes and
diagnostic tests. The medical records of the 95 eligible patients
were complete and kept updated because these patients under-
went monthly routine examinations and medical consultations
to obtain information necessary for determining treatment plan.

The demographic characteristics of the participants are pre-
sented in Table 1. There were 53 (55.8%) female and 42 (44.2%)
male patients with a mean age of 56.4  14.3 years. Most patients
had a low educational level and economic status (78.9% were
unemployed and only 10.6% had an income four times above the
national/regional/local minimum wage). The main reported comor-
bidities were hypertension (40%) and diabetes (33.7%); most of
the patients led a sedentary lifestyle (78.9%).

The laboratory examination results of the patients’ samples were
predominantly within the normal range expected for the popula-
tion studied.' There were no significant differences in the labora-
tory values between patients with or without fatigue.

All the patients in our study had a low quality of life, depres-
sive symptoms (34.7%), and a high prevalence of sleep disorders
(69.5%). Among the 95 enrolled patients undergoing hemodialysis,
the prevalence of fatigue was 51.6% (Table 2). Although depres-
sion was more frequently seen in women in our study, there was
no significant difference in the incidence of depression in either
sex (P =0.392) (data not shown).

All individual recruited (n = 155)

Exclude those that beginning dialysis
treatment < 12 months (n = 30)

Exclude those with cognitive
deterioration (n = 04)

Exclude those with diagnosis of liver
failure (n = 01)

Exclude those hospitalized (n = 06)

Exclude those with withdrew consent Exclude those with diagnosis of
(n=05) active infections disease (n = 03)

Exclude those with diagnosis of
cancer (n = 04)

Exclude those that refused to
participate (n = 07)

95 patients were included

Figure 1. Flow chart depicting the inclusion and exclusion of
the study population.

Table 1. Demographic characteristics and clinical variables (n = 95)

Variables
Sex
Male
Female
Age, years
Mean £ SD
Median (min.; max.)
Marital status
Unmarried
Married
Divorced
Widowed
Race
White
Black
Other
Religion
Catholic
Evangelical
Others
Education
Illiterate
Elementary school
High school
University
Employment status
Not employed
Being employed
Household number
Mean £ SD
Median (min.; max.)
Family income
Up to 2 times minimum wage
2-4 times minimum wage
4-10 times minimum wage
10-20 times minimum wage
Etiology of kidney disease
Hypertensive nephrosclerosis
Diabetic nephropathy
Chronic glomerulonephritis
Other
Comorbidity
None
Diabetes mellitus
Hypertension
Other
Regular exercise
No
Yes
Hospitalization
No
Yes
Time on dialysis, years
Mean £ SD
Median (min.; max.)

Number of patients (%)

42 (44.2)
53 (55.8)

56.4+14.3
57 (24; 87)

29 (30.5)
49 (51.6)
8(8.4)
9(9.5)

49 (51.6)
22(23.2)
24 (25.3)

45 (47.4)
26 (27.4)
24(25.3)

8(8.4)
45 (47.4)
32(33.7)
10 (10.5)

2.8911.46
2(1;7)

46 (48.4)
39 (41.1)
9(9.5)
1(1.1)

28 (29.5)
35(36.8)
3(3.2)
29 (30.5)

13(13.7)
32(33.7)
38 (40)
12(12.6)

75(78.9)
20(21.1)

3.941£4.04
3(0.3; 24)

SD = standard deviation; min = minimum; max = maximum.



Table 2. Responses to the Quality of life questionnaire
Variable Description
Functional capacity

Mean £ SD 48.7 £32.1
Median (min.; max.) 50 (0; 100)
Physical health

Mean + SD 33.2£40.2

Median (min.; max.) 25 (0; 100)
Pain

Mean = SD 5741298

Median (min.; max.) 51 (0; 100)

General health

Mean £+ SD 46.1 £20.7

Median (min.; max.) 47 (5; 100)
Vitality

Mean £ SD 52.1+£233

Median (min.; max.) 50 (5; 100)
Social aspect

Mean £ SD 65.9+27.8

Median (min.; max.) 62.5 (0; 100)

Emotional aspect
Mean =SD 47.7 +42
Median (min.; max.) 33.3(0; 100)
Mental health

Mean £ SD 64.3+23
Median (min.; max.) 68 (12; 100)
BDI-II, n (%)
Normal 41 (43.2)
Mild disorder 21(22.1)
Onset of clinical
depression 14(147)
Moderate depression 14 (14.7)
Severe depression 4(4.2)
Extreme depression 1(1.1)
PSQl, n (%)
Bad 66 (69.5)
Good 29(30.5)
Fatigue, n (%)
No 46 (48.4)
Yes 49 (51.6)

BDI-Il = Beck Depression Inventory II; PSQI = Pittsburg Sleep Quality Index; SD =
standard deviation; min = minimum; max = maximum; n = number of observations.

Binary analysis revealed that fatigue was not significantly associated
with demographic or clinical characteristics when analyzed in isolation (P >
0.05) (Table 3). However, quality of life domains were significantly lower in
patients with fatigue than in those without fatigue (P < 0.05). Additionally,

the prevalence of depression (P = 0.001) and poor sleep quality
(P = 0.027) were significantly higher among patients with fatigue
than in those without fatigue (Table 4).

In the final adjusted model, regardless of the other evaluated
characteristics, the domains of physical and general health in the
joint quality of life significantly influenced the presence of fatigue
in patients with chronic kidney disease undergoing hemodialysis
(P < 0.05). The probability of being fatigued decreased by 2% for
each percentage of increase in the patient’s physical health. The
probability of being fatigued decreased by 3% for each additional

percentage of increase in the patient’s general health.

DISCUSSION

Fatigue has a high prevalence among patients with chronic kid-
ney disease worldwide, with several unfavorable outcomes.
Fatigue is considered to be an independent risk factor for
increased mortality in such patients.’® Although studies on this
subject are scarce in Brazil, our findings suggest that the observed
high prevalence of fatigue is comparable to the current scientific
evidence.'® There was no statistical difference in the presence
of fatigue between the sexes; this result is in contrast to previous
studies that suggest that fatigue is more prevalent in females.”
Demographic characteristics can be predictors of fatigue;* in our
study population, low socioeconomic level, age, and comorbidi-
ties did not significantly influence the presence of fatigue. Most
of the affected patients led a sedentary lifestyle; studies suggest
that regular physical exercise that has been adapted to the clinical
conditions contribute to the reduction in fatigue and improve-
ment in quality of life.”"*

Fatigue may be related to objective laboratory data. Univariate
analysis has shown that fatigue is associated with changes in the
serum parathyroid hormone, iron, urea, calcium, albumin, and
hemoglobin levels; a multivariate analysis detected a relationship
between fatigue and serum parathyroid hormone.” Resistance to
erythropoietin, independent of the degree of anemia and level of
transferrin saturation, is associated with factors related to fatigue.”
Clinical indicators are objective and reflect a combination of sev-
eral symptoms; one symptom alone cannot significantly influence
serum and biochemical indicators.” In addition, patients under-
going hemodialysis are monitored by nephrologists who encoun-
ter frequent clinical changes, which may influence the correlation
with symptoms. In this study, there was no statistically significant
difference in the laboratory results between the patients with and
without fatigue, which may have been due to the immediate treat-
ment of the biochemical changes. The fact that patients with chronic
kidney disease have varying symptoms may reflect a multidimen-
sional issue, which has been suggested in previous clinical studies.**

Up to 50% of patients undergoing hemodialysis have some

degree of depression that impacts the quality of life, decreases



Table 3. Laboratory results of patients based on the presence of fatigue and the bivariate analysis results

Variable

Kt/V

Mean = SD

Median (min.; max.)
Kt/V, n (%)

Major 1.2

Minor 1.2
Hemoglobin

Mean = SD

Median (min.; max.)
Albumin

Mean + SD

Median (min.; max.)
Urea pre-dialysis

Mean = SD

Median (min.; max.)
Urea post-dialysis

Mean = SD

Median (min.; max.)
Parathormone

Mean = SD

Median (min.; max.)
Ferritin

Mean = SD

Median (min.; max.)
Calcium

Mean = SD

Median (min.; max.)
Phosphorus

Mean = SD

Median (min.; max.)
Potassium

Mean = SD

Median (min.; max.)

Fatigue

No

1.49£05
1.6 (0.08; 2.68)

38 (53.5)
8(33.3)

11.6+18
11.6 (5.1; 14.4)

3.99+0.32
4(3;4.7)

156.8 +38
158.5 (94; 264)

51.3+£21.7
48.4 (4.2; 134)

299.7 +206.2
257.8(22.4;,759.4)

349.3+307.6
258.6 (28.7; 1431.6)

8.7+0.7
8.7 (7;11)

538%1.77
4.85(1.8;10.2)

4.85%+0.77
4.8 (3.5;6.4)

OR 95% CI >
Yes Lower Upper
0.831 0.333 2,074 0.696™
1.45+0.39
1.5(0.75; 2.8)
0.087
33 (46.5) 1.00
16 (66.7) 230 0.87 6.07
0.896 0.737 1.090 0.271"
11.1+£24
11.3(2.6;15.3)
1.023 0.344 3.044 0.967"
3.99+£0.42
4.03 (2.2; 4.98)
0.996 0.985 1.008 0.537"
1523 %335
149.4 (93.2; 226)
1.002 0.982 1.023 0.840™
52.1+18.1
47.6 (26.6; 103)
1.000 0.998 1.002 0.571¢
293.6+£267.8
212.9(33.4;1620.9)
0.999 0.997 1.000 0.110™
263.3+201.1
200.2 (34.9;792.8)
0.727 0.413 1.280 0.270"
8.6+0.7
8.5(7.3;10.8)
0.851 0.665 1.090 0.201"
494+1.6
5(1.6;9.6)
0.899 0.532 1.520 0.695™
4.79+£0.78
4.61(3.1;7)

Chi-square test (x?); “Student’s t-test; ‘Mann-Whitney test.

SD = standard deviation; min = minimum; max = maximum; OR = odds ratio; C| = confidence interval.

the adherence to treatment, and increases the rate of suicide and
mortality.?® Tryptophan metabolites, the precursors of serotonin
and melatonin, are increased in patients undergoing dialysis and
may be associated with depression and fatigue.* Considering
that there is a causal relationship between fatigue and depres-

sion, the finding of increased fatigue in patients undergoing

dialysis suggests the need for further investigation and poten-
tial diagnosis of depression. Various types of fatigue, such as
physical, mental, and emotional, have been described as pre-
cursors of depression; furthermore, fatigue has been reported in
22-49% of patients treated with antidepressants and in depres-

sion remission.”’” However, bivariate analyses indicate that



Table 4. Questionnaire responses according to the presence of fatigue and the bivariate analysis results

Fatigue Cl (95%)
Variable OR P
No Yes Lower Higher

Functional capacity 0.970 0.956 0.985 <0.001°¢
Mean = SD 62.7 £30.2 355+28.2
Median (min.; max.) 70 (0; 100) 30 (0; 100)

Physical health 0.976 0.964 0.988 <0.001°¢
Mean + SD 51.1+434 16.3£28.2
Median (min.; max.) 50 (0; 100) 0 (0; 100)

Pain 0.976 0.961 0.991 0.001°¢
Mean = SD 67.5+25.8 47.9+£30.3
Median (min.; max.) 62 (0; 100) 41 (0; 100)

General health 0.960 0.937 0.983 <0.001°¢
Mean = SD 54+21.5 38.8+17.1
Median (min.; max.) 57 (5; 100) 42 (5;77)

Vitality 0.961 0.940 0.982 <0.001°¢
Mean = SD 61.7+£22.6 43.1£20.2
Median (min.; max.) 62.5 (15; 100) 45 (5; 80)

Social aspect 0.964 0.947 0.982 <0.001°¢
Mean = SD 783 +239 54.3+26.3
Median (min.; max.) 87.5(12.5; 100) 50 (0; 100)

Emotional aspect 0.980 0.970 0.991 <0.001¢
Mean = SD 64.5+41.8 32+36
Median (min.; max.) 100 (0; 100) 33.3(0; 100)

Mental health 0.969 0.950 0.989 0.002¢
Mean = SD 72.1+£19.8 57.1+£235
Median (min.; max.) 76 (24; 100) 60 (12; 100)

BDI-II, n (%) 1.823 1.260 2.637 0.001¢
Normal 27 (65.9) 14 (34.1)
Mild disorder 11(52.4) 10 (47.6)
Onset of clinical depression 3(21.4) 11(78.6)
Moderate depression 4(28.6) 10(71.4)
Severe depression 1(25) 3(75)
Extreme depression 0(0) 1(100)

PSQl, n (%) 0.027
Bad 27 (49.9) 39(59.1) 1.00
Good 19 (65.5) 10 (34.5) 0.36 0.15 0.91

Chi-square test (¥?); ‘Mann-Whitney test.
BDI-Il = Beck Depression Inventory II; PSQI = Pittsburgh Sleep Quality Index; SD = standard deviation; min = minimum; max = maximum; OR = odds ratio; Cl =
confidence interval.

depression is causally correlated with an impact on all fatigue In patients undergoing hemodialysis, sleep disorders predis-
types.?® Depression was found to be more prevalent in patients  pose them to complications in general health, mental health, and

with fatigue in our study. physical capacity and fatigue. The most prevalent etiologies of sleep



disorders include psychological factors, such as stress, anxiety, and
depression, metabolic changes, pain, dietary restrictions, dyspnea,
fatigue, cramps, and hypocapnia secondary to metabolic acidosis.?
Sleep alterations affect 40-83% of patients undergoing dialysis,”!
and their association with restless leg syndrome increases the risk
of death®. The treatment of restless leg syndrome reportedly leads
to an improvement in fatigue-related symptoms.*® Patients with
chronic kidney disease undergoing hemodialysis have increased
tryptophan catabolism, an essential amino acid that increases
serotonin production in the central nervous system. A subsequent
decrease in the serum concentration of tryptophan could be related
to changes in the sleep quality and fatigue.®* A study demonstrated
that non-pharmacological treatments that decreased anxiety were
associated with a reduction in fatigue and improvement in sleep
quality.* Additionally, a meta-analysis showed that performing
aerobic exercises during dialysis sessions and acupuncture sessions
can improve the sleep quality and decrease the reliance on drugs
for the treatment of sleep disorders;* performing aerobic exercises
before the dialysis session could also have similar benefits.* Our
study established a significant association between sleep disorders
and fatigue, suggesting that the treatment of these disorders could
decrease the prevalence of fatigue and improve the quality of life.

The quality of life in patients undergoing hemodialysis influ-
ences their prognosis and mortality rate. Thus, diagnosing sleep
disorders and fatigue is as an integral part of the treatment.*** Our
results were comparable to that of a study where the quality of life
was inversely related to fatigue and depression. Additionally, mar-
ried patients whose treatments were financially supported expe-
rienced a better quality of life.** Our study confirmed this inverse
relationship, especially in the domains of physical and general
health. Physical exercise programs performed during the intra-
dialytic period reportedly have a positive impact on the patient’s
quality of life, depression, and fatigue.*

Our study had several limitations. Due to the observational
nature of this study, we could not infer a cause-and-effect relation-
ship among the observed variables, that is, between the occur-
rence of fatigue and depression or sleep disorders. Therefore, cau-
tion should be exercised when applying these results to patients
undergoing hemodialysis in daily practice. Further prospective
studies are needed to determine the etiology of fatigue and assess
its prognostic role in patients with chronic kidney disease under-

going hemodialysis.

CONCLUSION

Fatigue is common among patients undergoing hemodialy-
sis and is associated with depression and sleep disturbances.
Clinicians should proactively investigate signs of fatigue to
avoid its impact on the quality of life in patients with end-stage

kidney disease.
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ABSTRACT
BACKGROUND: A possible direct link between nonalcoholic fatty liver disease (NAFLD) and Helicobacter
pylori (H. pylori) infection has recently emerged.
OBJECTIVE: This study aimed to analyze associations between the presence of histologically demonstrat-
ed NAFLD aspects with H. pylori infection in individuals with obesity undergoing bariatric surgery.
DESIGN AND SETTING: An observational analytical cross-sectional study was conducted based on data
collected from the medical records of individuals undergoing bariatric surgery at a tertiary university hos-
pital in 2019.
METHODS: NAFLD was assessed through histological examination of wedge liver biopsies collected during
the proceedings. H. pylori infection was analyzed through the association of the urease test and histological
examination performed in biopsies routinely collected during preoperative esophagogastroduodenoscopy.
RESULTS: Of the 88 participants, 85% were female, and the average age was 39.1 £ 8.4 years. H. pylori infec-
tion was present in 61.4% of the patients. The mean body mass index was 36.6 + 3.4 kg/m?. The most prev-
alent histopathological aspects of NAFLD were macrovesicular steatosis (92%), hepatocellular ballooning
(92%), lobular inflammation (93.2%), portal inflammation (96.6%), and fibrosis (93.2%). No histopathologi-
cal aspect of NAFLD was found to be significantly associated with H. pylori infection.
CONCLUSION: In this study population, H. pylori infection was not significantly associated with the histo-
pathological aspects of NAFLD in individuals with obesity undergoing bariatric surgery.

INTRODUCTION
The association between non-alcoholic fatty liver disease (NAFLD) and extrahepatic conditions
has been increasingly reported in recent years, and its correlation has been described with con-
ditions such as obesity, metabolic syndrome, diabetes, sarcopenia, heart disease, and chronic
kidney disease. Furthermore, a possible direct link between NAFLD and Helicobacter pylori
(H. pylori)infection has emerged. The mechanisms of this association, however, remain unclear
and seem to be associated with low-grade inflammation underlying chronic infection by this bac-
terium and its connection with insulin resistance and imbalances in lipid metabolism."*Meta-
analyses carried out by Mantovani et al.> and Wei et al.* suggested a significantly increased risk
of NAFLD among H. pylori carriers. Nonetheless, these reviews included studies that assessed
NAFLD using heterogeneous diagnostic methods, primarily imaging techniques.

This study aimed to analyze the association between the presence of histologically demonstrated

NAFLD and H. pylori infection in individuals with obesity undergoing bariatric surgery (BS).

METHODS

Study design

An observational, analytical, cross-sectional study was conducted based on data collected from
medical records of individuals undergoing BS at a tertiary university hospital in 2019. The study
protocol was evaluated and approved by the local institutional review board under opinion
4.677.470 (CAAE: 45210321.8.0000.5404; date: April 28, 2021). All the participants provided

informed consent.
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Study population
This study included individuals aged 18 to 70 years, of any sex,
who underwent Roux-en-Y gastric bypass(RYGB) according to the
National Institutes of Health criteria. Exclusion criteria were his-
tory of other liver diseases, cholestatic diseases and viral hepatitis,
belonging to vulnerable groups (underaged or with severe mental
or intellectual impairment), recent or current use of alcohol, illicit
drugs or hepatotoxic medications, and incomplete medical records.
Of the101 individuals who underwent RYGB, 88 were selected
for the study; 13 individuals were excluded for viral hepatitis (n = 2),
hepatotoxic medications (n = 3), previous cholestasis (n = 1), and

incomplete medical records (n = 7).

Demographic, anthropometric,

clinical, and biochemical data

Data regarding age, sex, body mass index (BMI), and presence of
hypertension and type 2 diabetes were collected. The following
laboratory parameters were analyzed in this study: fasting glu-
cose (mg/dL), aspartate aminotransferase (AST, IU/L), and ala-

nine aminotransferase (ALT, IU/L).

NAFLD assessment

NAFLD was assessed through histological examination of wedge
liver biopsies collected during the procedure. The main NAFLD
features were classified into following categories:1) macrovesicu-
lar steatosis; 2) microvesicular steatosis; 3) hepatocellular balloon-
ing; 4) lobular inflammation; 5) portal inflammation); and6) fibro-
sis. These aspects were classified as absent or present according to
the classification system proposed by Brunt et al.> (Reviewer #1;
Comment #2) Biopsies were systematically performed in all bariat-
ric operations at this facility as part of routine care. The histopatho-

logical examination was performed by the same pathology team.

Helicobacter pylori infection assessment
H. pylori infection was analyzed by means of a urease test and
histological examination with Giemsa stain was performed on
biopsies that were routinely collected during preoperative esoph-
agogastroduodenoscopy. H. pylori infection was classified as
present or absent.

H. pyloriinfection status was correlated with the presence and

severity of NAFLD aspects above cited.

Statistical analysis

To compare proportions, the chi-square test or Fisher’s exact test
was used, when necessary. The Mann-Whitney test was used to
compare continuous variables. The significance level was set at
5% (P < 0.05). Analyses were performed using the SAS System for
Windows (Statistical Analysis System, version 9.2; SAS Institute
Inc., 2002-2008, Cary, North Carolina, United States).

RESULTS

Demographic, anthropometric, and clinical data

Ofthe88 participants, 85% were female, and the average age was
39.1 + 8.4 years. H. pylori infection was present in 61.4% of the
patients. The mean BMI was 36.6 + 3.4 kg/m?. Hypertension was
present in 40.9% of patients, and 22.7% presented with diabetes.
There were no significant differences between these variables in

individuals with or without H. pylori infection.

Biochemical variables

The mean AST levels were 22.4 = 8 IU/L and ALT levels were
27.4+14.7 IU/L. The average fasting glucose was 88.9 +20.1 mg/
dL. There were no significant differences in biochemical variables

between individuals with or without H. pylori infection.

Histopathological features
The most prevalent histopathological aspects of NAFLD were
macrovesicular steatosis (92%), hepatocellular ballooning (92%),
lobular inflammation (93.2%), portal inflammation (96.6%), and
fibrosis (93.2%). No histopathological aspect of NAFLD was sig-
nificantly associated with H. pylori infection.

Complete comparisons between individuals with and without

H. pylori infection are shown in Table 1.

Table 1. Comparison of demographic, anthropometric, clinical,
biochemical, and NAFLD-related histopathological aspects
between individuals with or without H. pylori infection

H. pylori No H. pylori

inf:’:tion infec‘t?:)n P value
N 54(61.4%)  34(38.6%) NA
Age (years) 39.1£11 39.4+8.1 0.9

Female: 48  Female: 27

(88.9%) (79.4%)
Gender Male: 6 Male: 7 02

(11.1%) (20.6%)
BMI (kg/m?) 37.8t6.4 36.5+0.6 0.8
Hypertension 20 (44.4%) 16 (47.1%) 0.4
Type 2 diabetes 9(16.7%) 11 (32.4%) 0.1
AST (IU/L) 226+84 222+74 0.8
ALT (IU/L) 28.1+165 264+11.8 0.6
Fasting glucose (mg/dL) 90.1+£19.1  87.1£21.6 0.5
Macrovesicular steatosis 49 (90.7%) 32 (94.1%) 0.6
Microvesicular steatosis 19 (35.2%) 11 (32.4%) 0.8
Hepatocellular ballooning 50 (92.6%) 31(91.2%) 0.8
Lobular inflammation 48 (88.9%) 34 (100%) 0.1
Portal inflammation 52 (96.3%) 33 (97.1%) 0.8
Fibrosis 50(92.6%)  32(94.1%) 0.8

H. pylori = Helicobacter pylori; NAFLD = non-alcoholic fatty liver disease;
N = number of individuals; NA = not applicable; BMI = body mass index;
AST = aspartate aminotransferase; ALT = alanine aminotransferase.



DISCUSSION

In the current study, the occurrence of both H. pylori infection
and NAFLD was considerably high in individuals undergoing BS.
These findings are comparable to those of the previous studies.
There were no significant associations between H. pylori infec-
tion and anthropometric, clinical, biochemical, or histopatho-
logical aspects in the current population sample. The study pop-
ulation mainly comprised women (85%) aged between 30 and
50 years, which is common in BS. Fuchs et al.® analyzed the sex
gap in BS in the United States through a multicenter database
comprising 190,705 individuals who underwent BS between
1998 and 2010 and found a similar 4:1 proportion, despite an
almost 1:1 proportion of obesity between males and females.
The authors attributed this gap to several factors, highlighting a
slightly greater eligibility for BS among women alongside some
degree of sociocultural pressure regarding weight loss within this
gender group and a lower willingness to seek medical care among
men. Furthermore, this study pointed out that the gender gap is
more prominent in lower-income populations.

H. pylori infection has been suggested to play a role in the
pathogenesis of insulin resistance by several mechanisms, mostly
through increased levels of pro-inflammatory cytokines, eicosa-
noids, acute phase proteins, reactive oxygen species production,
and changes in serum cytokines.”'° Recent studies have shown that
H. pylori also plays a potential role in systemic chronic inflam-
mation by increasing intestinal permeability.’""* These mecha-
nisms are also reported to be directly related to the development
of NAFLD. 416

Some high-quality studies have reported this association.
A large cross-sectional study carried out by Jiang et al.'"” with
4,081 individuals identified a positive correlation between NAFLD
diagnosed by ultrasound and H. pylori infection evaluated through
urease breath test, mostly among females and individuals with dys-
lipidemia. Ina large prospective cohort study that included 17,028
participants initially free of NAFLD, Kim et al.'® demonstrated that
H. pylori infection was independently associated with the inci-
dence of “de novo” NAFLD. These findings were reinforced by the
meta-analyses by Mantovani et al.> and Wei et al.*

Nevertheless, the currently available literature is far from con-
sensus on the existence of this positive association between H. pylori
and NAFLD, with other methodologically appropriate studies
demonstrating opposite findings. In large studies carried out in
Japan by Okushin et al."” and in China by Fan et al.* with 13,737
and 21,456 participants, respectively, H. pylori was not an isolated
risk factor for NAFLD. A study carried out by Baeg et al.?! that
identified H. pylori infection as a variable significantly correlated
with metabolic risk factors, including high BMI, blood pressure,
triglycerides, and low HDL, failed to demonstrate an indepen-

dent association between H. pylori and NAFLD. Furthermore, a

prospective study by Jamali et al.?2 showed that H. pylori eradica-
tion per se does not affect liver fat content and lipid profile in dys-
peptic patients with NAFLD.

Considering that most population studies included samples
of individuals with heterogeneous BMI status, this also raises
the question of whether this putative association could be more
or less likely to be identified among individuals with or without
obesity. Lecube et al.” analyzed a population of 416 individuals
with both obesity and NASH and concluded that in patients with
morbid obesity, H. pylori infection does not seem to be associated
with abnormal carbohydrate metabolism and suggested that the
low-grade inflammation that accompanies obesity seemingly mit-
igated the diabetogenic effect of H. pylori. In contrast, Doulberis
et al.,” investigating the metabolic burden of H. pylori infection
in 64 morbidly obese individuals, observed that H. pylori infec-
tion was independently associated with insulin resistance, NASH,
and liver fibrosis. Thus, even in this setting, the answer seems far
from a consensus.

The current study has some limitations that should be consid-
ered. Its cross-sectional design did not provide insights into causal
or consequential links. Since it included individuals undergoing
BS, there was a tendency towards a very homogeneous population
in relation to BMI status. Furthermore, this population has a high
prevalence of NAFLD. Prospective studies enrolling individuals
without obesity could clarify this issue. Considering that most pre-
vious studies were carried out in Asia and the current study was
performed in a population of highly multi-ethnic heritage in South
America, ethnicity may also play a role in the conflicting results.
On the other hand, this study has the clear strength of analyzing
NAFLD through the best possible method, that is, histopatho-
logical examination, which provided a detailed evaluation that
imaging methods are unable to equally provide and, thus, adds
more accurate information to the currently available evidence on

this relevant topic.

CONCLUSION
In the studied population, H. pylori infection was not signifi-
cantly associated with either histopathological or biochemical

variables of NAFLD in obese individuals undergoing BS.
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ABSTRACT
BACKGROUND: The Pregnancy Mobility Index (PMI) was developed to assess mobility in pregnant wom-
en in the Netherlands. At present, no similar questionnaire is available in Brazil.
OBJECTIVE: The present study aimed to translate, cross-culturally adapt, and evaluate the psychometric
properties of a Brazilian PMI.
DESIGN AND SETTING: The present study was a validation study conducted at the Universidade Federal
do Parand and a public maternity ward in Curitiba, Brazil.
METHODS: Text translation and cross-cultural adaptation followed international guidelines. Construct
validity, internal consistency, and inter- and intra-rater reliability tests included 97 women. The Pelvic
Girdle Questionnaire, Multidimensional Pain Evaluation Scale, Schober’s test, and lumbar spine range
of motion assessment were administered on the first day. Intra-rater reliability (n = 19) was measured
after 15 days. Exploratory factor analysis was performed, and the correlation matrix was analyzed using
Pearson'’s coefficient.
RESULTS: Pregnant women (88%) understood the cultural adaptation process. The internal consistency
was high (Cronbach’s alpha > 0.90), construct validity was moderate, with significant correlation between
lumbar spine range of motion (r = 0.283-0.369) and Schober’s test (r = -0.314), and high correlation be-
tween the Multidimensional Pain Evaluation Scale (r = -0.650 and -0.499) and Pelvic Girdle Questionnaire
(r =-0.737). Intra- and inter-rater reliabilities were excellent (intraclass correlation coefficient = 0.932 and
0.990, respectively).
CONCLUSION: The Brazilian version of the PMI was successfully translated with excellent reliability and
moderate-to-high construct validity. It is an important tool for assessing mobility in pregnant women.
CLINICAL TRIAL: RBR-789tps (Validation study), https://ensaiosclinicos.gov.br/rg/RBR-789tps.

INTRODUCTION

The anatomical and physiological changes that occur during pregnancy frequently increase mus-
culoskeletal disorders. Symptoms frequently related to pregnancy are largely due to ligamentous
laxity and joint hypermobility, which are associated with hormonal changes and weight gain.
This, in turn, increases mechanical stress. Additionally, pregnant women have a displaced cen-
ter of gravity, which is associated with hyperlordosis that contributes to the mechanical strain
on the sacroiliac and back joints."* Low back and pelvic girdle pain are the most frequent com-
plaints during pregnancy, and both negatively affect mobility and functionality, contributing to
physical disability that can affect work performance and day-to-day activities.>*

Although there are several questionnaires that evaluate disability and loss of mobility caused
by back pain in the general population, none are specific to pregnant individuals.>* Pregnancy-
related back pain differs from that in the general population, and has distinctive mobility patterns
and expectations.* A questionnaireis a tool that transforms subjective information into objective
and measurable data. In this way, it is possible to demonstrate the patient’s evolution to them in
a clearer and more understandable way. The advantage of using questionnaires is that they are
self-reported by the patient or the healthcare worker, in research or the clinical setting. In clinical
practice, questionnaires can become a facilitator for medical records, assisting the healthcare pro-

fessional in understanding the patient’s needs and, later, in the execution of the treatment plan.®
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In Brazil, there is only one questionnaire available with which
to assess the interference of lumbopelvic pain in sexual activity,
sleep quality, and day-to-day activities during pregnancy.* As of
yet, there is no questionnaire that assesses the mobility of preg-
nant women which has been validated for the Brazilian popula-
tion;** however, the Pregnancy Mobility Index (PMI) could fill this
gap, as it was developed to specifically assess this variable.* The
PMI, composed of 24 questions which aim to assess the effects of
low back and pelvic pain during and after pregnancy on day-to-
day activities, is considered a reliable and valid instrument when
applied to the Dutch population. The PMI can also assess the
effects of pain interventions and help understand normal levels

of mobility during pregnancy.*

OBJECTIVE

The aim of the present study was to provide a cross-cultural adap-
tation and psychometric evaluation of a Brazilian Portuguese
version of the PMI.

METHODS

The present validation study, performed using the Consensus-
Based Standards for the Selection of Health Measurement
Instruments (COSMIN) guidelines,® was approved by the eth-
ics committee at the Universidade Federal do Parana (UFPR)
(Number:2.399.033; CAAE 78877417.8.0000.0096; approved in
2017) and registered in the Brazilian Registry of Clinical Trials as
a validation study (RBR-789tps - https://ensaiosclinicos.gov.br/
rg/RBR-789tps). The present study was conducted in Curitiba,
Brazil, at the Victor Ferreira do Amaral Hospital and Maternity
Ward, and at the Prevention and Rehabilitation in Physical
Therapy Department of the UFPR. All individuals provided writ-
ten informed consent prior to participating in the study.

To begin, we requested authorization for the translation and
validation of a Brazilian Portuguese version of the PMI. The Dutch
and English versions of the PMI were utilized for the prepara-
tion of the Brazilian version.*” The process of translation, back
translation, and cross-cultural adaptation rigorously followed the
Guidelines for the Process of Cross-Cultural Adaptation of Self-
Report Measures.®

Four bilingual translators, all native speakers of Brazilian
Portuguese, translated the instrument; two were healthcare pro-
fessionals (T1D and T1E), while the other two had no healthcare
experience (T2D and T2E). The translations were discussed by the
translators and the authors of the present study, and the first ver-
sion of the translated PMI was created (T-12D and T-12E). This
version was translated back to English and Dutch by four native
speakers, none of whom were healthcare professionals or had prior
knowledge of the original version of the PMI (BT1D, BT2D, BT1E,

and BT2E). To reach a consensus, a committee of experts reviewed

a document containing the translations, back-translations, origi-
nal versions, and a report prepared by the research team, includ-
ing each item of the instrument, alternative answers, and instruc-
tions. The committee’s decisions were aimed at ensuring semantic,
idiomatic, experimental, and conceptual equivalence between the
versions. The pre-final version was administered to 30 eligible par-
ticipants to evaluate for any difficulties in item comprehension.

In order to verify the comprehension of the instrument by the
participants, we followed the steps described in a previous study.’
Pregnant women were questioned about the comprehension of
each item, and answers were based on a scale that ranged from
0-5. Additionally, participants were instructed to answer three
open-ended questions. The research team calculated the percent-
age of understanding, and the committee verified that all recom-
mended steps had been followed. The final version of the Brazilian
Portuguese PMI was created.

The Brazilian Portuguese PMI has 22 questions using the fol-
lowing 3 subscales (Appendix): daily mobility in the home; house-
hold activities; and mobility outdoors. Each question regarding the
limitations of the lumbopelvic region in performing the activities
was scored on 4-point Likert scale (0 = no difficulty; 1 = little dif-
ficulty; 2 = very difficult; and 3 = impossible to perform without
help). Additionally, it was also possible to choose “not applicable”
as an answer (this item, when checked, was not used to calculate
the final score).

After the translation and cross-cultural adaptation, validity and
reliability were assessed at a public maternity hospital. Primiparous
and multiparous pregnant women at a gestational age > 20 weeks,
without cognitive deficits, and who were native Brazilian Portuguese
readers were included. Women were excluded if they had a high-
risk pregnancy (twins, triplets, or more pregnancies and/or with
diabetes, hypertension, measles, rubella, and/or a urinary tract
infection), had psychiatric and/or neurological disorders, and/or
were unable to perform the tests.

Sociodemographic data were collected during the first interview,
including age, gestational age, ethnic characteristics (Caucasian,
African, Asian, multiple ethnicities), marital status (single, mar-
ried, divorced), level of education (primary incomplete/com-
plete, secondary complete, college complete), occupational sta-
tus (employed, homemaker), lifestyle (smoking habits, alcohol
consumption, physical activity), and presence of low back pain
before and during pregnancy. After the researchers collected the
data, the Brazilian Portuguese PMI was administered three times
(at the beginning of the interview, after 30 minutes, and after 15
days), per the guidelines provided by the COSMIN initiative.'

The participants were asked to answer the Brazilian Portuguese
PMI multiple times - first at the beginning of the interview
(Examiner 1) and again after 30 minutes (Examiner 2). In the

same interview, lumbopelvic incapacity was evaluated using the
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Pelvic Girdle Questionnaire (PGQ)," pain intensity was evaluated
using the Multidimensional Pain Evaluation Scale,'? and lumbar
spine range of motion was evaluated using the modified Schober’s
test?and fleximetry."

In the second interview, which was arranged on average 15
days after the first interview, the PMI was completed again, by 19
pregnant women who had already answered the PMI at the first
assessment, via a posting by Examiner 1 on a mobile instant mes-
saging service. The participants did not receive any interventions
or treatment for low back or pelvic pain during the study period.

In the present study, we made changes in the following: 1)
the way the questions were described (statement); 2) we added an
answer option (“not applicable”) to the questions; and 3) we added
a scoring formula to the questionnaire, which guarantees a con-
sistent calculation of the final score. Semantic and cultural adap-
tations provided the greatest comprehension of the questionnaire.

The final score was calculated by adding the score obtained
for each question, multiplying by 100, and dividing by the number
of questions scored multiplied by 3. The final scores ranged from
0-100, where 0 equaled ‘normal performance’ and 100 indicated
‘maximum disability] and consisted of the mobility index of the

pregnant woman, as formulated below.

[100 — (sum of the scores obtained) x 100]
number of questions scored X 3

Mobility index =

Statistical analysis

Descriptive statistics (mean and standard deviation for contin-
uous data, and frequency and percentages for categorical data)
were analyzed to characterize the participants. All analyses were
performed using a 95% confidence interval (CI). The intraclass
correlation coefficient (ICC) and Bland-Altman method'>!® were
utilized to evaluate the inter- and intra-rater reliability and con-
cordance of the PMI, respectively. ICCs were interpreted as fol-
lows: poor (< 0.4); fair (0.4-< 0.6); good (0.6-< 0.75); and excel-
lent (= 0.75)." The factor analysis followed the main component
analysis with Varimax rotation. To analyze the internal consis-
tency, a standardized Cronbach’s alpha coefficient was utilized.
The Pearson coefficient was utilized to evaluate the construct
validity of the PMI between other instruments and tests (PGQ,
Multidimensional Pain Evaluation Scale, Schober’s test, and lum-
bar spine range of motion), and the coefficients were interpreted
as follows, based on the magnitude scale proposed by Hopkins:'?
trivial (< 0.1); small (0.1-0.29); moderate (0.30-0.49); large
(0.50-0.69); very large (0.70-0.90); and nearly perfect (> 0.90).
Statistical analyses were performed using the Statistical Package
for the Social Sciences (SPSS) software, version 22 (IBM, SPSS
Inc., Chicago, IL, United States), and the significance level was
setat P < 0.05.

The sample size was determined according to guidance from
Terwee et al.,'® which suggested a ratio of > 4-10 participants for
each instrument containing 24 questions. A total of 106 pregnant
women participated in the present study, although 9 were excluded
because they were either high-risk (n = 6) or failed to complete
the proposed tests (n = 3). The final validation sample included a
total of 97 pregnant women.

RESULTS

Some discrepancies between the original version and those ana-
lyzed by the committee were observed during the translation and
back-translation processes. These discrepancies were resolved
using strategies such as word addition, omission, or substitutions
to search for semantic, conceptual, idiomatic, and experimental
equivalence. Using these strategies, it was possible to generate
equivalent expressions in Brazilian Portuguese. All modifications
were performed prior to pretesting. The cross-cultural adaptation
involved 30 women, and high comprehension (88%) of all items
of the pre-final version was observed, which indicated no further
need for revisions.

The validation phase included a total of 97 pregnant women.
The mean age was 26.8 + 6.2 years, and the intensity of the low
back pain was considered light before pregnancy and advanced-
to-moderate during pregnancy. The results are shown in Table 1.

The reliability and concordance results of the intra- and inter-
rater reliability tests, which are shown in Table 2, indicated high
intra- and inter-rater reliability (ICC = 0.93 and 0.99, respectively).
The paired-samples Student’s t-test did not show significant differ-
ences in the average test-retest scores for intra-examiner reliabil-
ity (P = 0.722), although it was different (P = 0.000) from inter-
examiner reliability. Bland- Altman plots (Figures 1A-B), however,
revealed a mean error in the difference between the intra- (1.00,
standard deviation, SD = 12.06, 95% CI = -24.63-22.63) and inter-
examiner reliability (1.85, SD = 4.32, 95% CI = -10.35-6.60) close
to zero. The P-value of the regression analysis showed that the slope
of the curve did not deviate from zero (intra-examiner reliability,
P = 0.412; inter-examiner reliability, P = 0.741). Therefore, these
results represent 95% agreement between the test and retest scores.

The suitability of the scale was evaluated using factor analy-
sis. The Kaiser-Meyer-Olkin value vas was 0.857, and the Bartlett
sphericity test (2 = 1232.79; d.g. [degrees of freedom]: 210;
P < 0.000) indicated that the data was adequate for conducting
the factorial analysis.

The factor analysis included 22 questions from the original
PMI; however, questions 17 (“traveling by train”) and 19 (“travel-
ing by bicycle”) were removed because they did not apply to the
study population. The Brazilian Portuguese version of the PMI
extracted three components, as did the original PMI. After the

removal of an item that presented an unsatisfactory factorial load



Table 1. Characteristics (frequency and percentage) of the study
sample (n=97)

Continuous characteristics Mean sD
Age (years) 26.8 6.2
Gestational age (weeks) 31.7 6.2
Low back pain intensity (points)

Before pregnancy 1.6 2.7

During pregnancy 5.7 24
Categorical characteristics n %
Ethnic

Caucasian 59 60.8

Mixed ethnicity 21 216

African 13 134

Asian 4 4.1

Marital status

Married 52 53.6
Single 39 40.2
Divorced 6 6.2
Educational level
Primary incomplete 7 7.2
Primary complete 12 124
Secondary complete 56 57.8
College complete 22 22.7
Occupational status
Housewife 25 25.8
Administrative assistant 23 23.7
Businesswoman 13 134
Student 11 11.3
Healthcare professional 9 9.3
Maid 8 8.2
Saleswoman 6 6.2
Teacher 2 2.1
Lifestyle
Smoking habits 6 6.2
Alcohol consumption 0 0
Physical activity practice 12 124
Presence of low back pain
Before pregnancy 30 30.9
During pregnancy 92 94.8
Only during pregnancy 62 64.8

SD = standard deviation; n = number.

(Item 4), the three components showed a delimitated factorial dis-
tribution, each with at least four questions, presenting self-values
> 1 (Table 3). A cut-off value of 0.40 was applied for the factor
loadings, both in relation to the proximity of the items in the anal-
ysis and adherence to the theory. These factors corresponded to
the subscales for daily mobility in the house (eigenvalue = 5.503),
household activities (eigenvalue = 4.757), and mobility outdoors
(eigenvalue = 4.691), which explained 71.20% of the variance. The
model presents limitations related to cross-loading, which was
<0.20 for questions 7, 13, 14, and 18. The maintenance of the mod-
el’s structure was chosen because of the higher loads in the ques-
tion origin factor and the expected correlation between the scale
factors. These results indicate the reliability of the PMI, meaning
that the Brazilian Portuguese version of the questionnaire was able
to accurately evaluate mobility during pregnancy. Furthermore,
each subscale had high internal consistency (0.933, 0.911, and
0.907 for the first, second, and third components, respectively),
with Cronbach’s alpha above the recommended value.'®

The PMI construct validity was established through Pearson’s
coeflicient with gestational age and tests (PGQ, Multidimensional
Pain Evaluation Scale, Schober’s test, and lumbar spine range of
motion) which ranged between -0.737 and 0.369. The results are
presented in Table 4.

DISCUSSION

The main findings of the present study are related to the trans-
lation and cross-cultural adaptation of the Brazilian Portuguese
version of the PMI. The results of the present study indicate that
the Brazilian Portuguese PMI is reliable, consistent, and can dis-
criminate between regular and irregular mobility.

The translation, validity, and reliability process should be rig-
orously followed, as the assessment tools must be precise, objec-
tive, and of high quality.**® The present study carefully followed
guidelines specifying how to perform a psychometric evaluation
of a questionnaire," based on suggestions regarding the use of
guidelines for the cross-cultural adaptation of patient-reported
outcome measurements.®

Other studies reinforce the importance of ensuring the equiv-
alence of the items of the translated questionnaire with descrip-

tors of the original and translated instrument.*' This equivalence,

Table 2. Results of reliability and concordance of intra- and inter-rater test (n = 96)

ICC
Icc 95% Cl d
Intra-examiner 0.93 0.78;0.97 -1.00
Inter-examiner 0.99 0.97;0.99 1.85

Bland-Altman

_ _ 95% LoA
95% Cl of d SDof d
-6.81;4.81 12.06 -24.63 22.63
0.98;2.72 432 -10.35 6.60

ICC, intraclass correlation coefficient; Cl, confidence interval; LoA, limits of agreement; d = bias, the difference between the two measures; SD, standard

deviation; SD of d, standard deviation mean difference; P < 0.05, paired sample t-test.
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Figure 1A-B. Bland-Altman Intra- and Inter-rater Reliability graphic.

Table 3. Factor and principal component analysis with

Varimax rotation

Question 1
Question 2
Question 3
Question 5
Question 6
Question 7
Question 8
Question 9
Question 10
Question 11
Question 12
Question 13
Question 14
Question 15
Question 16
Question 18
Question 20
Question 21
Question 22
Eigenvalues

Variance
explained (%)

Cronbach’s
alpha coefficient

Component
13

0.496
0.760
0.708
0.704
0.814
0.849
0.605
0.687
0.745

5.503

26.21

0.933

Component
2b

0.725
0.882
0.882
0.735
0.812
0.665
0.423

0.476

4.757

22.65

0.911

Component
3:

0.471
0.494
0.439
0.579
0.549
0.615
0.795
0.825
4.691

22.34

0.907

Daily mobility in the house; "Household activities; “Mobility outdoors.

Table 4. Pregnancy Mobility Index construct validity between other

variables, instruments, and tests
Variables and tests
Gestational age
Low back pain intensity
Before pregnancy
During pregnancy
Pelvic Girdle Questionnaire
Schober’s test
Lumbar spine range of motion
Flexion
Extension
Right lateral flexion
Left lateral flexion
Right rotation
Left rotation
Multidimensional Pain Evaluation Scale
Acute pain intensity
Chronic pain intensity

°P < 0.05;°P < 0.01.

Pearson’s coefficient

-0.1732

0.027
-0.591°
-0.737°
-0.314°

0.325°
0.283°
0.347°
0.369°
0.161

0.162

-0.650°
-0.499°

however, is not only due to the direct and literal translation of the

questionnaire, but also the necessary adjustment of each question

of the instrument, to ensure that each measurement objective is

preserved in a new culture.®'®

During the process of converting the PMI questionnaire to a

Brazilian Portuguese version, it was necessary to remove three items

from the original questionnaire. The first question (Question 4)

was excluded using principal component analysis. The other two

items (Questions 17 and 19) were excluded because they did not




provide sufficient relevant answers for the analysis. In Brazilian
culture, is it not common to travel by bicycle or train, unlike in
other countries such as the Netherlands. Therefore, the Brazilian
Portuguese version of the PMI included only 21 questions, com-
pared to 24 in the original version.

The results of the present study showed a high internal consis-
tency (Cronbach’s alpha > 0.90) for the Brazilian Portuguese PMI,
indicating that the items of the instrument correlate with both the
other items and the final score. This metric, therefore, shows an
aspect related to reliability.'*'* Reliability was considered excellent
for the intra- and inter-rater assessments (> 0.75), indicating thata
set of PMI questions can evaluate pregnancy mobility, with similar
results when the same respondents are assessed on different occa-
sions without undergoing any change in health.'

Interestingly, the data showed that there was a reduction
in the mean score (21.30) as measured by Examiner 2 after 30
min, compared to Examiner 1 (23.17, mean difference 1.85,
P = 0.000). The reduction in mobility could be justified by the
fact that pregnant women underwent clinical tests to evaluate
mobility and range of motion (Schober’s test and fleximetry),
demonstrating that they would be able to perform the clinical
tests, contrary to their previous judgment as expressed in the
PMI questions. In contrast, no systematic measurement error
(P = 0.722) was found during the intra-rater reliability assess-
ment performed 15 d after the first evaluation. One possible
justification for this result may be related to the fact that preg-
nant women may have returned for their follow-up while retain-
ing their initial perception of mobility, considering that the 3
administration of the questionnaire did not precede mobility and
range of motion tests. Despite these findings, the Bland-Altman
agreement analysis revealed that there were no systematic and/
or random errors in the PMI scores attributed to true changes
in mobility, as seen in Figures 1A-B, ensuring the reproducibil-
ity and concordance of the PMI.

The analysis of the construct validity between the Brazilian
Portuguese PMI and other assessments (PGQ,> Multidimensional
Pain Evaluation Scale,"? Schober’s test,'* and lumbar spine range
of motion') indicated high and moderate correlations, proving
the effectiveness of the Brazilian Portuguese PMI in evaluating
mobility. During pregnancy, women undergo several physiologi-
cal changes that impair mobility, which are usually enhanced by
the presence of pain,>*? justifying the greater correlation of the
PMI with instruments that measure pain and reinforce the instru-
ment’s quality of construct validity.

Pain is one of the predictors of mobility limitations during
pregnancy, especially low back and/or lumbopelvic pain.*! Previous
studies?* have identified that women at advanced gestational ages
have a higher rate of low back pain (visual analog scale = 7, mod-

erate-to-intense) and, consequently, greater mobility limitation

in day-to-day activities. These limitations can subsequently affect
the emotional state of pregnant woman.” Corroborating these
findings, the pregnant women assessed in the present study had
more intense lower back pain in the third trimester of pregnancy
than the first or second. The greatest degree of limitation, how-
ever, occurs in the second trimester, as previously demonstrated
by Bakker et al.??

Data analysis revealed a high prevalence of lower back pain
during pregnancy, and it is widely known that pain and discom-
fort have a significant impact on the daily, domestic, and work
activities of pregnant women.?*> Moreover, health education dur-
ing pregnancy is an important tool to avoid inadequate move-
ments in daily activities, and can be useful to prevent complaints
about increased levels of pain.?* The PMI proved to be a tool that
could help health professionals identify inadequate movements,
considering that the instrument individually points out the dif-
ficulty of movement execution. In a prospective cohort study,”
223 pregnant women in the Netherlands were followed from the
12 to 36 week of gestation, and the results supported the use
of PMI to evaluate physical factors that can help in the preven-
tion of significant pain.

One limitation of the present study is the high educational
level of the sample population, which does not correspond to
the profile of pregnant women from public hospitals in Brazil,”
highlighting the importance of replicating this instrument for
various regions of the country. Patient profiles may be related to
the location of the hospitals, which tend to be in the neighbor-
hoods in the city with the highest Human Development Index
([HDI] 0.956) in the city. All participants in the present study,
however, completed the questionnaire by themselves without
receiving help from the interviewer, which may confirm the
clear and simple description of the questionnaire, ensuring
that all women, regardless of their educational level, were able
to use this questionnaire. Another limitation of the present
study is the absence of a relevant evaluation of women during
the postpartum period, which is included in the original ver-
sion of the PMI.’ Nonetheless, the main objective of the present
study was to include pregnant women in the sample population.
Therefore, we recommend that future studies should investi-
gate the psychometric properties of the Brazilian Portuguese
version of the PMI in the postpartum population. One strength
of the present study is that the PMI presented high internal
consistency and reliability, corroborating the original version.
These results showed that the Brazilian Portuguese version of
the PMI is adequate for detecting changes in mobility related
to low back and pelvic pain in pregnant women. Additionally,
the questionnaire may be utilized during research and clinical
practice to assist and promote health education among preg-

nant Brazilian women.
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CONCLUSION

The Brazilian Portuguese PMI has been shown to be a reliable
and valid questionnaire for use during pregnancy to evaluate
and assist pregnant women in Brazil. The translation, cross-cul-
tural adaptation, and psychometric evaluation of the Brazilian
Portuguese PMI were successfully completed, and will contribute
to health professionals’ clinical decisions, as the PMI is an impor-

tant tool to assess the mobility of pregnant women in Brazil.

REFERENCES

1. Thabah MM, Ravindran V. Musculoskeletal problems in pregnancy.
Rheumatol Int. 2015;35(4):581-7. PMID: 25253297, https://doi.
0rg/10.1007/500296-014-3135-7.

2. Kohlhepp LM, Hollerich G, Vo L, et al. Physiologische Verdnderungen
in der Schwangerschaft [Physiological changes during pregnancyl.
Anaesthesist. 2018;67(5):383-96. German. PMID: 29654495; https://
doi.org/10.1007/500101-018-0437-2.

3. Simdes LCF, Teixeira-salmela LF, Wanderley ELS, et al. Adaptagao
transcultural do“Pelvic Girdle Questionnaire” (PGQ) para o Brasil. Acta
Fisiatr.2016;23(4):166-71. https://doi.org/10.5935/0104-7795.20160032.

4. Van de Pol G, de Leeuw JR, van Brummen HJ, et al. The Pregnancy
Mobility Index : a mobility scale during and after pregnancy. Acta
Obstet Gynecol Scand. 2006;85(7):786-91. PMID: 16817074; https://
doi.org/10.1080/00016340500456373.

5. Coluci MZ, Alexandre NM, Milani D. Construgao de instrumentos de
medida na area da satide [Construction of measurement instruments
in the area of health]. Cien Saude Colet. 2015;20(3):925-36. PMID:
25760132; https://doi.org/10.1590/1413-81232015203.04332013.

6. COSMIN. Guideline for Systematic Reviews of Outcome Measurement
Instruments. Available from: https://www.cosmin.nl/tools/guideline-
conducting-systematic-review-outcome-measures/. Accessed in
2022 (May 12).

7. vande Pol G.The influence of psychosocial factors on pregnancy related
pelvic symptoms [Thesis]. Utrecht: Utrecht University; 2006. Available
from: https://dspace.library.uu.nl/handle/1874/12838. Accessed in 2022
(May 12).

8. Beaton DE, Bombardier C, Guillemin F, Ferraz MB. Guidelines for the
process of cross-cultural adaptation of self-report measures. Spine
(Phila Pa 1976). 2000;25(24):3186-91. PMID: 11124735; https://doi.
0rg/10.1097/00007632-200012150-00014.

9. Korelo RI, Kryczyk M, Garcia C, Naliwaiko K, Fernandes LC. Wound
healing treatment by high frequency ultrasound, microcurrent, and
combined therapy modifies the immune response in rats. Braz J Phys
Ther. 2016;20(2):133-41. PMID: 26786082; https://doi.org/10.1590/
bjpt-rbf.2014.0141.

10. Mokkink LB, Princen CAC, Patrick DL, et al. COSMIN Study Design
checklist for Patient-reported outcome measurement instruments. Dep
Epidemiol Biostat Amsterdam Public Heal Res Inst Amsterdam Univ
Med Centers, Locat VUmc. 2019;(July):1-32. Available from: https://www.

20.

21.

22.

23.

cosmin.nl/wp-content/uploads/COSMIN-study-designing-checklist_
final.pdf. Accessed in 2022 (May 12).

. Simoes L, Teixeira-salmela LF, Magalhées L, et al. Analysis of Test-Retest

Reliability, Construct Validity, and Internal Analysis of Test-Retest
Reliability, Construct Validity, and Internal Consistency of the Brazilian
Version of the Pelvic Girdle Questionnaire. J Manipulative Physiol
Ther. 2018;41(5):425-33. PMID: 29703648; https://doi.org/10.1016/j.
jmpt.2017.10.008.

. Sousa FA, Pereira LV, Cardoso R, Hortense P. Multidimensional pain

evaluation scale. Rev Lat Am Enfermagem. 2010;18(1):3-10. PMID:
20428690; https://doi.org/10.1590/50104-11692010000100002.

. Macedo Cde SG, Souza PR de, Alves PM, Cardoso JR. Study of validity

and intra and inter-observer reliability of modified-modified schéber
test in subject with low-back pain. Fisioter Pesqui. 2009;16(3):233-8.
https://doi.org/10.1590/51809-29502009000300008

. Marques AP. Manual de goniometria. Sdo Paulo: Editora Manole; 2014.

. Portney L, Watkins M. Foundations of Clinical Research: Applications

To Practice. Philadelphia: F. A. Davis Company; 2015.

. Hirakata VN, Camey S. Andlise de Concordancia entre Métodos de

Bland-Altman. Rev HCPA. 2009;29(3). Available from: https://seer.ufrgs.
br/hcpa/article/view/11727. Accessed in 2022 (May 12).

. Hopkins WG. Measures of reliability in sports medicine and

science. Sport Med. 2000;30(1):1-15. PMID: 10907753; https://doi.
0rg/10.2165/00007256-200030010-00001.

. Terwee CB, Bot SD, de Boer MR, et al. Quality criteria were proposed for

measurement properties of health status questionnaires. 2007,60(1):34-
42.PMID: 17161752; https://doi.org/10.1016/j.jclinepi.2006.03.012.

. Mokkink LB, Terwee CB, Patrick DL, et al. The COSMIN study reached

international consensus on taxonomy, terminology, and definitions of
measurement properties for health-related patient-reported outcomes.
J Clin Epidemiol. 2010;63(7):737-45. PMID: 20494804; https://doi.
0rg/10.1016/j,jclinepi.2010.02.006.

Barros RR, Simdes L, Moretti E, Lemos A. Repercussion of pelvic girdle
pain on pregnant women’s functionality evaluated through the Brazilian
version of the Pelvic Girdle Questionnaire (PGQ-Brazil): a cross-sectional
study. Fisioter Pesq. 2015;22(4):404-10. https://doi.org/10.590/1809-
2950/14342922042015.

Carvalho MECC, Lima LC, Lira Terceiro CA, et al. Low back pain during
pregnancy. Rev Bras Anestesiol. 2017,67(3):266-70. http://dx.doi.
0rg/10.1016/j.bjane.2015.08.014.

Gallo-Padilla D, Gallo-Padilla C, Gallo-Vallejo FJ, Gallo-Vallejo JL. Lumbalgia
durante el embarazo. Abordaje multidisciplinar [Low back pain during
pregnancy. Multidisciplinary approach]. Semergen.. 2016;42(6):e59-64.
PMID: 26239672; https://doi.org/10.1016/j.semerg.2015.06.005.
Bakker EC, van Nimwegen-Matzinger CW, Ekkel-van der Voorden W,
Nijkamp MD, Véllink T. Psychological determinants of pregnancy-
related lumbo- pelvic pain: a prospective cohort study. Acta Obstet
Gynecol Scand. 2013;92(7):797-803. PMID: 23465064; https://doi.
org/10.1111/a0gs.12131.

Sao Paulo Med J. 2023;141(5):e2022279 7


https://doi.org/10.1007/s00296-014-3135-7
https://doi.org/10.1007/s00296-014-3135-7
https://doi.org/10.1007/s00101-018-0437-2
https://doi.org/10.1007/s00101-018-0437-2
https://doi.org/10.5935/0104-7795.20160032
https://doi.org/10.1080/00016340500456373
https://doi.org/10.1080/00016340500456373
https://doi.org/10.1590/1413-81232015203.04332013
https://www.cosmin.nl/tools/guideline-conducting-systematic-review-outcome-measures/
https://www.cosmin.nl/tools/guideline-conducting-systematic-review-outcome-measures/
https://dspace.library.uu.nl/handle/1874/12838
https://doi.org/10.1097/00007632-200012150-00014
https://doi.org/10.1097/00007632-200012150-00014
https://doi.org/10.1590/bjpt-rbf.2014.0141
https://doi.org/10.1590/bjpt-rbf.2014.0141
https://www.cosmin.nl/wp-content/uploads/COSMIN-study-designing-checklist_final.pdf
https://www.cosmin.nl/wp-content/uploads/COSMIN-study-designing-checklist_final.pdf
https://www.cosmin.nl/wp-content/uploads/COSMIN-study-designing-checklist_final.pdf
https://doi.org/10.1016/j.jmpt.2017.10.008
https://doi.org/10.1016/j.jmpt.2017.10.008
https://doi.org/10.1590/S0104-11692010000100002
https://doi.org/10.1590/S1809-29502009000300008
https://seer.ufrgs.br/hcpa/article/view/11727
https://seer.ufrgs.br/hcpa/article/view/11727
https://doi.org/10.2165/00007256-200030010-00001
https://doi.org/10.2165/00007256-200030010-00001
https://doi.org/10.1016/j.jclinepi.2006.03.012
https://doi.org/10.1016/j.jclinepi.2010.02.006
https://doi.org/10.1016/j.jclinepi.2010.02.006
https://doi.org/10.590/1809-2950/14342922042015
https://doi.org/10.590/1809-2950/14342922042015
http://dx.doi.org/10.1016/j.bjane.2015.08.014
http://dx.doi.org/10.1016/j.bjane.2015.08.014
https://doi.org/10.1016/j.semerg.2015.06.005
https://doi.org/10.1111/aogs.12131
https://doi.org/10.1111/aogs.12131

ORIGINAL ARTICLE | Feltrin M, Gallo RBS, Lima EG, Bertoncini NHG, Silva JB, Moreira NB, Korelo RIG.

24. Liddle SD, Pennick V. Interventions for preventing and treating ~ Address for correspondence:
low-back and pelvic pain during pregnancy. Cochrane Database Raciele Ivandra Guarda Korelo,
Syst Rev. 2015;2015(9):CD001139. PMID: 26422811; https://doi. Departamento de Fisioterapia, Prevencéo e Reabilitacdo, Universidade
0rg/10.1002/14651858.CD001139.pub4. Federal do Parana (UFPR)
25. Leal MDC, Gama SGND, Pereira APE, et al. The color of pain: racial R. Coracdo de Maria, 92
iniquities in prenatal care and childbirth in Brazil. Cad Saude Publica. Curitiba (PR), Brasil
2017;33Suppl 1(Suppl 1):e00078816. PMID: 28746555; https://doi. ~ CEP 80210-132
0rg/10.1590/0102-311X00078816. Tel. (+5541) 3361-1619
E-mail: raciele@ufpr.or

Author’s contributions: Feltrin Ml and Bertoncini NHG:

conceptualization (equal), data curation (equal), formal analysis (equal), Editors responsible for the evaluation process:
investigation (equal), methodology (equal), project administration Paulo Manuel Pégo Fernandes, MD, PhD
(equal), software (equal), supervision (equal), validation (equal), Alvaro Nagib Atallah, MD, PhD

visualization (equal), and writing — original draft (equal); Gallo RBS; Lima
EG; and Korelo RIG: conceptualization (equal), data curation (equal),
formal analysis (equal), investigation (equal), methodology (equal),
project administration (equal), resources (equal), software (equal),
supervision (equal), validation (equal), visualization (equal), and writing
- original draft (equal); Silva JB: software (equal), supervision (equal),
validation (equal), visualization (equal) and writing — original draft
(equal); Moreira NB: resources (equal), software (equal), supervision
(equal), validation (equal), visualization (equal), writing — original draft
(equal), and writing — review and editing (equal). All of the authors have

read and approved the final version of the manuscript

Acknowledgments: The authors wish to express their sincere gratitude to
the study participants, without whom the present study could not have
been conducted, and also to the Universidade Federal do Parana (UFPR)
Monography presentation date: This study was presented on
November 2019 at the Universidade Federal do Parana (UFPR) in order to

obtain a bachelor’s degree in Physiotherapy

Sources of funding: None

Conflicts of interest: None

Date of first submission: May 13, 2022
Last received: August 29, 2022
Accepted: December 19, 2022

8 Sao Paulo Med J. 2023;141(5):e2022279


https://doi.org/10.1002/14651858.CD001139.pub4
https://doi.org/10.1002/14651858.CD001139.pub4
https://doi.org/10.1590/0102-311X00078816
https://doi.org/10.1590/0102-311X00078816
mailto:raciele@ufpr.br

Appendix. Pregnancy Mobility Index — Brazilian Portuguese version.

Por favor, assinale com um “X” a op¢io mais adequada para cada item/atividades do quadro abaixo, relacionada a alguma queixa ou limita¢do
em sua pelve e/ou coluna lombar.
Todos os itens/atividades tém pontuagao de 0-3, conforme:
0 - Nenhuma dificuldade ou esfor¢o para a realizagdo da atividade;
1 - Um pouco de dificuldade ou esfor¢o para a realizagdo da atividade;
2 - Muita dificuldade ou esforgo para a realizagdo da atividade;
3 - E impossivel realizar a atividade sem ajuda de outros
Caso nenhuma das opgdes satisfaga a sua resposta e/ou vocé ndo realiza a atividade questionada, vocé deve assinalar como “nao se aplica”

Nenhum dos itens/atividades pode ficar sem resposta.

Vocé vivencia alguma queixa ou limitacao em sua pelve Nenhuma Um pouco Bastante Precisa de ajuda

N3 li
e/ou coluna lombar realizando as seguintes atividades? (0) (1) (2) (3) a0 se aplica

Na movimentagdo didria em casa

1. Levantando-se de uma cadeira

2. Levantando-se de um sofa

3. Levantando-se da cama

4. Colocando os sapatos

5.Virando-se na cama

6. Levantando-se do chao

Realizando atividades domésticas?

7.Limpando com o aspirador de pé/vassoura/esfregédo

8. Lavando roupas

9. Colocando roupas para secar

10. Na posigao ajoelhada

11. Na posicao agachada

12. Na posicdo em pé

13. Levantando 5 kg

14. Levantando 10 kg

15. Subindo ou descendo escadas

Atividades fora de casa:

16. Viajando de carro

17.Viajando de 6nibus

18. Caminhando 50 metros

19. Caminhando 200 metros

20. Caminhando 500 metros

21.Caminhando em uma superficie irregular

Cdlculo: as questdoes marcadas em ‘néo se aplica; ndo serao consideradas para o cdlculo de incapacidade, devendo ser anuladas. A pontuagdo final varia de 0 a
100 pontos, em que 0 indica “capacidade normal” e 100 indica “mdxima incapacidade’.

Indice de mobilidade = [100 - ( pontuagio obtida ) x 100]
niimero de questoes pontuadas x 3

© 2023 by Associacao Paulista de Medicina
This is an open access article distributed under the terms of the Creative Commons license.
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ABSTRACT
BACKGROUND: Chromosomal abnormalities (CAs) have been described in patients with secondary
amenorrhea (SA). However, studies on this association are scarce.
OBJECTIVES: To evaluate the frequency and types of CAs detected by karyotyping in patients with SA.
DESIGN AND SETTING: This retrospective study was performed in a reference clinical genetic service in
South Brazil.
METHODS: Data were obtained from the medical records of patients with SA who were evaluated be-
tween 1975 and 2022. Fisher's bicaudate exact test and Student’s t-test were used, and P < 0.05 was con-
sidered significant.
RESULTS: Among 43 patients with SA, 14 (32.6%) had CAs, namely del (Xq) (n = 3), 45X (n = 2), 46,X,r(X-
)/A5.X (n = 2),46,XX/45X (n=1),46,X,i(q10)/45X (n = 1), 47 XXX (n = 1), 46,XX/47 XXX (n = 1), 46, XX/47 XX-
A+mar (n = 1), 45XX,trob(13;14)(q10;q10)/46,XXX,trob(13;14)(q10;q10) (n = 1), and 46,XX,t(2;21)(q23;911.2)
(n=1). Additional findings were observed mostly among patients with CA compared with those without
CA (P =0.0021). No difference in the mean age was observed between the patients with SA with or with-
out CAs (P =0.268025).
CONCLUSIONS: CAs are common among patients with SA, especially those with short stature and addi-
tional findings. They are predominantly structural, involve the X chromosome in a mosaic, and are com-
patible with the Turner syndrome. Patients with SA, even if isolated, may have CAs, particularly del (Xq)
and triple X.

INTRODUCTION

Amenorrhea is a symptom, not a proper condition, characterized by an alteration in the men-
strual cycle that affects 2%-5% of women of childbearing age."* Secondary amenorrhea (SA)
corresponds to most amenorrhea cases and affects 3%-4% of women of childbearing age. It is
defined by the cessation of menstruation for a minimum period of 3 months in patients with
previously regular cycles or 6 consecutive months in women who have had at least one previous
menstruation."? The diagnostic evaluation of patients with SA begins with assessing patient his-
tory, followed by conducting physical examination, laboratory tests, and imaging.** Although
karyotyping is not routinely performed, it can be an important test.

Considering hormones, SA can be classified as having a central (hypothalamic-hypophyseal)
or peripheric (ovarian) origin."® Hypothalamic disorders are some of the most common causes
of amenorrhea, including SA.” SA might also have a peripheric origin because of a primary ovar-
ian insufficiency that occurs after menarche and before the age of 40 years.®

Several factors can be related to SA, including genetics, the environment, and the interac-
tions between them. Among genetic causes, chromosome abnormalities (CAs),"® which are gen-
erally identified by cytogenetic tests (e.g. karyotyping) are observed. Most CAs are chromosome
X-related, similar to the Turner syndrome (TS).%

Thus, determining the cause of SA is essential for the appropriate management and treat-
ment of patients.” However, studies on SA and CAs are few, and most of them are case reports

or case series.”!!
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OBJECTIVE

This study aimed to evaluate the frequency and types of CAs
detected by karyotyping in a sample of patients with SA, attempt-
ing to correlate these CAs with other clinical features observed

in such patients.

METHODS

This retrospective study was performed in the Department of
Genetics in the southern region of Brazil. The sample comprised
patients with SA who were examined between 1975 and 2022.
Clinical data and information on karyotypes were gathered from
the medical records and clinical protocols of the patients. All the
patients underwent a GTG-banding karyotype test in the same
laboratory, following the modified technique of Yunis.'

The variables present in the clinical protocol were age at first
evaluation, medical specialty from which the patients were referred,
family history of amenorrhea, age at menarche and cessation of men-
struation, period between age of menarche and cessation of menstru-
ation, anthropometric measurements, data of physical examination,
presence or absence of other comorbidities, syndromic appearance,
and results of hormone levels, imaging exams, and karyotype.

Anthropometric measures were evaluated according to the
Growth Charts of the Centers for Disease Control and Prevention."?
The patients were also classified as either syndromic or non-non-
syndromic by a single clinical geneticist. Additionally, the patients
were divided into those with hypogonadotropic hypogonadism
or hypergonadotropic hypogonadism.® The CAs identified were
described according to the International System for Human
Cytogenetic Nomenclature 2016."* Furthermore, they were clas-
sified into numeric or structural and with or without mosaicism.

For data analysis, Fisher’s exact test (https://www.socscistatis-
tics.com/tests/fisher/default2.aspx) and Student’s T-test (https://
www.socscistatistics.com/tests/studentttest/default.aspx) were used
to compare frequencies and means, respectively. Significance was
set at P < 0.05. The study was approved by the Ethics Committees
of the Federal University of Health Sciences of Porto Alegre
(UFCSPA) CAAE: 09909712.3.3001.5345 on January 12, 2018,
and of Presidente Vargas Mother and Child Hospital (HMIPV)
CAAE: 09909712.3.1001.5329 on October 10, 2017.

RESULTS

The sample comprised 43 patients, with age at first evaluation
ranging from 17 to 47 years (mean, 28.8). Most of the patients
were referred from the Department of Gynecology (61%), fol-
lowed by the Department of Endocrinology (36%) and the
Department of Neurology (3%). The age at menarche was 9-18
years (mean, 13.1), and the age at menstruation cessation was
11-34 years (mean, 21.5). The period between menarche and ces-

sation of menstruation was 1-21 years (mean, 8.2).

A family history of amenorrhea was noted in 17.2% of the
patients. Regarding physical appearance, 10 patients (23.3%) had
additional clinical features other than SA, and 9.3% were consid-
ered syndromic. The main findings were short stature (17.6%),
intellectual deficit (9.3%), hypothyroidism (5.6%), congenital heart
disease (3.7%), and hearing loss (2.8%). Regarding hormonal pro-
files, 93.3% of the patients had hypergonadotropic hypogonadism,
whereas 6.7% had hypogonadotropic hypogonadism.

CAs were identified in 14 patients (32.6%), and the number
of analyzed cells was 15-100 (average, 38.7). Structural anomalies
involving the X chromosome (64.3%) were the predominant CAs
(Table 1). Numeric CAs were observed in 35.7% of the patients, and
mosaicism was noted in seven patients (50%). Six patients (14%)
were diagnosed with TS, and 3 (7%) had triple X syndrome.

‘When comparing the groups with and without CAs, those with
CAs only had more additional findings (P = 0.0021). We did not
identify significant differences in mean age at the first evaluation
(P = 0.9612), mean age of SA (P = 0.2680), periods between age at
menarche and cessation of menstruation (P = 0.4285), hormonal pro-
file (P = 1.0000), or syndromic aspect (P = 0.5855) (Table 2) between
the two groups. The mean age of SA in patients with TS was 17.2 years
old (range, 15-24 years), and the normal karyotype was 22.5 (rang-
ing, 11-34 years). No significant difference in the mean values was
observed between the two groups (P = 0.1617). The frequency of CAs
was 30.7% among the patients with hypergonadotropic hypogonad-
ism and 33.3% among those with hypogonadotropic hypogonadism.

DISCUSSION

SA may have multiple causes. Genetic causes include single gene alter-
ations and CAs."® CAs have been associated with SA in 3.8% to 44%
of the cases; this variation occurs most likely because of the different
forms of selection of individuals in each study, as well as the varying
sample sizes.® In our study, a frequency of 32.6% was recorded. This
elevated index may be related to the place where the patients were
evaluated, which was the Department of Clinical Genetics (patients
with SA were commonly evaluated in other departments, especially
in the Department of Gynecology and Endocrinology, from which
almost all the patients in our sample were referred from). Therefore,
they were selected before the clinical genetics evaluation.

CAs described in association with SA can be numeric or struc-
tural, and they can occur in an isolated form or involve more than
one cellular lineage.*® Furthermore, these patients generally exhibit
a wide range of phenotypic abnormalities, other clinical features,
and hormonal profiles.'

In the literature, CAs associated with SA have been described
to mainly affect the X chromosome,’ a finding that accords with
that of our study reporting that among patients with CAs, 85.7%
had abnormalities involving the X chromosome. In our sample, the

main alteration involving the X chromosome was the deletion of
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parts of its long arm, which corresponded to 21.4% of the CA cases.
Proper functioning of the gonads depends on the integrity of both
X chromosomes.” A region of great importance related to normal
ovary development and functioning is localized at the long arm
of the X chromosome and ranging from Xq13.3 to Xq27.'¢ Thus,
deletions involving the long arm of this chromosome, as observed
in three of our patients, can result in ovarian failure. Thus, con-
sidering that these patients often have primary amenorrhea or SA
but without a short stature or other features of TS, as observed
in our patients with Xq deletions, is crucial.

Additionally, loci located in the long arm of the X chromosome
(named POF1 and POF2) are associated with premature ovarian fail-
ure and infertility. Locus POF1 involves the segment between Xq26
to Xqter, while locus POF2 involves the segment between Xq13.3 to

Xq22.101:18 Tocus POFI1 and locus POF2 are clinically associated
with ovarian failure in patients aged 24-29 years old and in those
aged 16-21 years old, respectively.'® In our sample, the two patients
presenting deletions involving POF1 (regions q22q28 and q24q28)
were diagnosed with ovarian failure at 27 and 28 years old, respec-
tively. Meanwhile, the patient with the deletion involving the POF2
(region q13q26) was diagnosed with ovarian failure at 15 years old.
As previously mentioned, these findings are consistent with those in
the literature.''

The genes placed in the POF1 and POF2 loci of X chromosome
are as follows: CHM (Xq21.1) (OMIM *300390), POF1B (Xq21.1)
(OMIM *300603), DACH2 (Xq21.3) (OMIM *300608), DIAPH2
(Xq22) (OMIM *300108), NXF5 (Xq22.1) (OMIM *300319),
COL4A6 (Xq22.3) (OMIM *303631), PGRMCI (Xq24)

Table 1. Chromosomal findings observed among the patients with secondary amenorrhea

Karyotypic findings

Normal (46.XX)
Abnormal
46,X,del(Xq)
q13926
22928
q24928
45X
mos 45,X/46,X,r(X)
mos 45,X[281/46,X,r(X)[7]
mos 45,X[36]/46,X,r(X)[6]
mos 45,X/46,XX
mos 45,X[3]/46,XX[50]
mos 45,X/46,X,i(q10)
mos 45,X[2]/46,X,i(q10)[48]
47 XXX
mos 47, XXX/46,XX
mos 47,XXX[951/46,XX[2]
mos 46,XXX,der(13;14)(q10;q10)/45,XX,der(13;14)(q10;q10)
mos 46,XXX,der(13;14)(q10;q10)[151/45,XX,der(13;14)(q10;q10)[72]
mos 47,XX,+mar/46,XX
mos 47, XX,+mar[37]/46,XX[4]
46,XX,1(2;21)(q23;911.2)
Total

Number of patients Patients with syndromic Patients with additional

(%) aspect (%) findings (%)
29 (67.4) 2 (50) 3(30)
14 (32.6) 2 (50) 7 (70)

3(7) - -
1(2.3) - -
1(2.3) - -
1(2.3) - -
2(4.7) - 2 (20)
2(4.7) - 2 (20)
1(23) = 1(10)
1(2.3) - 1(10)
1(2.3) - -
1(2.3) - -
1(2.3) - 1(10)
1(2.3) - 1(10)
1(2.3) - -
1(2.3) - -
1(2.3) - -
1(2.3) 1(25) 1(10)
1(2.3) 1(25) 101
1(2.3) - _

1(23) - -
1(2.3) 1(25) 1(10)

43 (100) 4(100) 10 (100)

Table 2. Clinical and laboratory findings verified among the patients with normal karyotype and chromosomal abnormalities

Clinical features
Age at first evaluation (years)
Mean age of secondary amenorrhea (years)
Period between age of menarche and cessation of menstruation (years)
Hormonal profile
Hypergonadotropic hypogonadism (%)
Hypogonadotropic hypogonadism (%)
Syndromic appearance (%)
Additional findings (%)
Total

Normal karyotype Chromosomal abnormalities P
28.8 (17-47) 28.9 (19-42) 0.9612
22.5(11-34) 19.7 (12-18) 0.2680

9(1-21) 6.9 (1-15) 0.4285
27 (93,1) 13 (93) 1.0000
2(6.9) 1(7)
2(6.9) 2(14.3) 0.5855
2(6.9) 7 (50) 0.0021

29 (67.4) 14 (32.6)



(OMIM *300435), XPNPEP2 (Xq25) (OMIM *300145), FMRI
(Xq27.3) (OMIM *309550), and FMR2 (Xq28) (OMIM *300806).'"
2 However, despite the description of all these candidate genes, the
cause of premature ovarian failure remains unknown in most cases.””*

In our study, 14% of the patients had TS, a condition character-
ized by total or partial absence of the X chromosome. As observed in
our sample, it can present as different chromosomal constitutions."”
It occurs in approximately 1 in 2,500-5,000 women and is commonly
diagnosed later, on average at the age of 15 years.” Patients with this
syndrome may have typical clinical characteristics that include cardiac,
skeletal, and endocrine abnormalities, including hypothyroidism and
short stature."° However, this clinical spectrum ranges from a typical
appearance to a presentation without clinical characteristics or mini-
mal findings.* These characteristics and clinical variability were also
observed in our sample, in which the most consistent finding was short
stature, which was present in all the patients. Moreover, of the patients
with short stature in our sample, 71.4% were diagnosed with TS, and
this finding was associated with the presence of the syndrome. Thus, a
short stature in TS is due to the haploinsufficiency of the SHOX gene,
which is located on the short arm of the X chromosome.*

Post-pubertal patients with TS commonly present with hyper-
gonadotropic hypogonadism due to ovarian dysgenesis that leads
to premature ovarian failure. Therefore, most patients experience
pubertal delay and primary amenorrhea. However, SA has also been
observed, especially when associated with mosaicism.'”* This was
also observed in our sample, in which 66.7% of the patients with
TS presented with mosaicism. Moreover, previous studies have
demonstrated that one third of patients with TS present with spon-
taneous thelarche, which also occurs more often in patients with
mosaicism.*> Regular menstrual cycles occur in approximately 6%
of these patients.* Hence, TS might be only diagnosed later in life."”
In our sample, the patients with T'S were diagnosed at approximately
26.2 years old. Their low age of ovarian failure, ranging from 15 to
21 years (mean: 17.2 years), is an important finding to highlight.

As previously mentioned, the chromosome constitution of patients
with TS is variable.”” with total monosomy of X (45,X) being the main
alteration and representing 40%-50% of all cases."”” These patients
generally have more phenotypic abnormalities, such as a short stat-
ure* and premature ovarian failure leading to primary amenorrhea or
SA* in which the streak ovaries commonly lack follicles. However, the
clinical spectrum can be variable.'”* In our sample, 2 of the 6 patients
with TS had a 45,X constitution. Short stature was the only additional
finding in both patients, and cessation of menstrual cycles occurred
at 15 and 16 years of age in the two patients.

TS may also be caused by short-arm monosomy of the X chromo-
some.” In our sample, 3 of 6 patients with TS had this chromosome
particularity. Two of them had the ring form of the X chromosome
[r(X)] and mosaicism (with an associated 45,X lineage). The ring form

of the X chromosome occurs because of the deletion of parts of its

short and long arms, along with their posterior fusion. This constitu-
tion is related to atypical and severe cases of TS, including intellec-
tual deficiency. This may occur because of XIST changes, which are
the main genes responsible for controlling X chromosome inactiva-
tion. Therefore, modifications involving this region cause a greater
expression of chromosomal material, leading to a higher frequency of
abnormalities, including atypical abnormalities, such as microcephaly,
agenesis of the corpus callosum, and seizures. The size of the ring X
chromosome lacking XIST and, therefore, unable to become inacti-
vated, correlates with phenotype severity in some cases. By contrast,
patients with large rings that undergo selective X-chromosome inac-
tivation are frequently associated with a more normal phenotype.*
Most patients with ring X chromosomes are infertile, as are other
patients with TS. The gonads comprise striae with no follicular devel-
opment. However, some patients are fertile and may transmit the
ring X-chromosome to their progeny. In these rare cases, the ring
is commonly large, with breakpoints on the short arm at bands p13
and p22. On the long arm, the breakpoints are at band q24 or q27.%
In our study, patients with ring X chromosome did not present atyp-
ical clinical features (possibly due to mosaicism with the associated
45,X lineage). One patient presented with hypothyroidism; however,
as mentioned previously, this is a common finding in TS. The age of
menstrual cycle cessation was low, as observed in patients with a 45,X
constitution, and ranged from 15 to 16 years. This premature age of
SA might be influenced by the 45,X lineage present in association with
the ring X chromosome lineage that was observed in both patients.
Approximately 20%-30% of patients with TS are carriers of an
isochromosome of the X chromosome long arm."” This finding was
observed in one patient in our sample in association with a 45,X lin-
eage. Patients with isochromosomes commonly present with clinical
features similar to those of patients with a 45,X constitution. However,
they have a higher frequency of dysgenetic gonads, primary amen-
orrhea, SA, short stature, and major anomalies, such as congenital
heart defects and renal malformations. Autoimmune diseases, such as
Hashimoto thyroiditis, are also common in these cases.” The patient
with an X long arm isochromosome in our sample had a short stat-
ure without any associated malformations or autoimmune diseases.
Her menstrual cycle was interrupted at 24 years of age, which is an
age older than that commonly described among patients with TS.
As previously mentioned, TS may occur in a mosaicistic con-
stitution. The most common constitution is associated with a nor-
mal cellular lineage,"” as detected in one patient in our sample.
This constitution is observed in 15% to 25% of TS cases."” These
patients commonly present with a higher stature, a lower frequency
of major abnormalities, and, most commonly, SA, when compared
to those with a 45,X karyotype. Menarche has been described in
approximately 2%-5% of cases. These findings may be attributable

to the presence of a normal cell lineage.’



Triple X syndrome is characterized by an extra X chromosome
resulting from the nondisjunction of sexual chromosomes during
the first meiotic division, and it occurs in 1 in every 1,000 women.
This alteration is highly related to advanced maternal age. The phe-
notype observed in each individual with triple X might vary, and
only approximately 10% of the cases are diagnosed.*® Although sex-
ual development and ovarian function are normal in most of these
patients, ovarian dysfunction may manifest as premature menopause,
SA, or oligomenorrhea.”** The first report of triple X syndrome
involving a 35-year-old woman with SA was by Jacobs et al.** In our
study, one patient had triple X syndrome and hypergonadotropic
hypogonadism due to premature ovarian failure. SA was her only
finding, and her menstrual cycle was interrupted at 19 years of age.

Although more rarely (10% of cases), triple X might also occur in
mosaicism." Temogin et al.”2 have reported that 1 in every 9 patients
(11.1%) with SA has 46,XX/47, XXX mosaicism. Additionally, a study
by Ayed et al.® has revealed that in a sample of 40 patients with SA
due to premature ovarian failure, 5 patients (12.5%) had CAs, and 2
(40%) had triple X in mosaic (1 with 45,X/47,XXX constitution and 1
with 46,XX/47,XXX constitution; 5% of all the patients had premature
ovarian failure. In our sample, 2 patients with triple X mosaicism were
identified. The first was mosaicism with a normal lineage. The patient
was not syndromic and had premature ovarian failure. Her men-
strual cycle was interrupted at 19 years of age. Interestingly, 1 patient
with triple X mosaicism had a balanced Robertsonian translocation
between chromosomes 13 and 14. Clinically, she had an important
intellectual deficit, behavioral disorder (with aggressive episodes),
short stature, obesity, and hypothyroidism, in addition to SA due to
hypogonadotropic hypogonadism. In this case, the occurrence of tri-
ple X syndrome related to maternal uniparental disomy of chromo-
some 14 due to the translocation between chromosomes 13 and 14
in both lineages cannot be disregarded. Interestingly, Bertini et al.**
have described a patient with similar clinical findings and uniparen-
tal maternal disomy of chromosome 14, which was also associated
with Robertsonian translocation between chromosomes 13 and 14.

Chromosome markers comprise a few structurally abnormal
chromosomes of unknown origin. One patient with mosaicism
involving one normal cellular lineage with a supernumerary marker
chromosome (47,XX+mar) was observed in our sample. In these
cases, the use of molecular cytogenetic techniques, such as fluores-
cent in situ hybridization, is recommended to determine the marker
chromosome origin.”” However, our patient did not undergo this test
since she was evaluated 20 years ago. As for her clinical condition, she
did not have a syndromic appearance, and SA was the only finding.

Interestingly, one patient in our sample had an apparently
balanced de novo translocation involving chromosomes 2 and
21 with normal parental karyotypes. The patient had an intellec-
tual deficit associated with SA. First, no genes associated with her

clinical condition were located at translocation breakpoints in the

literature. Additionally, at the time of evaluation, molecular cyto-
genetic techniques were still unavailable.

The frequency of mosaicism identified in our study (50%) and
that described in the literature (40%-100%) are both high.64>*%
It should also be recalled that most patients with TS presenting
with SA have a mosaic constitution.'”** Hence, among the cases of
SA, the number of analyzed cells in karyotypic evaluation should
be higher, targeting the detection of potential mosaicism (this is in
agreement with the higher cell count that is routinely performed

in mosaicism suspicion, that is, in general, 100).%

CONCLUSION

As CAs are common among patients with SA, cytogenetic analy-
sis by karyotyping is important, especially in patients with short
stature and additional findings. The main types of CAs observed
were structural, involving the X chromosome, and compatible
with a TS diagnosis. Several CAs occurred in the mosaic. This
finding is also commonly reported in previous studies, which
have suggested that patients with SA should be evaluated by
karyotyping with more cells counted as a precaution.

However, the absence of additional findings other than SA did
not exclude karyotype indication. This is because a significant number
of patients, even those with CAs, may have SA as an isolated finding,
especially in patients with the Xq deletion and triple X syndrome (with
or without mosaicism). In our sample, we did not observe a differ-
ence in SA age between patients with and without CAs. However, we
cannot rule out the influence of the small sample size on this result.

Therefore, the diagnosis of CAs, especially when performed
in the early stages, is possible and important for better manage-

ment of patients with SA.
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ABSTRACT
BACKGROUND: Imaging tests are important for diagnosis during the management of pulmonary nod-
ules; however, biopsy is required to confirm the malignancy.
OBJECTIVES: To compare the effects of different techniques used for the biopsy of a pulmonary nodule.
DESIGN AND SETTING: Systematic review and meta-analysis were conducted using Cochrane method-
ology in S&o Paulo, Sdo Paulo, Brazil.
METHODS: We conducted a systematic review of randomized controlled trials (RCTs) on minimally inva-
sive techniques, including tomography-guided percutaneous biopsy (PERCUT), transbronchial biopsies
with fluoroscopy (FLUOR), endobronchial ultrasound (EBUSR), and electromagnetic navigation (NAVIG).
The primary outcomes were diagnostic yield, major adverse events, and need for another approach.
RESULTS: Seven RCTs were included (913 participants; 39.2% female, mean age: 59.28 years). Little to no
increase was observed in PERCUT over FLUOR (P = 0.84), PERCUT over EBUSR (P = 0.32), and EBUSR over
NAVIG (P = 0.17), whereas a slight increase was observed in NAVIG over FLUOR (P = 0.17); however, the
evidence was uncertain. EBUSR may increase the diagnostic yield over FLUOR (P = 0.34). PERCUT showed
little to no increase in all bronchoscopic techniques, with uncertain evidence (P = 0.02).
CONCLUSION: No biopsy method is definitively superior to others. The preferred approach must con-
sider availability, accessibility, and cost, as safety and diagnostic yield do not differ. Further RCTs planned,
conducted, and reported with methodological rigor and transparency are needed, and additional studies
should assess cost and the correlation between nodule size and location, as well as their association with
biopsy results.
SYSTEMATIC REVIEW REGISTRATION: PROSPERO database, CRD42018092367 -https://www.crd.york.
ac.uk/PROSPERO/display_record.php?RecordID=92367.

INTRODUCTION

Lung cancer is the leading cause of cancer-related deaths worldwide."? Imaging tests are impor-
tant for the diagnostic suspicion and risk evaluation of pulmonary nodules; however, biopsy is
needed to confirm the malignancy.* The technique of choice should have the highest accuracy,
good diagnostic yield, and acceptable complication rate.

The minimally invasive techniques currently used include transthoracic approaches, such as
percutaneous computed tomography-guided biopsy (PERCUT), and transbronchial approaches
performed by bronchoscopy, such as fluoroscopy-guided transbronchial biopsies (FLUOR), trans-
bronchial biopsies guided by endobronchial radial probes (EBUSR), and transbronchial biopsies
guided by electromagnetic navigation (NAVIG).>”

Mapping the literature on the comparative effects of different techniques is essential to bet-
ter inform the clinicians for handling pulmonary nodules. With this evidence, better decisions

can be made by incorporating the aspects of availability and affordability.

OBJECTIVES

To identify, critically evaluate, and synthesize evidence regarding the effects of different min-
imally invasive techniques for the biopsy of malignancy-suspected pulmonary nodules. We
aimed to highlight the benefits and harms of these techniques in comparison with each other

according to the results of randomized controlled trials (RCTs).


https://doi.org/10.1590/1516-3180.2022.0543.R1.01022023
https://orcid.org/0000-0002-4260-0595
https://orcid.org/0000-0001-5958-2541
https://orcid.org/0000-0001-7487-8471
https://orcid.org/0000-0001-9146-4684
https://orcid.org/0000-0002-9522-1871
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=92367
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=92367

METHODS

We conducted a systematic review following the recommen-
dations of the Cochrane Handbook for Systematic Reviews
of Interventions® and reported them in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Statement.” The protocol was prospec-
tively registered in PROSPERO database (CRD42018092367,
https://www.crd.york.ac.uk/PROSPERO/display_record.
php?RecordID=92367) and no changes were made from the pro-

tocol since then.

Types of studies
Only RCTs were eligible for inclusion. We included studies
regardless of their status (full text or abstract), date, and language

of publication.

Types of participants

Adults with malignancy-suspected peripheral pulmonary
nodules, defined as those > 8 mm and < 30 mm, with char-
acteristics such as spiculation, pleural retraction, and grow-

ing size.?

Types of interventions and comparators

« PERCUT;
« FLUOR;
« EBUSR;
« NAVIG.

RCTs comparing different sizes of bronchoscopes, nodule
localization techniques, or a combination of two or more tech-

niques were not considered.

Outcomes of interest

The following primary outcomes were considered:

« Diagnostic yield was measured as the proportion of biopsies
that defined the histological diagnosis of pulmonary nodules.

o Major adverse events were measured as the frequency of par-
ticipants who experienced at least one major complication
event, such as pneumothorax and hemothorax (symptomatic
and/or requiring drainage), and death.

o The need for another technique, measured as the frequency

of participants requiring further biopsy.

The following secondary outcomes were considered:

o Non-serious adverse events were measured as the frequency
of at least one non-serious event, including pain.

o Time of procedure, measured in hours.

o All time points of outcome measurement were considered.

Search strategy

Comprehensive searches were performed in the following
electronic databases or sources: CINAHL (Cumulative Index
to Nursing and Allied Health Literature), Cochrane Library
(via Wiley), Embase (via Elsevier), LILACS (Latin American
and Caribbean Health Sciences Literature, via BVS), and
MEDLINE (Medical Literature Analysis and Retrieval System
Online, via PubMed). Additional searches were conducted
on two clinical trial registry platforms: Clinicaltrials.gov and
the WHO International Clinical Trials Registry Platform
[ICTRP])

searches were performed by screening the reference lists of

and OpenGrey (https://opengrey.eu). Manual
included studies. All databases were searched from their incep-
tion until May 17, 2021. The search strategy is described in
Supplementary material 1 - https://drive.google.com/drive/
folders/11SHRxvUWz_Vr-cWqj3v3UFS4NI13Z4-6K.

Study selection and data extraction
The study selection was performed in two phases. First, the titles
and abstracts identified through the search strategy were evalu-
ated by pre-selecting potentially eligible studies. Second, the full
text was assessed to confirm the eligibility. The selection process
was carried out using the Rayyan platform (https://www.rayyan.
ai/) independently by two reviewers, and a third reviewer
resolved any disagreements. The full selection process is detailed
in the PRISMA flow diagram.

Data extraction was independently performed by two review-
ers using the data extraction form, and a third reviewer resolved

the disagreements.

Risk of bias assessment

To evaluate the risk of bias, seven domains of the Cochrane Risk
of Bias (RoB) tool were used (sequence generation, allocation
concealment, blinding of participants and personnel, blinding
of outcome assessors, incomplete data, selective reporting, and
other bias), which were classified as high, low, or unclear.® Two
authors independently conducted the evaluation, and a third
author resolved the disagreements. The third, fourth, and fifth

domains were assessed at the outcome level.

Data analyses

Quantitative data synthesis was performed on the results of
these clinically and methodologically homogeneous studies
through meta-analyses with random effect models, using the
Review Manager 5.4.1 (RevMan 5.4.1) software (The Cochrane
Collaboration, London, England, 2020).% Relative risk (RR)
and mean difference (MD) were used to estimate the effect size
of dichotomous and continuous variables, respectively. A 95%

confidence interval (CI) was used for all the estimates. When
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quantitative data synthesis was not possible, the results were
reported narratively, considering whenever available, effect
size estimates (including RR, absolute risk difference, odds
ratio, and number needed to treat [NNT]) and their respective
measures of confidence and variance (dispersion measures, CI,
and P values).

Inconsistency (statistical heterogeneity) was evaluated by visual
inspection of forest plots, and chi-square tests; P > 0.10 was con-
sidered indicative of statistical heterogeneity. Additionally, I* tests
were used to measure the extent of inconsistency (I> > 50% was
considered to indicate significant inconsistency).” We explored the
reasons for heterogeneity by conducting subgroup and sensitivity
analyses. When necessary, the authors were contacted to obtain

missing data on the outcomes of interest.

Additional analyses

For subgroup analyses, different anatomical regions of the nod-
ules (central or peripheral) were explored, as different diagnostic
yields were expected for each technique. Bronchoscopy methods
tended to present better results in central lesions, and the trans-
thoracic approach tended to present better yields in peripheral
lesions. Sensitivity analyses were performed according to the risk
of bias of the included studies (low risk versus high/unclear risk),
considering the high/unclear risk of bias in at least one domain
of the Cochrane RoB tool.

Evidence certainty

The Grading of Recommendations, Assessment, Development
and Evaluations (GRADE)'? approach was used to assess the cer-
tainty of the body of evidence (high, moderate, low, or very low)
for all comparisons. The certainty of evidence was downgraded
owing to methodological limitations, inconsistencies, indirect-
ness, imprecision, and publication bias. We developed a sum-
mary of the findings table using an online software (GRADEpro
Guideline Development Tool [Software]. McMaster University,
Ontario, Canada, 2022).

RESULTS

The search strategy retrieved 7,625 references. After remov-
ing 903 duplicates, 6,722 references were screened by title and
abstract (first phase), of which 6,702 references were eliminated
because they did not fulfill the eligibility criteria and 20 refer-
ences were pre-selected for the second phase. After full-text read-
ing, 11 RTCs were included: seven completed RCTs® " *'7 and
four ongoing RCTs.!*2! The list of the nine excluded studies?**
and reasons for exclusion are presented in Supplementary mate-
rial 2 - https://drive.google.com/drive/folders/11ISHRxvUWz_
Vr-cWqj3v3UFS4NI3Z4-6K. A flowchart of the study selection

process is shown in Figure 1.

Characteristics of included studies

Seven completed RCTs included in this study were published
from 1998 to 2018, which included a total of 913 participants
(39.2% female, n = 357) with a mean age of 59.28 years.®"1>"7
All the participants had pulmonary nodules up to 3 cm on
chest computed tomography without a definitive diagnosis. All
RCTs reported a diagnostic yield and were considered to yield
a positive biopsy when there were benign or malignant find-
ings in the anatomopathological results. If the result was non-
specific, the biopsy was considered negative and a comparison
technique was performed sequentially. The main characteristics
of the RCTs are shown in Table 1. Ongoing RCTs are detailed
in Supplementary material 3 - https://drive.google.com/drive/
folders/1ISHRxvUWz_Vr-cWqj3v3UFS4NI3Z4-6K.

Risk of bias
The risk of bias of the RCTs, as assessed using the Cochrane RoB

tool, is summarized in Figure 2. The reasons for each judgement
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Figure 1. Study selection flowchart.
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Table 1. Main study characteristics

Asano et al."

Eberhardt et al.

Gupta et al.™

Paone et al.”

Shankar et al.’

Steinfort et al."”

Wang et al.®

Population

Adults with suspected
pulmonary nodules
Adults with suspected
pulmonary nodules
Adults with suspected
pulmonary nodules
Adults with suspected
pulmonary nodules
Adults with suspected
pulmonary nodules
Adults with suspected
pulmonary nodules
Adults with suspected
pulmonary nodules

Study
type

RCT

RCT

RCT

RCT

RCT

RCT

RCT

Intervention
(versus control group)

NAVIG versus FLUOR
NAVIG versus EBUSR
EBUSR versus PERCUT
EBUSR versus FLUOR
PERCUT versus FLUOR
EBUSR versus PERCUT

EBUSR versus PERCUT

Participants

167

39

25

87

16

32

80

Controls

167

39

25

119

18

19

80

Diagnostic yield

67.1% versus 59,9%

59% versus 69.23%

72% versus 84%

75.8% versus 52.1%

78% versus 75%

78.12% versus 81.25%

65% versus 85%

Major
complications

2.39% versus 1.79%

5% versus 5%

48% versus 36%

0% versus 8.4%

0% versus 0%

3% versus 20%

6.25% versus 25%

RCT = randomized controlled trial; NAVIG = electromagnetic navigation transbronchial biopsy; FLUOR = fluoroscopy-guided transbronchial biopsy;
EBUSR = endobronchial ultrasound with radial probe transbronchial biopsy; PERCUT = tomography-guided percutaneous biopsy.

Figure 2. Risk of bias assessment. Summary of the risk of bias in the randomized controlled trials included for each domain.




are in Supplementary material 4 - https://drive.google.com/
drive/folders/11ISHRxvUWz_Vr-cWqj3v3UFS4NI3Z4-6K.  All
the RCTs presented at least one domain that was judged to have
a high risk of bias.

Effects of interventions

Comparison 1: PERCUT versus FLUOR

One RCT assessed this comparison'' and the following results

were found:

« Diagnostic yield: There was no difference between PERCUT
and FLUOR; however, the CI was wide (RR, 1.04; 95% CI,
0.71 to 1.51), and the effect estimate was imprecise (P =
0.84; 34 participants; one RCT; very low evidence certainty)
(Supplementary material 5 - https://drive.google.com/drive/
folders/11ISHRxvUWz_Vr-cWqj3v3UFS4NI3Z4-6K).

o Need for another technique: There was no difference between
FLUOR and PERCUT; however, the CI for effect estimate was
wide (RR, 0.22; 95% CI, 0.03 to 1.79) and the effect estimate
was imprecise (P = 0.15; 34 participants; one RCT; very low

evidence certainty).

Major adverse events: No adverse events were reported in
either group.

Non-serious adverse events: Two non-serious adverse events
were reported in the PERCUT group and none in the FLUOR group
(RR, 4.47; 95% CI, 0.23 to 86.7; 34 participants; one RCT; very low
evidence certainty). In both cases, the patient had small-volume
pneumothorax that was not observed during the conservative
treatment, and no further intervention was necessary. There was
little to no increase in safety in FLUOR compared with PERCUT;

however, the effect estimate was imprecise (P = 0.32).

Comparison 2: PERCUT versus EBUSR
Three RCTs assessed this comparison>*'¢ and the following

results were found:

o Diagnostic yield: There was no difference between
PERCUT and EBUSR; however, the CI for the effect esti-
mate was wide (RR, 1.16; 95% CI, 0.86 to 1.57; I>= 52%)
and the effect estimate was imprecise (P = 0.32; 258 partic-
ipants; three RCTs; very low evidence certainty) (Figure 3,
Supplementary material 6 - https://drive.google.com/drive/
folders/11ISHRxvUWz_Vr-cWqj3v3UFS4NI13Z4-6K).

o Need for another technique: There was no difference between
EBUSR and PERCUT; however, the CI for effect estimate was
wide (RR, 0.74; 95% CI, 0.31 to 1.77; I> = 60%), and the effect
estimate was imprecise (P = 0.51; 258 participants; three RCTs;

very low evidence certainty).

Major adverse events: There were no differences between
PERCUT and EBUSR. The CI for the effect estimate was wide
(RR, 2.13; 95% CI, 0.51 to 8.99; I> = 81%), and the effect estimate
was imprecise (P = 0.30; 258 participants; three RCTs; very low
evidence certainty).

«  Non-serious adverse events: PERCUT may result in a higher risk
of non-serious adverse events, with a slight increase in the estimate

(P =0.02; 258 participants; three RCTs; low evidence certainty).

Compatrison 3: FLUOR versus EBUSR
One RCT assessed this comparison' and following results
were found:

Diagnostic yield: FLUOR may result in a reduction in
diagnostic yield (RR, 0.69; 95% CI, 0.56 to 0.85; 206 partic-
ipants; one RCT; low evidence certainty; P < 0.05) (Figure 4,
Supplementary material 7 - https://drive.google.com/drive/
folders/11ISHRxvUWz_Vr-cWqj3v3UFS4NI13Z4-6K).

o Need for another technique was higher in the FLUOR group

(RR, 1.98; 95% CI, 1.31 to 3.01; 206 participants; one RCT;

very low evidence certainty; P < 0.05).

Major adverse events: There was an increase in the risk of
major adverse events with FLUOR; however, the CI for the effect

PERCUT = tomography-guided percutaneous biopsy; EBUSR = endobronchial ultrasound with radial probe transbronchial biopsy; Cl = confidence interval.

Figure 3. Comparison between PERCUT (CT-guided percutaneous biopsy) and EBUSR (radial probe endobronchial ultrasound-guided
transbronchial biopsy) in relation to the diagnostic yield of each procedure.
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estimate was wide (RR, 15.40; 95% CI, 0.91 to 259.31; 206 partic-
ipants; one RCT; low evidence certainty; P < 0.05).
Non-serious adverse events: No such events occurred in

either group.

Comparison 4: FLUOR versus NAVIG
One RCT assessed this comparison'® and following results
were found:

Diagnostic yield: There was a slight increase in NAVIG
compared to FLUOR (RR, 0.89; 95% CI, 0.76 to 1.05; 334
participants; one RCT; low evidence certainty; P = 0.17)
(Supplementary material 8 - https://drive.google.com/drive/
folders/11ISHRxvUWz_Vr-cWqj3v3UFS4NI13Z4-6K).

Need for another technique: There was a slight increase in
NAVIG compared to FLUOR; however, the effect estimate was
imprecise (RR, 1.22; 95% CI, 0.92 to 1.62; 334 participants; one
RCT; very low evidence certainty; P = 0.17).

Major adverse events: There was a slight increase in NAVIG
compared to FLUOR, the CI for effect estimate was wide (RR, 0.75;
95% CI, 0.17 to 3.34), and the effect estimate was imprecise (P =
0.70; 334 participants; one RCT; low evidence certainty).

Non-serious adverse events: There were no non-serious
adverse events.

e Procedure time (in minutes): No difference was observed

between the interventions (MD = -3.00; 95% CI, 45.90 to 39.90;

334 participants; one RCT; low evidence certainty; P = 0.89).

Comparison 5: NAVIG versus EBUSR

One RCT assessed this comparison'” and following results

were found:

« Diagnostic yield: There was no difference between EBUSR
and NAVIG; however, the CI was wide (RR, 1.17; 95% CI,
0.84 to 1.64), and the effect estimate imprecise (P = 0.34;
78 participants; one RCT; very low evidence certainty)
(Supplementary material 9 - https://drive.google.com/drive/
folders/11SHRxvUWz_Vr-cWqj3v3UFS4NI13Z4-6K).

o Need for another technique: There was no difference between
EBUSR and NAVIG; however, the CI for the effect estimate
was wide (RR, 0.75;95% CI, 0.41 to 1.37), and imprecise (P =
0.34; 78 participants; one RCT; very low evidence certainty).

Major adverse events: Two patients in each group developed
pneumothorax and underwent pleural drainage. No significant
difference was observed (RR, 1.00; 95% CI, 0.15 to 6.75; 78 par-
ticipants; RCT; very low evidence certainty; P = 1.00).

Non-serious adverse events: None were reported in any group.

Subgroup analysis (considering the location of the nodule:
peripheral versus central), sensitivity analysis (considering the risk
of bias: low versus high/unclear), and publication were not con-
ducted because of the scarcity of available data assessed or reported
by the included RCTs and the low number of RCTs included in a
unique meta-analysis (less than ten).

Post-hoc analysis

In clinical practice, we believe it would be interesting to have an
additional comparison of PERCUT versus any other broncho-
scopic technique for diagnostic yield. There was no difference
between PERCUT and bronchoscopic techniques; however, the CI
for the effect estimate was wide and the effect estimate was impre-
cise (RR, 1.14; 95% CI, 0.92 to 1.42; four RCTs; 295 participants;
P = 0.02) (Supplementary material 11 - https://drive.google.
com/drive/folders/11ISHRxvUW?z_Vr-cWqj3v3UFS4NI13Z4-6K).

Analysis of the certainty of evidence

The GRADE methodology was used to assess the certainty
of evidence.” Overall, the certainty of evidence was consid-
ered low or very low due to methodological limitations, indi-
rect evidence, small sample size, and a wide CI. A sum-
mary of the certainty of evidence analysis is presented in
Supplementary material 10 - https://drive.google.com/drive/
folders/11SHRxvUWz_Vr-cWqj3v3UFS4NI3Z4-6K.

DISCUSSION

The choice of the method or invasive diagnosis of pulmonary
nodules depends on many factors, including nodule size, local-
ization, method availability, cost, and professional expertise. This
systematic review was designed to help make this choice; how-
ever, it is difficult to compare the four different types of inter-
ventions indirectly. It is also worth noting that some of the rarely
known and unavailable techniques were compared. The simplest

technique evaluated was FLUOR, which requires only a common

FLUOR = fluoroscopy-guided transbronchial biopsy; EBUSR = endobronchial ultrasound with radial probe transbronchial biopsy; Cl = confidence interval.

Figure 4. Comparison between PERCUT (CT-guided percutaneous biopsy) and bronchoscopic techniques, in relation to the diagnostic
yield of each procedure.
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fluoroscopy device and a trained specialist. Other procedures, such
as PERCUT, EBUSR, and NAVIG, require more expensive and less
available materials and technology. EBUSR is a complex procedure
that is performed at few centers in emerging countries. NAVIG is
unavailable in Brazil and its use is far from being a current reality
in many countries. Considering the rational use of resources in the
health system, data from this and future related studies may help
in defining which methods to carry on with realistic availability,
rational use of resources, and investment in the future.

To our knowledge, no systematic review has evaluated compar-
isons of different lung nodule biopsy methods. There are reviews
considering specific comparisons carried out under different meth-
odologies, with different study designs and combined techniques.®
7 Ali et al.® analyzed 25 prospective and 32 retrospective studies
from a total of 7,872 lesions biopsied. The diagnostic yield for the
R-EBUS group (described as EBUSR in this review) was 70.6% (95%
CI, 68-73.1) and was significantly higher in malignant nodules
greater than or equal to 2 cm and with a patent bronchus sign on
tomography. This was a large review, with many studies included;
however, the certainty of evidence was lost with the inclusion of
retrospective studies, which comprised the majority of included
studies. Furthermore, the conclusion that patients undergoing
PERCUT have higher complication rates (up to 23%) versus 2.8%
for EBUSR, should be considered as having low certainty as most
of the studies used this analysis were retrospective and not masked.
However, Gupta et al.,'* a study included in our review, showed
20% pneumothorax in PERCUT, confirming the rate suggested by
Ali et al.® This high rate may be the result of the small number of
participants in the study. Gupta et al."* also showed that the diag-
nostic yield for nodules located in the right superior lobe was sig-
nificantly lower in EBUSR.

McGuire et al.” analyzed 41 prospective and retrospective stud-
ies of 2,988 involved nodules (2,102 biopsied by EBUSR and 886
biopsied by NAVIG). The methods had a complication rate of less
than 2% and were considered good options for diagnosing periph-
eral nodules. However, the review was conducted considering a
large proportion of retrospective studies, which reduced the cer-
tainty of the evidence and increased the risk of bias. Additionally,
other biopsy methods were not considered.

Our search was more comprehensive and sensitive ( beyond
the MeSH term, we used text words and a list of synonyms for each
term) with no restrictions on date, language, or status of the publi-
cation. We assessed the certainty of the evidence using the GRADE
approach, which was not used in the aforementioned reviews.

The limitations of our study were primarily related to the
poor methodological quality of the included RCTs. In general,
the included RCTs had a high risk of bias, small sample sizes, and
clinical heterogeneity. As we considered any technique, different

comparisons were assessed by the included RCTs using the same

technique, which made it difficult to define the best method. Further

RCTs, planned, conducted, and reported with methodological rigor

and transparency are needed on this issue, and additional studies

should provide information about the nodule size and location
and their relation to the biopsy results.

Although the techniques described in this study have been
used in clinical practice, we did not find sufficient evidence to
determine the preferred technique. Until more robust evidence can
better support therapeutic decisions, the available evidence sug-
gests the following:

o In the choice between PERCUT and FLUOR, there seems to
be no difference between the methods regarding diagnostic
yield (P = 0.84); however, PERCUT required fewer approaches
using another technique (P = 0.15), and FLUOR was safer
(P =0.32). However, this benefit might not be clinically relevant.

PERCUT appears to be more advantageous than EBUSR
in terms of diagnostic yield (P = 0.32) and safety for serious
(P =0.30) and non-serious (P = 0.02) adverse events. EBUSR may
have a lower need for another technique (P = 0.51). However,
whether this difference is clinically relevant remains unclear.

+  Between FLUOR and EBUSR, EBUSR has an advantage regard-

ing diagnostic yield, safety for serious adverse events, and a

lower need for another technique (P < 0.05).

No differences were observed between PERCUT and NAVIG
regarding safety (P = 0.70); however, there was an advantage for
NAVIG regarding diagnostic yield (P = 0.17) and a lower need
for an approach using another technique (P = 0.17). There was no
difference in the procedure time between the FLUOR and NAVIG
groups (P = 0.89).

o Between NAVIG and EBUSR, EBUSR appears to be advanta-
geous regarding diagnostic yield (P = 0.34) and a lower need
for the use of another technique (P = 0.34), but there was no
difference regarding safety (P = 1.00). However, whether this

difference is clinically relevant remains unclear.

The most recommended technique is unclear, but PERCUT and
NAVIG stand out as favored techniques in most RCTs. In direct
comparison, PERCUT has an advantage, although not significant
because of the wide CI (P = 0.02).

A cost analysis was not performed, as only clinical trials were
included. Study designs that evaluate cost-utility, effectiveness,
and benefit would better assess these data. A study that evaluated
the cost-effectiveness of PERCUT versus NAVIG in the United
Kingdom in 2020 showed that NAVIG may be more cost-effective
than PERCUT in some subgroups; however, there is no general
definition of one method in relation to another, particularly if the

cost of implementing NAVIG is considered.*
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The procedures had similar risks of complications and no sig-
nificant difference; however, there was still a difference. It is up
to the physician to discuss each method and present the possible
risks and benefits of a shared decision on the method, respecting

the ethics and opinions of patients and families.

CONCLUSION

This systematic review did not identify high-certainty evidence
to support the choice of one method of lung nodule biopsy over
others. In this scenario of uncertainty, until the results of new
studies are published, the preferred choice of biopsy method
must consider availability and accessibility. Potential risks and

benefits must be presented to patients for a shared decision.
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