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The safe transport of substances of human origin, particularly organs and tissues for trans-
plantation, remains one of the most sensitive and least visible aspects of the transplantation chain.
Although Brazil occupies a prominent position in the global transplantation milieu, avoidable
losses still occur due to logistic weaknesses that compromise graft viability, system efficiency,
and above all the lives of patients on the waiting list.

Notably, a proportion of organs offered for donation are not transplanted due to problems
associated with their packaging and transport, such as a lack of temperature control, risk of freez-
ing, or excessive warming.' This scenario becomes even more critical in the context of rising global
temperatures linked to climate change, which increase the risk of exposure to elevated tempera-
tures during transport, particularly over long distances or in regions with limited infrastructure.
International reports issued by the World Health Organization and United Nations warn that
global warming is already affecting the safety of healthcare supply chains, with the adoption of
resilient strategies and secure pathways being required to preserve substances of human origin.>*
These factors affect graft viability and also pose important ethical dilemmas: Each organ lost rep-
resents an opportunity denied to a patient on the waiting list for an organ or tissue.

Therefore, temperature variation during the transport of solid organs remains a major chal-
lenge, with evidence showing that both cold ischemia time and thermal stability along the route
directly influence transplant outcomes.*

In lung transplantation, strict temperature control during graft preservation is crucial to
reduce ischemic injury. Studies indicate that, compared with the conventional ice method, lungs
maintained in ice-free preservation systems at a stable temperature between 6 °C and 8 °C can
undergo prolonged periods of cold ischemia without worsening of clinical outcomes.” Conversely,
temperature fluctuations outside this range are associated with a high risk of primary graft dys-
function and reperfusion edema.

The possibility of extending safe cold ischemia time without increasing organ damage has a
direct impact on transplant logistics. Such an extension would facilitate organ procurement from
more distant centers, thus expanding the geographic reach of donation; it would also potentially
contribute to an increase in the number of transplants performed. Furthermore, the extension
of cold ischemia time would facilitate semi-elective scheduling of the transplantation, thereby
optimizing intrahospital logistics, expanding the range of possible interventions such as intra-
operative plasmapheresis in sensitized recipients, and providing greater predictability for recipi-
ent arrival and preparation.®

Initial studies in heart transplantation using temperature-controlled systems have shown
promising results, enabling ischemia times to be lengthened without increasing graft dysfunction.”

A similar situation occurs in liver transplantation. Prolonged exposure to uncontrolled hypo-
thermia increases the risk of ischemia-reperfusion injury. Normothermic ex situ perfusion has
proven to be an effective strategy for mitigating the deleterious effects of temperature variations,
with liver function being maintained even after prolonged periods of preservation.®

Therefore, traditional transport models based on insulated boxes with ice, without continuous
monitoring, do not meet the requirements of a modern, quality-oriented system. Thermal vari-
ability is associated with a high risk of cell injury, poor posttransplant outcomes,** and impaired

traceability and management of adverse events.'
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In this context, analyses of adverse events related to the dona-
tion-transplantation process must be strengthened, highlighting
the role of biovigilance and quality management in ensuring the
safety of substances of human origin."" From an ethical and reg-
ulatory standpoint, the World Health Organization confirms that
substances of human origin must be collected, stored, and trans-
ported under validated, safe, and traceable conditions.'

Therefore, adopting transport technologies with active thermal
monitoring, that are aligned with international recommendations for
the traceability and safety of substances of human origin, represents
a technical advance as well as an ethical and public health require-
ment.” Investing in innovation, scientific validation, and process
standardization is essential to reduce losses, expand access to trans-

plantation, and uphold the social and ethical value of donations.
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ABSTRACT
BACKGROUND: Telemedicine may help advance healthcare equity, particularly in low-income commu-
nities, by reducing economic burdens and mitigating geographic barriers to specialized care, including
transportation costs, time away from work, and long travel distances to referral centers.
OBJECTIVES: This study aims to evaluate the impact of a remote consultation protocol on healthcare
access among predominantly low-income patients with breast cancer in Brazil.
DESIGN AND SETTING: This prospective cohort study was conducted at a tertiary public cancer center
and included 946 women with breast cancer.
METHODS: Sociodemographic characteristics, teleconsultation-related data, and patient satisfaction
measured using a validated Likert-based questionnaire were collected. The study was approved by the
local ethics committee, and all participants provided informed consent.
RESULTS: The mean age was 57.3 years. Overall, 51.6% of participants identified as white, and 64.4% re-
ported a family income below two Brazilian minimum wages. Over one-third (34.3%) had not complet-
ed elementary school. Despite this socioeconomic vulnerability, 93.5% reported internet access, 90.3%
owned a mobile phone, and 52.7% had an email address. During the study period, 946 appointments
were scheduled and screened for teleconsultation eligibility. Among these, 229 patients met predefined
eligibility criteria and were offered teleconsultation, and 117 completed the remote visit, corresponding to
an uptake of 51.1% among eligible patients. Regarding hospital visits, 57% relied on public transportation,
with a mean cost of $ 4 per visit, representing a substantial financial burden. Travel time exceeded 90 min-
utes for 19.4% of patients. Satisfaction with teleconsultation was high, with a mean Likert score of 4.65/5
and a Net Promoter Score of 79.8.
CONCLUSION: Among patients eligible for telemedicine, more than half completed teleconsultation,
indicating that implementation is feasible even in socially vulnerable populations with limited digital lit-
eracy. The remote care protocol improved access, reduced financial burden, and achieved high patient
satisfaction, supporting telemedicine as a strategy to promote equity in breast cancer care in Brazil.

INTRODUCTION

Achieving equitable healthcare remains a major global challenge, particularly in predominantly
low-income communities, where economic and geographic barriers impede access to medi-
cal services.! Telemedicine has emerged as a promising approach to address these inequities by
enabling remote access to healthcare professionals and potentially improving the inclusivity and
accessibility of care, especially for patients undergoing breast cancer treatment.?

As an important component of medical informatics, telemedicine uses information and com-
munication technologies to deliver healthcare in a more cost-effective, efficient, and accessible
manner, particularly in economically disadvantaged settings.>* Evidence indicates that telemedicine
can be especially beneficial for vulnerable populations, including older adults, individuals with
limited mobility, and ethnic minorities, thereby helping to reduce disparities in access to care.’

Equity in healthcare is grounded in the principle that individuals who face greater barriers
to accessing services should receive additional support to achieve comparable access, treatment,
and outcomes.® In this context, strengthening healthcare delivery for socioeconomically disad-
vantaged populations is essential to improving health outcomes and advancing broader health

system objectives.”®
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In Brazil, breast cancer represents a major public health concern
and disproportionately affects vulnerable populations with limited
access to healthcare services. This limited access creates import-
ant challenges and potential risks to optimal patient management
across a prolonged and complex treatment pathway.” Telemedicine
has emerged as a potential strategy to mitigate these difficulties by
providing remote clinical support and reducing the financial and
time burdens associated with in-person care.'’

Territorial disparities in the distribution of healthcare ser-
vices have long affected access to care in Brazil, reinforcing the
need for context-specific strategies and policy solutions.''?
In response to these challenges, some public healthcare facilities
in Brazil have begun integrating telemedicine into the national
public health system as a means of expanding access and address-
ing persistent inequities."*-"

This study evaluated the impact of a telemedicine protocol for
remote consultations on healthcare equity among a predominantly
low-income population of patients with breast cancer treated at
a Brazilian public hospital. Specifically, by implementing tele-
phone-based telemedicine consultations, the study examined their

effects on patient satisfaction and access to care.

OBJECTIVE

The primary objective was to assess patient satisfaction with
remote care provided by the breast surgery team using a tele-
medicine satisfaction questionnaire. The secondary objectives
included evaluating the socioeconomic profile of participating
patients, identify the reasons for eligibility for remote care, and
determine the proportion of scheduled outpatient appointments

considered eligible for telemedicine.

METHODS

Study design and population
This prospective cohort study evaluated the implementa-
tion of telemedicine in the clinical practice of a breast sur-
gery team at a municipal public hospital in Sdo Paulo, Brazil,
between July 2023 and April 2024. The study was approved by
the institutional Research Ethics Committee (Approval No.
CAAE 68518523.0.0000.0071) and was conducted in accordance
with Resolution No. 466/12 of the Brazilian National Health
Council. Written informed consent was obtained from all partici-
pants before enrollment. Consent was obtained during a prior in-
person visit to enable subsequent teleconsultation. The study was
reported in accordance with the STROBE guidelines for obser-
vational studies.'®

Eligible participants were adult patients aged > 18 years attend-
ing the breast surgery outpatient clinic. Although men were eli-

gible for inclusion, no male patients were enrolled in the study.

As a public tertiary care service, the hospital did not provide
screening consultations or second opinions. All participants had
a confirmed diagnosis before referral and were managed within a
predefined treatment pathway.

Patients undergoing neoadjuvant systemic therapy under shared
follow-up by the clinical oncology and breast surgery teams were
eligible for inclusion. During neoadjuvant treatment, surgical visits
were scheduled for predefined purposes, including review of treat-
ment response based on imaging findings and oncology reports, sur-
gical planning, coordination of multidisciplinary care, and patient
counseling. These visits did not involve physical examination, diag-
nostic assessment, or delivery of sensitive results. Accordingly, this
neoadjuvant subgroup comprised established patients at interme-
diate to late stages of a predefined treatment pathway.

Exclusion criteria included any condition requiring in-person
evaluation, such as clinical instability, need for physical examina-
tion (e.g., new breast complaints), pending diagnostic imaging or
laboratory results requiring face-to-face discussion, or situations
involving sensitive communication, such as suspected disease
recurrence or disclosure of unfavorable diagnostic findings. Early
postoperative follow-up visits were excluded by design because they
routinely require physical examination. Patients attending their
first consultation with the breast surgery team were also excluded.
Additional exclusion criteria were significant cognitive impairment
without a legal guardian and refusal to provide informed consent.

For participant recruitment, the outpatient schedule was
reviewed weekly to identify patients eligible for remote care. Eligible
patients were contacted by telephone at the same day and time as
their originally scheduled in-person consultation and were offered
teleconsultation. Following the teleconsultation, participants com-
pleted the Telemedicine Satisfaction Questionnaire (TSQ), which
had been translated and validated for use in Brazil.”” This question-

naire comprises 14 items addressing multiple aspects of remote care.

Data collection and definitions
All data were collected, securely stored, and extracted using the
REDCap electronic data capture platform.’® Anonymization pro-

cedures were rigorously applied to protect patient confidentiality.

Statistical analysis
Descriptive analyses were performed using absolute frequencies
and percentages for categorical variables. Numerical variables
were summarized using means and standard deviations, medi-
ans and quartiles, and minimum and maximum values, as appro-
priate. The distributions of numerical variables were assessed
using histograms, boxplots, quantile comparison plots, and the
Shapiro-Wilk normality test.

Differences in satisfaction scores between the first and second

teleconsultations were assessed using the Wilcoxon signed-rank



test for paired data. Associations between categorical variables
were examined using the chi-square test. Relationships between
patients’ sociodemographic characteristics and scores on the
Telemedicine Patient Satisfaction Assessment Questionnaire
were evaluated using the Mann-Whitney test or Kruskal-Wallis
test for categorical variables and Spearman correlation coefficients
for numerical variables.

All analyses were performed using IBM SPSS Statistics for
Windows version 29.0.2022 (IBM Corp., Armonk, New York).,

with a two-sided significance level of 5%.

RESULTS

During the study period, a total of 946 patients were scheduled
for appointments at the breast surgery clinic. All scheduled vis-
its were screened for teleconsultation eligibility according to pre-
defined criteria. Of these, 229 patients met the eligibility criteria
and were offered teleconsultation. Among the eligible patients,
117 (51.1%) completed the teleconsultation, whereas 112 did not.
Reasons for non-completion included failure of the back-office
team to establish contact (n = 18), unanswered calls (n = 15),
patient preference for an in-person consultation (n = 70), and
other reasons (n = 9) (Figure 1).

Over the 43-week study period, 117 teleconsultations were
conducted. Of the patients who received remote care, 71 had one
teleconsultation, 20 had two, and two had three teleconsultations.
Among the 22 patients who received two remote consultations, the
interval between appointments ranged from 14 to 301 days, with
a median of 46 days. For the two patients who underwent three
teleconsultations, the interval between the second and third con-
sultations was 70 days for one patient, and 126 days for the other.

The main reasons for referral to remote care were the unavail-

ability of a relevant examination required for decision-making

(40.2%) and ongoing neoadjuvant chemotherapy with active fol-

low-up by the clinical oncology team (29.9%).

Based on the first teleconsultation for each patient, the socio-

demographic characteristics and teleconsultation-related data of

93 patients are presented in Tables 1 and 2.

Table 1. Socioeconomic characteristics (n = 93)

Variable

Age (years)

Ethnicity

Marital Status

Education Level

Monthly Family
Income*

Work Status

Category
Mean (SD)

Median (Q1; Q3)
Minimum; maximum
White
Black
Brown
Asian
Single
Married
Divorced
Widowed
Stable union/Cohabitating
No formal education
Incomplete elementary education
Complete elementary education
Incomplete high school education
Complete high school education
Incomplete higher education
Complete higher education
Up to two minimum wages
More than two minimum wages
Unemployed
Formal/informal work
Government assistance income

n (%)
57.3(13.8)
57 (46; 67)

29; 86
50 (53.8%)

9 (9.7%)
31(33.3%)
3(3.2%)
23 (24.7%)
33 (35.5%)
14 (15.1%)
11(11.8%)
12 (12.9%)
6 (6.5%)
32 (34.4%)
16 (17.2%)
6 (6.5%)
21 (22.6%)
3(3.2%)
9 (9.7%)
62 (66.7%)
31 (33.3%)
36 (38.7%)
21 (22.6%)
36 (38.7%)

SD, standard deviation; Q1, first quartile; Q3, third quartile; * During the study
period (July 2023-April 2024), the national minimum wage was R$ 1,320 in
2023 and RS 1,412 in 2024 (approximately $ 250-270 per month, depending on

exchange rates).

Figure 1. Flow-chart of the study.




Table 2. Teleconsultation-related data (n = 93)

Variable Category n (%)
Teleconsultation No 13 (61.9%)
prevented workday loss* Yes 8(38.1%)
No 6 (6.5%)
Internet access
Yes 87 (93.5%)
N 9(9.7%
Cell phone ownership ° (9.7%)
Yes 84 (90.3%)
i . No 44 (47.3%)
Email ownership
Yes 49 (52.7%)
i i Mean (SD) 12.8(7.9)
Distance from residence i
X Median (Q1; Q3) 13 (5.6; 18)
to hospital (km) L .
Minimum; maximum 0.6; 39
Public transport 53 (57%)
Mode of transport to the Private car 28 (30.1%)
hospital Taxi/app-based driver 11 (11.8%)
On foot 1(1.1%)
Upto$2 33 (35.5%)
Transportation cost $2-4 25 (26.9%)
(round-trip)** $4-10 20 (21.5%)
More tan $ 10 15 (16.1%)
Up to 30 minutes 18 (19.4%)
. 30-45 minutes 16 (17.2%)
Travel time (one way) to i
i 45 minutes-1 hour 16 (17.2%)
the hospital
1-1.5 hours 17 (18.3%)
> 1.5 hours 26 (28%)
Attends consultations Alone 20 (21.5%)
with a companion With a companion 73 (78.5%)
Unavailable exam*** 47 (40.2%)
Und i dj t
ndergoing neoadjuvan 35 (29.9%)
chemotherapy
fi
' Unper ormefj 15 (12.8%)
Reason for referral to interconsultation
teleconsultation Only for exam request 9(7.7%)
Check test results 8 (6.8%)
Incorrect outpatient
. 1(0.9%)
scheduling
Other 2(1.7%)

SD, standard deviation; Q1, first quartile; Q3, third quartile; * Only those employed
(n=21); ** At the time of analysis, during July 2024, the US dollar exchange rate
fluctuated between approximately R$ 5.40 and R$ 5.50; *** e.g., missed imaging
appointment, delayed results, test not performed, or results unavailable in the
system at the time of the visit.

The mean age was 57.3 years. Most patients were white, mar-
ried, and had not completed elementary school (Table 1). Overall,
66.7% reported a monthly family income of up to two minimum
wages, 38.7% were unemployed, and another 38.7% were depen-
dent on government assistance. Among patients engaged in for-
mal or informal employment, 38.1% reported avoiding the loss of
a workday because of remote care (Tables 1 and 2).

Regarding digital connectivity, 93.5% reported having internet
access, 90.3% owned a mobile phone, and 52.7% had a personal
email account (Table 2).

The mean distance from the patient’s residence to the hospital

was 12.8 km. Most patients relied on public transportation, spent up

to $ 2 to reach the hospital, and required over 90 minutes for travel,
often accompanied by another person during consultations (Table 2).

The Patient Satisfaction Assessment Questionnaire for
Telemedicine was completed in 94 of the 117 teleconsultations
(80.3%). Among these, 76 questionnaires were completed after
the first teleconsultation, 16 after the second, and two after the
third. TSQ scores ranged from 2.4 to 5.0, with a median of 4.8
(Tables 3, 4, and Figure 2).

Based on the isolated response to question 14, “I would rec-
ommend telemedicine to other patients,” the Net Promoter Score
(NPS) was calculated to assess satisfaction with teleconsultation.
The NPS was defined as the percentage of promoters minus the
percentage of detractors, with scores between 75% and 100% gen-
erally considered excellent. Among the 94 questionnaires, 3.2% of
respondents were classified as detractors and 83% as promoters,
resulting in an NPS of 79.8%.

Patients who underwent more than one teleconsultation could
complete the TSQ after each appointment. Fifteen patients com-
pleted the questionnaire twice, including the two patients who
underwent three teleconsultations and responded after each visit.
When satisfaction scores from the first and second teleconsulta-
tions were compared, seven patients had higher scores after the sec-
ond consultation, five had lower scores, and three had unchanged
scores (Figure 3). After the first teleconsultation, scores ranged
from 3.86 to 5.00, with a median of 4.71 (first quartile, 4.29; third
quartile, 5). After the second teleconsultation, scores ranged from
4.07 to 5.00, with a median of 4.93 (first quartile, 4.64; third quar-
tile, 5).No significant difference was observed between the first and
second teleconsultation scores (p = 0.254).

Additionally, no significant differences were found in the dis-
tribution of TSQ scores according to age group (p = 0.861), edu-
cational level (p = 0.530), monthly family income (p = 0.242),
employment status (p = 0.832), transportation cost to the hospital
(p = 0.762), or travel time to the hospital (p = 0.287). In addition,
weak and non-significant correlations were observed between TSQ
score and patient age (correlation coefficient = 0.024; p = 0.839)
and between TSQ score and distance from residence to hospital
(correlation coefficient = 0.123; p = 0.291) (Table 5).

DISCUSSION

This study evaluated the sociodemographic profile of patients,
the feasibility of teleoncology implementation, and patient sat-
isfaction with remote care in a socially vulnerable population of
patients with breast cancer treated within the public health system.
The findings indicate that telemedicine can be incorporated into
routine breast cancer care with high patient satisfaction and mean-
ingful practical benefits, including reduced travel-related costs and
less time spent attending consultations. Notably, 83% of patients

reported that they would recommend telemedicine to others.



Table 3. Distribution of patient responses on the TSQ instrument regarding teleconsultations (n = 94)

Questions

Q1. Telemedicine is better than | expected.

Q2. | am satisfied with my telemedicine care.

Q3. I was worried about my privacy during the
telemedicine consultation.#

Q4.The care | received by telemedicine was as good as in-
person care.

Q5. Telemedicine saved me travel time.

Q6. Telemedicine saved me money.

Q7. I felt comfortable talking to the doctor on the phone.
Q8. | felt that my care was complete.

Q9. | prefer spending more time traveling for my next
appointment in person rather than telemedicine.#

Q10. | had difficulty hearing the doctor on the phone.#
Q11.1was able to build a trusting relationship with the doctor.
Q12. 1 was able to explain my problems clearly to the doctor
during telemedicine care.

Q13. Telemedicine care was good for me.

Q14. | would recommend telemedicine care to other

Responses
No, definitely not Probably not Maybe Probably yes  Yes, for sure

2 (2.1%) 1(1.1%) 3(3.2%) 12 (12.8%) 76 (80.9%)
0 (0%) 1(1.1%) 3(3.2%) 12 (12.8%) 78 (83%)

76 (80.9%) 7 (7.4%) 2(2.1%) 3(3.2%) 6 (6.4%)
3(3.2%) 4(4.3%) 11 (11.7%) 19 (20.2%) 57 (60.6%)
0 (0%) 0 (0%) 2(2.1%) 7 (7.4%) 85 (90.4%)
0 (0%) 0 (0%) 3 (3.2%) 7 (7.4%) 84 (89.4%)
1(1.1%) 1(1.1%) 4 (4.3%) 2(2.1%) 86 (91.5%)
1(1.1%) 2(2.1%) 5 (5.3%) 17 (18.1%) 69 (73.4%)

39 (41.5%) 23 (24.5%) 20 (21.3%) 4 (4.3%) 8(8.5%)

83 (88.3%) 4 (4.3%) 4 (4.3%) 2(2.1%) 1(1.1%)
0 (0%) 1(1.1%) 6 (6.4%) 13 (13.8%) 74 (78.7%)
0 (0%) 2 (2.1%) 3(3.2%) 15 (16%) 74 (78.7%)
0 (0%) 1(1.1%) 1(1.1%) 12 (12.8%) 80 (85.1%)
0 (0%) 1(1.1%) 2(2.1%) 13 (13.8%) 78 (83%)

patients (NPS).

#Questions with negatively worded statements.

Table 4. Description of Results from the Application of the
Patient TSQ for Telemedicine Consultations (n=94)

Questions from the instrument Mean (SD)

Q1 4,69 (0.78)

Q2 4.78 (0.55)

Q3 4.53(1.12)

Q4 4.31 (1.05)

Q5 4.88 (0.38)

Q6 4.86 (0.43)

Q7 4.82 (0.66)

Qs 4.61 (0.78)

Q9 3.86(1.25)

Q10 4.77 (0.72)

Q11 4.70 (0.64)

Q12 4.71 (0.63)

Q13 4.82 (0.49)

Q14 4.79 (0.53)

Instrument score

Mean (SD) 4,65 (0.43)

Median (Q1; Q3) 4.79 (4.43;5)
Minimum; maximum 2.36;5

SD: Standard deviation; Q1: First quartile; Q3: Third quartile

To our knowledge, this is the first prospective study conducted
in Brazil outside the pandemic setting to examine telemedicine
implementation in the clinical management of patients with breast
cancer while also providing a sociodemographic characterization
of the population and a structured evaluation of teleconsultation
quality using a validated instrument.

The sociodemographic characteristics of this cohort are con-

sistent with those reported for predominantly low-income patients

with breast cancer in Brazil, a population that often faces substan-
tial economic and social challenges.”® This population often relies
on the public healthcare system and experiences barriers to access-
ing oncology care, including transportation difficulties, limited
financial resources, and competing priorities, such as work and
family responsibilities.?**!

A central aim of this study was to evaluate the potential advan-
tages of remote care, including convenience, safety, and effective-
ness in meeting the needs of each clinical case. In particular, the
study examined whether teleoncology could help overcome bar-
riers associated with in-person visits, including transportation
demands, financial costs, time constraints, and work absenteeism,
all of which are particularly relevant for socioeconomically vul-
nerable patients undergoing breast cancer treatment.

The findings underscore the burden imposed by in-person
care in this population. Most patients (66.7%) reported a monthly
family income of up to two minimum wages, 57% relied on public
transportation, 35.5% spent up to $ 2 to reach the hospital, and
28% required over 90 minutes of travel time. These data illustrate
the logistical and financial challenges associated with routine face-
to-face consultations. In this context, the studies support the role
of telemedicine in reducing both direct and indirect costs related
to cancer care, including transportation expenses, lodging, and
income lost because of missed work.?

This practical benefit was also reflected in our findings. Among
patients with formal or informal employment, 38.1% reported avoid-
ing the loss of a workday because of teleconsultation. This suggests

that remote care may meaningfully affect both financial stability and
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* Questions with negatively worded statements.

Figure 2. Distribution of scores for questions answered by patients on the TSQ instrument (n = 94).

Figure 3. Individual TSQ scores of patients who underwent more than one teleconsultation (n = 15).
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Table 5. Associations between sociodemographic data and TSQ after the first teleconsultation (n = 76)

Variable
Age (years)
<39
40-49
50-60
=61
Education
No schooling to primary

Incomplete/complete high school
Incomplete/complete higher education

Monthly family income (IBGE)
Up to 2 minimum wages
More than 2 minimum wages

Employment status
Unemployed
Formal/informal employment
Government assistance

Transport cost to hospital
Upto$2
$2-4
$4-10
More than S 10

Travel Time to Hospital
< 30 minutes
30-45 minutes
45 minutes-1 hour
1-1.5 hours
> 1.5 hours

Median (Q1; Q3) Min; max n p value
4,50 (4.14;5) 3.93;5 7
493 (4.21;5) 2.36;5 15
0.861°
4.79 (4.57;4.93) 3.86;5 27
4.79 (4.43; 5) 3.64;5 27
4.79 (4.54; 5) 3.79;5 40
4.79 (4.14;5) 3.64;5 25 0.53°
4.71 (4.43;4.93) 2.36;4.93 11
4.79 (4.25; 4.96) 2.36;5 48
0.242°
4.86 (4.57;4.96) 3.86;5 28
4.79 (4.43; 4.93) 3.93;5 30
4.79 (4.43; 5) 3.86;5 19 0.832°
4.86 (4.57;5) 2.36;5 27
479 (4.21;4.93) 2.36;5 26
4.82 (4.64;4.93) 4.07;5 20
0.762°
4,79 (4.14; 5) 3.79;5 17
4.86 (4.50; 5) 3.64;5 13
4.79 (4.43; 4.93) 3.93;5 17
4.57 (4.43;4.79) 3.64;5 13
493 (4.71;5) 3.79;5 14 0.287°
4.86 (4.43; 4.96) 3.86;5 12
4.75 (4.32; 4.96) 2.36;5 20

Q1, first quartile; Q3, third quartile; n, number of patients; ¢ Mann-Whitney test; ® Kruskal-Wallis test.

daily functioning in this vulnerable population. In addition, a sub-
stantial proportion of patients (38.7%) depended on government
assistance, including welfare or disability benefits, further empha-
sizing the economic fragility of the study population and the value
of care models that reduce the burden of in-person visits.

Contrary to the assumption that socially vulnerable popula-
tions may have limited access to digital technologies, most patients
in this cohort reported having the basic means required to par-
ticipate in teleconsultations, including internet access and mobile
phones. These findings suggest that technological access may be
less restrictive than often presumed, even in low-income settings.
Previous studies similarly indicate that telemedicine can be a fea-
sible and effective approach for delivering oncology care to vul-
nerable populations.?*?!2>2¢

Most patients reported a positive experience with teleconsul-
tations, achieving an NPS score of 79.8%, which is classified as
excellent. Other studies suggest that the average NPS for in-person
healthcare typically falls between 60% and 80%, while telehealth
appointments generally range from 70% to 90%.2>* Furthermore,
repeated use of teleconsultations did not lead to a decline in patient

satisfaction, and some patients even reported increased satisfaction

over time.** Thus, the high satisfaction scores observed in this
study suggest that teleconsultation can be a viable and well-re-
ceived approach for delivering oncology care to predominantly
low-income patients with breast cancer.

Additionally, most patients were satisfied with the telehealth
experience, with a median TSQ score of 4.8 out of 5. These find-
ings are consistent with previous reports showing high patient
satisfaction with telehealth, particularly regarding convenience,
reduced travel time, and improved access to care.* Other studies
have reported similarly high satisfaction with teleoncology, par-
ticularly during the COVID-19 pandemic when in-person visits
were restricted.”> Patient satisfaction remained high even after
multiple teleconsultations, with no significant differences in satis-
faction scores between the first and second appointments.

Reported drivers of telehealth satisfaction commonly include
convenience, lower cost, ease of use, effective communication, and
elimination of travel time,” ,*’ all of which align with the experi-
ence reported by patients in the present study.

Importantly, repeated exposure to teleconsultation did not
appear to reduce patient satisfaction. Satisfaction scores remained

high across successive consultations, and some patients reported



higher scores after subsequent remote visits. Although no significant
difference was observed between the first and second teleconsulta-
tions, these findings suggest that teleoncology remains acceptable
over time for patients appropriately selected for remote follow-up.**

At the same time, telemedicine was not universally accepted.
Among clinically eligible patients, only 51.1% completed telecon-
sultation, and patient preference for in-person care was the most
common reason for non-completion. Inability to establish con-
tact also contributed to non-completion in a smaller proportion
of cases. Compared with a prior study conducted by our group
during the COVID-19 pandemic, uptake in the present study was
lower (51.1% vs. 71%),” suggesting that social isolation may have
increased acceptance of remote care during the pandemic period.

Sonagli et al. conducted a retrospective study at a tertiary
cancer center in Sao Paulo during the COVID-19 pandemic, and
showed that telemedicine was adopted to mitigate an almost 50%
reduction in outpatient visits and was feasible for follow-up breast
cancer, screening, and selected benign breast conditions.?

The preference for in-person visits among a substantial sub-
group of clinically eligible patients indicates that telemedicine
is not universally accepted, even when remote care is clinically
appropriate. This finding underscores the need for patient edu-
cation regarding the scope and benefits of teleconsultation, while
ensuring that clinical management is not compromised. Refusal
of teleconsultation may also reflect diverse barriers, including the
perceived value of physical examination, communication prefer-
ences, privacy concerns, mistrust of remote care, technological
constraints, or perceived clinical seriousness. Future studies should
incorporate targeted surveys of patients who decline teleconsulta-
tion to better characterize these barriers and inform patient-cen-
tered implementation strategies.

Collectively, teleoncology can be a viable option for deliver-
ing care to predominantly low-income and low-literacy patients
with breast cancer, particularly when the aim is to reduce barri-
ers related to travel, time, cost, and work absenteeism. However,
its role is best understood within a selective and clinically appro-
priate model of care in which telemedicine complements, rather
than replaces, in-person consultations.

This study has some limitations. It was conducted at a single
institution within a specific geographic region, which may limit
the generalizability of the findings. The absence of a control group
receiving in-person care also restricted the ability to compare out-
comes more rigorously. Although the sample of 93 patients pro-
vided important insight into patient characteristics and experi-
ences with teleoncology, a larger sample might have offered greater
statistical power to detect subtler associations across various out-
come measures. Additionally, the lack of access to video-based
consultations at our institution may have influenced the quality

of the consultations.

Future studies should examine the long-term effects of teleon-
cology on clinical outcomes, treatment adherence, and overall
quality of life among socioeconomically vulnerable patients with
breast cancer. Further studies are warranted to better understand
the barriers and facilitators influencing teleoncology adoption in
this population and to identify strategies for sustainable imple-

mentation and scale-up within public health systems.

CONCLUSION

This study shows that teleoncology is a feasible and acceptable
strategy for follow-up care in a clinically selected subgroup of
predominantly low-income patients with breast cancer. Among
patients considered eligible for teleconsultation, more than half
completed the remote visit, indicating meaningful uptake in an
appropriate clinical context. Although a substantial proportion of
eligible patients preferred in-person care, these findings support
integrating telemedicine alongside conventional consultations to
reduce sociodemographic barriers and promote more equitable

access to breast cancer management.
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ABSTRACT
BACKGROUND: Relative energy deficiency in sport (REDs) is a syndrome that impairs physiological func-
tion because of low energy availability. Awareness and knowledge of REDs among athletes and health
professionals are essential for early identification and prevention.
OBJECTIVE: To translate into Brazilian Portuguese and culturally adapt a questionnaire that assesses
knowledge of the signs, symptoms, and consequences of REDs, originally created by Pai et al, and to
obtain evidence of content and face validity.
DESIGN AND SETTING: Translation, cultural adaptation, and validation study conducted remotely using
online tools and digital data collection.
METHODS: The translation and cultural adaptation consisted of the following steps: two independent
translations, synthesis of the translations by a committee of health professionals, two back-translations,
and review by a committee of experts to determine the best version for testing. For content validity, the
content validity coefficient (CVC) was calculated based on the evaluation of the experts committee on
the practical pertinence, theoretical relevance, and linguistic clarity of the items of the pretest version. For
face validity, the pretest version was applied to 30 individuals who assessed the items for linguistic clarity,
adequacy, and comprehensibility.
RESULTS: The CVC for the scale was 0.97. The CVC values for clarity, pertinence, and relevance were 0.97,
1 and 0.99, respectively. All items had a CVC > 0.8, confirming acceptable content validity. The pretest
version was tested on 12 female runners, eight coaches, and 10 dietitians. Items were clear and compre-
hensible to 93% and adequate to 96% of respondents. No changes were needed, and the pretest version
was defined as the Brazilian version of the questionnaire to assess REDs knowledge (QC-REDs).
CONCLUSION: The QC-REDs obtained strong content and face validity. It provides a rigorously adapted
tool for Brazil, supported by positive feedback from the target population, demonstrating its applicability
and usability. This instrument fills a crucial gap and offers a valuable resource for researchers and profes-
sionals working with athletes at risk of REDs. Future research should focus on psychometric validation to
further solidify its effectiveness in the Brazilian context.

INTRODUCTION

Relative Energy Deficiency in Sport (REDs) was first described in 2014 in a position statement
by the International Olympic Committee (IOC) as a syndrome characterized by low energy
availability (LEA) as its central component.!

LEA refers to insufficient energy availability to support physiological functions after con-
sidering energy expended during exercise,” and has been suggested to occur in women when it
is equal to or less than 30 kcal/kg FFM/day and in men when equal to or less than 9-25 kcal/kg
FFM/day.>” LEASs effects can vary based on the severity, duration, and frequency of exposure,
with adaptable LEA causing minimal or no impact, whereas problematic LEA leads to persistent
disruptions across various body systems.® Therefore, the more severe and prolonged the LEA, the
greater the risk of leading to a persistent disruption of hormonal, metabolic, and physiological
regulations,® ! acting as an etiological factor for REDs.

REDs has deleterious effects on multiple physiological functions, including menstrual dys-
function, impaired reproductive function, and impairments in several systems, such as bone
health, cardiovascular and neurocognitive function, energy metabolism, immunity, and skeletal

muscle function. Sports performance is also reduced, manifested as decreased endurance and
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power, reduced muscle strength, impaired recovery, motivation, and
training response, in addition to decreased cognitive performance.®

The identification and management of REDs are critical aspects
of athlete health; however, research shows a concerning knowledge
gap among sports coaches and other health professionals, such as
physiotherapists and physicians.'? A study found that fewer than
30% of health professionals, including certified athletic trainers,
were familiar with the term REDs after attending a sports medi-
cine conference.' In addition, even among physicians trained in
sports medicine and other health professionals, few expressed
confidence in treating patients with REDs.!? This lack of aware-
ness is particularly troubling, as these professionals are uniquely
positioned within the technical team to identify athletes at risk and
educate them on the importance of maintaining adequate energy
availability.® Moreover, athletes often have limited knowledge about
REDs, with many unaware of the connection between inadequate
nutrition and menstrual dysfunction, for example, which can lead
to serious long-term health consequences.’

In the absence of a validated questionnaire designed to evalu-
ate the level of knowledge about REDs among stakeholders in the
sports environment, Pai et al.'* developed and validated a ques-
tionnaire with satisfactory validity evidence to assess knowledge
of the signs and symptoms of REDs. The instrument includes
items that identify awareness of the female athlete triad, LEA,
and REDs, as well as the recognition of REDs-related symptoms
and their health and performance consequences. When applying
this questionnaire, Pai et al." observed that health professionals
exhibited higher levels of knowledge about REDs than physically
active individuals. This finding suggests that the instrument can
be a valuable tool for assessing current knowledge on REDs and
identifying gaps that need to be addressed.!

To the authors’ knowledge, no validated questionnaire is
available to assess knowledge of the signs, symptoms, and con-
sequences of REDs among Brazilian health professionals and
athletes. Given the severity of the consequences of LEA-related
consequences, particularly in the development of REDs, raising
awareness about this syndrome should be the first step toward
prevention. Therefore, adapting and validating a questionnaire
to assess knowledge of REDs within the Brazilian sports stake-
holder community is crucial for advancing awareness and improv-
ing strategies for disseminating information about REDs in both
sports and academic settings. In this context, this study aims to
translate the questionnaire designed by Pai et al."* into Brazilian
Portuguese, culturally adapt it, and obtain content and face valid-

ity evidence for its use in Brazil.

MATERIAL AND METHODS
This cross-sectional study for linguistic and cross-cultural validation

was reviewed and approved by the Ethics and Research Committee

of the Universidade Federal de Siao Paulo (No. 67851223.1.0000.
5505), and all participants provided informed consent.

The questionnaire to assess REDs knowledge is a self-admin-
istered instrument that was first developed in English and consists
of 18 items assessing the theoretical and practical understanding
of REDs signs, symptoms, and consequences.'* The original ques-
tionnaire was validated in a sample (n = 174) composed of health
professionals and physically active individuals from New Zealand,
aged between 18 and 70 years." The instrument developed by Pai
et al.'"* has a dichotomous format, with results classified as correct
(score = 1) or incorrect (score = 0). Thus, comprising 18 scoring
items, the instrument’s total score ranges from 0 to 18. Higher scores
indicate a higher level of knowledge about REDs.

To initiate the translation and adaptation process, permission to
use the questionnaire to assess REDs knowledge was first obtained
by email from the corresponding author of the original version.
The process of translating, culturally adapting, and validating the
content of the questionnaire was carried out based on the recom-
mendations of Guillemin et al.'® and Beaton et al.!® (Figure 1).

The original version of the questionnaire was translated into
Portuguese by two independent Brazilian translators fluent in
English. Translator 1 was a registered dietitian with a master’s
degree in the LEA area and an expert on instrument construct.
Translator 2 was an accredited translator with command of both
English and Portuguese and no knowledge of the questionnaire’s
construct. The two versions in Portuguese (T1 and T2) were inde-
pendently analyzed by three registered sports dietitians knowl-
edgeable about REDs (two with a master’s degree and one PhD
professor) to determine the best wording for the target popula-

tion. The experts assessed the equivalence between the translations

Y
Authorization of the original version author

Original version (4 ; A
S for translation and cultural adaptation

e aAr
Two translations (T1 and T2)

Translation ~ One translator who was expert in the health area

One translator who was not from the health area

= A\[E .
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Figure 1. Translation and adaptation process, followed by
evidence of validity.



and the original instrument across four aspects: (1) semantic
equivalence, to determine whether the wording had the same
meaning and to identify any grammatical errors; (2) idiomatic
equivalence, to evaluate whether expressions that were difficult
to translate were well adapted without changing the cultural
meaning of the item; (3) experiential equivalence, to assess the
applicability of the items in the new cultural context and, if nec-
essary, replace them with equivalent items; and (4) conceptual
equivalence, to ensure that terms and expressions, even if accu-
rately translated, measured the same construct across different
cultures.”” The three versions were synthesized by the authors
into a single Portuguese version (V1).

Subsequently, version V1 was subjected to back-translation
(translation from Portuguese to English) by two native English-
speaking translators with command in Portuguese and no prior
knowledge of the instrument’s construct, resulting in two English
versions, BT1 and BT2. Next, a committee of experts — comprising
four health professionals and/or researchers from the health area
with knowledge of the construct and fluency in English, as well
as one of the translators involved in the process — independently
evaluated all the materials produced during the process (original,
T1, T2, V1, BT, and BT2) to develop the pretest version. The com-
mittee included three sports registered dietitians and one sports
gynecologist. Each member created a pretest version and provided
areport on the process. These versions and reports were then com-
pared by the authors, and based on theoretical experts’ consensus,
the final pretest version (V2) was structured.

The content validity process consisted of the evaluation of
the materials generated from the translation, synthesis, and back-
translation stages by an expert committee. The experts assessed
the items of the synthesis version (V1) based on practical perti-
nence, theoretical relevance, and linguistic clarity, ensuring that the
instrument effectively measured its intended construct.’® Each item
was rated using a five-point Likert scale for each criterion (clarity,
pertinence, and relevance), where “1” indicated that the item was
not at all clear, pertinent, or relevant, whereas “5” indicated that
the item was completely clear, pertinent, or relevant. These ratings
enabled the calculation of the content validity coefficient (CVC)."”

To calculate the CVC of the instrument, as well as the CVC
for each item and each evaluated aspect related to the scale con-
struct, the equations proposed by Filgueiras et al.?* were applied.
According to Hernandez-Nieto,'” instrument items should have
a minimum CVC value of 0.8. However, values above 0.7 are con-
sidered acceptable."”

Furthermore, face validity concerns whether the target popu-
lation considers the items understandable, relevant, and easy to
answer.”! Therefore, face validity was assessed by testing the pre-
test version with female runners, running coaches, and registered

dietitians using a non-probabilistic snowball sampling method.

Participants were invited via social media and the researchers’ pro-
fessional networks. As recommended by Beaton et al.,'* 30 indi-
viduals participated in the face validity assessment. While com-
pleting the questionnaire, participants were asked to evaluate the
clarity, adequacy, and comprehensibility of each item and to suggest
modifications when necessary to improve understanding. Items
that elicited doubts or were not understood by more than 15%
of respondents were flagged for revision, and any modifications
required would necessitate reapplication of the updated version
to new respondents.” The questionnaire was applied online, and
data were collected and managed using the Research Electronic
Data Capture (REDCap) platform hosted at Universidade Federal

de Sao Paulo.?*

RESULTS
The Content Validity Coefficient (CVC) for the entire scale, cal-
culated by subtracting the mean experts’ CVC for the scale as a
whole from the experts’ standard error of polarization, was 0.97.
For the clarity of the items, the CVC was 0.97. For the pertinence
of the items, that is, their importance in composing the instru-
ment, the CVC value was 1. Finally, for the relevance of the items
in measuring the construct, the CVC was 0.99. Table 1 presents
the pretest version and the CVC value of each item according
to each aspect judged by the five experts. However, the transla-
tor on the expert committee preferred to evaluate only the clar-
ity of the items, considering himself unqualified to assess items
within the construct that were not part of his area of expertise.
Therefore, the CVC values for pertinence and relevance were cal-
culated based on the judgments of four experts. All items had a
CVC > 0.8, indicating that the pretest version of the instrument
demonstrated acceptable content validity.

The pretest version (V2) of the questionnaire was applied to
12 female runners (mean age: 37.7 + 11.3 years) who frequently
participated in running events, eight running coaches (mean age:
38.8 1 6.9 years), and 10 registered dietitians (mean age: 37.4+11.4
years). Their feedback confirmed that the items were clear and
understandable to 93% of respondents and adequate according to
96% of the sample. Given these findings, no modifications were
necessary, and the pretest version (V2), presented in Table 1, was
defined as the Brazilian version of the questionnaire to assess REDs
knowledge (QC-REDs; see Appendix 1) to be tested using psycho-

metric measures to accumulate validity evidence.

DISCUSSION

The Brazilian version of the questionnaire to assess REDs knowl-
edge demonstrated acceptable evidence of content and face valid-
ity, standing as the first tool in Brazilian Portuguese designed to
assess knowledge about the signs, symptoms, and consequences

of REDs. The main strength of this study lies in the testing of a



Table 1. Calculation of CVC of the pretest version items

cvC
Pretest version (V2)
Clarity Pertinence Relevance
Vocé ja ouviu falar de Baixa Disponibilidade de Energia?
« Sim
0,96 1 1
« Nao

Vocé ja ouviu falar de Deficiéncia Relativa de Energia nos Esportes?
« Sim
- Nao
Vocé ja ouviu falar de Triade da Mulher Atleta?
« Sim
- Nao
Ter um ciclo menstrual irregular costuma ser um sinal de que mulheres atletas/fisicamente ativas estao no auge da forma competitiva
« Verdadeiro
« Falso 0,96 1 1
« Néo tenho certeza
Vocé acha normal mulheres atletas/ fisicamente ativas ndo menstruarem? (excluindo gravidez ou auséncia de menstruagdo por uso de contraceptivo)?
« Sim
- Nao
< 0,96 1 1
« Nao tenho certeza
« Depende da situagao

Vocé acha que ndo consumir energia suficiente pode resultar na auséncia de menstruagao?
« Sim
« Nao 1 1 1
« Nao tenho certeza
Vocé acha que fraturas (fissuras ou pequenas quebras) ocorrem mais frequentemente em meninas/mulheres que ndo menstruam por 3 ou
mais meses do que naquelas que menstruam regularmente? (excluindo gravidez ou auséncia de menstruacdo por uso de contraceptivo)
« Sim
- Nao 0,92 1 1
« Nao tenho certeza
Vocé acha que a irregularidade ou auséncia de menstruacdo esta associada ao desenvolvimento de ossos mais fracos?
« Sim
+ Néo 0,96 1 1
+ Nao tenho certeza

Quais das opcdes a seguir podem aumentar o risco de um atleta contrair infec¢des, tais como gripe e resfriado?
(por favor, marque todas as que se aplicam)

« Treino intenso com descanso inadequado 1 1 1
« Consumo insuficiente de liquidos 0,88 1 0,95
« Consumo insuficiente de energia 1 1 1
« Nao sei 1 1 1

Em sua opiniao, quais das seguintes op¢oes poderiam ser resultado da insuficiéncia cronica de energia? (por favor, marque todas as que se aplicam)

» Aumento do desempenho na corrida de velocidade 0,88 1 0,9
« Diminuigao do desempenho na corrida de velocidade 0,88 1 09
» Mudangas no peso 1 1 1
« Mudangas na composicdo corporal 1 1 1
+ Diminuicdo da forca muscular 1 1 1
« Aumento da forca muscular 1 1 1
« Diminuicdo da massa muscular 1 1 1

« Aumento de lesoes 1 1 1



needed, easy-to-apply, and easy-to-interpret instrument to mea-
sure knowledge about REDs.

The process of translation and cultural adaptation of the ques-
tionnaire to assess REDs knowledge was conducted carefully, fol-
lowing methodological recommendations widely recognized in
the health field.'>' The objective was to ensure that the Brazilian
version maintained the quality and content of the original version
proposed by Pai et al.'* Recommendations for conducting transla-
tion and cultural adaptation reflect best practices and raise expec-
tations that the translated and culturally adapted instrument will
be very similar to the original.”

Based on the judgment of the expert committee, an excellent
CVC of 0.97 was identified for the studied scale, with all items
scoring above 0.8, supporting the retention of the questionnaire
structure without modifications. Similarly, the original version of
the questionnaire achieved a CVC greater than 0.8 based on expert
evaluation." Content validity of a scale refers to whether the items
are adequate to measure the construct it purports to measure in
a relevant and representative way.* The feedback provided by the
evaluators is crucial for refining items before the scale is applied
to larger samples.?®

According to the International Test Commission,”” an expert
committee should be composed of individuals with different quali-
fications to ensure that all relevant aspects are addressed, including
those that may be overlooked by others. In this context, a transla-
tor without expertise in health and sports participated in the com-
mittee. While this committee member focused solely on evaluat-
ing the linguistic clarity of the items, the practical pertinence and
theoretical relevance were assessed exclusively by experts with
knowledge of the construct, thus ensuring methodological rigor
in the evaluation process.

Throughout the process, the original format of the questionnaire
was preserved without removing or rearranging items. The adap-
tations focused on linguistic adjustments to enhance comprehen-
sion by the Brazilian population without affecting the real meaning
of the expressions. The Brazilian version was developed following
a content validity assessment by a committee of experts and was
later validated by the target population. Given that content valid-
ity is fundamental to establishing other forms of validity, it should
be prioritized in the instrument development process.?® Validity
does not refer to the instrument itself but rather to the scores it
produces when applied to a specific group of respondents for a
particular purpose.?

The fact that the pretest version underwent no modifications
compared with the original version reinforces its fidelity to the
original instrument. The involvement of the expert committee
in the adaptation process is crucial for standardizing the items,
ensuring clarity and ease of understanding, and maintaining the

semantic equivalence of terms in relation to the original version.”

The language and structure of the pretest version of the ques-
tionnaire were also validated by the target population (running
coaches, dietitians, and female runners), who found the instru-
ment to be clear, comprehensible, and adequate for their context.
The absence of necessary modifications suggests that the adaptation
was effective and well received by the participants. The importance
of a test having high face validity is linked to the quality of the data
collected and the participants’ experience.! A questionnaire with
high face validity naturally enhances data quality.?'

According to Magasi et al.,” the perspective of the target pop-
ulation is important because they have direct, lived experience
with the concept. In contrast, experts offer a broader view, having
observed it across diverse individuals and contexts.*® Therefore,
strong validity evidence requires balancing both perspectives (con-
tent and face validity) rather than favoring one over the other.*®

One limitation of this study is the lack of exploration of
responses from health professionals and athletes beyond those
included in the sample. While the participation of dietitians, run-
ning coaches, and female runners provided valuable insights into
the clarity and adequacy of the QC-REDs, expanding the sample to
include a broader range of professionals, such as physicians, phys-
iotherapists, psychologists, and athletes from various disciplines,
could offer a more comprehensive evaluation of the instrument’s
applicability across different contexts. Additionally, future stud-
ies should investigate how the adapted version of the QC-REDs
performs in diverse populations to ensure its validity across vari-

ous sporting backgrounds.

CONCLUSION
The findings of this study indicate that the Brazilian version of
the QC-REDs demonstrated strong content and face validity.
This study contributes to the field by providing a rigorously
adapted version of the QC-RED:s for use in Brazil. The strong con-
tent validity and positive feedback from the target population sup-
port the questionnaire’s applicability and usability. In addition, this
instrument fills a significant gap in the field by providing a valu-
able tool for researchers and professionals working with athletes
and individuals at risk of REDs.
Future research focusing on psychometric validation to estab-
lish the robustness of this instrument in assessing REDs knowledge

within the Brazilian context is in progress and will be reported soon.
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ABSTRACT
BACKGROUND: The Positive Aspects of Caregiving Scale (PAC) assesses the satisfaction and psychosocial
benefits perceived by caregivers in the caregiving experience.
OBJECTIVE: To analyze the psychometric properties of the PAC among unpaid caregivers of people living
with dementia in the Brazilian context.
DESIGN AND SETTING: Validation study of the instrument conducted online with caregivers from differ-
ent regions of Brazil.
METHODS: The sample comprised 100 unpaid caregivers of people living with dementia. Sociodemo-
graphic characteristics, positive aspects of caregiving, burden, depressive symptoms, anxiety symptoms,
and quality of life were assessed using an online form. Evidence of validity based on internal structure was
examined using confirmatory factor analysis, reliability testing, and criterion validity analysis.
RESULTS: Most participants were women (95%), daughters of the care recipient (85%), with an average
age of 54.5 years, a high educational level, and residence in the Southeast region of Brazil. Depressive
symptoms (70%), anxiety (65%), moderate to severe burden (42%), and low quality of life (62%) were prev-
alent. Factor analysis indicated satisfactory fit for the PAC, and the high correlation between factors sup-
ported consideration of a one-dimensional scoring structure. The scale showed high internal consistency
(o0 = 0.89) and significant correlations with burden, anxiety symptoms, depressive symptoms, and quality
of life.
CONCLUSION: The PAC showed good psychometric properties in the Brazilian context, supporting its va-
lidity and reliability for assessing positive aspects of caregiving among unpaid caregivers of people living
with dementia.

INTRODUCTION

Globally, over 55 million people live with dementia, with nearly 10 million new cases expected
annually, making dementia a public health problem and one of the leading causes of disability
and dependency.! Most people with dementia are cared for by unpaid caregivers, particularly in
low- and middle-income countries.?

Studies indicate that unpaid caregivers of people living with dementia often face considerable
challenges, including potentially deleterious effects on well-being, such as burden, depression,
anxiety, decline in physical capacity, and reduced quality of life.>-> However, caregivers may also
report positive experiences when caring for family members, and these experiences may play an
important role in their well-being and quality of life.>¢

Positive aspects of caregiving refer to the gains or satisfaction that caregivers derive from
the caregiving experience.” Satisfaction, rewards, perceived gains, competence, meaning, resil-
ience, self-efficacy, personal growth, and a sense of mastery are commonly described as positive
aspects in the literature.*®

A study involving 1,222 unpaid caregivers of people living with dementia in the United
States found that positive aspects of caregiving were inversely associated with depressive and
anxiety symptoms. Caregivers who reported higher levels of positive aspects of caregiving had

fewer depressive and anxiety symptoms than those with lower levels. Thus, positive aspects of
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caregiving may make the burden of care more tolerable and may
help alleviate caregiver distress over time.'

The Positive Aspects of Caregiving (PAC) Scale is widely rec-
ognized as an instrument for assessing the psychological benefits
of caregiving among caregivers.>® The PAC was originally devel-
oped by Tarlow et al.” in 2004 and initially consisted of 11 items.
After exploratory and confirmatory factor analyses, the instrument
was reduced to nine items. The scale comprises two factors (self-af-
firmation and perspective in life) and yields a total score ranging
from 9 to 45 points, with higher scores indicating greater positive
perception and benefits derived from the caregiving experience.
The internal consistency of the overall instrument was o = 0.89.

Although the PAC has been used among unpaid caregivers of
people living with dementia in the United States,”!! Europe,'>* and
Asia,'"*'® evidence on its use in Brazil remains limited. Recently,
the PAC was translated and culturally adapted for use with unpaid
caregivers in the Brazilian context, following internationally recom-
mended guidelines for cross-cultural adaptation, including transla-
tion, back-translation, expert committee review, and pre-testing.””
However, evidence regarding its psychometric properties in Brazil
remains limited, reinforcing the need for validation studies to sup-

port its use in research and clinical practice.”

OBJECTIVE
To analyze the psychometric properties of the Positive Aspects of
Caregiving Scale among unpaid caregivers of people living with

dementia in the Brazilian context.

METHODS

This validation study examined the PAC Scale, which had pre-
viously been translated and culturally adapted into Brazilian
Portuguese.'” This study is part of a larger umbrella project enti-
tled iSupport-Brazil,'® which evaluates the implementation and
effects of the World Health Organization’s iSupport program,
an online psychosocial intervention designed to support unpaid
caregivers of people living with dementia'®. All scientific and eth-
ical guidelines were followed, and the study was approved by the
Human Research Ethics Committee of the Universidade Federal
de Sao Carlos (CAAE No. 88157118.0.1001.5504).

The study sample comprised 100 unpaid caregivers of people
living with dementia from different regions of Brazil. The sample
size was determined according to the recommendations of Hair
et al.” based on the number of items in the scale. The inclusion
criteria were defined according to the iSupport-Brazil umbrella
project and included being at least 18 years of age, self-identi-
fying as an unpaid caregiver of a person living with dementia,
having provided care for at least six months, residing in Brazil,
and having access to a smartphone, computer, or tablet with

internet access.

In addition, only caregivers who scored equal to or above the
minimum cut-off in at least one of the following measures were
included: general perception of burden (> 4), anxiety symptoms
(= 3), or depressive symptoms (= 3). These cut-off points were
adopted to ensure the inclusion of caregivers experiencing at least
a minimal level of emotional burden or psychological distress,
in accordance with the eligibility criteria of the iSupport-Brazil
intervention,'® which targets caregivers at higher psychosocial
risk. Caregivers of institutionalized individuals were excluded.

Participants were recruited through online dissemination
linked to the iSupport-Brazil umbrella project.’® Interested care-
givers completed a pre-registration form and were subsequently
invited to complete an online screening questionnaire to assess
the eligibility criteria. Caregivers who met the inclusion criteria
received a new link to the full data collection form. In this form,
they provided digital informed consent and answered questions on
sociodemographic and caregiving characteristics, positive aspects of
caregiving, burden, depressive and anxiety symptoms, and quality
of life. Data were collected online between January and May 2024.

In addition to the PAC, the following variables of interest
were assessed:

« Sociodemographic and caregiving characteristics: sex (female
or male), age (continuous), marital status (with or without
partner), ethnicity/skin color (white, brown, black, or yellow),
region of the country (Southeast, Northeast, Midwest, South
and North), number of years in school (5-8 years, 9-11 years,
or > 12 years), relationship to the care recipient (spouse, sib-
ling, grandchild, or other), and diagnosis of the care recipi-
ent’s type of dementia (Alzheimer’s disease, vascular dementia,
frontal-temporal dementia, Lewy body dementia, or I do not
remember/do not know). All information was self-reported
by participants through the online questionnaire.

o Burden: Burden was assessed using the Zarit Burden Interview
(ZBI), which consists of 22 items rated on a Likert scale from 0
to 4 points and measures subjective burden. Scores between 21
and 40 indicate mild burden, scores between 41 and 60 indi-
cate moderate to severe burden, and scores above 61 indicate
intense burden.?*?!

o Anxiety and depressive symptoms: Anxiety and depres-
sive symptoms were assessed using the Hospital Anxiety and
Depression Scale (HADS), which consists of 14 items, with
seven questions for each subscale, rated on a Likert scale from
0 to 3 points. Scores >8 suggest the possible or probable pres-
ence of anxiety or depressive symptoms.?>*

o Quality of life: Caregivers’ quality of life was assessed using
the caregiver version of the Quality of Life in Alzheimer’s
Disease scale (QoL-AD), which consists of 13 items rated on
a Likert scale from 1 to 4. Based on the median score of 32

points, higher values indicate better quality of life**,**.



Statistical analyses were performed using SAS software ver-
sion 9.4, except for confirmatory factor analysis, which was con-
ducted using MPLUS software version 6.12. After data collection,
descriptive analyses were calculated, including measures of fre-
quency (relative and absolute), position (minimum, mean, and
maximum), and dispersion (standard deviation). To assess the fit
of the original models to the data, the following fit indices were
used: chi-squared test (x*), Comparative Fit Index (CFI), Tucker-
Lewis Index (TLI), Root Mean Square Error of Approximation
(RMSEA), and Weighted Root Mean Square Residual (WRMR).
The adequacy criteria considered were CFI and TLI (= 0.9), RMSEA
(<0.06),and WRMR (< 1), as recommended in the literature.?*-2

Cronbach’s alpha was calculated to assess the internal consis-
tency of the instruments, with values >0.6 considered satisfactory.?”
Spearmanss correlation coefficient was used to assess the relationship
between scores, according to the following criteria: weak correla-
tion (<0.3), moderate correlation (0.3-0.5), and strong correlation

(>0.5).” A significance level of 5% was adopted for all analyses.

RESULTS

Among the 100 unpaid caregivers of people living with
dementia, 95% were female, with an average age of 54.5
(8D 9.61) years. Most participants were white (56%), living with
a partner (56%), had > 12 years of schooling (89%) and living
in the Southeast region of Brazil (65%). Most were daughters
of the person living with dementia and had provided care for
1-3 years (38%). Among care recipients, 72% had Alzheimer’s
disease. Moderate to severe burden (42%), anxiety symptoms
(65%), depressive symptoms (70%), and lower quality of life
(62%) predominated among caregivers. Table 1 presents the
characteristics of the participants.

Analysis of the standardized estimates of factor loadings indi-
cates that the PAC Scale items were adequately represented by fac-
tors F1 (self-affirmation) and F2 (perspective in life), showing good
factor loadings and high statistical significance. All items showed a
strong correlation with their respective factors, suggesting that the
factors were well defined. However, the high correlation between
F1 and F2 (0.872) exceeded the recommended limit of 0.8-0.85,
which may indicate poor discriminant validity. This value suggests
that the F1 and F2 factors are not fully distinct and may reflect
overlapping constructs. The strong correlation between these fac-
tors suggests that a single-factor interpretation may be appropriate
to reflect the construct measured by the scale (Table 2).

Table 3 presents the results of the confirmatory factor analysis
conducted to assess the fit of the PAC scale in two models: bifac-
tor and unidimensional models. The CFI and TLI indexes were
above 0.9, indicating good model fit. However, the RMSEA value
exceeded the recommended reference value of <0.06, suggesting a

reasonable but not optimal fit. Conversely, the WRMR values were

Table 1. Descriptive analysis of participants’ sociodemographic, care,

and health characteristics, 2024

Variable

Sociodemographic characteristics

Gender
Female
Male
Age
18-59 years
260 years
Schooling
5-8years
9-11 years
2> 12 years
Marital status
With a partner
Without a partner
Ethnicity
White
Brown
Black
Yellow
Country region
Southeast
Northeast
Midwest
South
North

Degree of kinship
Child
Spouse
Sibling
Grandchild
Other

Care time
Less than a year
1-3 years
4-6 years
7-10years
211 years

Type of dementia
Alzheimer’s disease
Vascular dementia

Characteristics of care

Frontal-temporal dementia

Lewy Body dementia

I don’t remember/I don't know

Burden
Absent (£20)
Mild (21-40)

Health characteristics

Moderate to severe (41-60)

Intense (>61)
Anxiety symptoms
Possible/likely (= 8)
No symptoms (< 7)
Depressive symptoms
Possible/likely (= 8)

Absence of symptoms (< 7)

Quality of life
Higher levels (> 32)
Lower levels (< 32)

n (%)

95 (95%)
5(5.05)

70 (70%)
30 (30%)

3 (3%)
8 (8%)
89 (89%)

56 (56%)
44 (44%)

56 (56%)

33(33%)

10 (10%)
1(1%)

65 (65%)

16 (16%)

10 (10%)
5 (5%)
4 (4%)



Table 2. Standardized factor loading estimates for the PAC Scale. Sdo Carlos, 2024

F1BY
PACT - Caring has made me feel more useful
PAC2 - Caring has made me feel good about myself
PAC3 - Caring has made me feel that someone needs me
PAC4 - Caring has made me feel valued
PAC5 - Caring made me feel important
PAC6 - Caring has made me feel strong and confident
F2 BY
PAC7 - Caring has allowed me to value life more
PAC8 - Caring has enabled me to develop a more positive attitude towards life
PAC9 - Caring has strengthened my relationships with other people
F1 WITH
F2

Table 3. Confirmatory factor analysis of the PAC scale. Sdo Carlos, SP,
Brasil, 2024

f-\djustment Model - two factors Model - single factor
index

RMSEA 0.117 (C1 90%: 0.077-0.156)  0.126 (Cl 90%: 0.088-0.165)
CFI 0.985 0.983

TLI 0.978 0.974
Chi-square 56.621 (24) 62.168 (24)

WRMR 0.637 0.649

RMSEA, root mean square error of approximation; Cl, confidence interval; CFl,
Bentler's comparative fit index; TLI, Tucker-Lewis index; WRMR, weighted root
mean square residual.

below 1, indicating good fit with the observed data. The two-factor
model showed marginally better fit indices than the unidimensional
model. Nevertheless, the high correlation between self-affirmation
and perspective in life suggests that a one-dimensional scoring struc-
ture may also be appropriate for representing the overall construct.

Regarding internal consistency, the Cronbach’s alpha was 0.89
for the total scale, 0.86 for self-affirmation, and 0.80 for perspective
in life. These findings indicate satisfactory reliability for the total
scale and its domains, with the total score showing high internal
consistency (Table 4).

The PAC showed significant negative correlations with bur-
den, anxiety symptoms, and depressive symptoms, suggesting that
higher PAC scores were associated with lower levels of these indica-
tors. In addition, the scale showed significant positive correlations
with quality of life, indicating that higher PAC scores were associ-
ated with better quality of life. These results suggest that the scale
captures caregivers positive experiences in a manner consistent

with other relevant and theoretically related constructs (Table 5).

DISCUSSION
The results of this study indicate that the PAC Scale has adequate
psychometric properties for the Brazilian population of unpaid

caregivers of people living with dementia. The participants was

Estimate Standard error p value*
0.761 0.045 <0.001
0.784 0.043 < 0.001
0.794 0.044 < 0.001
0.853 0.036 <0.001
0.737 0.054 < 0.001
0.829 0.033 <0.001
0.873 0.042 < 0.001
0.842 0.037 <0.001
0.831 0.044 < 0.001
0.872 0.039 <0.001

Table 4. Analysis of the internal consistency of the PAC scale,
Séo Carlos, 2024

Item-total Alpha if item is
Item )
correlation deleted
PAC Total
PACT 0.695 0.9
PAC2 0.737 0.897
PAC3 0.656 0.903
PAC4 0.785 0.894
PAC5 0.674 0.902
PAC6 0.694 0.9
PAC7 0.653 0.903
PAC8 0.663 0.903
PAC9 0.676 0.902
Self-Affirmation
PAC1 0.711 0.871
PAC2 0.737 0.867
PAC3 0.658 0.879
PAC4 0.827 0.851
PAC5 0.707 0.871
PAC6 0.615 0.886
Perspective in Life
PAC7 0.691 0.744
PAC8 0.723 0.706
PAC9 0.623 0.806

Crombach’s Alpha.

predominantly composed of women, daughters, and middle-
aged caregivers, most of whom cared for family members with
Alzheimer’s disease. This profile reflects the characteristics of
unpaid caregivers described in the literature.***' Most partici-
pants had over 12 years of schooling and lived in the Southeast
region of Brazil, which may have influenced their perceptions of
caregiving and the experiences reported in the PAC, consider-
ing that cultural differences may affect the relationships between
caregiving experiences and caregiver roles."

The internal consistency analysis showed that the PAC had

satisfactory Cronbach’s alpha values for both the total scale and



Table 5. Analysis of evidence for the construct validity of the
PAC scale, Sao Carlos, 2024

PAC - total Self-‘ Per‘spe‘ctive
affirmation in life
Zarit -0.36(<0.01) -0.32(<0.01) -0.35(<0.01)
HADS - Depression —0.32 (<0.01) -0.29(<0.01) -0.36(<0.01)
HADS - Anxiety —0.26 (0.01) —-0.24(0.01) —0.26 (< 0.01)
QolL-AD 0.39 (< 0.01) 0.35 (< 0.01) 0.4 (<0.01)

Spearman’s Correlation: p (p value).

its dimensions, demonstrating adequate reliability. In the origi-
nal study, in which the scale was applied to 1,299 family caregiv-
ers of people with Alzheimer’s disease, Cronbach’s alpha was 0.86
for self-affirmation, 0.80 for perspective in life, and 0.89 for the
total scale.” The findings of the present study are consistent with
international validation studies conducted in different cultural
contexts, 1

Confirmatory factor analysis revealed that the scale items were
well represented by the original factors, self-affirmation and per-
spective in life. However, the high correlation between these fac-
tors suggests possible conceptual overlap, indicating that the con-
structs underlying the PAC are strongly interrelated. This finding
in the Brazilian context corroborates the structural simplification
observed in the original version of the scale,” in which the strong
bivariate association justified the use of a single global score.

In the present study, the high inter-factor correlation and high
reliability of the total score support the use of a global score, rein-
forcing the hypothesis of a unidimensional interpretation of the
scale. In Japan, Furukawa et al.”” also found satisfactory validity and
reliability for the PAC, with Cronbach’s alpha values of 0.895 for
the total scale and 0.896 and 0.823 for the subscales. Exploratory
factor analysis revealed a structure different from the original
proposal, with two new factors, namely “Living an enriched life”
and “Self-usefulness’, demonstrating cross-cultural variations in
the conceptual structure of the scale. Despite these structural dif-
ferences, the Japanese validation also demonstrated high internal
consistency and satisfactory psychometric performance, which is
consistent with the findings of the present study and supports the
overall robustness of the PAC across cultural contexts.

The possibility of a unidimensional interpretation in the
Brazilian version, supported by the high correlation between fac-
tors and the reliability of the total score, is also consistent with the
PAC validation study conducted in Greece. In that study, which
included 247 family caregivers, the PAC showed excellent internal
reliability (a = 0.898 for the total scale), with components consistent
with those observed in the present study. However, Items 7, giv-
ing meaning to life, and 8, learning new skills, although originally
attributed only to the perspective in life factor, also showed signif-
icant loadings in the self-Affirmation factor, indicating possible

ambiguity and interrelationship between domains." These findings

reinforce the notion that the domains assessed by the PAC may
represent closely interrelated constructs rather than entirely dis-
tinct dimensions.

The need to consider alternative models becomes even more
evident when comparing the present findings with the PAC val-
idation study conducted in Singapore.'® In a national sample of
1,132 caregivers of individuals with functional limitations, a uni-
dimensional model was initially suggested for the nine-item ver-
sion. However, difficulties in model fit led to the proposal of a
bifactor model, including a general and additional specific fac-
tors. High inter-item correlations indicated redundancy, resulting
in the exclusion of Item 8 due to its overlap with Item 7 and its
stronger correlation with Item 9. Consequently, a shortened ver-
sion of the scale, the S-PAC, was developed and showed adequate
psychometric properties.'® These results reinforce the importance
of considering alternative models to the traditional bifactor struc-
ture, particularly in diverse cultural contexts.

The construct validity of the PAC was supported by its signifi-
cant correlations with measures of burden, anxiety and depressive
symptoms, and quality of life. The negative association between
PAC scores and levels of burden, anxiety, and depression sug-
gests that perceiving positive aspects of caregiving may mitigate
the emotional impact of the caregiver role. Similarly, the positive
correlations between PAC scores and quality of life indicate that
caregivers who perceive more benefits from caregiving tend to
report better quality of life.

A scoping review that included 230 studies on positive aspects
of dementia caregiving confirmed these associations.® The authors
identified negative correlations between positive aspects of care-
giving and depressive symptoms and burden, as well as positive
correlations with well-being variables, such as mental health, qual-
ity of life, and life satisfaction.® In addition, a systematic review
indicated that higher PAC scores were predicted by factors, such
as greater self-efficacy, continuity in the caregiving relationship,
spirituality or religiosity, use of professional services, and less dis-
comfort with daily care. Conversely, higher levels of burden and
stress were associated with lower PAC scores.®

These findings reinforce the relevance of the PAC as a tool
for assessing the positive impact of caregiving and highlight the
importance of careful cross-cultural adaptation. They also indicate
the need for future studies to further investigate the factor struc-
ture of the scale in different sociocultural contexts, with particular
attention to the possibility of a unidimensional structure that ade-
quately represents the experience of Brazilian unpaid caregivers.

Despite the contributions of this study, some limitations should
be considered. The participants comprised mostly of caregivers from
the Southeast region, which may limit the generalizability of the
findings to other regions of Brazil, particularly given the linguistic

variations in Portuguese spoken across the country. In addition, the
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predominance of highly educated participants may have influenced
the understanding and interpretation of the scale. Future studies
should consider including participants with more diverse scores
on the HADS and Zarit scales to examine the performance of the

PAC across different levels of psychological distress and burden.

CONCLUSION

The PAC showed good psychometric properties in the Brazilian
context and represents a valid and reliable tool for assessing posi-
tive aspects of caregiving among unpaid caregivers of people liv-
ing with dementia. However, the high correlation between its fac-
tors suggests that future research should consider the possibility
of a unidimensional structure that may better reflect the experi-
ence of these caregivers. This study contributes robust evidence
regarding the applicability of the PAC in Brazil and supports its
use in future research and interventions aimed at supporting
unpaid caregivers, promoting coping strategies, and improving

well-being in this population.
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ABSTRACT
BACKGROUND: Chronic tension-type headache (CTTH) is a prevalent primary headache disorder that
significantly affects quality of life. Hyperacusis, an abnormal intolerance to everyday sounds, is frequently
observed in patients with CTTH, suggesting potential shared neural mechanisms. However, the clinical
characteristics of patients with CTTH and comorbid hyperacusis remain poorly characterized.
OBJECTIVES: This study aimed to investigate the clinical characteristics of CTTH patients with comorbid
hyperacusis, focusing on headache profiles, auditory sensitivity patterns, and psychological correlates, and
to identify factors independently associated with hyperacusis in this population.
DESIGN AND SETTING: A cross-sectional study was conducted at the outpatient department of the Third
Affiliated Hospital of Qigihar Medical College from January 2022 to December 2024.
METHODS: We consecutively enrolled 234 patients with CTTH diagnosed according to International Clas-
sification of Headache Disorders, 3rd edition (ICHD-3) criteria were consecutively enrolled. Hyperacusis
was confirmed via otolaryngological evaluation and audiometric testing (pure-tone thresholds and loud-
ness discomfort levels [LDL]). Demographic data, headache features (frequency, intensity, and duration),
hyperacusis distress severity, and psychological measures (Generalized Anxiety Disorder-7 [GAD-7], Self-
rating Somatic Symptom Scale [SSS], and Pittsburgh Sleep Quality Index [PSQI]) were analyzed. Univariate
analyses (Student’s t-test and Chi-squared test) and multivariate logistic regression adjusted for potential
confounders were performed to compare patients with (n = 47) and without (n = 187) hyperacusis.
RESULTS: Hyperacusis prevalence was 20.09% (47/234). Compared to non-hyperacusis patients, hyper-
acusis patients exhibited longer headache duration (13.9 £3.15 versus 8.11 £ 2.74 years, P = 0.01), higher
weekly headache frequency (7.30 £ 1.99 versus 4.19 £ 1.2, P = 0.005), more pericranial tenderness (95.74%
versus 77.54%, P = 0.008), and poorer sleep quality (PSQl: 14.01 £ 1.13 versus 9.17 £ 0.51, P = 0.004). Af-
ter adjusting for age, sex, headache duration, and pain intensity in multivariate logistic regression, high-
er headache frequency (odds ratio [OR] = 1.42, 95% confidence interval [Cl]: 1.12-1.79, P = 0.003) and
higher PSQI scores (odds ratios = 1.38, 95% Cl: 1.15-1.66, P = 0.001) remained independently associated
with hyperacusis. Common triggering sounds included children crying (61.7%) and traffic noise (42.55%),
with predominant emotional responses being irritability (76.6%) and anxiety (65.96%). LDL classification
(analyzed as an ordinal variable) was correlated with headache duration (P < 0.05), while hyperacusis dis-
tress severity was linked to headache frequency and PSQI scores (P < 0.05).
CONCLUSION: CTTH with hyperacusis represents a distinct subgroup characterized by a history of pro-
longed headaches, increased attack frequency, and significant sleep disturbances. The independent as-
sociations identified suggest that sound sensitivity is closely linked to headache burden and sleep quality;
however, causal relationships require longitudinal investigation. Integrated management addressing both
headache and auditory hypersensitivity is warranted.

INTRODUCTION
Chronic tension-type headache (CTTH) is one of the most prevalent primary headache dis-
orders, characterized by frequent bilateral pressing pain that significantly impacts quality of
life." Although the pathophysiology of CTTH remains incompletely understood, peripheral and
central sensitization mechanisms are thought to play key roles.? Notably, a subset of patients
with CTTH experience comorbid hyperacusis—an abnormal intolerance to everyday sounds—
suggesting potential shared neural mechanisms involving sensory processing dysregulation.?
However, the clinical features and implications of hyperacusis in patients with CTTH have not
been systematically investigated.*

Emerging evidence suggests that hyperacusis may not merely be an accompanying symp-

tom but rather may be associated with more severe central sensitization in headache disorders.®
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Patients with coexisting CTTH and hyperacusis often report a
greater headache burden, emotional distress, and functional impair-
ment.® However, critical questions remain unanswered: What distin-
guishes patients with CTTH and hyperacusis from those without?
How does hyperacusis severity correlate with headache profiles?
And what are the most troublesome sound triggers in this pop-
ulation? Addressing these questions could provide insights into
phenotypic variability and guide targeted therapeutic strategies.”

This study aimed to comprehensively characterize patients with
CTTH harboring hyperacusis by examining (1) demographic and
headache profile differences between patients with and without
hyperacusis; (2) auditory sensitivity patterns and their emotional
impacts; and (3) relationships between hyperacusis measures and
headache characteristics. Given the observational nature of this
study, we focused on describing associations rather than inferring
causal mechanisms. Our findings may help identify a clinically
relevant CTTH subtype that requires multidisciplinary manage-

ment approaches.®
METHODS

Participants

Consecutive patients diagnosed with CTTH who visited the out-
patient department of the Third Affiliated Hospital of Qigihar
Medical College from January 2022 to December 2024 were
included in this study. The diagnostic criteria for CTTH were based
on the International Classification of Headache Disorders, 3rd edi-
tion (ICHD-3),” demonstrating recurrent headache episodes last-
ing 30 min to 7 days, characterized by bilateral pressing or tighten-
ing pain of mild to moderate intensity, not aggravated by routine
physical activity, and without nausea or vomiting (photophobia or
phonophobia may be present). Additionally, headaches must occur
on 2 15 days per month (= 180 days per year) for =3 months, meet-
ing the essential features of tension-type headache while excluding
medication-overuse headache.

All participants underwent medical history collection and
routine otolaryngological examinations, with no history of otitis
media or ear surgery, normal external ear canals and tympanic
membranes, and with negative central nervous system physical
examination results. Brain magnetic resonance imaging (MRI)
ruled out intracranial and middle ear lesions, superior semicircu-
lar canal dehiscence, and brain tumors. Tympanometry revealed
Type A curves, and stapedial reflexes were elicited with thresholds
within the normal range.

Hyperacusis was diagnosed based on the following criteria:'°
(1) patient-reported intolerance to everyday sounds not attrib-
utable to peripheral auditory pathology; (2) otolaryngological
confirmation after excluding external, middle, and inner ear dis-

orders; (3) mean loudness discomfort level (LDL) across tested

frequencies < 90 decibel hearing level (dB HL); and (4) symp-
toms are present for at least 3 months. Patients with a mean LDL
> 90 dB HL who reported significant sound intolerance underwent
a clinical interview to determine hyperacusis diagnosis based on
functional impact.

The exclusion criteria were as follows: other primary or sec-
ondary headaches; medication overuse headache; history of head
or neck trauma; systemic degenerative diseases such as rheumatoid
arthritis or systemic lupus erythematosus; fibromyalgia syndrome;
alcohol dependence or substance abuse; pregnancy; hyperacusis
accompanied by tinnitus, where tinnitus was the most severe symp-
tom affecting daily life; and severe psychiatric disorders.

All participants provided written informed consent before
enrollment. The study was approved by the Ethics Committee of
Qiqihar Medical College (2022-2037) and complied with the ethi-
cal requirements for clinical research in China and the Declaration
of Helsinki.

Collection of demographic and clinical data

Demographic and clinical data, including sex, age, height, weight,
education level, smoking history, alcohol consumption his-
tory, diabetes, and hypertension, were collected. All participants
maintained an 8-week headache diary to confirm their diagno-
sis and record headache clinical features. In the diary, patients
recorded headache frequency (days per week), numeric pain rat-
ing scale (0 = no pain, 10 = worst pain)," and duration of each
headache episode (hours per day).

Participants confirmed by otolaryngologists to have hyper-
acusis were further assessed for the onset of hyperacusis, types
of triggering sounds, emotional responses to triggering sounds,
and the impact of hyperacusis. The degree of distress caused by
hyperacusis was graded as follows:'? No distress: Not bothered at
all. Mild distress: Slight discomfort, not particularly bothered by
surrounding sounds, no impact on daily life. Moderate distress:
Frequently aware of surrounding sounds, reduced concentration,
occasional use of earplugs or avoidance of sounds, slight impact
on daily life and work. Severe distress: Significant impact, frequent
use of earplugs, avoidance of noisy environments, frequent irrita-
bility, moderate impact on daily life and work. Extreme distress:
Severe impact, inability to tolerate any sound, fear of going out-
side, frequent anxiety or fear, near inability to maintain normal

daily life, work, or study.

Questionnaire assessments

The researchers involved in the study received training regarding
the relevant assessment tools and selected appropriate times to
administer the questionnaires. Questionnaires were distributed
to all participants, collected on site, and immediately checked for

completeness. If any omissions or issues affecting quality were



found, participants were asked to promptly supplement or revise

their responses.

1. Generalized Anxiety Disorder-7 (GAD-7):"* A Chinese-validated
version with good reliability was used to screen and assess the
severity of anxiety symptoms. The scale consists of seven items,
each scored from 0-3, with higher scores indicating greater anxi-
ety. A total score of 0-4 indicates no anxiety, 5-9 mild anxiety,
10-14 moderate anxiety, and > 15 severe anxiety.

2. Self-rating Somatic Symptom Scale (SSS):** A Chinese-validated
version was used for self-assessment of somatic symptoms.
The scale includes 20 items, each scored from 1-4, with higher
scores indicating more severe somatic symptoms. Based on
national norms, a total score > 40 was considered positive for
somatic symptom screening.

3. Pittsburgh Sleep Quality Index (PSQI):"*> A Chinese-validated ver-
sion was used to assess sleep quality. The scale consists of 18 items
grouped into seven components: sleep latency, sleep frequency;,
sleep quality; sleep disturbances, sleep duration, sleep medication
use, and daytime dysfunction. Total scores range from 0-21, with

higher scores indicating worse sleep quality.

Pure-tone audiometry and LDL testing

For CTTH patients with confirmed hyperacusis, pure-tone audi-
ometry was performed using the Tinni Test® tinnitus diagnos-
tic and therapeutic system (Sichuan Micro-Digital Co., Ltd.,
Chengdu, China, model Tinni Test TTS-1000A). Air conduc-
tion thresholds were measured at 0.25, 0.5, 1, 2, 4, and 8 kHz.
LDL testing was conducted using pure-tone stimuli at the same
frequencies, starting at 70 dB above the threshold and adjusted
in 5 dB steps until the patient reported discomfort. The mean
LDL was calculated for each patient. Based on Goldstein’s classi-
fication,'* LDL was divided into four ordinal categories: Level 1
(= 95 dB at all frequencies), Level 2 (80-90 dB at = 2 frequen-
cies), Level 3 (65-75 dB at > 2 frequencies), and Level 4 (< 60 dB
at > 2 frequencies).

Statistical analysis

Statistical analyses were performed using GraphPad Prism v.6.
Normally distributed continuous data are expressed as means
+ standard deviation (SD) and compared using independent
Student’s t-tests or analysis of variance (ANOVA). Categorical
data are presented as counts and were compared using Chi-
squared tests. To identify factors independently associated with
hyperacusis, multivariate logistic regression analysis was per-
formed with hyperacusis (present/absent) as the dependent vari-
able. Independent variables included demographic factors (age,
gender) and clinical variables that showed significant differences
in univariate analyses (headache duration, headache frequency,

pericranial tenderness, and PSQI scores). Variables were entered

using forward stepwise selection with an entry criterion P < 0.05
and a removal criterion P > 0.1. Results are presented as odds
ratios (ORs) with 95% Cls. Spearman’s rank correlation was used
to assess relationships between variables, with LDL classifica-
tion treated as an ordinal variable. Spearman’s p was calculated
with distress levels treated as ordered categories for correlations
involving hyperacusis distress severity. P < 0.05 was considered

statistically significant.
RESULTS

Comparison of demographic and clinical characteristics
between CTTH patients with and without hyperacusis

A total of 234 patients with CTTH were enrolled, of whom
47 (20.09%) had hyperacusis. Compared to patients without
hyperacusis, those with hyperacusis had longer headache dura-
tions (P = 0.01), higher headache frequencies (P = 0.005), more
frequent pericranial tenderness (P = 0.008), and higher PSQI
scores (P = 0.004). No significant differences were observed in
age, sex, body mass index, smoking, alcohol consumption, educa-
tion level, diabetes, hypertension, headache pain intensity, head-
ache duration, GAD-7 scores, or SSS scores (P > 0.05) (Table 1).

Multivariate logistic regression analysis was performed to
identify factors independently associated with hyperacusis. After
adjusting for age, sex, headache duration, and pain intensity,
two variables remained significantly associated with hyperacu-
sis: higher headache frequency (OR =1.42,95% CI = 1.12-1.79,
P =0.003) and higher PSQI scores (OR = 1.38, 95% CI = 1.15-
1.66, P =0.001). Pericranial tenderness exhibited a trend toward
significance (OR = 3.21, 95% CI = 0.98-10.52, P = 0.014). The
model demonstrated good fit (Hosmer-Lemeshow ¥ = 6.84,
P =0.554) (Table 2).

The dependent variable was the presence of hyperacusis
(coded as 1 for present and 0 for absent). Independent variables
were entered as follows: pericranial tenderness (1 for present and
0 for absent), headache frequency (times per week; continuous),
and PSQI score (continuous, 0-21). Variables included in the
model were selected based on P values < 0.1 in univariate anal-
yses and clinical relevance. A Hosmer-Lemeshow test P value
> 0.05 indicated good model fit. Bold type indicates statistical
significance (P < 0.05).

Characteristics of hyperacusis

Among the 47 CTTH patients with hyperacusis, the mean
duration of hyperacusis was 2.84 + 0.31 years. The distribu-
tion of hyperacusis duration was as follows: < 6 months, 7
(14.89%); 7-12 months, 10 (21.28%); 1-5 years, 22 (46.81%); and
> 6 years, 8 (17.02%). Hyperacusis symptoms worsened progres-
sively in eight (17.02%) patients, whereas 25 (53.19%) reported



fluctuating symptoms. Additionally, 17 (36.17%) patients experi-
enced ear fullness, pressure, itching, or echo sensations triggered
by sounds, and 9 (19.15%) reported periauricular numbness or
burning sensations.

Hearing was normal (speech-frequency pure-tone average
<25dBHL) in 35 (74.47%) patients, whereas 12 (25.53%) had uni-
lateral sensorineural hearing loss (> 25 dB HL), with nine (19.15%)
affecting the left ear and three (6.38%) the right ear. Based on
hyperacusis distress severity, no distress: 4 (8.51%), mild distress:
17 (36.17%), moderate distress: 21 (44.68%), and severe distress:
5(10.63%). The LDL classification (analyzed as an ordinal variable)
was as follows: level 1 (=95 dB at all frequencies): 8 (17.02%), level
2 (80-90 dB at > 2 frequencies): 12 (25.53%), level 3 (65-75 dB
at > 2 frequencies): 12 (25.53%), and level 4 (< 60 dB at > 2 fre-
quencies): 10 (21.28%). Spearman’s correlation analysis revealed
no significant relationship between the LDL classification and

hyperacusis distress severity (p = 0.04, P > 0.05).

Types of triggering sounds and emotional responses

The 47 patients reported discomfort to 10 types of sounds, most
commonly: children crying/screaming: 29 (61.7%), crowded
city noise: 26 (55.32%), traffic noise: 20 (42.55%), sudden high-
pitched sounds: 18 (38.3%), loud laughter/cheering: 14 (29.79%),
television sounds: 13 (27.66%). Each patient reported at least
three negative emotional responses to triggering sounds, includ-
ing: irritability: 36 (76.6%), anxiety: 31 (65.96%), reduced con-
centration: 20 (42.55%), and anger/irritability: 12 (25.53%).

Correlation between hyperacusis and CTTH

Spearman’s correlation analysis was used to assess relationships
between LDL classification (as an ordinal variable), hyperacusis
distress severity, and CTTH clinical features (headache duration,
frequency, pericranial tenderness, and PSQI scores). The results
showed that LDL classification (ordinal) was positively corre-

lated with headache duration and pericranial tenderness, and

Table 1. Comparison of demographic and clinical characteristics between CTTH patients with and without hyperacusis.

CTTH patients without CTTH patients with

Item ) ) Test values P values
hyperacusis (n = 187) hyperacusis (n = 47)

Age (years, mean * SD) 3351+£114 3256 £ 13.91 1.302 0.194
Female [n (%)] 112 (59.89) 30(63.82) 0.107 0.734
BMI (kg/mz, mean £ SD) 2436 £ 2.51 23.97 £3.51 1.2 0.161
Smoking [n (%)] 19(10.16) 4(8.51) 0.004 0.948
Alcohol consumption [n (%)] 31(16.58) 10(21.28) 0.295 0.587
Duration of education (years, mean £ SD) 13.91+3.51 14.56 £ 4.69 0.91 0.105
Diabetes [n (%)] 2(1.07) 0(0) 0.03 0.861
Hypertension [n (%)] 6 (18.38) 2(20.51) 0.009 0.924
Headache duration (years, mean + SD) 8.11+274 13.90+3.15 4.19 0.01
Headache pain score (mean £ SD) 5.19+1.25 531%1.68 1.301 0.069
Headache attack frequency (times/week, mean = SD) 419+1.2 7.30+1.99 6.194 0.005
Headache duration (hours, mean £ SD) 6.17+1.45 6.31+1.73 1.71 0.061
Headache with pericranial tenderness [n (%)] 145 (77.54) 45 (95.74) 7.004 0.008
GAD-7 score (mean = SD) 7.10%£1.69 719211 1.819 0.094
SSS score (mean + SD) 8.18+£1.93 831%1.7 1.104 0.18
PSQI score (mean + SD) 9.17+24 14.01 £3.91 6.194 0.004

Table 2. Multivariate logistic regression analysis of factors independently associated with hyperacusis in CTTH patients.

Variable B S.E. Wald x* OR 95% Cl P value
Headache frequency (times/week) 0.351 0.118 8.85 1.42 1.12-1.79 0.003
PSQlI score 0.322 0.095 11.49 1.38 1.15-1.66 0.001
Pericranial tenderness (present vs. absent) 1.167 0.605 3.72 3.21 0.98-1.52 0.014
Constant —-5.873 1.402 17.55 0.003 = < 0.001
Table 3. Correlation between hyperacusis and CTTH.
Headache durations Pericranial tenderness Headache frequency PSQl scores
o p=0612 p =0.854 p =0.266 p=0.195
LDL classificat
classiication P=0013 P=0001 P=0.184 P=0372
o ) p =0304 p=0.269 p=0.704 p=0.761
H dist t
YPETACUSIS QISTESS SEVETEY P=0.184 P=0.092 P=0011 P=0.008



hyperacusis distress severity was correlated with headache fre-
quency and PSQI scores (Table 3).

DISCUSSION

The present study provides novel insights into the clinical charac-
teristics of patients with CTTH harboring comorbid hyperacusis
and revealed several important findings. First, our results dem-
onstrate that approximately 20% of patients with CTTH exhibit
hyperacusis, suggesting that this comorbidity is relatively com-
mon in this population. This prevalence rate is notably higher
than that reported in the general population (estimated at
8-15%)," suggesting a potential association between CTTH and
auditory hypersensitivity.

The observed differences between patients with and with-
out hyperacusis in the CTTH group are particularly noteworthy.
Patients with hyperacusis had significantly longer headache dura-
tion, higher attack frequency, and more frequent pericranial ten-
derness, all of which are indicators of more severe and chronic
disease. Multivariate analysis revealed that higher headache fre-
quency and poorer sleep quality were independently associated
with hyperacusis after adjusting for potential confounders. This
suggests that these factors may represent key features of the CTTH-
hyperacusis phenotype, rather than being mere correlates. These
findings align with the concept of central sensitization, in which
prolonged nociceptive input from pericranial muscles may lead
to heightened sensitivity in both the trigeminal and auditory sys-
tems.'s However, given the cross-sectional design of this study,
we cannot determine whether central sensitization precedes or
results from the observed associations. Longitudinal studies are
needed to establish temporal relationships. The strong association
between pericranial tenderness and hyperacusis (95.74% versus
77.54%) further supports the possibility of a shared mechanism."

Our study also revealed that hyperacusis in patients with CTTH
is associated with significantly worse sleep quality, as evidenced by
higher PSQI scores. The independent association between PSQI
scores and hyperacusis in the multivariate analysis strengthens this
finding. This finding is clinically relevant, as poor sleep is known
to exacerbate pain sensitivity and may contribute to a vicious cycle
of headache chronification.”” Notably, the direction of this associa-
tion cannot be determined from our data; poor sleep may increase
susceptibility to hyperacusis, hyperacusis may disrupt sleep, or both
may share common underlying mechanisms. Interestingly, although
anxiety and somatic symptom scores did not differ between the
groups, the specific emotional responses to triggering sounds (nota-
bly irritability and anxiety in > 65% of patients) suggest that hyper-
acusis may represent a distinct dimension of psychological distress
in CTTH patients.?! This apparent discrepancy may reflect the dif-
ference between state-like emotional responses to specific sound

triggers versus trait-like anxiety as measured by the GAD-7 scaling.

The pattern of sound sensitivity observed in our cohort, par-
ticularly to high-pitched and sudden sounds, such as children
crying (61.7%) and traffic noise (42.55%), mirrors the findings in
migraine-related hyperacusis,” suggesting possible commonali-
ties in auditory processing abnormalities across primary headache
disorders. However, the lack of correlation between LDL mea-
sures and subjective hyperacusis distress highlights the complex
nature of sound intolerance, in which psychological factors may
modulate perceptual sensitivity independent of pure physiologi-
cal thresholds.” This dissociation underscores the importance of
assessing both objective auditory measures and subjective distress
in clinical evaluations.

Several limitations should be considered. First, the cross-sec-
tional study design precludes causal inferences concerning the
relationship between CTTH and hyperacusis.* Our findings rep-
resent associations that require confirmation in longitudinal stud-
ies to establish temporal sequences and potential causal pathways.
Second, we did not assess other potential contributors to central
sensitization, such as cutaneous allodynia.”” Third, the single-
center nature of the study may limit its generalizability.”® Fourth,
although multivariate analysis adjusted for several potential con-
founders, residual confounding from unmeasured variables (e.g.,
medication use, stress levels, and psychiatric comorbidities) can-
not be excluded. Future longitudinal studies incorporating quan-
titative sensory testing and neuroimaging could help to elucidate
the neural mechanisms underlying this comorbidity.?

From a clinical perspective, our findings suggest that assess-
ment of sound sensitivity should be routinely included in the
evaluation of patients with CTTH, particularly those with long-
standing symptoms and pericranial tenderness.”” The identifica-
tion of hyperacusis may help identify a distinct CTTH subgroup
that could benefit from targeted interventions addressing both
headache and auditory hypersensitivity, potentially including
cognitive-behavioral approaches for sound intolerance alongside
conventional headache therapies.® However, interventional stud-
ies are needed to determine whether such integrated approaches

improve outcomes in this patient population.

CONCLUSION

This cross-sectional study demonstrated that approximately
20% of patients with CTTH present with comorbid hyperacu-
sis, characterized by longer headache duration, higher attack
frequency, more frequent pericranial tenderness, and signifi-
cantly worse sleep quality compared to those without hyperacu-
sis. Multivariate analysis identified higher headache frequency
and poorer sleep quality as independent factors associated with
hyperacusis in this population. The pattern of sound sensitiv-
ity predominantly involves high-pitched and sudden sounds,

with irritability and anxiety being the most common emotional
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responses. These findings suggest that CTTH with hyperacusis

represents a clinically distinct subgroup that requires integrated

management strategies. Future longitudinal studies are war-

ranted to establish causal relationships and evaluate the efficacy

of targeted interventions addressing both headache and auditory

hypersensitivity.
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ABSTRACT
BACKGROUND: Low birth weight (LBW) is a major public health concern associated with increased neo-
natal morbidity and mortality.
OBJECTIVE: This study was aimed to develop a predictive learning model using machine learning tech-
niques to identify LBW from live birth data.
METHODS: A retrospective population-based study was conducted using data from the Brazilian Live
Birth Information System (SINASC), which includes all live births registered in the state of Sdo Paulo be-
tween 2019 and 2023. After data curation and exclusion of records with missing or unknown information,
a total of 2,548,570 live births were analyzed. Predictors included maternal sociodemographic character-
istics, obstetric history, prenatal care indicators, and newborn characteristics. Logistic regression and ran-
dom forest models were trained using an 80/20 train—test split, with class imbalance addressed through
class weighting. Model performance was evaluated using accuracy, precision, recall, F1-score, and area
under the receiver operating characteristic curve (AUC-ROC).
RESULTS: The analysis showed that the balanced logistic regression model performed best in terms of
sensitivity (0.688), F1-score (0.567), and AUC-ROC (0.850). A proportional analysis of the variables between
the LBW and normal-weight groups revealed a higher prevalence of LBW among mothers with low edu-
cation levels, without a partner, of Black or Brown ethnicity, aged < 19 years or 2 35 years, with multiple
pregnancies, with a reduced number of prenatal consultations, and with late initiation of prenatal care.
CONCLUSIONS: The findings highlight the importance of large-scale data analysis supported by ma-
chine learning techniques to inform public policies aimed at preventing LBW and promoting maternal
and child health.

INTRODUCTION

Low birth weight (LBW), defined by the World Health Organization (WHO) as birth weight
< 2,500 g, is widely recognized as a key indicator of neonatal morbidity and mortality and is
associated with short- and long-term complications in child development.! Approximately 15%
of births worldwide? and approximately 10% in Brazil® are LBW, underscoring the magnitude of
the problem and the importance of preventive strategies.

Several factors are associated with LBW, including unfavorable socioeconomic conditions,
extreme maternal age, low educational level, obstetric history, prematurity, multiple pregnan-
cies, and inadequate prenatal care.*” Recent studies on prematurity and cesarean delivery by
Abdi et al. and Rezaei et al.*® highlight advanced maternal age, obstetric history, and maternal
comorbidities as relevant risk factors.*”

Many of these factors can be effectively addressed during pregnancy if identified early, rein-
forcing the importance of vigilant and qualified prenatal monitoring.>'*"

In recent years, the application of artificial intelligence (AI) techniques, especially machine
learning (ML), has emerged as an innovative and effective approach in public health, enabling the
analysis of large volumes of data and the development of robust predictive models.>>'>"** Models
based on algorithms such as decision trees, logistic regression, artificial neural networks, and

random forest have been successfully used to predict clinical outcomes, including LBW.5*16-18
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Recent studies have shown that predictive models using pop-
ulation data can achieve good accuracy in the early identification
of pregnancies at risk for LBW, aiding in the planning of targeted
interventions and efficient resource allocation.’*” In Brazil, the
Live Birth Information System (SINASC) provides a comprehen-
sive, nationwide database on births, which includes relevant infor-
mation regarding the mother, the pregnancy, the delivery, and the
newborn. This makes it a valuable source for epidemiological stud-
ies and predictive modeling.?

Therefore, this study aimed to develop and validate ML models
capable of predicting LBW occurrences in the state of Sdo Paulo
using SINASC data.

METHODOLOGY

This study was conducted using data from the state of Sao Paulo,
which comprises 645 municipalities and has the largest popu-
lation among Brazilian states, with approximately 45.9 million
inhabitants according to estimates by the Instituto Brasileiro
de Geografia e Estatistica (IBGE).? This territorial and demo-
graphic diversity makes the state a representative sample of the
national population with varying socioeconomic contexts, levels
of healthcare access, and human development indicators. These
characteristics justify the choice of Sdo Paulo as the study setting,
allowing for broader analyses with the potential to be generalized
to other regions of the country.

This applied research followed a methodological procedure con-
sisting of problem definition, literature review, research design, data
collection, data analysis, interpretation of results, and presentation
of conclusions. Each stage required careful attention and meth-
odological rigor to ensure the quality and relevance of the results.

The methodology adopted a quantitative and qualitative
approach, combining the analysis of documentary data obtained
from public databases with the use of ML techniques for prediction.

Data from SINASC referring to Sao Paulo covering five full
years of records (from 2019 to 2023) were used. With approxi-
mately 600,000 births per year in the state, the sample included
a wide range of cases, ensuring representativeness and diversity.

The SINASC data include numerous variables regarding live
births, some of which are repeated (e.g., maternal education, which
is recorded as three different variables with historical and catego-
rized formats). To optimize processing and avoid redundant infor-
mation, highly correlated variables were eliminated. The selection
of the variables considered in the study was based on those com-
monly used in previous studies on LBW prediction and in those
that were effectively available in SINASC records. This strategic
selection contributed to the development of leaner, more interpre-
table models with good predictive performance.

Many studies have employed variables from SINASC to analyze

LBW, including maternal age, marital status, education, race/color,

occupation, parity, pregnancy type (single or multiple), delivery type

(cesarean or normal), previous fetal loss, number of prenatal visits,

month when prenatal care started, gestational age, delivery loca-

tion, and newborn sex and weight. Other common variables include
the Apgar score and the municipality of residence. These sociode-
mographic, obstetric, and perinatal factors directly influence birth
outcomes and have been widely used in LBW predictive models.
This study selected variables related to maternal medical history,
socioeconomic factors, and prenatal health indicators to ensure the
inclusion of relevant predictors for LBW. Selected variables include:

a. Maternal medical history: age at delivery, number of previous
child deaths, parity (birth order), and pregnancy type (single,
twin, triplet, or more).

b. Socioeconomic factors: education level (categories 0 to 5
according to SINASC), marital status (married/stable union and
widowed/single/separated), and maternal race/color (White,
Black, Yellow, Brown, Indigenous).

c. Prenatal health indicators: gestational age category (preterm,
term, post-term); number of prenatal visits; month prenatal
care began; detected congenital anomalies (yes/no); and new-

born sex (male/female).

Prior to model development, a rigorous data curation process
was performed to ensure data quality and analytical consistency.
All records containing missing values, inconsistent entries, or includ-
ing categories such as “ignored” or “not informed* for key variables
were excluded. After this selection process, 2,548,570 valid live birth
records from an initial dataset of 2,677,170 records were retained.

Feature selection was guided by a combination of epidemio-
logical relevance and data availability within the SINASC. Variables
with high redundancy or strong collinearity—such as multiple rep-
resentations of maternal education—were evaluated, and only the
most informative one was retained. This approach was aimed to
reduce dimensionality, improve model interpretability, and avoid
overfitting. No automated feature selection algorithms were applied;
instead, selection was based on prior literature and domain knowl-
edge regarding established risk factors for LBW.

In the preprocessing step, a “low weight® binary variable was
defined by assigning a 0 to births with normal weight (= 2,500 g)
and a 1 to those with LBW (< 2,500 g).

SINASC data were accessed via DATASUS, converted into
comma-separated values (.csv) files using TabWin version 4.15
(Departamento de Informatica do Sistema Unico de Saude -
DATASUS, Brasilia, DF), and stored in Google Drive to facilitate
collaborative analyses use through Google Colab.

Data processing and analysis were performed using Python
in Google Colab, which can handle large datasets with virtual
machines. Packages such as NumPy and Pandas supported data

processing, and scikit-learn was used to implement ML algorithms.



Several ML algorithms were tested, including logistic regression
and random forest. Logistic regression is a widely used statistical
model for binary classification, whereas random forest combines
multiple independent decision trees to generate a final prediction.
These models were selected because they are commonly used for
classification tasks in epidemiological and health-related studies.

The curated dataset was randomly partitioned into a training
set (80%) and an independent holdout test set (20%). The train-
ing set was used exclusively for model fitting and internal cross-
validation procedures, whereas the test set was reserved for final
performance evaluation. In ML models, especially when working
with imbalanced datasets, it is important to apply balancing tech-
niques to prevent the majority class from dominating the results.
Therefore, balancing techniques were applied to the algorithmic
models to ensure that the model learns to identify relevant fea-
tures from both classes, thereby improving precision and sensitiv-
ity, and making it possible to apply the results to other datasets.

ML model evaluation was conducted using metrics widely
employed in classification tasks, with emphasis on the confusion
matrix, which allows for a detailed analysis of performance in
terms of true and false positives and negatives.

Metrics such as accuracy, precision, recall, and the F1-score
are obtained from the confusion matrix, which allow the evalua-
tion of the model predictive performance. Accuracy indicates the
proportion of correct predictions, precision evaluates the qual-
ity of positive predictions, and sensitivity measures the ability to
correctly identify true LBW cases. Finally, the F1-score balances
precision and sensitivity, and is particularly useful when class
imbalance is present.

Additionally, the complementary metric area under the receiver
operating characteristic curve (AUC-ROC) was used to evaluate
model performance. Values closer to 1 indicate excellent discrimi-
natory ability, whereas those near 0.5 indicate a prediction ability
equivalent to random chance.

All reported performance metrics, including accuracy, preci-
sion, recall, F1-score, and AUC-ROC, were calculated exclusively
using the holdout test set. Receiver operating characteristic (ROC)
curves were generated using predicted probabilities obtained from
the test data, ensuring unbiased assessment of the discriminative
performance of the model. These methodological approaches were
aimed to ensure a comprehensive evaluation of the performance
that considers not only the overall accuracy but also the effective-
ness in correctly identifying LBW.

Finally, an exploratory data analysis was conducted to inves-
tigate the distribution of the variables used in the study. This step
was aimed to evaluate the behavior of maternal and neonatal char-
acteristics present in the dataset, allowing for the identification of
possible associations with LBW occurrence. To this end, graphical

representations accompanied by proportional analyses between

comparison groups were used to address specific questions related

to the phenomenon studied.

Research ethics committee approval

This study was approved by the Research Ethics Committee of
Universidade de Taubaté on February 17, 2011, under protocol
number 009/11.

RESULTS

Of the 2,548,570 valid records of live births included in the anal-
ysis, 2,307,505 (90.54%) corresponded to newborns with normal
weight and 241,065 (9.46%) to cases of LBW (< 2,500 g).

The training set consisted of 2,038,856 records, whereas the
remaining 509,714 records were used for testing/validation.

After model training, they were applied to the test/validation
dataset. The following results were obtained for the random for-
est and logistic regression models: Figure 1 (A and B) presents
the confusion matrices for each model, showing their ability to
achieve the highest accuracy in predicting all cases. Training was
then performed with balanced classes using the command class_
weight = ‘balanced’, in which the algorithm automatically adjusts
class weights based on the inverse frequency of each class in the
dataset. The results show a balance between the classes, enabling
the prediction of specific LBW cases for each model used (Figure 1,
Cand D).

After training, the performance of the random forest and logis-
tic regression models was evaluated using widely accepted metrics
in the ML literature, including accuracy, precision, recall, and the
F1-score, both before and after balancing classes (Table 1). Although
both models showed higher accuracy without balancing, they did
not demonstrate good recall performance under this condition.

All evaluated models showed AUC ROC values considered
relevant to the objectives of the study, both with and without bal-

ancing. Among them, the logistic regression model achieved the

Figure 1. Confusion matrices for the random forest and logistic

regression models applied to the prediction of low birth weight (LBW)

in the State of Sdo Paulo from 2019 to 2023.



best performance, outperforming the random forest model in the The balanced logistic regression model showed a significant

evaluated metrics (Figure 2). increase in recall (68.8%), indicating an enhanced ability to cor-
Table 2 presents the distribution of variables corresponding  rectly identify LBW cases. Despite decreases in precision (48.3%)

to maternal medical history, socioeconomic factors, and prenatal ~ and accuracy (90.1%), the balanced model achieved the highest

health indicators in the LBW and normal-weight groups. Fl-score (56.7%), reflecting a more efficient balance between pre-
Initially, the models were trained without dataset balancing,  cision and recall.

reflecting the distribution of real data, which is typically imbal- The balanced random forest model also showed improvement

anced between classes (low weight and normal weight). Under  inrecall (55.4%) compared to the original model, although accuracy

this condition, logistic regression achieved the highest accuracy  (89%) and precision (43.5%) were decreased. The F1-score was 48.8%,

(92.5%) and highest precision (67.8%), indicating good ability to  slightly lower than that of the balanced logistic regression model.

correctly identify positive cases. However, the sensitivity (recall)

was relatively low (39.9%), demonstrating that the model had

difficulty identifying all true LBW cases, which is common when  Table 2. Distribution of low birth weight and normal birth

imbalanced is present. weight cases for each of the variables considered in the model
The random forest model, in turn, showed a slightly lower Variables <2,5009 (%) 2,500 (%)

accuracy (91.9%), lower precision (60.1%), and a sensitivity of

41.7% without balancing. This indicates that the overall perfor- Maternal age

o o ) < 19years 10457 9.181
mance was similar to that of the logistic regression model; how- 20-34years 65.489 70.710
ever, it still had difficulties in the adequate identification of cases > 35 years 24.054 20.109
from the minority class (LBW). Type of pregnancy
A significant change was observed in the metrics after balancing, Singleton 82610 99.004
especially regarding sensitivity, which is crucial in public health con- Twin or more 17.390 0.996
texts where detecting positive cases (LBW in this case) is a priority. Parity
Multiparous 59.479 62.463
Nulliparous 40.521 37.537
A . L. Previous child deaths
Table 1‘. Evaluation metrics for the random forest and logistic None s O
regression models before and after balancing One or more P -
Model Accuracy Precision  Recall F1-score Maternal marital status
Random forest 0.919 0.601 0.417 0.492 With partner 53.017 56.515
Random forest (balanced) 0.89 0.436 0.554 0.488 Without partner 46.983 43.485
Logistic regression 0.925 0.678 0.399 0.502 Maternal race
Logistic regression (balanced) 0.901 0.483 0.688 0.567 White 51.960 53.711
Black 8.297 7.259
Asian 0.536 0.537
Brown 39.111 38.380
Indigenous 0.097 0.113
Maternal education
No education or elementary 16.600 13.297
High school 56.839 58.526
Higher education 26.561 28.176
Month of prenatal care start
0-3 months 86.290 88.203
>4 months 13.710 11.797
Prenatal consultations
0-6 37.835 16.010
7-12 57.473 75.803
=12 4.692 8.186
Newborn sex
Female 53.154 48.429
Figure 2. Areas under the receiver operating characteristic curve Male 46.846 51.571
(AUC-ROC) for the random forest and logjistic regression models Identified anomaly
under different balancing scenarios used to predict low birth weight No 96.571 98.898

occurrence in the State of Sao Paulo between 2019 and 2023. Yes 3.429 1102



Regarding AUC-ROC logistic regression stood out once again,
both with and without balancing, achieving a value (85%) that reflects
good discriminative ability. The AUC-ROC values for the random
forest model without (81%) and with balancing (78%), in contrast,
suggest a slight loss of discriminative capacity after balancing.

The precision-recall curves confirm these findings. The bal-
anced logistic regression model achieved the best performance
(60%), followed by the logistic regression model without balanc-
ing (57%). The random forest models showed worse performances
(54% and 52%, respectively).

These results demonstrate that the balancing technique posi-
tively impacts sensitivity, and that the balanced logistic regression
model proved to be the most appropriate in the analyzed context
by achieving the best balance among the metrics. Moreover, the
consistent performance in terms of AUC-ROC confirms the robust-
ness of this model for LBW prediction.

DISCUSSION

The present study demonstrated the usefulness of machine learning
approaches for identifying factors associated with low birth weight.
Among the evaluated models, logistic regression showed the most
favorable overall performance, particularly after class balancing, sug-
gesting that simpler and more interpretable algorithms may perform
as well as or better than more complex methods in population-based
epidemiological datasets. The improvement observed after balanc-
ing reinforces the importance of addressing class imbalance when
predicting relatively infrequent outcomes such as low birth weight.

Several maternal, socioeconomic, and prenatal care factors
were associated with low birth weight and were consistent with
findings reported in previous studies.

Extreme maternal ages (< 19 years and > 35 years) were asso-
ciated with a higher occurrence of LBW, corroborating the results
reported by Vale et al.,” Victor et al.,”® Abdi et al.® and Rezaei et al.,’
who identified maternal age as one of the main predictors of LBW.
Parity, represented by the first pregnancy, was also observed to
be associated to a higher proportion of LBW, as described by
Vale et al.® Another relevant factor was a history of previous child
deaths, indicating that women who had experienced the death of
a previous child were more likely to have newborns with low birth
weights, as pointed out by Ranjbar et al.” Similarly, multiple preg-
nancies (twins or triplets) were associated with a higher propor-
tion of LBW, as previously reported by Morais et al.?> and in agree-
ment with prematurity-related outcomes described by Abdi et al.®
The analysis of socioeconomic factors demonstrated that pregnant
women with low levels of education, especially those with no formal
schooling or elementary education only, had a higher proportion
of LBW, which aligns with the findings of Pollob et al.,'”* Vale et al.,*
and Morais et al.”? Additionally, marital status revealed that preg-

nant women without partners are more likely to have newborns

with LBW, in agreement with the results reported by Vale et al.®
and Victor et al.?° Regarding maternal self-declared race, pregnant
women who identified as Black and Brown had a higher proportion
of LBW, presumably due to social inequalities that directly impact
maternal and child health, as previously highlighted by Vale et al.®

Regarding variables related to prenatal care, it was noted that
LBW cases were significantly more frequent in pregnant women who
had had up to six consultations. This result aligns with those reported
by Nascimento et al.,'° Victor et al.,” and Suarez and Santana," and is
further supported by Abdi et al.,* who emphasized the role of inad-
equate prenatal follow-up in adverse neonatal outcomes.. Beginning
prenatal care by the third month of pregnancy was associated with
a higher proportion of newborns with normal weight. Another rel-
evant finding was that female newborns had a higher prevalence of
LBW, which has also been reported by Nascimento et al.,'° Vale et al.,’
and Suarez and Santana."! Additionally, the presence of anomalies
identified during pregnancy was strongly associated with adverse
outcomes, as highlighted in studies focused on identifying prenatal
risk factors, such as that by Morais et al.*

This study has some limitations that should be considered when
interpreting the results. As it is based on a secondary data source
(SINASC), the possibility of potential typing errors, incomplete or
incorrect data entry, underreporting, or inaccurate classification of ges-
tational age or birth weight cannot be ruled out, and this is also the case
for errors in the measurement of clinical variables or the omission of
relevant information by the professionals responsible for data recording.

Internal validity was strengthened through the use of a large,
population-based dataset, standardized data collection procedures
inherent to SINASC, and strict separation between the training
and test datasets. The application of class balancing techniques
and the use of multiple evaluation metrics further contributed
to a robust assessment of model performance, particularly in the
identification of LBW cases.

External validity is supported by the comprehensive coverage of
SINASC, which includes virtually all live births that took place in the
state of Sao Paulo during the study period. Given the demographic,
socioeconomic, and healthcare diversity of this state, the findings may
be generalizable to other Brazilian regions with similarly structured
health systems. However, caution is warranted when extrapolating
the results to settings with substantially different levels of health-
care access or data quality, or a different population profile. Future
studies should assess model performance using external datasets

from other states or countries to further validate its generalizability.

CONCLUSION

The results showed that the balanced logistic regression model
achieved the best overall performance, standing out as a particu-
larly appropriate approach for scenarios with class imbalance, as

observed in the present study.
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In parallel, the analysis of variable distribution confirmed evidence
from the previous literature by identifying factors such as extreme
maternal age, low educational attainment, absence of a partner, Black
or Brown maternal race/ethnicity, multiple pregnancies, history of
previous child deaths, female sex for the newborn, pregnancy anoma-
lies, reduced number of prenatal visits, and late initiation of prenatal
care as being associated with a higher proportion of LBW deliveries.

Notwithstanding the limitations of the study, the use of ML tech-
niques proved effective in predicting LBW and analyzing relevant pat-
terns in the data. The present study contributes to strengthening mater-
nal and child health surveillance efforts by providing evidence-based
insight that can be used to guide preventive strategies aimed at reducing

LBW rates and promoting better health for mothers and newborns.
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ABSTRACT
BACKGROUND: Cisplatin is a widely used chemotherapeutic agent whose clinical utility is limited by
dose-dependent hepatotoxicity, primarily driven by oxidative stress and inflammation. Agmatine, an
endogenous polyamine, has demonstrated antioxidant and anti-inflammatory properties in various
models; however, its hepatoprotective effects in cisplatin-induced liver injury remain underexplored.
METHODS: This experimental study investigated the protective effects of agmatine against cisplatin-in-
duced hepatotoxicity in 28 male Sprague Dawley rats. The animals were randomized into four groups:
Sham, Cisplatin, Cisplatin + Agmatine (20 g/kg/day, orally), and Placebo. Biochemical markers, including
ALT, AST, MDA (malondialdehyde), SOD (superoxide dismutase), GPx (glutathione peroxidase), TNF-q,
IL-1B, and TGF-B, were assessed using ELISA (enzyme-linked immunosorbent assay). Histopathological
evaluation was performed to assess liver architecture and injury severity.
RESULTS: Cisplatin administration significantly increased serum levels of ALT, AST, MDA, and proin-
flammatory cytokines (IL.-1(3, TNF-a, and TGF-f3), while reducing antioxidant enzyme activities (SOD and
GPx) (p < 0.01). Agmatine co-administration significantly reversed these biochemical alterations and
ameliorated histopathological damage, as evidenced by reduced inflammatory infiltration, sinusoidal
dilatation, and hepatocellular degeneration.
CONCLUSION: Agmatine demonstrates significant hepatoprotective effects against cisplatin-induced
liver injury by attenuating oxidative stress and inflammatory responses. These findings suggest its po-
tential role as an adjunctive agent to improve the hepatic safety profile of cisplatin chemotherapy.

INTRODUCTION

Cisplatin (cis-diamminedichloroplatinum) is a platinum-based chemotherapeutic agent that
is extensively used in the treatment of various malignancies because of its potent antineo-
plastic activity.! However, its clinical application is often hampered by severe adverse effects,
among which hepatotoxicity holds significant clinical relevance. This toxicity is characterized
by elevated serum liver enzyme levels and histopathological changes that compromise hepatic
function and may adversely affect therapeutic outcomes.

The hepatotoxic effects of cisplatin are primarily mediated by oxidative stress, resulting in
excessive production of reactive oxygen species (ROS), lipid peroxidation, and protein perox-
idation, as well as inhibition of endogenous antioxidant defense mechanisms.* These events
lead to hepatocellular injury, inflammation, and apoptosis. Therefore, there is an ongoing need
for adjunctive agents that can mitigate these adverse hepatic effects without diminishing the
chemotherapeutic efficacy of cisplatin.

Agmatine, an endogenous polyamine derived from the decarboxylation of L-arginine by
arginine decarboxylase, exhibits multiple pharmacological properties, including modulation of
nitric oxide synthesis, interaction with imidazoline and a2-adrenergic receptors, and antago-
nism of NMDA receptors.*® Its antioxidant, anti-inflammatory, and anti-apoptotic effects have
been demonstrated in various organ systems; however, its hepatoprotective potential, particu-
larly in the context of cisplatin-induced toxicity, remains inadequately explored.”®

This study was designed to evaluate the protective effects of agmatine against cisplatin-in-
duced hepatotoxicity in an experimental rat model and to elucidate its potential therapeutic

role by employing comprehensive biochemical assays and histopathological analyses.
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MATERIALS AND METHODS

Study design

This study was conducted at the Experimental Animal Laboratory,
University of Health Sciences, Istanbul, Tiirkiye, following approval
from the Institutional Animal Ethics Committee (Protocol
No 2020-05-06) and in accordance with ARRIVE 3.0 guidelines.

A total of 28 male Sprague-Dawley rats, with body weights
ranging from 250 to 350 g, were included in the study. The animals
were housed under controlled laboratory conditions (12-h light/
dark cycle, ambient temperature of approximately 24°C) and had
ad libitum access to food and water. Food intake was restricted
for 12-h prior to drug administration to standardize the baseline
metabolic state.

The experimental timeline included agmatine administra-
tion, cisplatin injection, and euthanasia, which were performed
in accordance with the predefined study protocol.

The rats were randomly divided into four experimental groups
(n =7 per group) as follows:

Group 1 - Sham: no intervention.

Group 2 - Cisplatin: single intraperitoneal (i.p.) injection of cis-

platin (12 mg/kg) on Day 5; animals were euthanized on Day 8.

Group 3 - Cisplatin + Agmatine: oral agmatine (20 mg/kg/day)

for 7 days; cisplatin administered on Day 5; euthanasia on Day 8.

Group 4 - Placebo: oral saline (1 mL, 0.9% NaCl) for 7 days; cis-

platin (12 mg/kg) administered on Day 5; euthanasia on Day 8.

Biochemical and histopathological evaluation

On Day 8 of the study, all animals were anesthetized through an
intraperitoneal injection of xylazine (10 mg/kg) and ketamine
(75 mg/kg). Following midline laparotomy, blood samples were
taken from the inferior vena cava. After excision of the liver tis-
sue, the animals were euthanized humanely.

Serum biomarkers were evaluated to reflect systemic oxidative
stress and inflammatory responses, which are widely used indica-
tors in experimental hepatotoxicity studies.

Blood samples were immediately centrifuged at 3000 rpm for
10 min, and the resulting serum was stored at —70°C until subse-
quent analysis. The following biochemical parameters were quan-
tified using rat-specific solid-phase enzyme-linked immunosor-
bent assay (ELISA) kits (BT Lab, China) in accordance with the
manufacturer’s protocols: alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), tumor necrosis factor-alpha (TNF-
a), transforming growth factor-beta (TGF-f), malondialdehyde
(MDA), superoxide dismutase (SOD), glutathione peroxidase
(GPx), and interleukin-1 f (IL-1p).

For histopathological evaluation, liver specimens were fixed
in 10% neutral-buffered formalin, embedded in paraffin, and cut
into sections. The tissue sections were stained with hematoxylin

and eosin (H&E) and examined under a light microscope (Nikon

Eclipse E600). Liver injury was assessed semi-quantitatively based
on four histological parameters: inflammatory cell infiltration,
sinusoidal dilatation, hepatocyte damage, and vascular congestion.
Each parameter was scored according to the following scale: The
severity of liver tissue injury was graded as follows: score — (no
histopathological damage), score + (mild damage affecting < 25%
of the liver tissue), score ++ (moderate damage affecting 25-50%
of the tissue), and score +++ (severe damage affecting > 50% of
the tissue). All histopathological evaluations were conducted by
an experienced pathologist blinded to the experimental groups to

minimize observer bias.

Statistical Analyses

All statistical analyses were performed using SPSS version 25.0
(IBM Corp., Armonk, New York). Descriptive statistics, includ-
ing means and standard deviations (SDs), were calculated for all
variables. Normality of the data distribution was assessed using
the Shapiro-Wilk test and visual inspection of histograms and
Q-Q plots. For data exhibiting a normal distribution, compari-
sons between two groups were conducted using an independent
samples t-test, whereas one-way analysis of variance (ANOVA)
was used for comparisons involving more than two groups. Post
hoc multiple comparisons were performed using the Bonferroni
test. Homogeneity of variances was assessed prior to parametric
analyses. Statistical significance was set at p < 0.05, and all results

were reported with a 95% confidence interval (95% CI).

RESULTS

The serum levels of ALT, AST, GPx, IL-1pB, SOD, TGF-$, MDA,
and TNF-a measured in all experimental groups are summarized
in Table 1.

Cisplatin administration (Group 2) resulted in a significant
elevation in serum ALT, AST, IL-1f, TGF-p, TNF-a, and MDA lev-
els compared to the Sham group (Group 1; p < 0.01). Conversely,
cisplatin exposure caused a notable reduction in the levels of the
antioxidant enzymes SOD and GPx. No statistically significant
differences were observed between the Cisplatin-only group and
the Placebo group (Group 4), indicating that oral saline adminis-
tration did not modify the effects of cisplatin (Figures 1 and 2).

In contrast, rats in the Cisplatin + Agmatine group (Group 3)
exhibited significantly lower levels of ALT, AST, IL-1p, TGF-p,
TNF-a, and MDA than those in the Cisplatin-only and Placebo
groups (p < 0.01).

Additionally, GPx and SOD levels were significantly elevated
in the agmatine-treated group, demonstrating the restoration of
antioxidant defense mechanisms.

Histopathological examination corroborated the biochemical
findings. In the sham group, liver tissues retained normal archi-
tecture with intact hepatocyte morphology. In contrast, the cis-

platin group displayed severe hepatic damage, including hydropic



degeneration of hepatocytes, sinusoidal dilatation, hyperemia,
focal necrosis, and inflammatory cell infiltration. Similar patho-
logical alterations were observed in the placebo group (Table 2).

However, in the Cisplatin + Agmatine group, significant his-

tological improvements were observed. Notably, the extent of

Table 1. Biochemical parameters of study groups

Group 1

Group 2

duced liver injury.

Group 3

Group 4

hydropic degeneration, sinusoidal dilatation, and inflammatory
infiltration was markedly reduced compared to that in the Cisplatin-
only and Placebo groups (Figure 3). These results further support
the hepatoprotective effect of agmatine in alleviating cisplatin-in-

Parameter (SaM) (Hepatotoxic) (Hep + Treatment) (Placebo) VR
ALT (U/L) 334+23% 60.87 + 4.87* 48.25 +3.33* 58.14 +4.72% <0.001°
AST (U/L) 37.69 + 3.57* 59.94 + 3.93* 48.04 + 2.58* 57.02 + 3.53* <0.001°
GPx (ng/mL) 17.93 £1.2* 14.53 £ 0.62* 16.76 + 0.99*% 14.66 + 1.02* <0.001°
IL-1B (pg/mL) 501.44 + 41.24* 636.69 £ 32.27* 550.74 £ 25.57* 612.88 £45.31* <0.001°
Superoxide dismutase (ng/L) 1.14+£0.1* 0.78 £ 0.04* 1+0.06* 0.82 + 0.06* < 0.001°
TGF-B (ng/L) 117.07 £ 10.03* 140.08 £5.51* 128.7 £4.71* 136.51 £5.41* <0.001°
TNF-a (ng/mL) 49.05 + 8.52* 67.65 + 4.09% 50.97 + 4.96* 62.88 + 3.75* <0.001°
Malondialdehyde (nmol/mL) 0.78 + 0.06* 1.28 £ 0.07* 0.96 + 0.08* 1.27 £0.07* <0.001°

*p < 0.01; 2 Significantly different compared with the control group; ® Significantly different compared with the CP group; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; GPx, glutathione peroxidase; IL-13, interleukin-1 beta; SOD, superoxide dismutase; TGF-@, transforming growth factor beta; TNF-q,
tumor necrosis factor alpha; MDA, malondialdehyde.

The Kruskal-Wallis test (nonparametric ANOVA) was used for all statistical comparisons. IL.-13 and TNF-a levels were markedly increased in Group 2 (p < 0.001),
whereas levels in Group 4 were also higher than those in Groups 1 and 3. MDA levels were highest in Groups 2 and 4 and lowest in Group 1 (p < 0.001). ANOVA,
analysis of variance; Group 1, sham group; Group 2, cisplatin group; Group 3, cisplatin + agmatine group; Group 4,control group; Gpx, glutathione peroxidase;
IL-1B, interleukin-1 beta; TNF-q, tumor necrosis factor alpha; MDA, malondialdehyde.

Figure 1. Comparison of (A) Gp-x, (B) IL-1(3, (C) TNF-a, and (D) MDA levels among Group 1, Group 2, Group 3 and Group 4.



The Kruskal-Wallis test (nonparametric ANOVA) was used for all statistical comparisons. ALT and AST levels were significantly higher in Group 2 than in all other
groups (p < 0.001). SOD activity was reduced in Groups 2 and 4 compared to Group 1 (p < 0.001). TGF-{3 levels were elevated in Group 2 (p < 0.001). ANOVA,
analysis of variance; Group 1, sham group; Group 2, cisplatin group; Group 3, cisplatin + agmatine group; Group 4, control group; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; SOD, superoxide dismutase; TGF-3,transforming growth factor beta.

Figure 2. Comparison of (A) ALT, (B) AST, (C) SOD and (D) TGF- levels among Group 1, Group 2, Group 3 and Group 4.

Table 2. Grading of the histopathological changes in the liver sections of rats. Scoring was performed as follows: none (=), mild (+),
moderate (++) and severe (+++)

Groups Cell Infiltration Dilation of Sinusoids Hepatocyte Injury Vascular Congestion

Group 1. Sham - - - -

Group 2. Cisplatin +++ +++ +++ +++
Group 3. Cisplatin + Agmatine + + + ++
Group 4. Placebo +++ +++ +++ b

DISCUSSION dilatation, and inflammatory infiltration in cisplatin-treated rats.

To the best of our knowledge, this is the first experimental study The biochemical findings were consistent with histopathological

. . . . . . observations, supporting the protective effect of agmatine against
to assess the protective potential of agmatine against cisplatin-

. . . . hepatocellular injury.

induced hepatotoxicity. These findings suggest that agmatine o o o )

- & ive th b b The role of oxidative stress in cisplatin-induced hepatotoxic-

may serve as a promising adjunctive therapy to enhance the

Y P § 49 Py ity has been well established. Previous studies have demonstrated

safety profile of cisplatin-based chemotherapy regimens. . . T . .
YP P Py Teg that cisplatin administration increases ROS production, leading to

isplatin-i h icity is primaril i - L o N .
Cisplatin-induced hepatotoxicity is primarily attributed to oxi lipid peroxidation and oxidative damage to cellular proteins and

dative stress and inflammation.”'® Consistent with previous stud- o . . .
P nucleic acids.”*"** This cascade of events activates inflammatory

ies, our findings show that cisplatin exposure led to elevated levels
of MDA and proinflammatory cytokines (IL-1B, TNF-a, and TGF-

pathways, exacerbating tissue injury and impairing liver function.

Our study is consistent with this mechanistic understanding, as

B), along with a reduction in the activities of antioxidant enzymes,
such as SOD and GPx.!' These alterations indicate enhanced lipid
peroxidation and a compromised antioxidant defense system, ulti-
mately contributing to hepatocellular apoptosis and structural dete-
rioration. Histopathological analysis corroborated these biochem-

ical findings, revealing substantial hepatocyte damage, sinusoidal

evidenced by the elevated MDA levels and decreased SOD and GPx
activities observed in the cisplatin-treated group. Furthermore, the
increased levels of IL-1f, TNF-a, and TGF-f in the cisplatin group
support the inflammatory response associated with liver injury.
Given the pathophysiology of cisplatin-induced liver injury,

the use of agents with both antioxidant and anti-inflammatory
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Light microscopy images of the liver tissues stained with hematoxylin and eosin at x 100 magnification. (A) Sham group (Group 1) with normal liver tissue. (B)
Cisplatin group (Group 2) with hepatocyte injury and cell infiltration. (C) Cisplatin + Agmatine group (Group 3) with reduced cell infiltration and mild injury. (D)

Placebo group (Group 4) with sinusoidal dilatation.
Figure 3. Histopathological evaluation of study groups.

properties has been proposed as a viable therapeutic strategy.
Agmatine was selected in this study because of its well-docu-
mented ability to modulate oxidative stress and inflammation. In
our experiment, agmatine significantly attenuated the expression
of proinflammatory cytokines, decreased serum ALT and AST lev-
els, and improved antioxidant enzyme profiles. These biochem-
ical improvements were accompanied by a marked reduction in
histopathological damage, underscoring agmatine’s dual protec-
tive mechanism. The reduction in ALT and AST levels, which are
indicative of hepatocellular injury, further supports the notion
that agmatine can mitigate liver damage. Additionally, the resto-
ration of antioxidant enzyme activity, particularly SOD and GPx,
suggests that agmatine’s hepatoprotective effects are, at least in
part, mediated through the restoration of the hepatic antioxidant
defense system.

Our findings are consistent with previous studies that have
investigated the protective role of agmatine in hepatic and extra-
hepatic tissues. For instance, Ahmed et al. observed similar protec-
tive effects of agmatine in a model of valproic acid-induced liver

injury, where agmatine reduced serum aminotransferase levels,

attenuated proinflammatory cytokine levels, and improved histo-
logical parameters.'® Although their study focused on tissue SOD
levels rather than serum levels, as in our study, the directionality
of the response was consistent, reinforcing the broad therapeutic
potential of agmatine in preventing various forms of hepatic injury.
Moreover, Alharbi et al. demonstrated that agmatine significantly
mitigated oxidative stress and inflammation in rat testicular tissue
exposed to tacrolimus, a potent immunosuppressant.'” Similarly,
Yeniceri et al.'® showed that agmatine treatment reduced inflam-
mation and oxidative damage in pancreatic tissue, further high-
lighting its systemic anti-inflammatory and antioxidant properties.
These findings collectively support agmatine’s broad therapeutic
potential as an agent capable of attenuating drug-induced toxici-
ties across multiple organ systems.

In addition to its hepatoprotective effects, agmatine has been
explored in models of cisplatin-induced toxicity in other organ
systems.'? Donertas et al.”” demonstrated that agmatine alle-
viated degeneration of the dorsal root ganglion and sciatic nerve
in a rat model of cisplatin-induced peripheral neuropathy. This
finding further supports the neuroprotective potential of agmatine.

Sao Paulo Med J. 2026; 144(3):e20253392 5
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Similarly, studies on cisplatin-induced nephrotoxicity have
shown that agmatine improves renal function parameters and
histopathological outcomes, highlighting its systemic protec-
tive capacity. These studies emphasize the multifaceted nature
of agmatine’s protective effects and its potential as a therapeu-
tic agent for mitigating cisplatin-induced toxicities in various
organ systems.'

This study has several limitations. First, the sample size was
relatively limited, which may restrict the generalizability of the
findings. Second, although biochemical and histopathological
evaluations were comprehensively performed, detailed molecu-
lar analyses investigating the underlying mechanisms were not
conducted. Future studies with larger sample sizes and molec-
ular investigations are needed to further clarify the protective
mechanisms of agmatine in cisplatin-induced hepatotoxicity.

In conclusion, agmatine effectively mitigates cisplatin-in-
duced hepatotoxicity by attenuating oxidative stress and inflam-
matory cytokine responses while preserving hepatic morphology
and function. These findings propose agmatine as a promising
adjunctive agent in oncology to safeguard liver function during
cisplatin chemotherapy. Further studies are warranted to explore
its translational applicability and systemic protective profile in

other cisplatin-affected organ systems.
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ABSTRACT
BACKGROUND: Parkinson’s disease (PD) is a progressive neurodegenerative disease characterized by mo-
tor and non-motor symptoms. Attention deficits are common in patients with PD, and balance can be
affected by sleep quality and depression. The auditory event-related potential (ERP) P300 tool is associated
with attention and discrimination processes and is a sensitive indicator of attention.
OBJECTIVES: This study aimed to investigate the effects of balance, sleep quality, and depression on at-
tention in individuals with PD using P300 latency.
DESIGN AND SETTING: In this cross-sectional study, 28 individuals with PD and 27 healthy controls were
assessed.
METHODS: Attention was measured using the auditory ERP P300, balance with the Berg Balance Scale
(BBS), sleep quiality with the Pittsburgh Sleep Quality Index (PSQI), and depression with the Beck Depres-
sion Inventory (BDI). Multiple linear regression analysis was used to examine the effects of these variables
on P300 latency.
RESULTS: Significant differences were found between the groups in terms of attention, balance, sleep
quality, and depression (all P < 0.001). Regression analysis indicated that balance (B =-4.909, P=0.001) and
sleep quality (B = 12.704, P = 0.007) were significantly associated with P300 latency, whereas depression
(B=3.472,P=0.084) was not.
CONCLUSION: PD is associated with impaired attention, balance deficits, poor sleep quality, and increased
depressive symptoms. The significant association between balance performance and sleep quality with
attentional processing highlights their potential relevance in clinical assessment and management.
CLINICAL TRIAL REGISTRATION: The study was registered with Clinical Trials (NCT04687371 — https://
clinicaltrials.gov/study/NCT04687371).

INTRODUCTION

Parkinson’s disease (PD) is a progressive neurodegenerative disorder characterized primarily by
dopaminergic degeneration in the basal ganglia. In addition to motor symptoms, such as trem-
ors, rigidity, gait disturbances, and postural instability, PD is also associated with widespread
neurodegeneration affecting the serotonergic, noradrenergic, and cholinergic systems. These
changes contribute to a wide range of non-motor symptoms, including cognitive impairment,
attention deficits, depression, and sleep disturbances.’* These non-motor features significantly
contribute to disease burden and may interact with motor dysfunction. Cognitive impairment
due to subcortical lesion formation is one of the most common symptoms of PD.?

The P300 component of auditory event-related potentials (ERP) is widely used as an objective
neurophysiological marker of attentional and cognitive processing. Unlike conventional neuro-
psychological tests, the P300 provides objective data that are less influenced by motor impair-
ment and patient compliance.! Previous studies investigating P300 latency in patients with PD
have reported inconsistent findings. While most studies have demonstrated prolonged P300
latencies, suggesting cognitive slowing, a limited number have reported no significant differ-
ences compared to healthy individuals.>® In addition, the relationships between motor and non-
motor symptoms and attentional processing in patients with PD have generally been examined
separately, and their combined associations remain unclear.”* Although impairments in atten-

tion are well recognized in patients with PD, the clinical factors associated with these changes
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have not been fully elucidated. In light of this information, we
hypothesized that there is a difference in attention levels between
the PD and healthy groups, and that dynamic balance, sleep, and
depression may be related to attention (P300) in patients with PD.

OBJECTIVE

This study aimed to investigate differences in P300 latency
between individuals with PD and healthy controls and to exam-
ine the associations of balance, sleep quality, and depressive

symptoms with attentional processing in patients with PD.

METHODS

Study Design

This study was planned as a cross-sectional study. Following insti-
tutional and ethics committee approval (Approval No:2022/3749,
Date: 25.10.2022), it was conducted in the neurology outpatient
clinic of a tertiary research hospital. The study was registered
with Clinical Trials. It was conducted in accordance with the
principles of the Declaration of Helsinki, and informed consent

was obtained from the participants.

Sample size and participants

In the power analysis conducted before the study, it was calcu-
lated that at least 27 patients should be included in each group
for the change in balance score to be 1 in patients with PD with
o = 0.05 and 1-f (power) = 0.80; this calculation was based on
balance outcomes from a previous study.'

The study population consisted of patients who applied to the
neurology outpatient clinic and were diagnosed with PD by a spe-
cialist physician and their relatives. The inclusion criteria for the
patients in the study were age between 40 and 85 years, Hoehn
and Yahr I, I, or I1], literate, and a Mini-Mental State Examination
scores > 24. Prior to the P300 assessment, auditory brainstem
responses (ABRs) were recorded in all participants. Individuals with
a clearly identifiable wave V at stimulus intensities of <20 dB nHL
were considered to have normal hearing and were included in the
study, whereas those who did not meet this criterion were excluded.
Patients with severe hearing/visual impairment, orthopedic, neu-
rological, or metabolic diseases that could prevent study participa-
tion, dementia, those undergoing deep brain stimulation, or those
taking anticholinergic, antidepressant, or anxiolytic medications

that could affect cognition were excluded.

Measurements

Attention was assessed using a neuro-audio/P300 device.
The P300 (P3) wave is a cortical evoked potential that reflects
the cognitive process by distinguishing variable stimuli. It was

performed with the “oddball paradigm (surprising stimulus

sequence)” by randomly placing different stimuli into a stan-
dard stimulus sequence. After the patient was in a comfortable
sitting position and the bilateral mastoid, forehead region, and
area between the two eyebrows were cleaned with gel, reference
electrodes (M1, M2) were placed on the bilateral mastoid pro-
cesses, the positive electrode on the vertex (Cz), and the ground
electrode (Fpz) on the forehead region. The patient was then
instructed, “Two different sounds will come to your two ears at
the same time randomly. One of the sounds will be high-pitched,
and the other will be low-pitched. I want you to pay attention to
the high-pitched sounds and count them. I want you to report the
number to me at the end of the test” After the information was
provided, the headphones were placed bilaterally, and the imped-
ances were checked. P300 latency was calculated as the time from
the stimulus onset to the point where the amplitude had a pos-
itive or negative peak and was recorded in milliseconds (ms).*

Sleep quality was assessed using the Pittsburgh Sleep Quality
Index (PSQI). This is a test that evaluates sleep quality in the pre-
ceding month. A maximum of 21 points can be obtained from the
test. A score of > 5 indicates poor sleep quality."

Depression was assessed with the Beck Depression Inventory
(BDI). It is a 3-point likert-type scale with 21 items. Higher scores
are associated with higher depression severity."*

Balance was assessed using the Berg Balance Scale (BBS). The
14-item scale evaluates balance during sitting, standing, and posi-
tion changes. The best score is recorded as 56."

Statistical Analyses

Data were analyzed using the IBM SPSS Statistics for Windows,
version 25.0 (IBM Inc., Armonk, NY, USA). The Shapiro-Wilk
test was used to evaluate compliance with the normal distribu-
tion. Descriptive statistics are presented as means (standard devia-
tions), frequencies (percentages), medians, and min-max values.
An independent sample t-test was used to compare data between
groups. Multiple linear regression analysis was used to examine the
effects of balance, depression, and sleep quality on the P300, and
the P300 was determined as the dependent variable. The statistical

significance level of all parameters was accepted as P < 0.05.

RESULTS

We included 55 participants: 28 individuals with PD and 27
healthy controls. The groups did not differ significantly in terms
of age, height, weight, sex distribution, educational status, or
dominant side (all P > 0.05) (Table 1).

The mean P300 latency was significantly longer in the PD group
(342.42 £ 45.31 ms) than in the control group (267.99 £20.72 ms,
P < 0.001) (Table 1). Figure 1 shows representative P300 wave-
forms from both groups.

BBS scores were significantly lower in the PD group
(32.85 £ 4.45) than in the controls (44.07 £+ 3.14, P < 0.001). BDI



scores were higher in patients with PD (26.28 £ 1.95) than in Multiple linear regression analysis revealed that BBS (3 = -0.482,
controls (12.33 + 2.14, P < 0.001). PSQI scores were also higher P =0.001) and PSQI (B = 0.394, P = 0.007) scores were significantly
in patients with PD (10.85 + 1.40) than in controls (6.40 = 1.39,  associated with P300 latency, together explaining approximately
P <0.001) (Table 1). 89% of the variance (adjusted R* = 0.893). Depression (BDI scores)

Table 1. Comparison of demographic and clinical characteristics between groups

Parkinson Group (n = 28) Control Group (n = 27) P
Age (years) 64.67 £9.98 61.55+6.97 0.186*
Height (cm) 167.67 £8.48 167.59£7.121 0.968°
Weight (kg) 78.851t11.08 80.48 £8.47 0.5452
Sex (Female/Male) 6/22 11/16 0.121°
ff;:;t/'zgi::::;)s (primary school/high 11/12/5 12/11/4 0.914°
0-6 months 1

Time of diagnosis 6-12months 4

1-5 years 23
Dominant side (Right/Left) 25/3 25/2 0.336°
Hoehn and Yahr (I/11/111) 5/15/8
P300 (ms) 342.42 £ 45.31 (250.70-422.00) 267.99 £ 20.72 (235.60-343.60) 0.0012
BBS 32.85 + 4.45(26-40) 44.07 £3.14 (36-52) 0.0012
BDI 26.28 + 1.95(22-30) 12.33£2.14(9-17) 0.0012
PSQl 10.85 + 1.40(8-13) 6.40 £ 1.39(5-9) 0.001°

Mean (standard deviation); ?iIndependent sample t-test; "Chi-Squared test; BBS = Berg Balance Scale; BDI = Beck Depression Inventory; PSQI = Pittsburgh Sleep
Quality Index.

Figure 1. P300 latencies: A. Parkinson’s disease, B. Healthy individual.



was not significantly associated with P300 latency (P = 0.084)
(Table 2). Collinearity diagnostics were performed, and the vari-
ance inflation factor (VIF) values ranged from 1.74 to 4.45, indicat-
ing no severe multicollinearity among the independent variables.

Sensitivity analyses using separate linear regression mod-
els showed that balance performance (R* = 0.837), sleep quality
(R? = 0.827), and depressive symptoms (R* = 0.484) were signifi-
cantly associated with P300 latency.

DISCUSSION

This study demonstrated that P300 latencies were prolonged in
individuals with PD compared to healthy controls. In addition,
patients with PD exhibited differences in balance, sleep quality,
and depressive symptoms. Balance performance and sleep qual-
ity were significantly associated with P300 latency, whereas no
significant association was observed for depressive symptoms.

PD not only causes motor dysfunction but also affects cogni-
tive function, attention, sleep, and depression. P300 is widely used
as a neural marker of attentional processing,* and most previous
studies have reported prolonged P300 latencies in individuals with
PD,’® suggesting cognitive slowing. However, a limited number of
studies have found no significant differences when compared with
healthy controls.® Our findings are consistent with the majority of
the literature, demonstrating delayed P300 latency and extending
this evidence to individuals with PD without dementia.

The relationship between motor and non-motor symptoms in
attentional processes has not been fully clarified. In the present study,
balance performance was strongly associated with P300 latency. This
finding is in line with previous studies, which have demonstrated
a close relationship between motor performance, gait, and atten-
tion.'** It may reflect shared neural mechanisms involving fronto-
subcortical circuits and dopaminergic pathways that contribute to
both motor and cognitive functions.'®!” Although previous studies
have examined the relationship between balance and attention using
objective measures, to our knowledge, this study is among the first
to investigate this association in Parkinson’s disease by combining
dynamic balance assessment with P300 latency analysis.

Depression and sleep disorders are common non-motor

symptoms in patients with PD. This study showed that there were

Table 2. Multiple linear regression analysis

P300 (adjusted R?=0.893)

differences in sleep quality and depression compared to healthy
controls. Sleep quality was significantly associated with P300
latency, suggesting that worse sleep may be associated with worse
attentional processing in patients with PD. In contrast, depressive
symptoms demonstrated a more moderate association with P300
latency. However, this finding should be interpreted with caution.
The borderline P value (P = 0.084) and the relatively small sample
size suggest that the study may have been underpowered to detect
a potential association, and a type II error cannot be excluded.
Therefore, the absence of a statistically significant association does
not necessarily indicate the absence of a true relationship. Previous
studies have reported inconsistent findings regarding the relation-
ship between depression and cognitive function in Parkinson’s dis-
ease.*> For example, Norman et al. reported that while patients
with depression showed worse performance in memory domains,
no differences were observed in other cognitive functions. These
inconsistencies suggest that the relationship between depression
and cognition in PD is complex and may be influenced by multiple
clinical and neurobiological factors.'® In addition, the heteroge-
neous nature of depression, the presence of multiple contributing
factors, and the underlying pathophysiology of PD may have con-
tributed to the lack of a clear association observed in this study.

Other non-motor symptoms affecting the quality of life in
patients with PD are sleep disorders. Impaired serotonin and dopa-
minergic systems also lead to sleep difficulties. It can be suggested
that there is an association between sleep disorders and attention
in patients with PD."”” However, more comprehensive studies are
needed to understand whether this situation is due to the pathol-
ogy of the disease or only to changes in cognitive function. Stavitski
et al. investigated the relationship between sleep quality and cogni-
tive function in PD and showed that poor sleep is associated with
attention and executive function.” The basal ganglia and cortical
structures project to the hypothalamus, which regulates sleep-wake
regulation.?! This may explain sleep disturbance in patients with
PD. The relationship between attention levels and sleep may be due
to some common pathological pathways, such as the involvement
of the mesolimbic dopamine circuit that occurs with the disease.”
Latreille et al. demonstrated that sleep spindle density can be used
as a potential biomarker of cognitive function.?

Given the strong interrelationships among balance perfor-
mance, sleep quality, and depressive symptoms, the observed mul-
ticollinearity likely reflects overlapping clinical and neurobiologi-

cal mechanisms inherent to PD. Rather than indicating statistical

B S.E. Beta Pvalue instability, this interrelatedness highlights the complex interaction
Constant 274.546 92.887 0.007 . . .
between motor and non-motor symptoms influencing attentional
BDI 3.472 1.923 0.150 0.084 .
PSQI 12.704 4287 0.394 0.007 processing, as reflected by P300 latency.
BBS 4909 1.294 482 0.001 This study has several limitations that should be considered

BBS = Berg Balance Scale; BDI = Beck Depression Inventory; PSQI = Pittsburgh when interpreting the findings. First, the relatively small sample

Sleep Quality Index; SE = Standard Error. size may limit the stability of the regression coeflicients and the
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generalizability of the findings. Second, the presence of multicol-
linearity among balance performance, sleep quality, and depressive
symptoms restricts the interpretation of fully independent effects
in multiple regression analyses. However, this interrelatedness
likely reflects overlapping clinical and neurobiological mecha-
nisms inherent to PD rather than a statistical artifact. To address
this issue, sensitivity analyses using separate regression models
were performed, which confirmed the robustness of the associa-
tions between P300 latency and balance performance, sleep quality,
and depressive symptoms. Third, although disease duration and
Hoehn and Yahr stages were recorded, they were not included in
the regression analysis. In addition, PD-specific clinical variables,
such as medication status (e.g., levodopa dosage and ON/OFF
state), and non-motor symptoms, including fatigue, anxiety, and
apathy, were not systematically assessed. Owing to the relatively
small sample size, the number of predictors included in the regres-
sion model was intentionally limited to avoid overfitting and insta-
bility of the estimates. The absence of these covariates may have
confounded the observed associations and should be considered
when interpreting the results. Future studies with larger sample
sizes and longitudinal designs are warranted to further clarify the
relative and potentially causal contributions of motor and non-

motor symptoms to attentional processing in PD.

CONCLUSION

This study demonstrated prolonged P300 latency in individu-
als with PD, along with differences in balance, sleep quality, and
depressive symptoms compared to healthy controls. The findings
further indicate that balance performance and sleep quality are
significantly associated with attentional processing in PD. To our
knowledge, this is one of the first studies to examine the com-
bined associations of motor and non-motor features with atten-
tion using P300 measures in PD. These findings contribute to a
better understanding of the complex interplay between motor
and non-motor symptoms and their relationship with attentional
processing in PD. However, the findings regarding depression
should be interpreted with caution, as the lack of a significant
association may be related to limited statistical power. Future
studies with larger sample sizes and longitudinal designs are

needed to further clarify these relationships.
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ABSTRACT
BACKGROUND: End-stage chronic kidney disease (CKD) requires hemodialysis, which carries significant
biopsychosocial impact.
OBJECTIVES: This study aimed to investigate the relationship between family functionality and social sup-
port among older individuals undergoing hemodialysis.
DESIGN AND SETTING: This cross-sectional and correlational study was conducted at a renal replace-
ment therapy unit located in Sdo Paulo State.
METHODS: A total of 118 participants aged > 60 years undergoing hemodialysis were interviewed indi-
vidually using the Family adaptability, partnership, growth, affection, and resolve (APGAR), and the Medical
Outcomes Study Social Support Scale. All ethical principles were duly respected.
RESULTS: Majority of participants were male (69.5%), aged between 60-69 years (50.8%), white ethnicity (63.6%),
with a stable partner (54.2%), and had an income of one to three times the minimum wage (55.9%). Regarding
the domains of social support, affective support (AS) had the highest mean score (9344 + 12.97), whereas infor-
mational support (IS) had the lowest (81.69 + 24.60). Overall, 83.9% reported good family functioning, 9.3% moder-
ate family dysfunction, and 6.8% severe dysfunction. A statistically significant positive correlation with a moderate
magnitude was confirmed between APGAR with all support domains. Material support (MS, r = 0327), AS (r =
0425), emotional support (ES, r = 0.518), positive social interaction support (PSIS, r = 0466), and IS (r=0421).
CONCLUSION: Social support was positively associated with family functioning, indicating that patients with CKD
undergoing hemodialysis who reported better family functioning also perceived higher levels of social support.

INTRODUCTION
Noncommunicable diseases (NCDs) are long-lasting conditions arising from a mix of inherited
traits, physiological functions, lifestyle choices, and environmental influences. According to the
World Health Organization (WHO),! NCDs account for a disproportionate burden in low- and
middle-income countries, where approximately 75% of the global mortality is attributed to these
conditions. NCDs include chronic kidney disease (CKD), which affects approximately 10% of
the global population. According to WHO estimates, CKD affects an estimated 6.7% of adults in
Brazil, with prevalence approximately tripling among older adults aged 60 years and older.?
According to the kidney disease: Improving Global Outcomes CKD Work Group,® CKD is
characterized by structural or functional abnormalities of the kidneys that persist for a minimum
of three months with health implications on the individual. The classification of CKD relies on
three key parameters to establish a definitive diagnosis: the cause, glomerular filtration rate, and
albuminuria level. Patients with end-stage CKD require treatment, and hemodialysis is one of the
main treatment modalities. Although hemodialysis improves health status and prolongs patient
survival, it neither halts disease progression nor fully reproduce the normal kidney function.**
Individuals receiving hemodialysis treatment must follow strict therapeutic routines that
demand significant changes to their daily habits and lifestyle, with important emotional, social,
and family repercussions. Given this context, social support is a key determinant to enhance
the quality of life among individuals receiving hemodialysis. Sulkowski et al.* highlighted social
support as an essential element in reducing the negative impact of CKD in patients undergoing

hemodialysis and in promoting better health outcomes, especially among older individuals.®
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Considering the above, family support is also crucial during
hemodialysis as it can influence both health status and quality
of life. According to Hulu et al.,” greater family support leads to
better the quality of life of the patient. Close relationships with
family, friends, and other significant individuals play a central
role in shaping the support patients received, and higher family
resilience are associated with increased support. In addition, evi-
dence suggests that among older individuals with CKD undergo-
ing hemodialysis, stronger and more consistent family involve-
ment is associated with improved psychological outcomes.**

Despite the recognized importance of social and familial
support for older adults undergoing hemodialysis, research from
Brazil in this area remains limited. Few studies, such as those
by Santos et al.” and Wang et al.'* have simultaneously exam-
ined family functioning and social support in this population,
and even fewer have employed adjusted analyses or longitudi-
nal designs. This gap highlights the need for a deeper investiga-
tion into how these psychosocial factors interact and influence

patient outcomes over time.

OBJECTIVE
This study aimed to investigate the relationship between family
functionality and social support among older individuals under-

going hemodialysis in the Brazilian context.

METHODS

Study design and population

This cross-sectional and correlational study with a quantitative
approach was conducted at a renal care facility in the interior of
the state of Sdo Paulo, Brazil.

Clinical data were collected from February to August 2025.
Participants were recruited through non-probabilistic consecutive sam-
pling based on the inclusion criteria of being 60 years or older, undergoing
hemodialysis treatment for at least 6 months and whose oral communi-
cation ability was preserved. The exclusion criteria was a documented
diagnosis of dementia in the medical chart that would make the inter-
view unfeasible. For the sample size calculation, a correlation coeffi-
cient value of r > 0.40 was considered, given that r = 0.40 is indicative
of a moderate correlation between psychosocial variables according to
Ajzen & Fishbein," and with the fixed values of o = 0.05 and {3 = 0.05.

This estimation yielded a minimum required number of 75 participants.

Data collection and definitions

At the beginning of participants’ interactions, the study was
explained to eligible participants, who were then invited to
take part; those who agreed were provided with informed con-
sent form. Subsequently, an individual interview was conducted

using a structured instrument that included a sociodemographic,

socioeconomic, and health conditions questionnaire, the medi-
cal outcomes study (MOS) social support assessment instrument;
and the Family adaptability, partnership, growth, affection, and
resolve (APGAR ) to assess family functioning.

The dependent variable was social support, assessed using the
MOS Social Support Scale developed by Sherbourne and Stewart'? and
validated and adapted for use in Brazil by Andrade.”® The instrument
consists of 19 items divided into five categories of support: tangible,
affectionate, emotional, positive social interaction, and informational
support. Each support type includes four questions, with five response
options: 1 ="“Never,” 2 = “Rarely; 3 = “Sometimes,” 4 = “Very frequently;
and 5 = “Always.” Each response contributes to the individual’s per-
ceived level of support. For four of the support domains, categories
are summed and divided by 20, and the resulting value is multiplied
by 100. Affectionate support is scored differently, as it includes only
three questions; the total score is divided by 15 and then multiplied by
100. The final scores for each support category range from 20 to 100,
with higher scores indicating greater perceived support.

The principal independent variable was family function-
ality, evaluated using the Family APGAR scale developed by
Smilkstein'* and validated in Brazil by Duarte.'” The instrument
consists of five questions, each offering five response options:
0 = “Never,” 1 = “Rarely;” 2 = “Sometimes,” 3 = “Very Frequently,”
and 4 = “Always.” The final score, ranging from 1 to 20 (where
scores > 12 indicate good functioning and scores < 12 suggest dys-
function), was operationalized as the independent variable in two
formats for statistical analysis: the total raw score was treated as
a continuous variable and utilized for comparisons of means and
medians of social support, whereas the dichotomized score (func-
tional vs. dysfunctional) was used as categorical variable and was
employed to calculate Spearman’s correlation with social support.

The sociodemographic and socioeconomic questionnaire
included items related to age, sex, ethnicity, education level, income,

and marital status.

Statistical analysis
The statistical analysis of the data was performed using SPSS soft-
ware, v.22.0 (IBM Inc., Chicago, Illinois, United States). Descriptive
analyses were performed, including central trend data (mean,
minimum, and maximum) and dispersion measures (standard
deviation). The Kolmogorov-Smirnov test was used to verify the
absence of data normality and nonparametric tests were adopted.
To compare the social support scores, according to the levels of
family functioning, the Kruskal-Wallis test was adopted. Spearman’s
correlation coefficients were calculated to verify the relationship between
the continuous variables. In the present study, the magnitude of correla-
tions was classified according to Levin and Fox’s proposition (2004):
weak (< 0.3); moderate (0.3 to 0.59); (0.6 to 0.9), perfect (1.0). The
significance level adopted for the statistical tests was 5% (P < 0.05).'°



Ethical Considerations

All ethical principles were respected, and the research project was
approved prior to the start of the study by the Human Research
Ethics Committee of the Universidade Federal de Sdao Carlos
(UFSCAR; approval no. 7.130.768; CAAE: 80181224.5.0000.5504).

RESULTS
This study included 118 older patients undergoing hemodialysis
treatment who met the predefined eligibility criteria. Regarding
participants’ characterization, 82 were men (69.5%), 60 were
aged between 60- 69 years (50.8%), 75 were white (63.6%), and
64 reported having a stable partner (54.2%). Regarding income,
66 individuals reported a monthly income between one to three
times the minimum wage (55.9%). Regarding education level,
categorized as illiterate, 1-4 years, and > 5 years, 65 participants
had = 5 years of education (55.1%) (Table 1).

Regarding social support domains, the informational support
had the lowest mean score 81.69 (+ 24.60), followed by positive

Table 1. Percentage distribution of sociodemographic variables
among older Brazilian patients undergoing hemodialysis.
Ribeirao Preto, SP, Brazil, 2025 (n = 118)

Variables Categories n %
Male 82 69.5
Sex
Female 36 305
60-69 years 60 50.8
Age 70-79 years 49 41.5
80+ years 9 7.6
White 75 63.6
Ethnicity
Non-White 43 36.4
With a stable partner 64 54.2
Marital status
Without a stable partner 53 449
Up to one the minimum wages 31 26.3
From one to three the
Income L 66 55.9
minimum wages
Four or more the minimum wages 19 16.1
llliterate 7 5.9
Education level From 1 to 4 years 46 39
Equal or more than 5 years 65 55.1

social interaction support 82.71 (£ 23.08), affective support 85.25
(+ 22.62), material support 92.92 (+ 14.10), and emotional sup-
port 93.44 (+ 12.97). Regarding family APGAR scores, 83.9% had
good family functioning, 9.3% had moderate family dysfunction,
and 6.8% had severe family dysfunction (Table 2).

Analysis of social support scores across family functioning lev-
els revealed significant differences for all social support domains
(P < 0.001). Participants categorized as having severe family dys-
function reported the lowest levels of social support. These lev-
els were evident, especially regarding positive social interaction
support. The level was the lowest in the severe family dysfunc-
tion group (mean = 55 [+ 28.66]), whereas the mean for the good
family functioning group was 87.78 (+ 19.04). For informational
support, the severe family dysfunction group had a mean of 57.5
(+ 32.4), whereas the good family functioning group had a mean
of 86.11 (+ 21.56). The domain of emotional support had a mean
score for severe dysfunction of 61.25 (+ 28.62), whereas the group
of good family function had a mean of 91.26 (+ 16.10). Similar
trends were observed across the other domains; material support
had a mean of 80 (+ 22.83) for the severe dysfunction group and
95.15(+ 11.54) for the good functioning group, followed by affec-
tive support, with a mean of 83.37 (£ 18.11) for the severe dys-
function and a mean of 96.22 (+ 10.05) for the good functioning
group. These findings collectively underscored that dysfunctional
families were strongly associated with a diminished perception of
social support (Table 3).

In the correlational analysis, a moderate positive correlation
was confirmed between family functioning and each domain of
social support, with a statistically significant threshold of P < 0.001

for all domains of social support (Table 4).

DISCUSSION

Consistent with the study’s objectives, the results demonstrated
that most hemodialysis participants were men (69.5%), aged
60-69 years (50.8%), of white ethnicity (63.6%), and had a stable
partner (54.2%). These findings are consistent with those of both
Brazilian and international studies showing a predominance of
men and older adults in hemodialysis programs, reflecting the
epidemiological profile of CKD in adult and older aged popu-

lations. A substantial proportion of participants reported low

Table 2. Descriptive analysis of social support and family functioning. Ribeirdo Preto, SP, Brazil, 2025, (n = 118)

Variables Min
Social support

Material support 30
Affective support 53
Emotional support 20
Informational support 20
Positive social interaction support 20

Max Med Mean Standard Deviation
100 100 92.92 +14.10
100 100 93.44 +12.97
100 100 85.25 +22.62
100 95 81.69 +24.60
100 95 82.71 +23.08



Table 3. Distribution statistics of the mean scores of social support according to the MOS questionnaire and levels of Family Functioning

(APGAR). Ribeirao Preto, SP, Brazil, 2025 (n = 118)
Questionnaire Categories
Severe family dysfunction

Material support Moderate family dysfunction

Affective support

Emotional support

Positive social interaction Support

Informational support

Good family function
Severe family dysfunction
Moderate family dysfunction
Good family function
Severe family dysfunction
Moderate family dysfunction
Good family function
Severe family dysfunction
Moderate family dysfunction
Good family function
Severe family dysfunction
Moderate family dysfunction

Good family function

Table 4. Spearman’s correlation coefficients between Family Functioning
(APGAR) and Social Support (MOS) scores, according to its dimensions
(MS, AS, ES, PSIS, IS). Ribeiréo Preto, SP, Brazil, 2025 (n = 118)

MS AS ES PSIS IS
r 0.327 0.425 0.518 0.466 0.421
P value <0.001 <0.001 <0.001 <0.001 <0.001

MS = material support; AS = affective support; ES = emotional support; PSIS =
positive social interaction support; IS = informational support.

income (55.9%), earning between one and three times the min-
imum wages, in line with the Instituto Brasileiro de Geografia
e Estatistica (IBGE)'® classifications of economically vulnerable
populations, reinforcing the association between CKD and unfa-
vorable socioeconomic conditions. Notably, 55.1% of partici-
pants had completed > 5 years of schooling, corroborating inter-
national findings that suggest a relatively high educational level
attainment among hemodialysis patients.>'”"

Overall mean scores for social support were high, indicating gen-
erally positive perceptions. However, the mean scores for informational
support (81.69 + 24.60) and positive social interaction (82.71 + 23.08)
were lower than those for emotional (93.44 + 12.97) and tangible support
(92.92 + 14.10). This pattern aligns with prior reports and may reflect
the constraints of prolonged treatment, restricted social networks, and
reliance on specialized information for disease management.*®

Family functioning, measured by the Family APGAR scale,
revealed that 83.9% of participants had functional families, whereas
9.3% and 6.8% reported moderate and severe dysfunction, respec-

tively. Consistent with the findings of Safi et al.,” higher family

n
8
1
99
8
11
99
8
1"
99
8
11
99
8
1
99

Mean SD P value
80 22.83
82.27 18.62 <0.001a,b
95.15 11.54
83.37 18.11
75.73 15.63 <0.001a,b
96.22 10.05
61.25 28.62
48.64 24.09 <0.001a,b
91.26 16.10
55 28.66
57.27 22.84 <0.001a,b
87.78 19.04
575 32.40
59.54 24.23 <0.001a,b
86.11 21.56

aSevere family dysfunction = Good family function; ®Moderate family dysfunction = Good family function. SD = standard deviation.

functioning was associated with greater perceived social support,
highlighting the critical role of the family as a source of emotional
and instrumental support during hemodialysis. Analysis by family
functioning level revealed statistically significant differences across
all support domains (P < 0.001). Participants from families with
severe dysfunction had the lowest scores in terms of positive social
interaction (55 * 28.66) and informational support (57.5 + 32.4),
whereas those from functional families scored substantially higher
(87.78 £ 19.04 and 86.11 + 21.56, respectively). These findings
suggest that the family environment exerts a direct influence on
social support perception, reinforcing its mediating role in psy-
chological and social well-being.

Correlation analyses demonstrated moderate positive associ-
ations between family functioning and all social support domains
(P < 0.001), indicating that better family dynamics are linked to
higher perceived social support. This is consistent with the find-
ings of Wang et al.,’” who reported a longitudinal relationship
between family resilience and social support in patients undergo-
ing kidney treatment, emphasizing the interplay between familial
and psychosocial factors.

Recent studies have further underscored the potential of targeted
interventions to enhance family support and resilience. Moradi et
al.® showed that family-centered virtual programs improved men-
tal health outcomes in patients and caregivers, demonstrating that
remote interventions could effectively strengthen family support.
Similarly, Supriati et al.*! found a significant correlation between
peer social support and family psychological resilience, suggest-

ing that interactions with individuals facing similar challenges
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reinforce coping capacity. Wang et al.'® highlighted the mediating
roles of family functioning and self-efficacy in the relationship
between depression and resilience, while Anita et al.”> demon-
strated that perceived family support was associated with lower
depressive symptoms and improved health-related quality of life.

These findings provide valuable insights but should be inter-
preted in light of several limitations. The cross-sectional design
precludes causal inferences, and reliance on self-reported mea-
sures may have introduced response biases. Additionally, the con-
text-specific sample also limits generalizability to other populations
or cultural settings. Future research should employ longitudinal
designs, explore the efficacy of interventions across diverse socio-
demographic contexts, and evaluate their impact on both psycho-
social and clinical outcomes.

Overall, the results indicate that adequate family functioning
is strongly related to positive perceptions of social support, par-
ticularly emotional and tangible support, among patients under-
going hemodialysis. These findings highlight the importance of
multiprofessional care strategies that strengthen support networks,
actively involve families, and develop coping mechanisms to pro-

mote resilience and overall well-being in individuals with CKD.

CONCLUSION

The findings of this study indicate a moderate correlation between
social support and family functioning in older adults undergo-
ing hemodialysis. The limited depth of existing literature on fam-
ily functionality and social support in this population constrains
the corroboration of our findings, underscoring the importance of
future research focused on these variables to better inform clinical

practice and theoretical development.
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ABSTRACT
BACKGROUND: Aphasia following stroke is primarily characterized by language impairment; however,
accumulating evidence suggests that deficits in auditory and cognitive processing may also contribute to
impaired language function. Auditory evoked potentials provide objective markers of neural processing
across subcortical, cortical, and cognitive levels and may help clarify the neurophysiological mechanisms
underlying post-stroke aphasia.
OBJECTIVES: To investigate multilevel auditory processing and its relationship with language perfor-
mance in individuals with post-stroke aphasia using Auditory Brainstem Responses (ABR), Late Latency
Responses (LLR), and P300 potentials.
DESIGN AND SETTING: Cross-sectional observational study conducted at a university hospital in Turkiye.
METHODS: Twenty-nine individuals with post-stroke aphasia and 33 age-matched healthy controls were
included. Language performance was assessed using the Aphasia Language Assessment Test and a stan-
dardized naming task. Auditory processing was evaluated using ABR, LLR (P1, N1, P2, N2), and P300 poten-
tials recorded according to standard electrophysiological protocols. Group comparisons were performed
for latency and amplitude measures, and correlation analyses were conducted to examine associations
between electrophysiological parameters and language performance.
RESULTS: Compared with healthy controls, individuals with aphasia demonstrated significantly prolonged
latencies in ABR waves and interpeak intervals, as well as in all LLR and P300 components (p < 0.05). No sig-
nificant group differences were observed in amplitude measures. Naming performance was significantly
lower in the aphasia group. Although correlations between language performance and electrophysio-
logical measures did not reach statistical significance, moderate negative trends were observed between
naming scores and N2 and P300 latencies.
CONCLUSION: Post-stroke aphasia is associated with delayed auditory processing across subcortical, cor-
tical, and cognitive levels, reflecting generalized slowing rather than reduced neural recruitment. Latency-
based auditory evoked potential measures may complement behavioral language assessments and sup-
port a multilevel auditory—cognitive framework for aphasia evaluation and rehabilitation.

INTRODUCTION

Post-stroke aphasia is among the most common and disabling outcomes of cerebrovascu-
lar accidents, affecting approximately one-third of stroke survivors and substantially impair-
ing communication and quality of life.! Although aphasia has traditionally been conceptual-
ized as a disorder of language production and comprehension, growing evidence indicates that
it also involves impairments in auditory processing, attention, and cognitive control mecha-
nisms that support functional language use.>® From a speech and language therapy perspective,
this broader framework highlights the importance of integrating linguistic and neurofunctional
approaches in aphasia assessment.

Language performance, particularly naming ability, is a core component of clinical aphasia
evaluation and a sensitive indicator of impairment severity and recovery.* Naming tasks require
coordinated auditory perception, lexical access, semantic processing, and executive control, mak-
ing them vulnerable to disruption across multiple neural levels. Although behavioral language
assessments provide essential information regarding functional outcomes, they may not fully
capture the neural mechanisms underlying impaired language performance, emphasizing the

need for complementary objective measures.
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Auditory evoked potentials (AEPs) provide a non-invasive and
temporally precise method for examining neural processing along the
auditory pathway. Auditory Brainstem Responses (ABR) reflect early
subcortical auditory transmission, Late Latency Responses (LLR) index
cortical auditory detection and discrimination, and the P300 com-
ponent is associated with attention allocation and working memory
updating.’ Previous aphasia studies have primarily focused on isolated
cortical components and consistently reported prolonged latencies,
suggesting slowed auditory and cognitive processing.* However, ampli-
tude findings remain inconsistent, and subcortical auditory processing
has received limited attention. Although ABR is not routinely included
in aphasia assessment, early auditory timing may influence the qual-
ity of auditory input available for higher-level language processing.

Emerging evidence suggests that early auditory processing may
also be impaired in post-stroke aphasia. Mourad et al.® reported
delayed auditory brainstem responses in individuals with aphasia,
raising the possibility that inefficiencies at early auditory stages
contribute to downstream cortical and cognitive processing delays.
Despite this theoretical and clinical relevance, few studies have
examined brainstem, cortical, and cognitive auditory responses
within the same cohort, limiting integrative interpretations of
auditory-language interactions.

Accordingly, this study aimed to investigate language per-
formance—particularly naming ability—and auditory evoked
potentials across multiple neural levels (ABR, LLR, and P300) in
individuals with post-stroke aphasia compared with age- and sex-
matched healthy controls. We hypothesized that individuals with
aphasia would exhibit prolonged electrophysiological latencies
reflecting slowed auditory and cognitive processing and that these
delays would be associated with reduced language performance.
By integrating behavioral and electrophysiological measures, this
study aims to contribute to objective multilevel assessment frame-

works in speech and language therapy.

OBJECTIVE

To investigate auditory and cognitive processing across multiple
neural levels and examine their association with language perfor-
mance in individuals with post-stroke aphasia using ABR, LLR,

and P300 event-related potentials.
METHODS

Study design and participants

This cross-sectional observational study was conducted at Inénii
University. The study included 29 individuals with post-stroke
aphasia and 33 age- and sex-matched neurologically healthy con-
trols. Aphasia diagnosis was established by a speech and language
therapist based on clinical evaluation and standardized language

assessment. Inclusion criteria for the aphasia group were: (i) history

of ischemic or hemorrhagic stroke, (ii) aphasia diagnosis, (iii) age
18-80 years, and (iv) adequate hearing sensitivity for auditory test-
ing. Exclusion criteria for all participants included additional neu-
rological disorders, severe cognitive impairment, psychiatric illness,
and uncorrected hearing loss. Pure-tone audiometry confirmed
hearing thresholds <25 dB HL at 500-4,000 Hz in all participants.

Ethical approval

The study was conducted in accordance with the Declaration of
Helsinki and approved by the In6nii University Health Sciences
Scientific Research Ethics Committee (Approval No 2024/6333;
Date: September 24, 2024). Written informed consent was

obtained from all participants prior to participation.

Language assessment

Language performance was assessed using the Aphasia Language
Assessment Test (ADD) and a naming task. The ADD was admin-
istered according to standardized procedures to evaluate over-
all language ability. In the naming task, participants were asked
to name visually or auditorily presented stimuli. Each correct
response received one point, whereas incorrect responses received

zero points. Total scores were used for statistical analyses.

Electrophysiological recordings

Auditory evoked potentials were recorded in a sound-attenuated
room using the Neurosoft Neuro Audio system. Electrode place-
ment followed the international 10-20 system, and electrode
impedance was maintained below 5 kQ) throughout testing.

ABR: ABR recordings were obtained using 90 dB nHL rarefac-
tion click stimuli presented at a repetition rate of 21.1/s. Filter settings
were 150-3,000 Hz. Absolute latencies of Waves I, ITI, and V, as well
as interpeak intervals (I-III and I-V), were analyzed for both ears.

LLR: LLR recordings were elicited using 65 dB click stimuli pre-
sented at a repetition rate of 1.1/s with filter settings of 30-150 Hz.
Latencies of the P1, N1, P2, and N2 components and peak-to-peak
amplitudes (P1-N1 and P2-N2) were measured. Click stimuli were
preferred to ensure temporal precision and comparability across
subcortical and cortical auditory responses.

P300 Potentials: P300 responses were recorded using an audi-
tory oddball paradigm with 1,000 Hz frequent and 2,000 Hz rare
tones. Participants were instructed to mentally count the rare stim-
uli. Recordings were obtained from the Cz electrode referenced to
M1-M2, with Fpz as ground. P300 latency was measured as the
primary outcome. Only participants achieving > 80% accuracy in

the counting task were included in the analysis.

Statistical analysis
Statistical analyses were performed using SPSS version 23.0. Data nor-

mality was assessed using the Shapiro-Wilk and Kolmogorov-Smirnov



tests. Group comparisons were conducted using independent sam-
ples t-tests for normally distributed variables and Mann-Whitney U
tests for non-normally distributed variables. Analysis of covariance
(ANCOVA) was performed with age as a covariate. False discovery
rate (FDR) correction was applied to control for multiple compari-
sons. Correlations between language performance and electrophysi-
ological measures were examined using partial correlation analyses

controlling for age. Statistical significance was set at p < 0.05.
RESULTS

Participant characteristics

A total of 62 participants were included, comprising 29 indi-
viduals with post-stroke aphasia and 33 healthy controls.
Demographic characteristics of both groups are presented in
Table 1. No statistically significant differences were observed

between groups in age or sex distribution (p > 0.05).

Language performance

Language assessment results are summarized in Table 2. The aphasia
group demonstrated significantly lower Aphasia Language Assessment
Test (ADD) total scores and ADD success percentages than the con-
trol group after adjustment for age. These differences remained statis-

tically significant following FDR correction (p < 0.001).

ABR
Group comparisons of ABR latency and interpeak interval measures

are presented in Table 2. After adjustment for age using ANCOVA

Table 1. Demographic characteristics of the study groups
Aphasia group Control group

Variable alue
: (n=29) (n=33 PV

Age (years), mean + SD 559+78 53.1+83 0.207

Sex (male/female), n 20/9 19/14 0.368

Table 2. Comparison of language and electrophysiological measures between groups (ANCOVA with age as covariate, FDR-corrected)

and correction for multiple comparisons, the aphasia group showed
significantly prolonged Wave III and Wave V latencies, as well as
prolonged Wave I-III interpeak intervals, in both ears compared
with controls (FDR-adjusted p < 0.05). No significant group differ-

ences were observed for Wave V-I interpeak intervals.

LLR

LLR component latencies and amplitudes are shown in Table 2.
Latencies of the P1, N1, P2, and N2 components were signifi-
cantly prolonged in the aphasia group compared with the con-
trol group after age adjustment and FDR correction (all FDR-
adjusted p < 0.01). No statistically significant group differences
were observed for PI-N1 or P2-N2 amplitude measures.

Figure 1 illustrates representative LLR waveforms from an
individual with aphasia and a healthy control participant. Visual
inspection demonstrates prolonged P1, N1, P2, and N2 latencies
in the aphasia group relative to the control participant, whereas

overall waveform morphology remained preserved.

P300 potentials

P300 latency values are presented in Table 2 and Figure 2. The
aphasia group exhibited significantly prolonged P300 laten-
cies compared with the control group after controlling for age
(F = 15.34, p < 0.001), and this difference remained significant
following FDR correction (FDR-adjusted p = 0.001).

Figure 3 presents group-level comparisons of LLR and P300
latency values across participants. Latency measures for P1, N1, P2,
N2, and P300 components were consistently longer in the aphasia
group than in controls, reflecting generalized delays in auditory

and cognitive processing.

Correlation between language performance and
electrophysiological measures

Partial correlation analyses controlling for age were conducted

within the aphasia group. As shown in Table 3, moderate negative

Aphasia grou Control grou 5

Measure (meapn +s D?me driJan) (mean+5$ D?me dF:an) ANCOVA F p value FDR-adjusted p
ADD Total Score 15.28 £4.96 19.67 £0.82 2534 < 0.001 < 0.001
ADD Success (%) 79.66 + 28.1 98.33+4.7 18.67 <0.001 <0.001
Right ABR Wave IIl (ms) 3.85+0.04 3.54+0.04 12.67 < 0.001 0.002
Right ABR Wave V (ms) 6.00+0.39 5.65+0.28 8.92 0.005 0.009
Left ABR Wave Il (ms) 3.89+0.05 3.58+0.03 13.45 <0.001 0.002
Left ABR Wave V (ms) 5.93+0.46 5.62+0.21 7.89 0.007 0.012
P1 Latency (ms) 80.86 5.7 66.84 +1.22 9.23 0.004 0.009
N1 Latency (ms) 128.43+7.15 98.97 +1.88 22.18 <0.001 < 0.001
P2 Latency (ms) 192,99 +6.74 120.96 £ 2.59 35.67 < 0.001 < 0.001
N2 Latency (ms) 249.15+8.54 145.99 £ 2.45 42.15 < 0.001 <0.001
P300 Latency (ms) 346.76 £41.3 269.72+18.7 15.34 <0.001 < 0.001



correlations were observed between naming performance and
N2 latency (p = —0.324, p = 0.087) and P300 latency (p = -0.337,
p = 0.073); however, these associations did not reach statistical sig-
nificance. No significant correlations were observed between lan-
guage performance and ABR or earlier LLR components (p > 0.05).

Overall, latency measures consistently differentiated individ-
uals with aphasia from controls across subcortical, cortical, and

cognitive levels, whereas amplitude measures did not.

DISCUSSION

The present study examined language performance and auditory
evoked potentials across multiple neural levels in individuals with
post-stroke aphasia. By integrating ABR, LLR, and P300 poten-

tials within the same cohort, this study provides a comprehensive

electrophysiological characterization of auditory-cognitive pro-
cessing in aphasia. The findings demonstrated that individuals with
aphasia exhibited significant latency prolongations at both subcor-
tical and cortical levels, whereas amplitude measures remained
largely preserved. In parallel, language performance—particularly
naming ability—was significantly reduced in the aphasia group.
Collectively, these findings suggest that aphasia is associated with
generalized slowing in auditory and cognitive processing while

neural response magnitude remains preserved.

Auditory brainstem processing
A key finding of this study was the presence of prolonged ABR
wave latencies in individuals with aphasia. Although aphasia

is traditionally conceptualized as a cortical language disorder,

Figure 1. The left panel presents the LLR (Late Latency Response) waveform of a participant from the aphasia group, while the right
panel illustrates the LLR waveform of a participant from the control group.

Figure 2. The left panel displays the P300 waveform of a participant from the aphasia group, while the right panel shows the P300
waveform of a participant from the control group.



delayed Waves IIT and V and prolonged interpeak intervals sug-
gest reduced efficiency in subcortical auditory transmission fol-
lowing stroke. Similar findings were reported by Mourad et al.® in
post-stroke aphasia. Nevertheless, ABR findings should be inter-
preted cautiously because subcortical auditory responses may
also be influenced by age-related and vascular factors. Rather
than indicating primary peripheral auditory pathology, the
observed delays likely reflect altered neural synchrony within the
auditory brainstem, which may contribute to degraded auditory

input available for higher-level language processing.

Cortical auditory processing and LLR

At the cortical level, individuals with aphasia demonstrated consis-
tent latency prolongations across all LLR components (P1, N1, P2,
and N2), whereas amplitude measures did not differ significantly
from controls. This pattern suggests preserved cortical responsive-
ness with reduced temporal efficiency. Previous studies have sim-
ilarly reported latency-dominant alterations in cortical auditory
evoked potentials in aphasia.’ Given the temporal precision required
for speech perception and lexical access, such cortical processing
delays may interfere with the rapid integration of auditory informa-

tion necessary for naming and functional communication.

Auditory-cognitive processing and P300
The most robust electrophysiological difference observed in this

study was the marked prolongation of P300 latency in the aphasia

Figure 3. Latency values (ms) of LLR and P300 components in
the aphasia and control groups.

Table 3. Partial correlations between language performance
and electrophysiological measures in the aphasia group
(controlled for age)

Measure P p value
N2 Latency (ms) -0.324 0.087
P300 Latency (ms) -0.337 0.073

group. The P300 component is widely regarded as an index of
attention allocation, working memory updating, and stimulus
classification.® Prolonged P300 latency therefore reflects slowed
cognitive processing rather than diminished attentional capac-
ity. This finding is consistent with previous literature demon-
strating delayed P300 responses in aphasia and supports the view
that language impairment is embedded within broader auditory-
cognitive processing inefficiencies. From a speech and language
therapy perspective, these findings underscore the importance of
addressing attentional and processing speed components along-

side linguistic targets in rehabilitation programs.

Relationship between language performance and
electrophysiological measures

Correlation analyses revealed moderate negative trends
between language performance and both N2 and P300 laten-
cies, although these associations did not reach statistical signif-
icance. The absence of statistically significant correlations may
partly reflect limited statistical power due to the modest sample
size rather than a lack of functional association. Nevertheless,
the observed trends suggest that delayed cortical and cognitive
processing may be functionally relevant to naming performance
in aphasia, consistent with prior reports linking cortical audi-
tory evoked potentials to language recovery.” Future studies with

larger cohorts are warranted to further clarify these relationships.

Clinical and translational implications

From a clinical and translational perspective, the present find-
ings highlight the value of latency-based auditory evoked poten-
tial measures as objective indices that may complement behavioral
language assessments in aphasia.? The preservation of response
amplitudes suggests retained neural responsiveness, supporting
the potential for rehabilitation-induced plasticity. Integrating audi-
tory-processing and attention-focused interventions into speech
and language therapy protocols may therefore improve treatment
outcomes. Moreover, electrophysiological measures may provide
sensitive tools for monitoring neurophysiological changes during
rehabilitation and tailoring individualized intervention strategies.®
Such measures may help clinicians identify processing-level limita-

tions not fully captured by behavioral language tests alone.

Limitations and future directions

Several limitations should be acknowledged. The modest sam-
ple size may have limited the detection of statistically significant
associations between electrophysiological measures and language
performance. Additionally, aphasia subtypes and lesion charac-
teristics were not systematically analyzed, which may have con-
tributed to variability in electrophysiological responses. Future

research should incorporate lesion localization, aphasia subtype
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classification, and longitudinal designs to better elucidate the role
of auditory-cognitive processing in language recovery. The lack
of statistically significant correlations likely reflects limited statis-

tical power rather than the absence of a functional relationship.

CONCLUSION

In conclusion, this study demonstrates that post-stroke aphasia
is characterized by delayed auditory processing at both subcor-
tical and cortical levels, accompanied by slowed cognitive pro-
cessing reflected by prolonged P300 latency. These electrophysio-
logical alterations parallel impairments in language performance
and support a multilevel auditory-cognitive framework for
understanding aphasia. By integrating objective neural measures
with behavioral language assessment, this study contributes to
the development of more comprehensive and clinically relevant

approaches in speech and language therapy.
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ABSTRACT
BACKGROUND: Melasma is one of the most common physiological hyperpigmentation disorders ob-
served during pregnancy, and its clinical characteristics and risk factors have been extensively investi-
gated. However, evidence regarding the relationship between pregnancy-related melasma and body
perception remains limited.
OBJECTIVE: This descriptive cross-sectional study aimed to determine the prevalence of melasma among
pregnant women and to examine its association with body perception.
METHODS: This study included 450 pregnant women in the central city center of the Central Anatolia
Region of Turkiye who met the inclusion criteria. Data were collected using the Introductory Information
Form, the Melasma and Skin Type Characteristics Assessment Form, and the Body Perception Scale (BPS)
and analyzed using descriptive statistics, comparative analyses, and logistic regression.
RESULTS: Melasma was identified in 37.8% of the participants, and the centrofacial pattern was the most
common presentation (56.5%). A statistically significant association was found between pregnancy-relat-
ed melasma and total BPS scores (p < 0.05). Pregnant women without melasma had significantly higher
mean BPS scores than those with melasma (150.83 £ 17.18 vs. 146.15 £ 15.16; p = 0.004). Logjistic regression
analysis demonstrated that low educational and income levels, a personal or family history of melasma,
and Fitzpatrick skin type IV were significant predictors of pregnancy-related melasma (p < 0.05), account-
ing for 61% of the variance.
CONCLUSION: The findings indicate the need for a holistic assessment of physiological skin changes and
body perception during pregnancy, as well as the integration of counseling, education, and nursing care
interventions targeting risk factors into routine prenatal care.

INTRODUCTION

Melasma is an acquired, chronic hyperpigmentation disorder characterized by increased mel-
anin deposition in the epidermal and/or dermal layers of the skin.! Clinically, it presents as
asymptomatic light-to-dark-brown macules with irregular borders and symmetrical distribu-
tion, most commonly affecting sun-exposed areas, such as the face and neck."* Although the
exact etiology remains unclear, genetic predisposition, environmental exposure, and hormonal
changes are known to contribute to its development. Pregnancy is a major risk factor, largely
because of increased levels of estrogen, progesterone, and melanocyte-stimulating hormone.*
The prevalence of melasma during pregnancy has been reported to range from 36.4% to 75%,
varying by geographic region and skin type.’ Although spontaneous regression is generally
expected within one year postpartum, approximately 30% of cases persist.* Although consid-
ered a physiological change, pregnancy-related melasma may lead to aesthetic concerns and
negatively affect body image perception among pregnant women.>*

Body perception refers to an individual’s perception of their physical appearance, along with
associated feelings and thoughts.” Physiological and psychological changes during pregnancy
influence body perceptions of the expectant mother in multiple ways® and in some cases, may
contribute to poor body image.® During pregnancy, discrepancies between changes in a woman’s
face and body and her internalized ideal body image may result in either positive or negative body
image perceptions.® Visible skin changes, particularly pregnancy mask (melasma), striae gravi-
darum, and edema, have been associated with increased body dissatisfaction.® Qualitative stud-

ies have shown that many pregnant women perceive pregnancy-related melasma as distressing
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and upsetting, report feeling unattractive, limit social interactions,
and experience anxiety about whether their skin will return to its
pre-pregnancy state.®'°

Healthcare professionals play a significant role in identifying
aesthetic concerns related to pregnancy-associated melasma and
planning preventive and treatment-related care.*'"'? However,
given the limited number of studies addressing this topic, there is
aneed for a comprehensive examination of the prevalence of preg-

nancy-related melasma and its association with body perception.

OBJECTIVES
This study aimed to determine the prevalence of melasma among preg-

nant women and to examine its relationship with body perception.

METHODS

Study design and population

This study employed descriptive cross-sectional design. It was
conducted between March and May 2024 in a city in the Central
Anatolia Region of Tiirkiye.

The study population comprised pregnant women in their
second or third trimester who attended routine examinations at
the obstetrics and gynecology outpatient clinic of a training and
research hospital in the Central Anatolia Region of Tiirkiye. The
inclusion criteria were as follows: pregnant women aged =18 years
who were in the second or third trimester, able to communicate in
Turkish, and voluntarily agreed to participate. Pregnant women
in the first trimester; those with multiple pregnancies; those diag-
nosed during pregnancy with dermatological conditions (e.g., pso-
riasis, atopic dermatitis, urticaria, connective tissue diseases, skin
cancer, and pemphigus); those with pregnancy-related dermato-
ses, including hemangioma, cholestasis, spider angioma, palmar
erythema, and malignant melanoma; those with facial manifesta-
tions of these conditions; and those with a diagnosed psychiatric
disorder were excluded.

The sample size was calculated using the formula for estimating
sample size in populations of unknown size. Based on an assumed
melasma prevalence of 23.5%,'* the minimum required sample size
was calculated to be 278. Participants were recruited between
March 1 and May 15, 2024, using convenience sampling. The study
was completed with the participation of a total of 450 pregnant
women who met the inclusion criteria during the data collection

process and consented to participate.

Measures

Introductory information form: This form was developed by the
researchers based on a review of relevant literature>*>'>!*!* and
expert opinions. It comprised 21 items assessing participants’

sociodemographic and obstetric characteristics.

Melasma and skin type characteristics assessment form: This
form comprised nine items assessing participants’ skin type, pres-
ence of melasma, personal and family history of melasma, use of
preventive measures, and health-care-seeking behaviors, including
physician consultation and receipt of treatment.>*>'>!* The find-
ings obtained through the physical examination conducted by the
researcher—including the pregnant women’s natural hair color,
eye color, skin tone, presence and number of facial freckles/moles,
pregnancy melasma status, melasma type, and skin type character-
istics—were evaluated and recorded using this form. Skin type was
additionally assessed by the researchers through physical examina-
tion according to the Fitzpatrick skin type classification,'® and the
findings were recorded on the form.

Body perception scale (BPS): The BPS is a 40-item instrument
designed to assess satisfaction with different body regions and bodily
functions. In this five-point Likert-type scale, each item is rated
from 1 (strongly dislike) to 5 (strongly like). Total scores range from
40 to 200, with higher scores indicating greater satisfaction. In the
Turkish reliability study conducted by Hovardaoglu,'” Cronbach’s
alpha coefficient was 0.91; in the present study, it was 0.896.

Data collection

Data were collected through face-to-face interviews con-
ducted by researchers between March and May 2024, using the
‘Introductory information form, ‘Melasma and skin type char-
acteristics assessment form, and ‘BPS.. Facial regions of the par-
ticipants were assessed by the researchers during a physical
examination. Melasma status and skin type were recorded using

relevant assessment forms.

Statistical analyses

Data were analyzed using IBM SPSS Statistics for Windows
(version 25; IBM Corp., Armonk, New York). Descriptive sta-
tistics, including frequencies, percentages, means, and stan-
dard deviations, were used to summarize the data. Normality
of the data distribution was assessed using the Kolmogorov-
Smirnov test. As the data were normally distributed, indepen-
dent-samples t-tests were used. Logistic regression analysis
was performed to evaluate categorical dependent variables.
Variables that were significant in the chi-square analyses were
entered into the regression model. Statistical significance was

set at p < 0.05.

Ethical considerations

Ethical approval was obtained from the Ethics Committee of
the university in the province where the study was conducted
(Decision No: 2024/01-65; January 31, 2024). Institutional per-
mission was also obtained, and all procedures were performed

in accordance with the principles of the Declaration of Helsinki.



RESULTS

The distribution of selected descriptive characteristics of the preg-
nant women is presented in Table 1. Pregnancy-related melasma
was identified in 37.8% of the participants, of whom 56.5%
exhibited the centrofacial type. Furthermore, 40.2% of all women
had Fitzpatrick skin type III. Overall, 31.6% of participants were
high school graduates, 79.1% were unemployed, 62.8% resided in
urban areas, and 70.9% reported that their income was equal to

their expenses. Most of the pregnant women reported no history

of melasma prior to pregnancy (90.9%), during a previous preg-
nancy (72.3%), or in their family (76.9%). The majority (99.3%)
reported not using any specific preventive methods for melasma;
46.2% applied sunscreen to the face, 21.1% reported consistently
applying sunscreen, and 88.2% did not reapply it during the day.

A comparison of BPS scores according to pregnancy-related
melasma status is presented in Table 2. A significant difference was
observed between the total BPS scores and the presence of melasma

during pregnancy (p < 0.05). The mean total BPS score was higher

Table 1. Distribution of selected descriptive characteristics of the pregnant women (n = 450)

Characteristics

Age (years)

Gravidity

Gestational age (weeks)
Pregnancy BMI (kg/m?)
Gestational weight gain (kg)

Presence of pregnancy-related melasma

Type of pregnancy melasma (n = 170)

Fitzpatrick skin type*

Educational level

Employment status

Place of residence

History of melasma before pregnancy

History of melasma in previous pregnancy (n = 274)
Family history of melasma

Use of preventive methods for melasma

Use of sunscreen on the face

Frequency of sunscreen use

Reapplication of sunscreen during the day

Physician consultation for pregnancy melasma

X +SD Min-Max/Range
27.23+5.29 18-44 (26)
22+133 1-8(7)
33.63+4.75 16-41 (25)
29.62 +4.55 19.1-44.4 (25.3)
11.11+5.16 0-26 (26)
n %
Present 170 37.8
Not present 280 62.2
Centrofacial type 96 56.4
Malar type 70 41.2
Mandibular type 4 24
Skin type Il 95 211
Skin type Il 181 40.2
Skin type IV 174 387
Literate/primary school 38 8.4
Secondary school 105 233
High school 142 316
University 133 29.6
Postgraduate 32 7.1
Employed 94 20.9
Unemployed 356 79.1
Province 283 62.8
District 70 15.6
Village 97 21.6
Present 41 9.1
Not present 409 90.9
Present 76 27.7
Not present 198 723
Present 104 23.1
Not present 346 76.9
Yes 3 0.7
No 447 99.3
Yes 208 46.2
No 242 53.8
Always 95 21.1
Occasionally 113 25.1
Never 242 53.8
Yes 53 11.8
No 397 88.2
Yes 5 1.1
No 445 98.9

X, mean; SD, standard deviation; Min-Max, minimum-maximum; n, calculations were based only on respondents; BMI, body mass index. * There were no

participants with skin type | or V in the study.



Table 2. Comparison of body perception scale scores based on
pregnancy-related melasma status

Pregnancy-Related = Min-Max
9 4 X+£SD t test p value
Melasma Status (Range)
Present 146.15+£15.16  80-195(115)
Not present 150.83+£17.18 93-199 (106) —2.924 0.004*

SD, standard deviation; Min—-Max, minimum-maximum. * p < 0.05;
t test, independent samples t test.

among pregnant women without melasma (150.83 * 17.18) than
among those with melasma (146.15 + 15.16).

The distribution of variables associated with the presence of
pregnancy-related melasma is presented in Table 3. Logistic regres-
sion analysis showed that educational level, income status, history of
melasma prior to pregnancy, history of melasma in previous preg-

nancies, family history of melasma, and skin type were significantly

Table 3. Distribution of variables associated with the presence of pregnancy-related melasma

95% CI OR
B SE Wald p value OR (B)
Lower Upper

Educational level

Literate/primary school 10.082 0.039

Secondary school -0.861 0.588 2.139 0.144 0.423 0.133 1.34

High school -1.662 0.627 7.031 0.008* 0.19 0.056 0.648

University —-1.961 0.702 7.811 0.005* 0.141 0.036 0.557

Postgraduate -1.741 0.961 3.283 0.07 0.175 0.027 1.153
Place of residence

Village 3.011 0.222

Province -0.858 0.507 2.866 0.09 0.424 0.157 1.145

Village —0.296 0.581 0.26 0.61 0.744 0.238 2.323
Social security (None)

Yes 0.467 0.458 1.041 0.308 1.595 0.65 3.914
Perceived income status

Less than expenses 6.164 0.046*

Equal to expenses -1.201 0.51 5.536 0.019* 0.301 0.111 0.818

Greater than expenses -0.519 0.747 0.483 0.487 0.595 0.138 2.572
Number of births

3 ormore 5.443 0.142

No previous births 0.718 0.818 0.77 0.38 2.049 0.413 10.175

1 0.691 0.651 1.126 0.289 1.995 0.557 7.146

2 —0.282 0.65 0.188 0.665 0.754 0.211 2.697
Hormone therapy for infertility treatment (Not received)

Received 0.489 0.718 0.464 0.496 1.631 0.399 6.657
History of combined oral contraceptive use (Not used)

Used 0.094 0.55 0.029 0.864 1.099 0.374 3.227
History of melasma before pregnancy (Not present)

Present 2.252 0.964 5.461 0.019* 9.503 1.438 62.809
History of melasma in previous pregnancy (Present)

Not present 2.65 0.552 23.016 o* 14.16 4.795 41.814
Family history of melasma (Present)

Not Present 1.335 0.475 7.907 0.005* 3.798 1.498 9.629
Frequency of sunscreen application

Never 3.769 0.152

Always -0.579 0.574 1.016 0.313 0.561 0.182 1.727

Occasionally 0.59 0.445 1.764 0.184 1.805 0.755 4314
Regular medication use (No)

Yes -0.364 0.613 0.352 0.553 0.695 0.209 2.311
Fitzpatrick skin type

Skin type Il 25.423 0*

Skin type lll 0.831 0.572 2.11 0.146 2.296 0.748 7.045

Skin type IV 2.515 0.582 18.649 0* 12.365 3.949 38.715
Model statistics Hosmer-Lemeshow Test = 11.246, p = 0.188; Cox & Snell R*=0.457; Nagelkerke R* = 0.61

B, Regression coefficient; * p < 0.05; SE, standard error; OR, odds ratio; Cl, confidence interval.



associated with pregnancy-related melasma (p < 0.05). The likeli-
hood of pregnancy-related melasma was 3.32 times lower among
women whose income was equal to their expenses than among
those whose income was less than their expenses (1/0.301 = 3.32;
odds ratio [OR] = 0.301; p = 0.019). Compared with women with
primary school education or below, the likelihood of pregnancy-
related melasma was 5.26 times lower among high school gradu-
ates (1/0.19 = 5.26; OR = 0.19; p = 0.008) and 7.09 times lower
among university graduates (1/0.141 = 7.09; OR = 0.141; p = 0.005).

In contrast, the likelihood of pregnancy-related melasma was
12.36 times higher among women with Fitzpatrick skin type IV
than among those with skin type IT (OR = 12.365; p < 0.001).
A history of melasma prior to pregnancy was associated with a
9.50-fold increase in the likelihood of pregnancy-related melasma
(OR =9.503; p = 0.019), a history of melasma in previous preg-
nancies with a 14.16-fold increase (OR = 14.16; p < 0.001), and a
family history of melasma with a 3.80-fold increase (OR = 3.798;
p = 0.005). The final model accounted for 61% of the variance in
the presence of melasma during pregnancy.

DISCUSSION
This study examined the prevalence of pregnancy-related melasma,
its association with body perception, and factors associated with
its occurrence among pregnant women. The findings indicate that
approximately four out of ten pregnant women experienced preg-
nancy-related melasma, and the presence of melasma was asso-
ciated with negative body perception. Furthermore, skin type,
history of melasma, and educational and income levels were iden-
tified as significant factors that correlated with to its occurrence.
In this study, pregnancy-related melasma was identified in 37.8%
of pregnant women based on physical examinations performed by
the researchers. Globally, the prevalence of melasma during preg-
nancy has been reported to range from 36.4% to 75%.? Substantial
variations in prevalence rates have been reported across countries.
Reported prevalence rates are 10.7% in Brazil,'"® 15.8% in Iran," 50.8%
in India," and 63.5% in Pakistan.? In Tiirkiye, the reported preva-
lence rates range from 23.5% to 46.9%.'>”' Differences in skin type,
hormonal changes, and geographic factors may contribute to this
variability. Although the prevalence observed in the present study is
consistent with the findings from other studies conducted in Tiirkiye,
it can be considered moderate relative to international reports.
Most participants in the present study had a Fitzpatrick skin
type of I11, and approximately half of the melasma cases exhibited
a centrofacial type. These findings are consistent with previous
reports indicating that skin type III is common among pregnant
women,'*?? and that the centrofacial pattern is the most frequently
observed clinical presentation in pregnant women with melasma.”*
Furthermore, most participants did not use specific preventive mea-

sures for melasma. Although nearly half reported applying sunscreen

to the face, only one-fifth reported consistent use, and the majority
did not reapply sunscreen during the day. Similar patterns of lim-
ited sun-protective behavior and irregular use of preventive mea-
sures during pregnancy have been reported in previous studies.**
Melasma, although generally considered a physiological skin
change during pregnancy, has been reported to adversely affect body
perception.® In this study, it was determined that women with preg-
nancy-related melasma had significantly lower BPS scores compared
to women without melasma; in other words, melasma reduced body
perception satisfaction in pregnant women. Our findings are consis-
tent with both qualitative and quantitative studies reporting that preg-
nancy-related melasma is associated with a more negative body/face
perception in women.>® In this context, pregnancy-related melasma
should be considered not only a dermatological change but also an
important condition that may affect women’s body perception, and
it should be addressed within a holistic approach in prenatal care.
The regression analysis revealed that education level, perceived
income, history of melasma before and during previous pregnancies,
family history of melasma, and skin type together explained 61% of
the probability of melasma occurring during pregnancy. This demon-
strates that melasma is not limited to pregnancy-specific physiologi-
cal changes but constitutes a multifactorial condition resulting from
the interaction of sociodemographic, obstetric, and genetic compo-
nents, supporting the need for a holistic approach in risk assessment.
The results of this study suggest that high school and univer-
sity graduation, as well as having an adequate income level, are
factors that reduce the risk of melasma. Specifically, the prob-
ability of developing melasma was 5.26-fold lower in high school
graduates and 7.09-fold lower in university graduates; also, it was
3.32-fold lower in pregnant women whose income equaled their
expenses. This can be explained by the determining role of edu-
cation and economic status in the health behaviors of individuals.
The literature also reports that low income and education levels,*
socioeconomic status, and living conditions” may be associated
with the development of melasma. Women with low income and
education levels may have a higher risk of melasma because of an
increased likelihood of working outdoors and prolonged unpro-
tected sun exposure, as well as limited access to dermatological
care and treatment.>* Every ten hours spent outdoors per week
increases the risk of pregnancy-related melasma by 27%.% However,
individuals with higher socioeconomic status have better access to
dermatological care services and photoprotective products, which
strengthens preventive health behaviors and potentially reduce the
development of melasma.?”” These results suggest that education
and income levels exert protective effects, not only indirectly but
also through behavioral mechanisms.
The history of melasma before pregnancy, during previous preg-
nancies, and familial predisposition significantly increased the risk

of melasma in this study. The risk was 9.5-fold higher in those with



a history of melasma before pregnancy, 14.16-fold higher in those
who experienced melasma in a previous pregnancy, and 3.8-fold
higher in those with a family history clearly, clearly demonstrating
the recurrent nature of melasma and the role of individual/genetic
predisposition. Another study conducted in Tiirkiye reported that
the risk was approximately 44-fold higher in women with a history
of melasma in previous pregnancies, and that family history was
also significantly associated with this increase.’* Similarly, other
studies emphasize a strong association between family history and
melasma?***?5-* highlighting that genetic factors are among the
important determinants.”* Based on our findings and the avail-
able literature, pregnant women with an individual or family his-
tory of melasma should be considered a high-risk group.

In the present study, Fitzpatrick skin type IV (brown/dark
skin) was found to be the strongest risk factor for pregnancy-
related melasma, with the probability of melasma being 12.36-
fold higher in this group compared with those with skin type II
(light skin). The literature also indicates that having a dark skin
type (Fitzpatrick skin types III, IV, and V) is a significant risk fac-
tor for the development of melasma and for the spread of exist-
ing lesions.>*’! Melasma is rarely detected in extreme skin types
(Fitzpatrick skin types I and VI) because of the limited pigmen-
tation response, whereas it is frequently observed in intermediate
skin types (Fitzpatrick skin types III, IV, and V). Melasma is more
common in individuals with moderate skin types because of their
more pronounced and variable melanin production responses when
exposed to triggering factors, such as ultraviolet radiation. Skin
type I has a low tanning capacity and therefore cannot produce
sufficient melanin, whereas in skin type VI, the existing pigmenta-
tion level is already high, which limits the production of additional
pigment.* Previous studies have reported that pregnancy, as well
as having dark skin (skin type V) and lifelong sun exposure, are
significant risk factors for melasma,?*? The risk of severe melasma
is approximately three-fold higher under these circumstances.** In
light of these findings, it is important that pregnant women with
dark skin types be more closely evaluated for melasma develop-
ment during prenatal checkups and provided with counseling on

preventive measures.

CONCLUSION

Pregnancy-related melasma is a common condition, affecting
approximately 40% of pregnant women, and is associated with
poorer body perception. Educational attainment and economic
status were identified as protective factors, whereas personal his-
tory, genetic predisposition, and skin type emerged as impor-
tant risk factors for its development. Accordingly, prenatal care
should incorporate the assessment of physiological skin changes
and body image perception. This should be accompanied by edu-
cational interventions aimed at increasing awareness of risk fac-

tors and appropriate counseling and supportive care.
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ABSTRACT
BACKGROUND: Real-world data on the treatment patterns and clinical outcomes of second-line nilotinib
use in chronic myeloid leukemia (CML) remain limited, particularly regarding predictors of deep molecular
response (DMR).
OBJECTIVES: To characterize treatment patterns and long-term clinical outcomes in patients with CML re-
ceiving second-line nilotinib and to evaluate whether early molecular milestones combined with baseline
prognostic scores predict DMR.
DESIGN AND SETTING: Retrospective, single-center real-world study conducted at a tertiary academic
center between 2011 and 2025.
METHODS: The data of 45 patients with CML receiving second-line nilotinib because of imatinib resis-
tance orintolerance were analyzed. Treatment patterns, including duration and reasons for switching ther-
apy, were assessed. Baseline prognostic scores (Sokal, European Treatment and Outcome Study [EUTOS],
EUTOS Long-Term Survival [ELTS], Hammersmith) were calculated, and molecular responses were assessed
according to the European LeukemiaNet (ELN) criteria. Predictors of DMR were examined using univariate
and multivariate logistic regression, and survival outcomes were estimated using Kaplan-Meier analysis.
RESULTS: The median duration of nilotinib administration was 67.3 months, with 60% of patients achiev-
ing a best response of DMR and 46.7% maintaining a sustained DMR. Univariate analysis showed that
a favorable Hammersmith score (p = 0.001), low ELTS risk (p = 0.028), and attainment of ELN-defined
milestones at 6 (p = 0.020) and 12 months (p = 0.006) were significantly associated with DMR. Multivariate
analysis demonstrated that the 12-month ELN milestone (p = 0.008) and favorable Hammersmith score
(p=0.023) were independently associated with a DMR. Patients achieving a DMR showed a nonsignificant
trend toward improved overall survival.
CONCLUSION: In this real-world cohort, a DMR and favorable survival outcomes were achieved when
nilotinib was administered as second-line treatment. Integrating baseline prognostic scores with molec-
ular milestones enables individualized monitoring and supports a sustained DMR as a marker of durable
disease control.

INTRODUCTION
Chronic myeloid leukemia (CML) is a clonal myeloproliferative neoplasm driven by the con-
stitutively active BCR::ABLI (breakpoint cluster region::Abelson 1) tyrosine kinase generated
by the Philadelphia chromosome, t(9;22)(q34;q11).! Quantitative monitoring of BCR::ABLI
transcripts is central to managing CML, enabling early identification of patients at risk of sub-
optimal response and informing therapeutic decision-making.? High rates of cytogenetic and
molecular responses are achieved with the use of the first-generation tyrosine kinase inhibitor
(TKI) imatinib and second-generation TKIs, including nilotinib, dasatinib, and bosutinib.>*
Despite these advances, a subset of patients discontinues first-line therapy due to resistance
or intolerance and requires second-line treatment.>* Treatment failure is frequently associated
with BCR::ABL1 kinase domain mutations and other resistance mechanisms, whereas intolerance

reflects clinically significant treatment-related toxicities necessitating that therapy be modified or
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switched.® Both clinical trials and real-world studies have demon-
strated that second-line treatment with nilotinib induces durable
molecular responses and favorable survival outcomes.®
Although BCR::ABLI transcript kinetics are well established
for response monitoring, predictors of deep molecular response
(DMR) in the second-line setting remain incompletely defined.
DMR reflects profound and sustained suppression of BCR::ABL1
transcripts; it is associated with improved long-term outcomes,
such as progression-free survival (PFS) and the potential for treat-
ment-free remission, confirming its clinical relevance as a therapeu-
tic endpoint.®® European LeukemiaNet (ELN)-defined molecular
milestones at 6 and 12 months provide dynamic response assess-
ment, and baseline prognostic scoring systems—including the
Sokal, European Treatment and Outcome Study (EUTOS), EUTOS
Long-Term Survival (ELTS), and Hammersmith systems—offer
complementary information on disease risk.”'> However, most
studies have evaluated these parameters separately, and data inte-
grating static baseline risk with molecular dynamics during treat-
ment to predict the DMR in patients receiving second-line nilo-

tinib remain limited.

OBJECTIVE

In this study, we aimed to evaluate whether integrating 6- and
12-month ELN-defined molecular milestones with baseline
prognostic scores improved prediction of the DMR in a real-
world cohort of patients with chronic-phase CML who were
undergoing second-line nilotinib treatment, thereby supporting
risk-adapted monitoring and individualized clinical decision-

making in routine practice.

METHODS

Study design and population

In this retrospective, real-world study, data from a database of
patients with chronic-phase CML were analyzed to evaluate
treatment patterns and molecular outcomes at a single center
between 2011 and 2025. In total, 45 patients received nilotinib as
second-line treatment because they were resistant or intolerant to
imatinib. The small sample size reflects the rarity of second-line
use of nilotinib in routine practice, highlighting the real-world
nature of the cohort. Nilotinib was administered at the standard
approved dose of 800 mg/day. Primary resistance was defined as
failure to achieve an adequate cytogenetic or molecular response
within the expected timeframe. Secondary resistance was defined

as the loss of a previously achieved response.

Baseline prognostic assessment
Baseline prognostic scores were calculated at diagnosis to strat-

ify patients according to their expected clinical outcomes and

likelihood of responding to TKI therapy. The Sokal score was
used to predict overall survival (OS), with patients stratified into
low, intermediate, and high risk at diagnosis, categories. Using
the EUTOS score to estimate the probability of a cytogenetic
response, patients were classified as being at low or high risk. The
ELTS score was used to predicted long-term CML-related mor-
tality in patients treated with a TKI.*"* The Hammersmith score
was used to evaluate the likelihood of the response to a second-
generation TKI based on the prior response to imatinib, Sokal
risk, and recurrence of grade 3 or 4 neutropenia; accordingly,
patients were stratified into categories of good, intermediate, or

poor risk."

Cytogenetic and molecular monitoring

Conventional cytogenetic analysis was performed on bone
marrow samples, with > 20 metaphases analyzed; the cytoge-
netic response was defined as the proportion of Philadelphia
chromosome-positive metaphases among mitotic cells.
Peripheral blood samples were collected longitudinally for
molecular monitoring in accordance with ELN recommenda-
tions. The BCR::ABLI transcript levels were quantified using
the GeneXpert® system (Cepheid; Sunnyvale, California) via
automated RT-qPCR (reverse transcription quantitative poly-
merase chain reaction). The results were reported using the
International Scale, and internal quality controls were applied.
This standardized approach enabled early and DMRs to be

assessed throughout therapy.

Response evaluation according to the ELN

Recommendations

Cytogenetic and molecular responses were evaluated accord-
ing to the current ELN recommendations. A complete cytoge-
netic response (CCyR) was defined as the absence of Philadelphia
chromosome-positive metaphases among mitotic cells. A major
molecular response (MMR, MR3) was defined as BCR::ABLI
< 0.1% IS, MR4 as BCR::ABLI1 < 0.01% IS, DMR as MR4 or
deeper, and stable DMR as sustained deep molecular remission
confirmed in > 2 consecutive molecular assessments.”*** Early
molecular response was assessed at 6 and 12 months using ELN-
defined milestones, and the best molecular response represented

the deepest response achieved during therapy.

Survival endpoints

PFS was defined as the time from initiation of second-line TKI
therapy to progression to the accelerated phase or blast crisis,
treatment discontinuation due to disease progression, or death
from any cause. OS was defined as the time from initiation of sec-

ond-line TKI treatment to death from any cause.



Statistical analysis

Patient characteristics and treatment outcomes were summarized
using descriptive statistics. Continuous variables are reported as
medians with ranges, and categorical variables as frequencies and
percentages. Univariate logistic regression was used to identify
factors associated with achieving a DMR. Given the limited sam-
ple size, a parsimonious multivariate logistic regression model
that included the 12-month ELN milestone, and ELTS risk and
Hammersmith scores was constructed to avoid overfitting and
collinearity; results are reported as odds ratios (ORs) with 95%
confidence intervals (95% CIs). All statistical tests were two-
sided, and p < 0.05 was considered statistically significant.

Kaplan—Meier analysis with the log-rank test was used to estimate
survival. Confidence intervals were calculated using Greenwood’s
formula with log-log transformation; in the small subgroups, the
upper limits reached 100%. Landmark analyses at 6 and 12 months
were used to estimate the 7-year OS by molecular response, excluding
patients who died or were censored before each time point to avoid
guarantee-time bias. Molecular milestones at 6 and 12 months were
analyzed as fixed-time variables within these landmark analyses. In
the additional analyses, the best molecular response achieved was
considered to capture the overall depth of the response.

All statistical analyses were performed using MATLAB (ver-
sion 2025b; The MathWorks Inc., Natick, Massachusetts) with the
Statistics and Machine Learning Toolbox (version 25.2).

Approval for the study was granted by the Ethics Committee of
the University Clinical Centre Nis, Ni§, Serbia (approval number
19486/7, dated April 7th, 2025), and the research was performed

according to the principles of the Declaration of Helsinki.

RESULTS

Patient characteristics and baseline risk stratification

The cohort consisted of 45 patients with chronic-phase CML who
received nilotinib as second-line treatment. The median duration
of prior imatinib therapy before switching to nilotinib was 27.3
months (range: 3-138). The main reasons for patients switch-
ing to the second-generation TKI were primary (44.5%) and sec-
ondary (40%) resistance, with a smaller proportion discontinu-
ing imatinib treatment due to intolerance (15.5%). The baseline
demographic and clinical characteristics of the study population
are summarized in Table 1.

Risk stratification according to the established prognostic scores
showed that, based on the ELTS and Hammersmith scores, approxi-
mately half the cohort was classified as low risk (51.1%) and as good
risk (53.3%), respectively. However, based on the Sokal score, interme-
diate-risk disease predominated (48.9%). Based on the EUTOS score,
most evaluable patients were categorized as low risk (84.5%). The

prognostic scores were calculated using the available baseline data.

Cytogenetic and molecular response dynamics during
second-line nilotinib therapy

The median duration of nilotinib therapy was 67.3 months
(range: 6-150), enabling longitudinal assessment of cytogenetic
and molecular responses. The response rates at the predefined

time points are summarized in Table 2. The number of evaluable

Table 1. Baseline characteristics and prognostic risk distribution of
patients with chronic-phase chronic myeloid leukemia receiving
nilotinib as second-line treatment

N U Medi
Characteristic Variable umber (%) or Median
(range)
Age Median, years 52.2 (20-85)
Sex, n (%) Male/female 27 (60)/18 (40)
. Median, months
Imatinib therapy 27.3(3-138)
(range)
Low 11 (24.5)
Sokal score Intermediate 22 (48.9)
High 10 (22.2)
Unknown 2(4.4)
Low 38 (84.5)
EUTOS score High 5(11.1)
Unknown 2(4.4)
Low 23 (51.1)
ELTS score Intern.1ed|ate 14 (31.1)
High 6(13.3)
Unknown 2(4.4)
Good 24 (53.3)
Hammersmith score Intermediate 12(26.7)
Poor 7 (15.6)
Unknown 2(4.4)
Primary resistance 20 (44.5)
Reason for second- X
. Secondary resistance 18 (40)
generation TKI
Intolerance 7 (15.5)

Percentages were calculated based on the total study population (N = 45).
Unknown indicates missing baseline data. ELTS, EUTOS long-term survival; EUTOS;
TKI, tyrosine kinase inhibitor.

Table 2. Cytogenetic and molecular responses during second-line
treatment with nilotinib at predefined time points

Therapeutic 6 Months, 12 Months, Best response,
response n/N (%) n/N (%) n/N (%)
Cytogenetic response

CGyR 37/45 (82.2) 35/41 (85.4) 40/45 (88.9)
Molecular response

No MMR 14/32 (43.8) 10/38 (26.3) 10/45 (22.2)
MMR (without MR4) 10/32(31.3) 13/38 (34.2) 8/45(17.8)
DMR (MR4 or deeper) 8/32 (25) 15/38 (39.5) 27/45 (60)
Stable DMR NA NA 21/45 (46.7)

CCyR, complete cytogenetic response; MIMR, major molecular response defined as
BCR:ABL1 < 0.1%1S; DMR, deep molecular response defined as MR4 or deeper
(BCR:ABLT < 0.01% 15); stable DMR, stable deep molecular response defined as sustained
MR4 or deeper confirmed on > 2 consecutive assessments; NA, not applicable.



patients varied across the time points due to missing molecular
assessments and treatment discontinuation.

A CCyR was achieved in 82.2% of patients at 6 months and
85.4% of patients at 12 months, reaching a best response during
therapy of 88.9%. An MMR or better (BCR::ABLI < 0.1% IS) was
observed in 56.3% of evaluable patients at 6 months’ this increased
to 73.7% at 12 months, and 77.8% overall. The DMR (MR4 or
deeper; BCR::ABLI < 0.01% IS) showed a progressive accumula-
tion over time, from 25% at 6 months to 39.5% at 12 months. This
DMR reached 60%, forming the best molecular response. A sta-
ble DMR was documented in 46.7% of patients. Among patients
who did not previously achieve a CCyR while undergoing ima-
tinib treatment, 81.8% achieved a CCyR; among those who did
not previously achieve an MMR, 59.3% achieved an MMR while
undergoing second-line therapy.

Performance of ELN: defined molecular milestones and
prediction of DMR

Molecular responses were assessed according to the ELN recom-
mendations. ELN-defined molecular milestones were achieved
by 68.8% of evaluable patients at 6 months and 73.7% of patients
at 12 months. Patients meeting these milestones showed higher
rates of subsequent DMR than those who did not. Specifically,
at last follow-up, a DMR was documented in 68.2% of patients
who achieved the 6-month milestone versus 30% of those who
did not. Similarly, a DMR was observed in 75% of patients who
met the 12-month milestone versus 20% of those who did not.

Univariate predictors of DMR

In the univariate logistic regression analysis, achieving the ELN-
defined molecular milestones at 6 and 12 months was associ-
ated with an increased likelihood of achieving a DMR. Attaining
the 12-month ELN milestone significantly increased the odds
of achieving a DMR (OR, 12; 95% CI, 2.04-70.45; p = 0.006).
A favorable Hammersmith score was also significantly associ-
ated with a DMR (OR, 11.08; 95% CI, 2.62-46.84; p = 0.001).
Patients with low ELTS risk had a significantly higher probabil-
ity of achieving a DMR compared with those at intermediate or
high risk (OR, 0.24; 95% CI, 0.06-0.86; p = 0.028). Early cytoge-
netic and molecular responses at 6 months similarly correlated
with subsequent DMRs. The wide confidence intervals observed
for several estimates reflect the limited sample size and should be

interpreted with caution.

Multivariable analysis of predictors of DMR

A multivariate logistic regression model was constructed to iden-
tify independent predictors of DMR, including the 12-month
ELN milestone, ELTS risk score, and Hammersmith score. Given

the limited number of events, the model was restricted to these

key variables to avoid overfitting. Achievement of the 12-month
ELN milestone remained independently associated with a DMR
(OR, 34.6; 95% CI, 2.56-467.67; p = 0.008), and a favorable
Hammersmith score also independently predicted a DMR (OR,
14;95% CI, 1.43-137.1; p = 0.023). By contrast, the ELTS risk cat-
egory did not retain independent significance in the multivariate
analysis, indicating that its predictive value was largely captured

by the dynamic molecular response and Hammersmith score.

Molecular responses, prognostic scores, and survival
outcomes

The OS and PFS were analyzed as long-term clinical endpoints. At
amedian follow-up of 67.3 months, the 7-year OS and PFS for the
entire cohort were 80.5% and 68.7%, respectively. Sex did not sig-
nificantly influence survival, with a 7-year OS of 77.1% observed
in males versus that of 94.4% observed in females (p = 0.148); the
respective PFSs observed were 62.9% versus 77.5% (p = 0.116).
Age at diagnosis was associated with OS: Patients younger than
65 years exhibited superior 7-year OS compared with those
65 years or older (89.8% versus 63%, respectively; p = 0.002),
whereas PFS did not differ significantly (p = 0.107).

Baseline prognostic scores demonstrated differential perfor-
mance. The Sokal score was associated with PES (7-year PFS: low,
100%; intermediate, 56%; and high, 50.8%; p = 0.021) but not OS
(p =0.056), whereas the ELTS score discriminated both OS (7-year
OS: low, 95%; intermediate, 78.8%; and high, 50%; p = 0.005) and
PFS (7-year PFS: low, 78.3%; intermediate, 67.5%; and high, 33.3%;
p =0.003) (Figures 1 and 2).

Landmark analyses at 6 and 12 months showed no statistically
significant differences in OS according to molecular response at
isolated time points. At 6 months, the 7-year OS was 74.5% in
patients who did not achieve a MMR, 80% in those who achieved
an MMR without DMR, and 100% in those who achieved a DMR
(p=0.268). At 12 months, the corresponding OS rates were 75%,
82.5%, and 92.3% (p = 0.582) (Figure 3).

The analysis based on the best molecular response achieved
during therapy showed numerically different survival outcomes.
Patients failing to achieve an MMR had a 7-year OS of 59.1%, those
achieving an MMR but not DMR had an OS of 71.4%, and patients
achieving a DMR had an OS of 95.2% (p = 0.068) (Figure 4).
Although differences did not reach statistical significance, consis-

tent numerical trends were observed across the response categories.

DISCUSSION

Nilotinib, a second-generation TKI, selectively inhibits
BCR::ABLI and demonstrates greater potency than imatinib,
effectively overcoming most imatinib-resistant BCR::ABL1 muta-
tions.'® Clinical studies have shown that nilotinib is efficacious

and generally well-tolerated in patients with imatinib-resistant



Figure 1. Overall and progression-free survivals according to the Sokal risk category. (a) The Kaplan-Meier curve for overall survival (OS)
stratified by the Sokal risk category. (b) The Kaplan-Meier curve for progression-free survival (PFS) stratified by the Sokal risk category.
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Figure 2. Overall and progression-free survivals according to ELTS risk category. (a) The Kaplan-Meier curve for overall survival (OS)
stratified by ELTS risk category. (b) The Kaplan—Meier curve for progression-free survival (PFS) stratified by ELTS risk category.
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Figure 3. Landmark overall survival according to molecular response category. (a) The Kaplan-Meier curve for the 7-year overall survival (OS)
stratified by molecular response (no major molecular response [MMR], MMR without deep molecular response [DMR], and DMR) at 6 months.
(b) The Kaplan—-Meier curve for the 7-year OS stratified by molecular response (no MMR, MMR without DMR, and DMR) at 12 months.



Figure 4. Overall survival (OS) according to best molecular response
achieved during therapy. The Kaplan-Meier curve for the 7-year OS stratified
by best molecular response category (no major molecular response [MMR],
MMR without deep molecular response [DMR], and DMR).

or -intolerant disease, including those with resistance mecha-
nisms independent of BCR::ABLI mutations.'® In newly diag-
nosed chronic-phase CML, nilotinib has been shown to reduce
the emergence of resistant clones, suggesting a potential clinical
advantage over imatinib.”” In this real-world cohort of patients
with chronic-phase CML receiving second-line nilotinib treat-
ment after treatment with imatinib failed, early ELN-defined
molecular milestones and selected baseline prognostic scores
were independently associated with subsequent DMRs. Real-
world data integrating early molecular response with baseline
prognostic scores to predict DMR remain limited, particularly
for second-line use of nilotinib.

In the present study, longitudinal quantitative BCR::ABLI
monitoring demonstrated that early attainment of ELN-defined
molecular milestones at 6 and 12 months was strongly associated
with subsequently achieving a DMR. Notably, the 12-month ELN
milestone remained independently associated with DMR in the
multivariable analysis, emphasizing the prognostic relevance of
the dynamic assessment of response during treatment. Patients
with prior imatinib resistance, including secondary resistance,
achieved clinically meaningful rates of CCyR, MMR, and DMR,
confirming the efficacy of second-line nilotinib use. In controlled
clinical studies, MMR rates of approximately 73% and DMR rates
of up to 34% were achieved within 2 years with the use of nilotinib
as a second-line treatment, whereas real-world analyses reported
cumulative MMR and DMR rates of approximately 65% and 40%,
respectively, albeit with greater heterogeneity in the early response
kinetics.!*2 The DMR rates observed in our cohort (60% best, 46.7%

stable) align with these real-world data, reinforcing the effectiveness

of second-line nilotinib treatment and supporting the use of early
molecular milestones as predictive markers for deep remission.

In the modern era of multiple BCR::ABL1 TKIs, DMRs and
treatment-free remission have emerged as key therapeutic end-
points.” However, most evidence on early BCR::ABLI transcript
decline as a predictor of DMR is from frontline therapy, with lim-
ited data specifically addressing second-line use of nilotinib. Large
real-world studies formally evaluating 6- or 12-month ELN mile-
stones in this context remain lacking. Real-world data highlight the
prognostic value of early molecular kinetics: Achieving MR4.5 was
more likely with second-line use of nilotinib than dasatinib after
adjustment for baseline characteristics.* Furthermore, BCR::ABL1
levels at 3 and 6 months independently predicted MR4, with higher
rates of early molecular response being achieved with nilotinib
use than with imatinib use.” Early transcript dynamics within the
first 3 to 6 months predicted subsequent DMR,* whereas residual
disease at 6 months was the strongest early predictor among the
molecular parameters for deeper responses of MR4 or MR4.5.7
Real-world DMR rates with nilotinib generally remain lower than
those reported in clinical trials, emphasizing the importance of
contextualizing efficacy in routine practice.?® Collectively, these
studies reinforce that early BCR::ABLI transcript kinetics during
treatment provide robust predictive information for DMRs in sec-
ond-line nilotinib therapy.

The results of the landmark analyses at isolated time points did
not reach statistical significance for OS; however, the numerical
gradients observed across the molecular response categories sug-
gest that the cumulative depth of response may reflect long-term
disease control. These observations should be interpreted cau-
tiously due to the limited sample size. This aligns with prior studies
highlighting that sustained DMR provides clinically meaningful
information regarding durable disease control and potential treat-
ment-free remission.?’** Although ELTS risk stratification pre-
dicted DMR in the univariate analyses, its significance was atten-
uated in the multivariate models once molecular response during
treatment and prior treatment sensitivity were included, confirm-
ing the dominant role of longitudinal molecular monitoring over
baseline risk alone. Importantly, the ability of the ELTS score to
discriminate overall and progression-free survivals was retained;
however, the lack of independent significance for DMR observed
for this score in the multivariable analysis suggests that dynamic
molecular response during treatment provides more robust pre-
dictive information than baseline risk alone.

The integration of baseline prognostic scores with molecular
response enabled additional stratification of patients who were at
higher risk for suboptimal outcomes. Favorable Haimmersmith scores
were independently associated with DMR, consistent with baseline
response-related factors, whereas dynamic kinetics during treat-
ment were captured through ELN-defined molecular milestones;

together, they provide complementary prognostic information.
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These observations are supported by prior studies in which baseline
risk scores, particularly those for the ELTS, were shown to predict
both survival and molecular outcomes in CML**; this highlights
that integrating baseline and dynamic variables refines risk strat-
ification and guides individualized monitoring.

From a clinical perspective, these results support the impor-
tance of achieving and maintaining DMRs in second-line nilotinib
therapy. Our findings confirm the relevance of sustained DMR for
long-term disease control and for the identification of patients who
may be candidates for treatment-free remission. Integrating lon-
gitudinal molecular monitoring with baseline prognostic assess-
ment and prior treatment sensitivity may help clinicians tailor
monitoring intensity and identify patients most likely to achieve
durable deep remission, thereby supporting individualized man-
agement in routine practice.

The limitations of this study include its retrospective, single-cen-
ter design and modest sample size, which may limit statistical power
and generalizability. Data on BCR::ABLI kinase domain mutations
were not systematically available and thus were not included in the
analysis. Future studies incorporating kinase domain mutation data
are warranted to further refine predictors of DMR in second-line
nilotinib therapy. The confidence intervals were wide for some
predictors, reflecting the limited number of events. The survival
analyses based on best molecular response may have been influ-
enced by immortal time bias and should be interpreted cautiously.
Nevertheless, by integrating baseline and dynamic variables, the
findings of this study support a precision-oriented management
approach to enhancing prognostic stratification and individualized

monitoring even within a modest, single-center cohort.

CONCLUSION

In this real-world cohort of patients with chronic-phase CML
treated with second-line nilotinib, early BCR::ABL1I kinetics com-
bined with baseline prognostic scores provided complementary
information for predicting DMR. Achievement of 12-month ELN
milestones and a favorable Hammersmith score independently
identified those patients most likely to reach a DMR, a key indi-
cator of durable long-term disease control. Integrating longitudi-
nal molecular monitoring with baseline risk enables clinicians to
personalize follow-up and guide management in routine practice,

reinforcing sustained DMR as a marker of durable disease control.
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ABSTRACT
BACKGROUND: Postoperative nausea and vomiting (PONV) is a frequent complication in pediatric pa-
tients undergoing adenoidectomy. Bispectral index (BIS) monitoring, an electroencephalography-based
method for assessing anesthetic depth, enables individualized sevoflurane titration and may reduce un-
necessary exposure to volatile anesthetics.
OBJECTIVES: To determine whether BIS-guided sevoflurane anesthesia reduces PONV in children under-
going adenoidectomy.
DESIGN AND SETTING: Single-center, prospective, randomized, assessor-blinded trial conducted at Uni-
versity of Health Sciences, Kocaeli City Hospital, Kocaeli, Turkiye.
METHODS: Fifty-eight children aged 3-8 years (American Society of Anesthesiologists score I-Il) undergo-
ing elective adenoidectomy were randomized to BIS-guided anesthesia (n = 29) or standard care (n = 29).
Both groups received sevoflurane anesthesia. The primary outcome was PONV within the first 24 postop-
erative hours. Secondary outcomes were emergence time, total sevoflurane consumption, remifentanil
dose, and rescue antiemetic use.
RESULTS: PONV within 24 hours occurred less frequently in the BIS-guided group than in controls
(p=0.015), with the greatest between-group differences observed at 0-1 hour and 1-6 hours. Sevoflurane
consumption and emergence time were lower in the BIS-guided group (p < 0.05). BIS-guided anesthesia
was independently associated with lower odds of PONV (OR = 0.212; 95% Cl: 0.067-0.675; p = 0.009).
CONCLUSIONS: BIS monitoring may be a useful strategy for optimizing anesthetic depth and reducing
early PONV in pediatric patients.
CLINICAL TRIAL REGISTRATION: ClinicalTrials.gov (NCT07189845). Available at: https://clinicaltrials.gov/
study/NCT07189845.

INTRODUCTION

Postoperative nausea and vomiting (PONV) is among the most common postoperative compli-
cations, with an overall incidence of approximately 30%." In pediatric patients, particularly fol-
lowing otorhinolaryngologic surgeries, this incidence may reach as high as 73%.? Complications
associated with PONV include dehydration, electrolyte imbalance, aspiration, and postopera-
tive bleeding.? In addition, PONYV is associated with lower patient satisfaction and prolonged
length of stay in the post-anesthesia care unit (PACU)."” Adenotonsillectomy and strabis-
mus surgery have been reported to be the surgical procedures most frequently associated with
PONV in children.** Other factors associated with the development of PONV include surgi-
cal duration exceeding 30 minutes, a positive family history, the use of inhalational anesthetics,
nitrous oxide, and opioids.*”’

The pharmacological effects of general anesthetics in children vary according to age and body
surface area,® which may lead to excessive or insufficient anesthetic doses.® During inhalational
anesthesia, anesthetic depth is commonly monitored using the minimum alveolar concentration
(MAC).” However, MAC-based monitoring may not accurately reflect the hypnotic component
of anesthesia.” Monitoring anesthetic depth using the bispectral index (BIS) allows more precise
and individualized titration of anesthetic agents.® BIS-guided anesthesia improves postopera-

tive outcomes and reduces anesthetic drug consumption.'*!!
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OBJECTIVES

The aim of this study was to evaluate the effect of BIS-guided
sevoflurane anesthesia on PONV in pediatric patients undergo-
ing adenoidectomy. We hypothesized that BIS-guided sevoflu-
rane anesthesia would reduce the incidence of PONV within the

first 24 postoperative hours.
METHODS

Study design and ethics
This study was a single-center, prospective, randomized, assessor-
blinded clinical trial conducted at University of Health Sciences,
Kocaeli City Hospital, in accordance with the principles of the
Declaration of Helsinki and Good Clinical Practice. The design,
conduct, and reporting of the study complied with the CONSORT
2025 (Consolidated Standards of Reporting Trials) guidelines."
The study protocol was approved by the Kocaeli University
Clinical Research Ethics Committee (Approval No. KAEK/12.b1.06;
date of approval: July 17, 2025). Written informed consent was
obtained from the parents or legal guardians of all participants. The
trial was prospectively registered in the Clinical Trials.gov database
on September 2, 2025 (ClinicalTrials.gov Identifier: NCT07189845).

Participants

Pediatric patients aged 3-8 years with American Society of
Anesthesiologists (ASA) physical status I-II who were sched-
uled for elective adenoidectomy were included in the study. The
exclusion criteria were a history of PONV, preoperative use of
antiemetics, steroids, or sedative medications, acute upper respi-
ratory tract infection, history of neurological or psychiatric dis-
orders, body mass index below the 5th percentile or above the

95th percentile for age, and anatomical airway abnormalities.

Patient flow, randomization, and blinding

A total of 62 patients were assessed for eligibility. Four patients were
excluded before randomization because intravenous access could
not be established during induction or because deviation from the
standard anesthesia induction protocol was required. These proto-
col deviations resulted in exclusion before randomization.

The remaining 58 patients were randomly assigned in a 1:1 ratio to
two groups using a computer-generated block randomization method
with a block size of four. Accordingly, 29 patients were allocated to the
BIS-guided group and 29 patients to the control group. Group allo-
cation was concealed using sequentially numbered, opaque, sealed
envelopes prepared by an independent researcher not involved in
the study process (Figure 1). Patients and investigators were blinded
to group allocation. Blinding of the attending anesthesiologists was
not feasible due to the nature of the BIS-guided anesthesia protocol,

which may have introduced performance bias.

Anesthesia protocol

Patients were transferred to the operating room after intravenous
access had been established, and anesthesia induction was initi-
ated intravenously. Intravenous fentanyl (1 ug/kg) was adminis-
tered for analgesia, and anesthesia induction was achieved with
propofol (2 mg/kg). Rocuronium (0.6 mg/kg) was administered
to facilitate neuromuscular blockade and tracheal intubation.

Following endotracheal intubation, anesthesia was maintained
with sevoflurane in an air/oxygen mixture. Mechanical ventilation
was applied in pressure-controlled ventilation mode, with tidal
volumes set at 6-8 mL/kg, respiratory rate adjusted to maintain
end-tidal CO2 between 35 and 40 mmHg, and fresh gas flow set
at 2 L/min. Intraoperative analgesia was provided with a remi-
fentanil infusion titrated according to hemodynamic responses.

In the BIS-guided group, the sevoflurane concentration was
titrated during maintenance of anesthesia to maintain a BIS value
between 45 and 60. If BIS values exceeded the target range (> 60),
the sevoflurane concentration was increased incrementally, whereas
values below the target range (< 45) prompted a gradual reduction
in sevoflurane concentration.

In the control group, the sevoflurane concentration was adjusted
according to standard clinical practice to maintain age-adjusted MAC
values between 1 and 1.3 and to keep hemodynamic parameters
(heart rate and blood pressure) within + 20% of baseline values.
When MAC or hemodynamic targets were exceeded, anesthetic

depth was adjusted by modifying the sevoflurane concentration.

Measurement of anesthetic consumption
Total sevoflurane consumption (mL) during surgery was obtained

from anesthesia machine records, and total remifentanil dose

Excluded (n = 4)

« Not eligible prior to randomization
(n=2)

« Intraoperative protocol deviation

Randomized (n = 58)

l Allocation l

Allocated to BIS-guided group ‘

‘ Allocated to Control group (n = 29)

|

Lost to follow-up (give reasons) Lost to follow-up (give reasons)
(n=0) (n=0)

X Analysis

‘ Analysed (n = 29) ‘ ‘

Analysed (n = 29)

Figure 1. CONSORT flow diagram of patient enrollment and
follow-up.
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(ug/kg) was recorded from the infusion pump and anesthesia
charts. These variables were analyzed as potential mediators of
the effect of BIS-guided anesthesia on PONV.

Standard intraoperative monitoring included continuous assess-
ment of heart rate, noninvasive blood pressure, peripheral oxygen
saturation, end-tidal Co,, and body temperature throughout the pro-
cedure. BIS monitoring was performed using a BIS Vista™ monitor
(Medtronic, Minneapolis). Anesthesia was delivered using an anes-

thesia workstation (Aisys™ Carestation, GE Healthcare, Madison).

Emergence time

Emergence time was defined as the interval between discon-
tinuation of sevoflurane at the end of surgery and eye opening
in response to verbal commands. Neuromuscular blockade was
reversed at the end of surgery with intravenous sugammadex
(2 mg/kg). Emergence time was measured using a stopwatch and
recorded in minutes. In cases where eye opening could not be
assessed, limb movement or the onset of adequate spontaneous

respiration was used as the emergence criterion.
Outcome measures

Primary outcome
The primary outcome was the incidence of PONV within the first

24 postoperative hours.

Secondary outcomes
Secondary outcomes included emergence time, total sevoflurane
consumption, total remifentanil dose, and the requirement for

antiemetic therapy within the first 24 postoperative hours.

Assessment of PONV

PONV was assessed at predefined time intervals after extuba-
tion. In the PACU, assessments were performed during the first
0-1 hour after extubation. On the ward, PONV assessments were
conducted during the 1-6 hour, 6-12 hour, and 12-24 hour post-
operative periods.

The severity of PONV was evaluated using a predefined four-
point ordinal scoring system: score 0 indicated no nausea or vomit-
ing; score 1 indicated mild nausea; score 2 indicated severe nausea
or a single episode of vomiting; and score 3 indicated severe nau-
sea accompanied by multiple episodes of vomiting or refractory
PONV. Assessments were based on clinical observation and nurs-
ing reports."* Rescue antiemetic treatment was administered when
patients experienced vomiting or when the PONV score was > 2.

The time points were defined as follows: the first postoperative
hour in the PACU (T1), 6 hours after extubation (T2), 12 hours after
extubation (T3), and 24 hours after extubation (T4). Secondary

outcomes included emergence time, total sevoflurane consumption,

total remifentanil dose, and antiemetic use and timing. In younger
children who were unable to report nausea verbally, PONV assess-
ment was based on observable clinical signs such as retching, vom-
iting, increased salivation, feeding refusal, and behavioral distress,

as well as nursing observations and parental reports.

Antiemetic use and timing

Rescue antiemetic treatments administered within the first
24 postoperative hours were recorded. Rescue antiemetic admin-
istration followed predefined criteria (vomiting or a PONV score
> 2). Ondansetron was used as the first-line rescue antiemetic
at an intravenous dose of 0.1 mg/kg (maximum dose 4 mg), in
accordance with institutional clinical practice. The type of res-
cue antiemetic agent, timing of administration, and total num-
ber of doses were obtained from anesthesia and nursing records.
Outcomes were reported as the proportion of patients requiring

rescue antiemetic therapy.

Sample size calculation

Sample size calculation was based on a previous randomized
controlled study evaluating the effect of BIS-guided anesthesia on
PONV incidence in children, which reported PONV rates of 53%
in the control group and 17% in the BIS group. With a 95% con-
fidence level (o = 0.05) and 80% power (1-f3 = 0.80), a minimum
of 52 patients was required. Considering a potential dropout rate

of 10%, the target sample size was set at 58 patients.'

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics
for Windows, version 27.0 (IBM Corp., Armonk, New York).
Descriptive statistics were presented as mean + standard devi-
ation, median (minimum-maximum), and frequencies and
percentages (n, %). Data distribution was assessed using the
Kolmogorov-Smirnov test.

For normally distributed independent continuous variables,
Student’s t-test was used, and results are expressed as mean + stan-
dard deviation. For non-normally distributed independent continu-
ous variables, the Mann-Whitney U test was applied, and results are
reported as median (minimum-maximum). Independent categorical
variables were analyzed using Pearson’s chi-square test with Yates' con-
tinuity correction, and categorical data are presented as frequencies and
percentages. A p value < 0.05 was considered statistically significant.

To further evaluate the primary outcome of 24-hour PONV
incidence, binary logistic regression analysis was performed to
identify independent predictors of PONV. Initially, univariable
logistic regression analyses were conducted for potential risk fac-
tors including age, height, weight, sex, patient group, total doses
of propofol, rocuronium, fentanyl, and remifentanil, total sevo-

flurane consumption, mean BIS values, ASA scores, and duration



of surgery. Variables with a p value < 0.20 in univariable analysis
were entered into the multiple model. The final model was deter-
mined using the backward likelihood ratio method, in which
only patient group remained significant; results are presented in
Table 5. A p value < 0.05 was considered statistically significant.®

To reduce the risk of type I error due to multiple comparisons
for secondary outcomes, Bonferroni correction was applied, and
statistical significance was set at p < 0.00625 (0.05/8). All ran-
domized patients were analyzed in the groups to which they were

originally assigned (intention-to-treat analysis).

RESULTS

A total of 58 patients were included in the study, and analyses
compared the BIS-guided group (n = 29) with the control group
(n = 29). Baseline demographic and clinical characteristics,
including age, sex, body weight, height, and ASA physical status
classification, are presented in Table 1. No significant differences
were observed between the groups for these variables.

No statistically significant differences were observed between the
groups in terms of duration of surgery, mean heart rate, end-tidal CO,,
mean arterial pressure, or total doses of propofol, rocuronium, and fen-
tanyl (p > 0.05 for all). The mean BIS value was significantly higher in
the BIS-guided group than in the control group (p <0.001) (Table 2).

PONV within the first 24 postoperative hours was observed in
13 patients (44.8%) in the BIS-guided group and 23 patients (79.3%)
in the control group. The difference between the groups was statis-
tically significant (Relative risk [RR] = 0.565; 95% CI: 0.362-0.881;
p = 0.015) (Table 3).

Time-interval analyses showed that, during the early postop-
erative period (0-1 hour and 1-6 hours), PONV incidence was sig-
nificantly lower in the BIS-guided group than in the control group
(for both intervals: RR = 0.294; 95% CI: 0.125-0.691; p = 0.003).
No significant differences were observed between the groups dur-
ing the later postoperative periods (6-12 hours and 12-24 hours)
(p > 0.00625, Bonferroni-adjusted) (Table 3).

Table 1. Baseline characteristics

BIS-guided group Control group

Age (years) 5(3-8) 6 (3-8)
Weight (kg) 19.3£43 20+3.9
Height (cm) 109 (92-130) 115 (90-130)
History of PONV 0(0) 0(0)
Sex

Male 13 (44.8) 11(37.9)

Female 16 (55.2) 18 (62.1)
ASA physical status

ASA | 26 (89.7) 24 (82.8)

ASAIl 3(10.3) 5(17.2)

Data are presented as mean * standard deviation or median (minimum-
maximum) for continuous variables and as number (%) for categorical variables.
No statistical tests were performed for baseline characteristics.

Emergence time was significantly shorter in the BIS-guided
group than in the control group (p < 0.001). Total sevoflurane
consumption was also significantly lower in the BIS-guided group
(p <0.001). Remifentanil consumption showed no significant dif-
ference between the groups (p = 0.726). Although the requirement
for antiemetic therapy was lower in the BIS-guided group, the dif-
ference did not reach statistical significance after Bonferroni cor-
rection (p = 0.015) (Table 4).

In the multivariable logistic regression analysis, BIS-guided
anesthesia was identified as an independent protective factor against
the development of PONV (OR = 0.212; 95% CI: 0.067-0.675;
p = 0.009) (Table 5).

Harms

No serious adverse events were observed during the study period.

DISCUSSION
This randomized controlled trial demonstrated that, com-

pared with a non-BIS-guided approach, BIS-guided anesthesia

Table 2. Periprocedural data
BIS-guided Control

p value*
group group

(Dr:ir:)t fon of surgery 533+47 536146 0822
SpO, (%) 99 (97-100) 98 (97-100) 0.048™
Heart rate (bpm) 110(85-125) 110(88-124) 0.75™
ETCO, 36 (33-41) 38 (33-41) 0.106™
Mean arterial pressure 81 (72-92) 84 (73-92) 0.87™
(mmHg)
Propofol dose (mg) 37.8+88 40.5+79 0.228t
Rocuronium dose (mg) 10 (5-15) 10 (9-16) 0.636™
Fentanyl dose (mcg) 20 (10-25) 20 (14-27) 0.132™
Mean BIS value 57 (48-60) 50 (40-54) <0.001™*

Data are presented as number (%), mean £ standard deviation or
median (minimum-maximum). t Student’s t-test. ™ Mann-Whitney
U test. * p value < 0.05 was considered statistically significant.

Table 3. Incidence of Postoperative Nausea and Vomiting
(PONV) according to time intervals

BIS-guided Control Relative Risk

group group (95% ClI)

0-1h PONV 5(17.2) 17(58.6) 0.294(0.125-0.691)  0.003¥"
1-6 h PONV 5(17.2) 17(58.6) 0.294(0.125-0.691)  0.003*"
6-12hPONV  6(20.7) 11(37.9) 0.546(0.233-1.278)  0.249Y
12-24hPONV  4(13.8) 6(20.7) 0.667 (0.21-2.118) 0.728
24 h PONV 13 (44.8) 23(79.3) 0.565(0.362-0.881) 0.015*

p value*

Data are presented as number (%). Relative risks (RR) with 95%
confidence intervals (Cl) are reported. ¥ Pearson'’s chi-squared test

with Yates's continuity correction. * A p value < 0.05 was considered
statistically significant for the primary outcome (24-hour PONV). T For
secondary outcomes, Bonferroni correction was applied, and a p value
< 0.00625 was considered statistically significant.



management was associated with a reduced incidence of PONV
within the first 24 postoperative hours. This effect was particu-
larly pronounced during the early postoperative period (0-1 hour
and 0-6 hours). In the multivariable analysis, BIS-guided anes-
thesia was identified as an independent protective factor against
the development of PONV. This finding corresponds to an abso-
lute risk reduction of approximately 34.5%, suggesting a poten-
tially clinically meaningful reduction in PONV.

PONV remains one of the most common postoperative adverse
events in pediatric patients and is strongly associated with the use
of inhalational anesthesia.!* Apfel et al.’® demonstrated that the
association between inhalational anesthesia and PONV is espe-

cially prominent during the early postoperative period (0-2 hours).

Table 4. Secondary outcomes

Previous studies on BIS-guided anesthesia in adult populations
have reported a reduction in PONV incidence with BIS monitor-
ing, likely due to more precise and controlled titration of inhala-
tional anesthetics.'®'” In contrast, a recent pediatric study reported
that BIS-guided inhalational anesthesia did not significantly reduce
PONYV during the very early postoperative period (0-1 hour) but
resulted in a marked reduction during the 1-24 hour period.**
Our findings are generally consistent with the published literature
and further support the beneficial effect of BIS monitoring on PONV.
Notably, unlike previous pediatric studies, our results show that BIS-
guided anesthesia was also associated with a significant reduction in
PONYV during the immediate early postoperative period (0-1 hour).
This difference may be attributable to variations in surgical type, anes-
thetic management protocols, and postoperative observation periods.
Liao et al.'® reported no significant difference in PONV incidence

between BIS-guided and non-BIS-guided sevoflurane anesthesia

BiS-guided  Control p value in patients undergoing ambulatory surgery. Although sevoflurane
group group consumption was lower in the BIS-guided group, PONV rates were

. . _ — m¥
E:/Zrﬂgjrr;:mztclomnesinr::;iion ) 207((155_92)5) 2161 ((270_1;2) : ggg: . similar between groups. This discrepancy may be explained by the
Remifentanil consumption ’ inclusion of ambulatory urological procedures and the limited post-
(Lg/kg) 535£06 530+05 0726 operative follow-up period, which was limited to the first postop-
Antiemetic use 4(13.8) 22 (75.9) 0.015Y erative hour. In contrast, our study focused on patients undergoing

Data are presented as number (%) or median (minimum-maximum).

Y Pearson'’s chi-squared test with Yates's continuity correction. ™ Mann-
Whitney U test. ! Student's t-test. * For secondary outcomes, Bonferroni
correction was applied, and a p value < 0.00625 (0.05/8) was considered
statistically significant.

adenoidectomy, a population known to be at higher risk for PONV,
and included a longer postoperative observation period. Therefore,
differences in surgical type and follow-up duration may account

for the divergent findings. Taken together, the available evidence

Table 5. Logistic regression analysis for Postoperative Nausea and Vomiting (PONV)

PONV Total Univariable Multiple
No Yes OR (95% Cl) P OR (95% CI) p value
Groups
BIS-guided group 16 (72.7) 13(36.1) 29 (50) 0.212 (0.067 - 0.675) 0.009* 0.212 (0.067 - 0.675) 0.009*
Control group 6(27.3) 23(63.9) 29 (50) Reference
Age (years) 51117 58+1.6 55+1.6 1.317 (0.939 - 1.849) 0.111 - -
Height (cm) 1104£11.7 113.7£105 112411 1.028 (0.978 - 1.08) 0.274 - -
Weight (kg) 19.31£4.2 19.9+4.1 19.6+4.1  1.036(0.909-1.181) 0.595 - -
Sex
Male 7(31.8) 17 (47.2) 24 (41.4) 1.917 (0.632 - 5.82) 0.251 - -
Female 15 (68.2) 19 (52.8) 34 (58.6) Reference
ASA physical status
ASA | 18 (81.8) 32(88.9) 50(86.2)  0.996(0.887 - 1.119) 0.946 - -
ASA Il 4(18.2) 4(11.1) 8(13.8) Reference
Propofol dose (mg) 383+87 39.7+84 39.2+84 1.021 (0.958 - 1.088) 0.523 - -
Rocuronium dose (mg) 109+26 11.7+24 11.4£25 1.14(0.915 - 1.42) 0.242 - -
Fentanyl dose (g) 18.1+4.2 19.2+4 18.81+4.1 1.065 (0.933 - 1.217) 0.352 - -
Sevoflurane consumption (mL) 21.7+33 23.7+35 229+3.6 1.185(1.005 - 1.397) 0.044* - -
Remifentanil dose (1.g/kg) 536+0.6 531106 533+0.6 0.886(0.366 - 2.231) 0.766 - -
Mean BIS value 544148 524=+4 53.1+44 0.893(0.783-1.019) 0.094 - -
Duration of surgery (min) 535154 53.4+4.1 534146 0.996(0.887 -1.119) 0.946 - -
Constant - - - - - 1.765 (0-0) 0.055*

Cox and Snell R Square = 0.122; Nagelkerke R Square = 0.166; Accuracy = 0.672. Data are presented as number (%) and mean * standard deviation. * p < 0.05
was considered statistically significant.



suggests that the effect of BIS-guided anesthesia on PONV may vary
according to surgical population, anesthetic protocol, postopera-
tive observation duration, and the use of prophylactic antiemetics.

The incidence of PONV is proportional to both the duration and
total dose of inhalational anesthetics administered.” In the present
study, surgical durations were comparable between groups; however,
total sevoflurane consumption was significantly lower in the BIS-
guided group. Another notable finding was the significantly shorter
emergence time in the BIS-guided group. These secondary outcomes
are consistent with findings from previous meta-analyses and com-
parable studies, which have demonstrated that BIS-guided anesthe-
sia can reduce anesthetic consumption and accelerate recovery.**'¢

In a large cohort study, Portnoy et al.® evaluated the incidence of
PONYV, prophylactic strategies, and adherence to clinical guidelines in
pediatric patients. The authors reported lower PONV rates than those
commonly cited in the literature, largely attributable to the routine use
of antiemetic prophylaxis. In our study, routine antiemetic prophylaxis
was intentionally omitted to specifically evaluate the isolated effect of
BIS-guided anesthesia on PONV. The observed PONV incidence was
44% in the BIS-guided group and 79% in the non-BIS-guided group.
The relatively higher PONV incidence in the BIS-guided group com-
pared with that in the study by Portnoy et al.* may be explained by the
absence of routine pharmacological prophylaxis. Although the require-
ment for rescue antiemetic therapy was numerically lower in the BIS-
guided group, this difference did not remain statistically significant
after Bonferroni correction.? Nevertheless, the observed numerical
reduction may still be clinically relevant and should be interpreted
cautiously given the relatively small sample size.

Taken together, our findings and the published literature sug-
gest that BIS-guided anesthesia may represent a valuable strategy for
PONV prevention. The results of this study, obtained without routine
antiemetic prophylaxis, show that BIS-guided sevoflurane anesthe-
sia significantly reduces the incidence of PONV in pediatric patients
undergoing adenoidectomy. BIS-guided anesthesia may therefore be
considered a useful adjunctive strategy for reducing PONV in pedi-
atric surgeries associated with a high risk of PONV. Future multi-
center studies with larger sample sizes and standardized antiemetic

prophylaxis protocols are warranted to further validate these findings.

Limitations

This study has certain limitations. First, it was conducted at a sin-
gle center with a relatively small sample size, which may reduce
statistical power and limit the generalizability of the findings to
broader pediatric surgical populations. In particular, the rela-
tively small sample size may have increased the risk of type II
error for certain secondary outcomes, including rescue anti-
emetic use. Second, the study population was restricted to pedi-
atric patients undergoing adenoidectomy; therefore, the results

may not be applicable to other surgical procedures or broader

pediatric age groups. Third, blinding of the attending anesthe-
siologists was not feasible because of the BIS-guided anesthesia
protocol, which may have introduced performance bias. Fourth,
the absence of routine antiemetic prophylaxis may limit the
applicability of the findings to routine clinical practice, although
this approach allowed clearer evaluation of the isolated effect
of BIS-guided anesthesia on PONV. Finally, PONV assessment
was based partly on clinical observation, nursing assessments,
and parental reports, particularly in younger children unable to
verbalize nausea reliably; therefore, some degree of subjective

assessment bias and interobserver variability cannot be excluded.

CONCLUSIONS

This prospective randomized controlled trial demonstrated that
BIS-guided sevoflurane anesthesia was associated with a reduced
incidence of PONV within the first 24 postoperative hours in pedi-
atric patients undergoing adenoidectomy. BIS monitoring was also
associated with lower sevoflurane consumption and shorter emer-
gence time. These findings suggest that BIS-guided anesthesia may
help optimize anesthetic titration and improve early postopera-
tive recovery in pediatric patients at high risk for PONV. However,
larger multicenter studies are needed to confirm these findings and

evaluate their applicability in routine clinical practice.
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professional affiliations. In addition, this may increase the ability of
search engines to retrieve articles.

Sdo Paulo Medical Journal supports Open Science practices.
Authors must therefore complete an open science compliance form,
which is available from: https://wp.scielo.org/wp-content/uploads/

Open-Science-Compliance-Form_en.docx.

Redundant or duplicate publication

Sao Paulo Medical Journal will avoid publishing redundant or
duplicate articles. The Journal agrees with the ICMJE definition of
redundant publication,'! i.e. an attempt to report or publish the same
results from a study twice. This includes but is not limited to publi-
cation of patient cohort data that has already been published, with-
out clear reference to the previous publication. In situations in which
authors are making a secondary analysis on data that has already pub-
lished elsewhere, they must state this clearly. Moreover, the outcomes

assessed in each analysis should be clearly differentiated.

The Journal’s peer review policy and procedures

After receipt of the article through the electronic submission sys-
tem, it will be read by the editorial team, who will check whether the text
complies with the Journal’s Instructions for Authors regarding format.
The Journal has adopted the CrossRef Similarity Check system for iden-
tifying plagiarism and any text that has been plagiarized, in whole or in
part, will be promptly rejected. Self-plagiarism will also be monitored.

When the general format of the manuscript is deemed accept-
able and fully compliant with these Instructions for Authors, and only
then, the editorial team will submit the article to the Editor-in-Chief,
who will firstly evaluate its scope. If the editor finds that the topic is of

interest for publication, he will assign at least two reviewers/referees

with expertise in the theme, to evaluate the quality of the study. After
a period varying from one to several weeks, the authors will then
receive the reviewers’ evaluations and will be required to provide all
further information requested and the corrections that may be nec-
essary for publication. These reviewers, as well as the Editorial Team
and the Editor-in-Chief, may also deem the article to be unsuitable for
publication by Sdo Paulo Medical Journal at this point.

At the time of manuscript submission, the authors will be asked
to indicate the names of three to five referees. All of them should be
from outside the institution where the authors work and at least two
should preferably be from outside Brazil. The Editor-in-Chief is free
to choose them to review the paper or to rely on the Sdo Paulo Medi-
cal Journal’s Editorial Board alone.

Articles will be rejected without peer review if:

« they do not present Ethics Committee approval (or a justification
for the absence of this);

« they fail to adhere to the format for text and figures described here.

After peer review

Peer reviewers, associated editors and the Editor-in-Chief may ask
for clarifications or changes to be made to the manuscript. The authors
should then send their article back to the Journal, with the modifications
made as requested. Changes to the text should be highlighted (in a differ-
ent color or using a text editor tool to track changes). Failure to show the
changes clearly might result in the paper being returned to the authors.

The modified article must be accompanied by a letter answer-
ing the referees’ comments, point by point. The modified article and
the response letter are presented to the editorial team and reviewers,
who will verify whether the problems have been resolved adequately.
The text and the reviewers’ final evaluations, along with the response
letter, will then be sent to the Editor-in-Chief for a decision.

Manuscripts that are found to be suitable for publication through
their scientific merit will be considered “provisionally accepted” How-
ever, all articles will subsequently be scrutinized to check for any prob-
lems regarding the reporting, i.e. sentence construction, spelling, gram-
mar, numerical/statistical problems, bibliographical references and
other matters that may arise, especially in the Methods section. The
adherence to reporting guidelines will be checked at this point, and the
staff will point out any information regarding methodology or results
that the authors should provide. This is done in order to ensure trans-
parency and integrity of publication, and to allow reproducibility.

The editorial team will then provide page proofs for the authors to
review and approve. No article is published without this final author
approval. All authors should review the proof, although the Journal

asks the corresponding author to give final approval.

Submission
Articles should be submitted only after they have been format-
ted as described below. Texts must be submitted exclusively through

the Internet, using the Journal’s electronic submission system, which
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is available at http://mc04.manuscriptcentral.com/spmj-scielo.
Submissions sent by e-mail or through the post will not be accepted.

The manuscript should be divided into two files. The first of these,
the main document (“blinded”), should contain the article title, arti-
cle type, keywords and abstract, article text, references and tables, but
must omit all information about the authors. The second of these, the
“title page”, should contain all the information about the authors.

To format these documents, use Times New Roman font, font size
12, line spacing 1.5, justified text and numbered pages.

The corresponding author is responsible for the submission.
However, all authors should approve the final version of the manu-
script that is to be submitted and should be aware of and approve any

changes that might be made after peer review.

Covering letter

All manuscripts must be submitted with a covering letter signed at
least by the corresponding author. The letter must contain the follow-
ing five essential items relating to the manuscript:

1. a declaration that the manuscript is original and that the text is
not under consideration by any other journal;

2. astatement that the manuscript has been approved by all authors,
who agree to cede the copyrights to the Journal, disclose all
sources of funding and declare all potential conflicts of interest;

3. a statement that the study protocol was endorsed by an Inter-
nal Review Board (Ethics Committee), including the date and
number of the approval (in the case of original articles). This is
required for absolutely all studies involving human subjects or
patient data (such as medical records), in accordance with the
Committee on Publication Ethics (COPE) guidelines, and even
for case reports. A copy of the approval document must be sub-
mitted to the Journal;

4. each author should indicate a valid, up-to-date email address for
contact;

5. alist of a minimum of five potential referees outside of the authors’
institutions, who could be invited, at the Editor-in-Chief’s discre-

tion, to evaluate the manuscript.

General guidelines for original articles

The following are considered to be full-text original articles: clin-
ical trials; cohort, case-control, prevalence, incidence, accuracy and
cost-effectiveness studies; case series (i.e. case reports on more than
three patients analyzed together); and systematic reviews with or
without meta-analysis. These types of article should be written with
a maximum of 3,500 words (from the introduction to the end of
the conclusion).

Typical main headings in the text include Introduction, Meth-
ods, Results, Discussion and Conclusion. The authors can and should
use short subheadings too, especially those concerning the reporting

guideline items.

Trial and systematic review registration policy

Sdo Paulo Medical Journal supports the clinical trial registra-
tion policies of the World Health Organization (WHO) and the
International Committee of Medical Journal Editors (ICMJE) and
recognizes the importance of these initiatives for registration and
international dissemination of information on randomized clinical
trials, with open access. Thus, since 2008, manuscripts on clinical
trials are accepted for publication if they have received an identi-
fication number from one of the public clinical trial registration
database (such as ClinicalTrials.gov and/or REBEC and/or the
World Health Organization; the options are stated at http://www.
icmje.org). The identification number should be declared at the
end of the abstract. Articles describing systematic reviews must
provide the protocol registration number from a reliable database,
such as PROSPERO, Open Science Framework, Cochrane, Joanna
Briggs and others. Articles presenting clinical trials or systematic
reviews without registration protocols will be promptly rejected
without peer review.

Results from cases with DNA sequences must be deposited in
appropriate public databases. The protocol number or URL can be
requested at any time during the editorial review. Publication of other
research data in public repositories is also recommended, since it con-
tributes towards replicability of research, increases article visibility

and possibly improves access to health information.

Sample size

All studies published in SPM] must present a description of how
the sample size was arrived at. If it was a convenience or purposive
sample, the authors must declare so and explain the characteristics of
this sample and recruitment method. For clinical trials, for instance,
it is mandatory to inform each of the three main values used to cal-
culate sample size:
o power (usually 80% or more);
« level of significance (usually 0.05 or lower);
o clinically meaningful difference (effect size targeted), according to

the main outcome measurement.

Regardless of study results (if “positive” or “negative”), the jour-
nal will probably reject articles of trials using underpowered samples,
when sample size has not been properly calculated or the calculation

has not been fully described as indicated above.

Abbreviations, acronyms and products

Abbreviations and acronyms must not be used, even those in
everyday use, unless they are defined when first used in the text.
However, authors should avoid them for clarity whenever possible.
Drugs or medications must be referred to using their generic names
(without capital letters), with avoidance of casual mention of com-

mercial or brand names.
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Interventions

All drugs, including anesthetics, should be followed by the dosage
and posology used.

Any product cited in the Methods section, such as diagnostic or
therapeutic equipment, tests, reagents, instruments, utensils, prosthe—
ses, orthoses and intraoperative devices, must be described together
with the manufacturer’s name and place (city and country) of man-
ufacture in parentheses. The version of the software used should be
mentioned.

Any other interventions, such as exercises, psychological assess-
ments or educational sessions, should be described in enough details
to allow reproducibility. The Journal recommends that the TIDieR
reporting guidelines should be used to describe interventions, both in

clinical trials and in observational studies.'®

Supplementary material

Because supplementary material comprises documents that do
not form part of the text of the manuscript, Sdo Paulo Medical Journal
will not publish it. The authors should cite an access link that allows

readers to view the supplementary material.

Short communications

Short communications are reports on the results from ongo-
ing studies or studies that have recently been concluded for which
urgent publication is important. They should be structured in the
same way as original articles. The authors of this kind of commu-
nication should explain, in the covering letter, why they believe
that publication is urgent. Short communications and case reports
must be limited to 1,000 words (from the introduction to the end
of the conclusion).

Case reports, case series, narrative reviews and letters to the editor

Starting in June 2018, only individual case reports dealing with
situations of public health emergencies will be accepted by Sdo Paulo
Medical Journal. Case reports that had already been accepted for pub-
lication up to May 2018 will still be published in a timely manner.

After initial evaluation of scope by the editor-in-chief, case
reports, case series and narrative reviews will be considered for
peer-review evaluation only when accompanied by a systematic
search of the literature, in which relevant studies found (based on
their level of evidence) are presented and discussed.'? The search
strategy for each database and the number of articles obtained from
each database should be shown in a table. This is mandatory for all
case reports, case series and narrative reviews submitted for publica-
tion. Failure to provide the search description will lead to rejection
before peer review.

The access route to the electronic databases used should be
stated (for example, PubMed, OVID, Elsevier or Bireme). For the
search strategies, MeSH terms must be used for Medline, LILACS,
and Cochrane Library. DeCS terms must be used for LILACS.

EMTREE terms must be used for Embase. Also, for LILACS, the
search strategy must be conducted using English (MeSH), Spanish
(DeCS) and Portuguese (DeCS) terms concomitantly. The search
strategies must be presented exactly as they were used during the
search, including parentheses, quotation marks and Boolean opera-
tors (AND, OR, and NOT). The search dates should be indicated in
the text or in the table.

Patients have the right to privacy. Submission of case reports
and case series must contain a declaration that all patients gave
their consent to have their cases reported (even for patients cared
for in public institutions), in text and images (photographs or imag-
ing examination reproductions). The Journal will take care to cover
any anatomical part or examination section that might allow patient
identification. For deceased patients whose relatives cannot be con-
tacted, the authors should consult the Editor-in-Chief. All case
reports and case series must be evaluated and approved by an eth-
ics committee.

Case reports should be reported in accordance with the CARE
Statement,” including a timeline of interventions. They should be
structured in the same way as original articles.

Case reports must not be submitted as letters. Letters to the edi-
tor address articles that have been published in the Sdo Paulo Medi-
cal Journal or may deal with health issues of interest. In the category
of letters to the editor, the text has a free format, but must not exceed

500 words and five references.

FORMAT: FOR ALL TYPES OF ARTICLES

Title page
The title page must contain the following items:

1. Type of paper (original article, review or updating article, short
communication or letter to the editor);

2. Title of the paper in English, which should be brief but informa-
tive, and should mention the study design.' Clinical trial, cohort,
cross-sectional or case-control study, and systematic review are
the most common study designs. Note: the study design declared
in the title should be the same in the methods and in the abstract;

3. Full name of each author. The editorial policy of the Sdo Paulo
Medical Journal is that abbreviations of authors’ names must not
be used; therefore, we ask that names be stated in full, without
using abbreviations;

4. Place or institution where the work was developed, city and
country;

5. Each author should indicate the way his/her name should be used
in indexing. For example: for “Jodo Costa Andrade’, the indexed
name could be “Costa-Andrade J” or “Andrade JC’, as preferred;

6. The author’s professional background (Physician, Pharmacist,
Nurse, Dietitian or another professional description, or Under-

graduate Student); and his/her position currently held (for


http://www.scielo.br/spmj

example, Master’s or Doctoral Student, Assistant Professor, Asso-
ciate Professor or Professor), in the department and institution
where he/she works, and the city and country (affiliations);

7. Each author should present his/her ORCID identification number (as
obtained from HYPERLINK “http://www.orcid.org/” www.orcid.org);

8. Each author must inform his contribution, preferably following
the CRediT system (see above in Authorship);

9. Date and venue of the event at which the paper was presented, if
applicable, such as congresses, seminars or dissertation or thesis
presentations.

10. Sources of financial support for the study, bursaries or funding
for purchasing or donation of equipment or drugs. The proto-
col number for the funding must be presented with the name
of the issuing institution. For Brazilian authors, all grants that
can be considered to be related to production of the study must
be declared, such as fellowships for undergraduate, master’s
and doctoral students; along with possible support for post-
graduate programs (such as CAPES) and for the authors indi-
vidually, such as awards for established investigators (produc-
tivity; CNPq), accompanied by the respective grant numbers.

11. Description of any conflicts of interest held by the authors
(see above).

12. Complete postal address, e-mail address and telephone number
of the author to be contacted about the publication process in the
Journal (the “corresponding author”). This author should also
indicate a postal address, e-mail address and telephone number
that can be published together with the article. Sdo Paulo Medical
Journal recommends that an office address (rather than a residen-
tial address) should be informed for publication.

Second page: abstract and keywords
The second page must include the title and a structured abstract in

English with a maximum of 250 words. References must not be cited

in the abstract.

The following headings must be used in the structured abstract:

o Background - Describe the context and rationale for the study;

o Objectives - Describe the study aims. These aims need to be con-
cordant with the study objectives in the main text of the article,
and with the conclusions;

o Design and setting — Declare the study design correctly, and the
setting (type of institution or center and geographical location);

o Methods - Describe the methods briefly. It is not necessary to give
all the details on statistics in the abstract;

o Results - Report the primary results;

o Conclusions - Make a succinct statement about data interpre-
tation, answering the research question presented previously.
Check that this is concordant with the conclusions in the main
text of the article;

o Clinical Trial or Systematic Review Registration - Mandatory for

clinical trials and systematic reviews; optional for observational

studies. List the URL, as well as the Unique Identifier, on the pub-

licly accessible website on which the trial is registered.

o MeSH Terms - Three to five keywords in English must be chosen
from the Medical Subject Headings (MeSH) list of Index Med-
icus, which is available at http://www.ncbinlm.nih.gov/sites/
entrez?db=mesh.These terms will help librarians to quickly index
the article.

«  Authorkeywords - The authors should also add three to six “author
keywords” that they think express the main article themes. These
keywords should be different from the MeSH terms and preferably
different from words already used in the title and abstract, so as to
improve the discoverability of the article by readers doing a search
in PubMed. They provide an additional chance for the article to be
retrieved, read and cited. Combinations of words and variations
(different wording or plurals, for example) are encouraged.
References
For any manuscript, all statements in the text that do not result

from the study presented for publication in the Sdo Paulo Medical

Journal but from other studies must be accompanied by a quotation

of the source of the data. All statements regarding health statistics and

epidemiological data should generally be followed by references to the
sources that generated this information, even if the data are only avail-
able electronically.

Sao Paulo Medical Journal uses the reference style known as the
“Vancouver style,” as recommended by the International Commit-
tee of Medical Journal Editors (ICMJE). Follow the instructions and
examples at www.icmje.org, item “References”, for the format.

In the text, the references must be numbered in the order of cita-
tion. The citation numbers must be inserted after periods/full stops
or commas in sentences, and in superscript (without parentheses or
square brackets). References cited in the legends of tables and figures
must maintain sequence with the references mentioned in the text.

In the list of references, all the authors must be listed if there are
up to and including five authors; if there are six or more, the first three
should be cited, followed by the expression “et al” For books, the city
of publication and the name of the publishing house are mandatory.
For texts published on the internet, the complete uniform resource
locator (URL) or address is necessary (not only the main home page
of a website or link), so that by copying the complete address into a
computer internet browser, the Journal’s readers will be taken to the
exact document cited, and not to a general website.

At the end of each reference, please insert the “PMID” number (for
papers indexed in PubMed) and the link to the “DOI” number if available.

Authors are responsible for providing a complete and accurate list
of references. All references cited in the text must appear in the refer-
ence list, and every item in the reference list must be cited in the text.
Also, citations must be in the correct sequence.

Manuscripts that do not follow these guidelines for references will

be returned to the authors for adjustments.
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The reference list should be inserted after the conclusions and

before the tables and figures.

Figures and tables

Images must be submitted at a minimum size that is reproduc-
ible in the printed edition. Figures should be sent at a resolution of
300 DPI and minimum size of 2,500 pixels (width) and be recorded
in “jpg” or “tif” format. Images submitted in inadequate formats will
not be accepted.

Images must not be embedded inside Microsoft PowerPoint or
Microsoft Word documents, because this reduces the image size.
Authors must send the images separately, outside of .doc or .ppt doc-
uments. Failure to send the original images at appropriate sizes leads
to paper rejection before peer review.

Flowcharts are an exception: these must be drawn in an editable
document (such as Microsoft Word or PowerPoint), and should not
be sent as an image that can’t be changed.

Figures such as bars of line graphs should be accompanied by
the tables of data from which they have been generated (for example,
sending them in the Microsoft Excel spreadsheets, and not as image
files). This allows the Journal to correct legends and titles if necessary,
and to format the graphs according to the Journal’s style. Graphs gen-
erated from software such as SPSS or RevMan must be generated at the
appropriate size, so that they can be printed (see above). Authors must
provide internal legends/captions in correct English.

All the figures and tables should be cited in the text. All figures and
tables must contain legends or titles that precisely describe their content
and the context or sample from which the information was obtained
(i.e. what the results presented are and what the kind of sample or set-
ting was). The reader should be able to understand the content of the
figures and tables simply by reading the titles (without the need to con-
sult the text), i.e. titles should be complete. Acronyms or abbreviations
in figure and table titles are not acceptable. If it is necessary to use acro-
nyms or abbreviations inside a table or figure (for better formatting),
they must be spelled out in a legend below the table or figure.

For figures relating to microscopic findings (i.e. histopathological
results), a scale must be embedded in the image to indicate the mag-
nification used (just like in a map scale). The staining agents (in his-
tology or immunohistochemistry evaluations) should be specified in

the figure legend.
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