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EDITORIAL

https://doi.org/10.1590/1806-9282.20260777

The patient statute (Law No. 15,378/2026) and the
redefinition of medical authority: autonomy, dignity,

and legal certainty at the bedside

Fabio Roberto Cabar™ @, Bruno Alves Gaia?

The 21st century has consolidated an irreversible paradigmatic
shift in the physician—patient relationship: the definitive decline
of traditional Hippocratic paternalism in favor of strengthen-
ing the principle of autonomy'. In the national context, this
historical evolution reaches its institutional and normative
peak with the enactment of Law No. 15,378 of April 6, 2026,
which establishes the Patient Statute in Brazil®. This legislative
milestone assumes an extremely relevant role in the Brazilian
healthcare ecosystem, as it transposes purely ethical and deon-
tological guidelines into the realm of cogent legal obligations®.
The manifest objective of this legislation is to resolve complex
bioethical dilemmas and provide much-needed legal certainty
to daily clinical practice, with special emphasis on end-of-life
scenarios, where the preservation of human dignity must imper-
atively prevail over the mere artificial biological maintenance
of organs and functions?.

Autonomy, understood under the bioethical aegis as the
inalienable right to self-government and self-determination
regarding one’s own health, stands as the cornerstone of per-
son-centered medicine'. However, the transition of the phy-
sician’s historical role, from an “absolute guardian of life” to a
“facilitator of autonomy,” imposes a profound and latent moral
tension at the bedside'. The apparent conflict between the duty
of beneficence (acting for the patient’s clinical well-being)
and respect for the sovereignty of individual will becomes the
epicenter of complex debates within healthcare institutions'.
Although the Brazilian Code of Medical Ethics had already
signaled this horizontalization in recent decades, the positive
law brought by the 2026 Statute alters the level of the discus-
sion, transforming conduct recommendations into binding

normative mandates’.

This dilemma manifests with dramatic contours and greater
intensity when the strictly technical convictions of the care team
collide with the sovereign decision of the patient to refuse a spe-
cific treatment®. From this scenario emerges the critical concept
of moral distress: the psychological and existential exhaustion
experienced by the healthcare professional when compelled by
force of law to follow a course of action that directly contradicts
their clinical and technical perception of what would be the
“best interest” of the patient’. It is imperative to understand,
however, that in contemporary bioethics, beneficence cannot
be exercised in an impositive or authoritarian manner; it must
obligatorily be filtered and reframed through the prism of the
values, beliefs, and biography of the individual experiencing
the illness process®.

Faced with such impasses, the 2026 Patient Statute offers
fundamental practical and operational dimensions for the
peaceful resolution of conflicts within the hospital environ-
ment®. First, the new legislation grants strictly binding force
to Advance Healthcare Directives, ensuring unequivocally that
the individual’s so-called “living will” is fully respected by the
medical team and administrators, even in situations of super-
vening cognitive incapacity’. This legal determination acts as
a powerful reducer of ethical clashes and exhausting litigation
between the clinical body and the patient’s family members’.

Furthermore, the legal text provides robust and explicit legal
protection for the practice of orthothanasia®. Consequently,
physicians who decide to suspend or abstain from introducing
futile, invasive, or extraordinary treatments, characterized as
therapeutic obstinacy or dysthanasia, are legally safeguarded,
redirecting the assistance focus toward comprehensive palliative

care focused on relieving physical, psychological, and spiritual
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suffering®. Such normative advancements culminate in greater
predictability and legal protection for professional practice,
defining clear boundaries for medical liability in the face of
a patient’s informed refusal, and mitigating the deep-seated
fear of judicial litigation that historically impelled profession-
als toward the practice of defensive and tortuous medicine’.
The contemporary challenge posed to the medical com-
munity requires professionals to make a definitive postural
transition: to abandon the traditional purely prescriptive and
directive stance and adopt a genuinely dialogical posture, vali-
dating and welcoming the prospective autonomy of the patient®.
Ultimately, the Brazilian Patient Statute does not diminish,
weaken, or subvert the scientific and moral authority of the
physician; on the contrary, it recontextualizes it and elevates it
to a new level of humanistic sophistication®. Recognizing the
biological limits of therapeutics, accepting the finitude inher-

ent to the human condition, and allowing death to occur in
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its natural time constitute the highest and most noble expres-
sions of comprehensive medical care®. The true ethical com-
mitment of 21st-century medicine lies in the firm conviction
that when a cure is no longer a technically achievable horizon,
dignity must remain the supreme value guiding both the law
and the art of caring®.
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LETTER TO THE EDITOR

https://doi.org/10.1590/1806-9282.20251895

Heart rate variability, sleep quality, and quality of life in epilepsy
patients are multidependent and cannot be reduced to the

quality of seizure control

Sinda Zarrouk' ©, Josef Finsterer?*

Dear Editor,

We read with interest the article by Duran et al. on a prospec-
tive cross-sectional study of the relationship between heart
rate variability (HRV), quality of life, and sleep quality in 27
patients with drug-controlled epilepsy and 23 patients with
drug-resistant epilepsy’. It was found that HRV was reduced
in patients with epilepsy and that HRV correlated with cog-
nitive function and well-being'. The study is interesting, but
some points need to be discussed.

The first point is that subjective assessment of sleep qual-
ity using a questionnaire such as the Pittsburgh Sleep Quality
Index may not adequately capture sleep quality. Only polysom-
nography can objectively assess whether sleep architecture is
impaired or not. It is therefore recommended that the study
be repeated using more sophisticated methods.

The second point is that sleep quality may depend not only
on the quality of seizure control, but also on various other influ-
encing factors. Numerous exogenous and endogenous factors
also determine sleep quality and sleep hygiene?. These addi-
tional determinants of sleep quality must be taken into account
when assessing the sleep performance of epilepsy patients and
interpreting the study results. Adequate and restful sleep is a
prerequisite for seizure control.

The third problem is that comorbidities were not taken
into account as determinants of HRV, quality of life, and
sleep quality'. Various conditions, such as myocardial disease,
cardiac conduction disorders, alcoholism, obesity, psychiatric
disorders, heat, noise, shift work, harmful and dangerous sub-
stances, orthopedic disorders, rheumatological disorders, immu-
nological disorders, malignancies, and movement disorders
can affect HRV, quality of life, and sleep?. Failure to consider

comorbidities in the analysis could distort the results or even
lead to false negative or false positive results.

The fourth point is that all antiseizure medications (ASMs)
are associated with side effects®. Phenytoin and carbamazepine
can reduce HRV?. Carbamazepine and phenobarbital impair sleep
architecture®. Most ASMs reduce rapid eye movement sleep®.

The fifth point is that low HRV has been attributed to
reduced parasympathetic tone', suggesting that autonomic
innervation is disrupted in epilepsy patients. Therefore, it is
crucial to know how many of the included patients had poly-
neuropathy with autonomic involvement or pure autonomic
neuropathy. Autonomic neuropathy can be caused by seizures
that affect the central autonomic network or by the long-term
effects of certain ASMs. Autonomic dysfunction may also be
due to impairment of the central parasympathetic pathways.

In summary, all determinants of sleep quality, quality of
life, and HRV must be considered when assessing their signif-
icance for epilepsy. As long as the interdependence of these
parameters is not taken into account, their evaluation in epi-

lepsy patients remains unclear.
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SHORT COMMUNICATION

https://doi.org/10.1590/1806-9282.20260147

Quick communication: Active surveillance of rat sarcoma viral
oncogene homolog-positive indeterminate thyroid nodules with
categories lll and 1V, the Bethesda System for Reporting Thyroid
Cytopathology, in thyroidology for thyroidologists

Ilker Sengul"23* @, Demet Sengul*

Indeterminate cytology remains a major source of controversy
in the management of suspicious thyroid nodules in thyroidol-
ogy today' . The prospective analysis by Wu et al.!, offers a
timely provocation regarding the clinical management of RAS-
mutated indeterminate'” thyroid nodules, just the Categories
IIT and IV, the Bethesda System for Reporting Thyroid
Cytopathology (TBSRTC), in thyroidology''°. By demonstrat-
ing that immediate resection may lead to overtreatment in up
to 50% of cases, the authors provide a necessary evidentiary
basis for active surveillance (AS) in thyroidology. However,
a multifaceted interrogation of their data—particularly the
longitudinal growth dynamics and the nuanced molecular
landscape—suggests that our understanding of “Rat sarcoma
viral oncogene homolog (RAS)-positivity” requires a more
granular, isoform-specific refinement. The most striking, yet
perhaps under-scrutinized, finding in Wu et al.! cohort is the
nonlinear growth trajectory of these nodules. While volume
remained remarkably stable during the first 24 months (2%
cumulative growth), a sharp escalation to 24% growth was
observed by the 4-year mark. This “growth spurt” challenges
the assumption of perpetual indolence and suggests a biolog-
ical “tipping point.” One might ask: Is this delayed progres-
sion indicative of a late-stage clonal expansion or a manifesta-
tion of specific RAS isoforms? As such, evidence increasingly
suggests that the clinical “aggressiveness” of a RAS mutation
is not monolithic but isoform-dependent. In addition, while
Neuroblastoma-rat sarcoma viral oncogene homolog (N-RAS)
mutations often correlate with a more indolent, Non-invasive
Follicular Thyroid Neoplasm with Papillary-like Nuclear
Features (NIFTP)-like phenotype, Harvey-rat sarcoma viral

oncogene homolog (H-RAS) and Kirsten-rat sarcoma viral
oncogene homolog (K-RAS) isoforms have been associated
with a higher propensity for structural progression and, in
some contexts, higher-grade histopathology. Furthermore, the
observation that nuclear atypia was significantly more prevalent
in the surgical group (52 vs. 38%) reinforces the necessity of
integrating cytomorphological nuances with molecular data.
This is particularly relevant in light of the 2023 TBSRTC, 3rd
edition, which emphasizes the subcategorization of Atypia of
undetermined significance (AUS) to better predict malignancy
risks”>. Moreover, the transition of four patients to surgery—
resulting in low-risk malignant histology—may validate the
safety of deferred intervention but simultaneously underscores
the limitations of binary molecular testing. Herein, without
accounting for secondary co-mutations or specific RAS iso-
forms, we risk applying a “one-size-fits-all” surveillance proto-
col to a biologically heterogeneous group of lesions. We might
liken this situation to an observer who, upon receiving a storm
warning (RAS mutation), decides whether to stay outside by
examining the structure of the clouds in the sky and the wind
speed (clinical factors and ultrasound) instead of immediately
taking shelter. Wu et al.! attempted to show us with evidence
that not every cloud brings a storm. Yet, the 4-year data might
serve as a reminder that the horizon remains unpredictable.
Intercalary, the authors evaluated indeterminate cytology'”’
solely by including Categories IIT and IV, excluding Category
V. Future management frameworks must transcend the “pos-
itive/negative” dichotomy, moving toward a multi-paramet-
ric risk score that integrates isoform specificity, volumetric
doubling time, and the refined TBSRTC criteria from the
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last edition*”. Only then can we truly fulfill the promise of
personalized thyroidology for thyroidologists. Felix qui potuit

rerum cognoscere causas.
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Translation, cultural adaptation, and validation of the Genital
Self-Image Scale (GSIS-20) for the Portuguese language

Denise Saquetto’ ©, Renata Almeida de Souza Aranha e Silva' @,
Aline Marina Marcondes Braga Rosa' @, Mariane Castiglione’ ®, Thaiane Suleiman Saoud’ @,
César Eduardo Fernandes® ©, Luiz Gustavo Oliveira Brito? @, Emerson Oliveira'

SUMMARY

OBJECTIVE: The aim of this methodological study was to translate, culturally adapt, and validate the Genital Self-Image Scale (GSIS-20) into Brazilian
Portuguese.

METHODS: The cross-cultural adaptation followed a standardized five-step process: (1) initial translation into Portuguese by two independent
bilingual translators; (2) synthesis of the translations; (3) back-translation into English by two independent native speakers; (4) expert committee
review to ensure semantic, idiomatic, experiential, and conceptual equivalence; and (5) pre-test with 15 women to evaluate comprehension and
cultural relevance. Subsequently, the psychometric properties of the adapted instrument were assessed in 148 women divided into three groups:
nulliparous (n=53), primiparous without pelvic organ prolapse (n=52), and women with stage Ill or IV pelvic organ prolapse (n=43). The Genital Self-
Image Scale (GSIS-20) was applied at three time points to assess internal consistency (Cronbach’s alpha), test-retest, and interobserver reliability
(intraclass correlation coefficient), and discriminant validity.

RESULTS: All subscales of the Genital Self-Image Scale (GSIS-20) showed statistically significant differences between groups. The instrument
demonstrated excellent internal consistency (Cronbach’s alpha=0.925) and reproducibility (intraclass correlation coefficient >0.75).
CONCLUSION: The Genital Self-Image Scale (GSIS-20) was successfully translated and culturally adapted into Brazilian Portuguese, showing
satisfactory psychometric properties for use in this population.

KEYWORDS: Female genital. Pelvic organ prolapse. Validation study. Translation. Quality of life.

INTRODUCTION dysfunctions can enhance sexual satisfaction by improving
Female genital self-image is defined as the perception of one’s body and genital image®.
own genitalia, crucial to female sexuality from a biopsychoso- There is a growing demand for surgical procedures to enhance
cial standpoint?. Positive genital and body self-image improves genital morphology, self-esteem, functional comfort, and sexual
quality of life. Women with a positive genital self-image exhibit pleasure, with cosmetic gynecology expanding rapidly as women
higher self-esteem, sexual confidence, and quality of life while seek the “ideal” vulva®. Common treatments, albeit not evi-
feeling secure in seeking gynecological care. Conversely, neg- dence-based, include cosmetics, piercings, and female cosmetic
ative perceptions can lead to anxiety, depression, sexual dys- genital surgery’. Media influence is significant in these trends,
functions, and pursuit of aesthetic procedures*’. with labiaplasty being prevalent for appearance or comfort
Many women increasingly question their genital appear- concerns’. Non-surgical options like laser and radiofrequency
ance, often associating a negative vulva image with issues are rising, requiring more evidence’. These issues call for an
like odor, size, and shape, impacting sexual quality of life®. interdisciplinary approach considering psychological aspects™.
Body and genital image issues may be overlooked during The Genital Self-Image Scale (GSIS) was originally developed
pregnancy, postpartum, or with pelvic dysfunctions like uri- in the United States by Berman et al. in 2003 to evaluate wom-
nary incontinence or pelvic organ prolapse, adversely affect- en’s perceptions of their genitalia as an essential component of
ing sexual function®. Surgical interventions to address these sexual health'. The original version comprised 29 items, which
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Genital Self-Image Scale (GSIS-20) validation in Portuguese

was later shortened and psychometrically validated in a 20-item
version (GSIS-20) by Zielinski et al. in 20127, The GSIS-20
assesses four distinct domains: genital confidence, appeal, func-
tion, and comfort. Each domain is scored using a four-point
Likert scale, with reverse scoring applied to positively phrased
items. Despite its validation in Turkey, the United States, and

Egypt4,l 1,12
Portuguese. Given that instruments developed in different lin-

, there is no culturally adapted version for Brazilian

guistic and cultural contexts may not be directly applicable else-
where, cross-cultural adaptation and psychometric validation
are essential steps before use in new populations.

METHODS

Study design and population
We conducted a cross-sectional study from February to December
2018, approved by the Institutional Review Board of the Centro
Universitdrio FMABC (approval number 2,418,543). The sample
included 151 women, divided into three groups: 56 nulliparous
(GI), 53 primiparous without Pelvic Organ Prolapse (POP) (GII),
and 56 with stage Il and IV POP (GIII), assessed by the POP-Q*.
Participants, aged 25-80, were evaluated by the Urogynecology
and Pelvic Floor team at Centro de Atengio Integral 4 Satide da
Mulher, Sao Bernardo do Campo, Sao Paulo, Brazil, an affili-
ated institution with Faculdade de Medicina do ABC (FMABC).
Inclusion criteria were consent to participate, biological female
sex, female gender identity, and literacy. Exclusions were preg-

nant women and those with prior POP or labiaplasty surgeries.

Translation and validation of the instrument

The GSIS-20, developed by Berman et al.! and validated by
Zielinski et al.”, was used. Authorization was obtained from
Professor Laura Berman for translation and validation. The GSIS-
20 assesses four domains: genital confidence, appeal, function,
and comfort. Scores range from 0 to 40, with higher scores
indicating greater satisfaction. Items are on a Likert scale from
0 to 3, and items with positive words are reversed.

The guidelines by Beaton et al.' guided the translation pro-
cess. It included translation into Portuguese, cultural adaptation
by a medical team for consensus (>50% agreement), back-trans-
lation into English to compare with the original, and a pilot
study with 30 patients for feedback on comprehensibility.

Instrument and procedures

Post-informed consent and medical visit, sociodemographic data
were collected. Participants self-administered the GSIS-20 with-
out clarification, completing it at TO (after the visit), T1 (15 min

2

after T0), and T2 (15 days later), overseen by researchers Denise
Saquetto and Aline Marina Marcondes Braga Rosa. Measures
included internal consistency, test-retest, and interobserver reli-
ability. Internal consistency assesses item correlation; a retest
occurred 15 days after the first assessment. Interobserver reliabil-
ity was checked for 15 min post-interview, while discriminant
validity involved applying the questionnaire to all three groups.

Cronbach’s alpha assessed intraclass correlation coefficient
(ICC): >0.9 is excellent; 0.7-0.9 is good; 0.6-0.7 is question-
able; 0.5-0.6 is poor; <0.5 is unacceptable’. When ICC=0,
no reproducibility exists; ICC=1 indicates maximum repro-
ducibility; ICC <0.4 is poor; ICC=0.75 is excellent; and
0.4<ICC<0.75 is satisfactory'®.

Statistical analysis

Data were tabulated in Google Drive spreadsheets, analyzed
using Prism 8.4.1 and Statistical Package for the Social Sciences.
Normality was assessed with the Kolmogorov-Smirnov test.
Analysis of Variance (ANOVA), Kruskal-Wallis, and Dunn
tested continuous variables, while chi-squared tested categorical
variables, with all tests two-tailed and a 5% significance level.
Sample size was not calculated due to variability in suggested
formulas for translation and validation studies'”. Reliability was
confirmed with ICC for comparisons at T0 and T2 (intraob-

server) and T0 and T1 (interobserver)*®.

RESULTS
We included 53 nulliparous women (GI), 52 primiparous women
(GII), and 43 multiparous women with stage III or IV POP (GIII),
totaling 148 patients recruited during the study period. We had
to exclude 14 women from the study (due to having undergone
surgeries for POP correction and/or labiaplasty) during the
recruitment period. Demographic data are described in Table 1.
Women with POP had a higher mean age than those in GII and
GI (64.86£8.97 vs. 37.12+5.54 and 35.04£6.34 years, respec-
tively; p<0.0001), as well as a higher body mass index (BMI)
(26.921£3.63 6 kg/m?; p=0.028), a greater proportion of married
women (86%j; p<0.0001), and higher parity [3 (1-10); p<0.001]
than other groups. The rate of hypertension was higher among
women with POP 60.6% (p<0.0001) than in the other groups.
Table 2 shows the analysis of the GSIS-20 scores among
the three groups. All GSIS-20 subscales showed statistically
significant differences between women with POP versus nul-
liparous women and primiparous women without the disease,
confirming that the questionnaire presents discriminant validity.
Internal consistency coeflicients (Cronbach’s alpha) of the
GSIS-20 questionnaire are shown in Table 3. Values above 0.70
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Table 1. Demographic and clinical baseline characteristics.

G059 ao-52) S T S

Age® 35.04 (6.34) 3712 (5.54) 64.86 (8.97) <0.0001
BMI (kg/m?)? 25.05 (4.17) 26.77 (5.32) 26.92 (3.63) 0.028
Ethnicity®

White 41 (77.3) 37 (71.1) 26 (60.4)

Non-white 12(22.4) 15(28.9) 17 (39.6) 0194
Marital status®

Married 22 (41.5) 35(67.3) 37 (86)

Single 31 (58.5) 17 (32.7) 6(14) <0.0001
Education level®

Primary education 0(0) 0(0) 30(69.8)

Secondary education 16 (30.2) 22 (42.3) 11 (25.6) <0.0001

Higher education 37 (69.2) 30(57.7) 2 (4.6)
Parity® 0 1 3(1-10) <0.001
Smoking® 4(7.5) 3(5.8) 2 (4.6) 0.8343
Diabetes® 2(3.8) 1(1.9) 2 (4.6) 0.5761
Hypertension® 7(13.2) 8(15.4) 6 (60.6) <0.0001
Vascular disease® 4(7.5) 0(0) 2 (4.6) 0.1423

3Values presented as the mean and standard deviation. Statistical test: ANOVA. *Values presented as numbers and percentages. Statistical test: chi-
squared. “Values presented as median and variation. Statistical test: Kruskal-Wallis. BMI: body mass index. Gl: nulliparous women; Gll: primiparous
women; GllI: multiparous women with stage Ill or IV pelvic organ prolapse (POP).

Table 2. Discriminant validity of the Genital Self-Image Scale-20 questionnaire between groups.

Genital confidence? 10.34 (1.46) 10.02 (1.82) 5.86 (3.80) <0.0001
Genital appeal® 9.67 (2.53) 9.80(2.52) 4.48 (3.22) <0.0001
Genital function? 9.28(1.62) 9.00(1.63) 5.18(3.67) <0.0001
Genital comfort® 5.41(0.74) 5.29(0.72) 4.14(1.95) <0.0004
Total score? 34.72 (4.84) 34.12(5.10) 19.67 (10.62) <0.0001

aValues presented as the mean and standard deviation. Statistical test: Kruskal-Wallis. Multiple comparisons: GllI<GIl and GllI<GI. Statistical test: Dunn’s
multiple comparison test. Gl: nulliparous women; Gll: primiparous women; GllI: multiparous women with stage Il or IV pelvic organ prolapse (POP).

Table 3. Internal consistency coefficients (Cronbach’s alpha), test—retest intraobserver and interobserver reliability of the Genital Self-
Image Scale (GSIS-20) questionnaire.

Questlonnalre . Intraobserver Interobserver
Number of items Cronbach’s alpha Icccl iIcccl

Genital confidence 0.887 0.965 (0.951-0.974) p=0.0001 0.986 (0.981-0.990) p=0.0001
Genital appeal 06 0.835 0.966 (0.953-0.975) p=0.0001 0.936 (0.912-0.954) p=0.0001
Genital function 05 0.830 0.984 (0.978-0.989) p=0.0001 | 0.936 (0.910-0.954) p=0.0001
Genital comfort 04 0.734 0.976 (0.967-0.983) p=0.0001 0.939 (0.915-0.956) p=0.0001
Total score 20 0.925 0.988 (0.984-0.992) p=0.0001 0.969 (0.958-0.977) p=0.0001

ICC:intraclass correlation coefficient; Cl: confidence interval.
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were found for all domains, and for the overall score, Cronbach’s
alpha coefficient was 0.925, showing excellent internal consis-
tency. Therefore, the reliability of the instrument was adequate.

Finally, no differences were observed in the test—retest com-
parison of the GSIS-20 translated into Brazilian Portuguese
in the intra- or interobserver evaluation. The ICC results
have shown excellent reproducibility (ICC>0.75) (Table 3).
The final translated version is also available with this manu-
script (Supplementary Appendix).

DISCUSSION

Each society has its own culture, habits, rules, so the translation
of a quality-of-life questionnaire should be adapted to the culture
of the country. It should have a clear language and be a simple
tool that people can answer without difficulty. A questionnaire
must be so adapted before the instrument is used in clinical prac-
tice or research in populations that speak a different language
so that a unified evaluation standard is achieved'®; that’s why a
pilot phase was performed so that regionalization was consid-
ered in this process. A questionnaire that is valid and reliable in
a specific language may not be valid and reliable when used in
a different population and may fail to reproduce the same find-
ings when used in other scenarios or by different observers".
This study adhered to the methodological framework pro-
posed by Beaton et al.' for the cross-cultural adaptation of
self-report instruments. By following all five recommended
stages—translation, synthesis, back-translation, expert commit-
tee review, and pre-testing—the research ensured the seman-
tic, idiomatic, experiential, and conceptual equivalence of the
GSIS-20. These methodological safeguards are fundamental
to preserving the validity of psychometric instruments when
applied to populations culturally and linguistically distinct
from those for which the instrument was originally developed.
The original GSIS questionnaire was validated in 2003 in
English, and it had 29 items'. In 2012, it was shortened and val-
idated with reliability measures for 20 items, again in English”.
The findings of the present study demonstrate acceptable psy-
chometric properties of the Brazilian Portuguese version of the
GSIS-20, which allows its use in this population. The general
understanding of the translated terms was adequate, and only
small changes were necessary. There was adequate internal con-
sistency for all domains of the questionnaire, and Cronbach’s
alpha coeflicient showed excellent internal consistency of the
overall score. We also observed, in the test-retest compari-
son of the GSIS-20, that the correlations were comparable to
those of the validation process of Zielinski et al.” and Pakpour

et al.”. The present study also confirmed the usefulness of the

4

GSIS-20 to assess the impact of POP on the genital image of
the participants and thereby demonstrated the discriminant
validity. We found that GIII had a score 19.67 points lower
than GII and GI (p<0.0001).

Our data suggest that dissatisfaction with genital self-image is
associated with demographic and clinical characteristics that impair
self-perception. Older, less educated, multiparous, and POP women
showed greater dissatisfaction with their genitalia. Thus, our results
are in line with the study by Zielinski et al., 2012, which showed
that women with POP exhibit genital image deterioration®.

Dissatisfaction with genital image reduces the frequency
of visits to the gynecologist and the compliance with preven-
tive exams. Negative body image is associated with worse gen-
ital self-image?*?. This dissatisfaction may also be caused by
the lack of information regarding the anatomy of the genitals.
Yulevitch etal., 2013 reported that the lack of knowledge about
genitalia and the lack of sexual education may be caused by the
cultural context, rigid education, shame, and taboos that still
exist in societies?. During the data collection process, our team
observed that participants lacked basic information about the
anatomy of the genitals. In addition, it is common for physicians
to feel uncomfortable asking them about these issues. This lack
of communication contributes to the poor genital self-image.

Women need to know that each vulva has its own shape,
color, size, symmetry, odor, and amount of hair, and each vulva
is “normal” and unique, with its own characteristics. A study
developed by Sharp and Tiggemann, presented to the partic-
ipants images of real and healthy female genitals, in all their
diversity, and a video showing the digital changes that cor-
rected the protruding small labia in models for pornographic
magazines. The authors concluded that the video significantly
increased the perceptions of women about the diversity of the
appearance of the genitals and that the volunteers who watched
it transmitted their knowledge to help other women?.

This study has strengths and limitations. One limitation is
that the pre-test sample included only 15 participants, which
falls short of the 30 participants recommended by Beaton
etal.", potentially limiting the generalizability of the findings.
In addition, we did not assess construct validity by comparing
the GSIS-20 with other related instruments, which should be
addressed in future research. Nonetheless, the GSIS-20 demon-
strated excellent internal consistency, reproducibility, and dis-
criminant validity in the Brazilian population, supporting its
applicability in both clinical and research contexts.

A recent validation study in Brazil for the Body Image in
Pelvic Organ Prolapse Questionnaire did not find association
between prolapse staging and genital body image or with sexual
function; however, an impaired body image was associated with
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worse perception of attractiveness and increased risk for sexual
dysfunction®. Future studies comparing GSIS with other instru-
ments are needed. Responsiveness was another psychometric vari-
able that was not tested. As for strengths, we have tested most
of the psychometrics variables, the presence of two examiners
applying the instruments, and the high scores that were found
among our data. We believe that the GSIS-20 translated into
Portuguese in Brazil is an instrument that can be applied in gyne-
cological visits, contributing to the doctor—patient relationship,
since it can evaluate female feelings regarding their genitals and
thus help identify factors that contribute to sexual dysfunctions.

CONCLUSION

The GSIS-20 questionnaire was successfully translated and cul-
turally adapted into Brazilian Portuguese following international
guidelines. It demonstrated excellent psychometric properties,
including high internal consistency, reproducibility, and discrimi-
nant validity. The Brazilian version of the GSIS-20 can be reliably
used in clinical and research settings to assess women’s genital
self-image, particularly in the context of pelvic floor disorders.
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Psychometric properties of the Brazilian 14-Item Health Literacy
Scale for people living with mental disorders: a cross-sectional study
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SUMMARY

INTRODUCTION: There is no evidence of validity and reliability for an instrument capable of comprehensively assessing health literacy (including
its Functional, Communicative, and Critical dimensions) among Brazilian adults living with mental disorders.

OBJECTIVE: The aim of this study was to evaluate the validity, reliability, and evidence of divergent validity of the Brazilian 14-Item Health Literacy
Scale in individuals with chronic mental disorders.

METHODS: This cross-sectional psychometric study involved patients receiving care at the Psychosocial Care Center in the city of ljui, southern
Brazil, between April and October 2023. Eligible participants were clinically stable adults with severe and persistent mental disorders; individuals
withintellectual disabilities or legal incapacity were excluded. Data collection was conducted by trained students, who read and explained the items of
eachinstrument to the participants. Intotal, the sample comprised 444 patients. The Brazilian version of the 14-Item Health Literacy Scale, previously
translated, cross-culturally adapted, and validated for Brazilian Portuguese, was used to assess health literacy and to perform the psychometric analysis.
RESULTS: Good internal consistency was demonstrated, with Cronbach'’s alpha and McDonald’s omega coefficients of 0.83 (95%CI1 0.78-0.88) and
0.75(95%C10.68-0.83), respectively. The 14-Item Health Literacy Scale presented acceptable fit indices for the Comparative Fit Index, Tucker-Lewis
Index, and Normed Fit Index, with values of 0.938,0.923, and 0.904, respectively. Divergent validity was verified by the lack of statistically significant
correlations and by weak correlations (r<0.300) with the Social Support Scale.

CONCLUSION: The 14-Item Health Literacy Scale presented adequate psychometric properties and showed evidence of validity and acceptable
reliability for assessing the health literacy of Brazilians living with mental disorder.

KEYWORDS: Health literacy. Mental disorders. Validation study. Brazil. Mental health.

INTRODUCTION

Mental disorders (MDs) are syndromes resulting from psycho- Health literacy (HL) refers to the ability to obtain, under-
logical, biological, or developmental dysfunctions that impair stand, and use health information?®, in order to make decisions
cognition, emotions, and behavior'. The prevalence of common and take actions that promote one’s own well-being and that of
MDs in Brazil is approximately 20%?2, and an estimated 5 mil- others, as well as the ability to identify and implement actions
lion individuals have severe and persistent MDs. Studies con- aimed at promoting health and improving quality of life. Higher
ducted in Psychosocial Care Centers (CAPS) indicate a higher HL levels are associated with better autonomy and treatment
frequency of schizophrenic, schizotypal, and delusional disorders*. adherence®!!, whereas low HL impairs health management and
Due to their chronicity, associated disabilities, and socioeconomic is associated with lower utilization of health services and greater
impact, MDs represent a significant public health issue’, affect- difficulty in autonomously managing health conditions'>"3.

ing individuals, families, and society®. Furthermore, due to the HL comprises three dimensions: Functional, Communicative,
chronicity and disability caused by MDs and the consequent and Critical. The Functional dimension refers to basic reading
impact on the individual and collective economy, these disorders and writing skills used in everyday situations; the Communicative
have become an important public health issue to be discussed’. dimension involves more advanced cognitive and social skills;
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Validity of the Brazilian 14-Item Health Literacy Scale

lastly, the Critical dimension refers to a set of cognitive and
social skills that enable individuals to critically analyze infor-
mation and apply it to situations in their daily lives'. There
are several instruments in the literature that seek to assess
Functional HL'>. However, few instruments are capable of
assessing the different dimensions of HL, such as the 14-Item
Health Literacy Scale (HLS-14)'¢, which is an instrument val-
idated for use in adults regardless of health status. In 2020, it
was validated and translated into Brazilian Portuguese after
application to a cohort of Brazilian adults, and demonstrated
good internal consistency’.

In Brazil, HL among people with MDs remains understud-
ied'®1, as there is no validated instrument available to measure
this construct in adults living with this condition, which lim-
its both research and the assessment of this important variable
in this population. Furthermore, most studies have focused
exclusively on the assessment of functional HL"?. Given the
high prevalence of MDs? and the need for a valid and reliable
instrument to assess HL from the perspective of people living
with MDs, this study aimed to evaluate the validity, reliability,
and evidence of divergent validity of the Brazilian HLS-14 in
individuals with chronic mental disorders.

METHODS

The study was approved by the Research Ethics Committee
of the Regional University of Northwest Rio Grande do Sul
(protocol no. 5.966.864/2022), in accordance with the 1964
Helsinki Declaration and its subsequent amendments.

This is a cross-sectional psychometric study conducted at
a Psychosocial Care Center (CAPS) located in the city of fjui,
southern Brazil, that has 83,947 inhabitants, integrated into the
matrix project “Health Literacy from the Perspective of People
with Mental Disorders and Health Professionals: A Mixed-
Methods Study.” Participants were users with severe and per-
sistent mental disorders in stable clinical condition. Individuals
with intellectual disability/mental retardation, judicial inter-
diction, and/or International Classification of Diseases, 10th
Revision (ICD-10) diagnoses F70-F79 were excluded.

Data collection occurred between April and October 2023,
conducted by previously trained students. Sample size calcula-
tion?! considered a 90% confidence level and a 9.5% margin
of error for a population of 720 users, resulting in a minimum
of 432 participants. Participants were recruited through con-
venience sampling until the target sample size was achieved.
Eligibility was assessed according to the inclusion and exclu-
sion criteria. Upon arriving at the facility, patients were invited
to participate in the study. After agreeing to participate, they
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signed the Informed Consent Form and were then escorted to
a private room to ensure confidentiality and privacy.

The following instruments were applied: a sociodemographic
questionnaire; the HLS-14"; and the Medical Outcomes Study
Social Support Scale (MOS-SSS)*. The HLS-14 is a validated
instrument for assessing HL in Brazil'’; it comprises 14 items
(5 assessing Functional HL, 5 assessing Communicative HL,
and 4 assessing Critical HL) rated on a five-point Likert scale
that indicates how much the participant agrees or disagrees with
the item (“strongly disagree” to “strongly agree”). For items 1-5
(Functional dimension), scores range from 1 to 5, with agreement
indicating lower HL; in contrast, for items 6-10 (Communicative
dimension) and 11-14 (Critical dimension), scoring is reversed
(5 to 1), as agreement is associated with higher HL. The MOS-
SSS is a multidimensional instrument used to assess users per-
ceived social support (SS), consisting of 19 items distributed
across five dimensions: tangible support, affectionate support,
emotional support, informational support, and positive social
interaction. Responses are rated on a five-point frequency scale
reflecting perceived availability of support: always (5), most of
the time (4), sometimes (3), rarely (2), and never (1)*.

Statistical analyses were performed using Statistical Package
for the Social Sciences (SPSS) 25.0 and Analysis of Moment
Structures (AMOS), through Confirmatory Factor Analysis (CFA)
within Structural Equation Modeling. Outliers (Mahalanobis
distance), normality (skewness, kurtosis, and Mardia’s coefhi-
cient), maximum likelihood estimation, and model fit indices
(¢ Root Mean Square Residual [RMR], Root Mean Square
Error of Approximation [RMSEA], Goodness-of-Fit Index [GFI],
Comparative Fit Index [CFI], Normed Fit Index [NFI], and
Tucker-Lewis Index [TLI]) were assessed. Reliability was eval-
uated using Cronbach’s alpha and McDonald’s omega (0.70-
0.95). Convergent/divergent validity evidence was examined
through linear associations between HLS-14 and MOS-SSS.

RESULTS

In total, 512 eligible individuals were invited to participate,
68 (13%) of whom declined, resulting in a final sample of 444
participants (87% response rate). Of these, 75.9% were women,
76.5% were white, and 31.8% were between 55 and 64 years
old. Most had a household income of up to two minimum
wages (77.4%) and lived with others—including partners, chil-
dren, or other people (83.3%). Medical records revealed diag-
noses of depressive disorders (61%), anxiety disorders (15%),
bipolar mood disorder (10%), schizophrenia, schizotypal dis-
orders, delusional disorders (11%), personality and behavioral
disorders (1%), and other disorders (1%).
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Regarding the validation of the HLS-14, the 14 items were
distributed across three dimensions. The validation of the scale
structure, performed using CFA, initially considered the basic
assumptions for applying the technique and identified evidence
of univariate normality, with absolute values of skewness and
kurtosis estimated below 3 and 5, respectively. However, the
Mardia coefficient (Coeflicient=56.473) indicated an asymmetric
multivariate distribution. Given this limitation, the structural
model was estimated using the Maximum Likelihood method.

According to the results obtained, based on the weight of
the individual item loadings, the 14 items of the scale saturated
with a magnitude greater than 0.400 (p<0.001). The items with
the highest loadings are Q8 (A=0.806), Q7 (A=0.762), and Q13
(A=0.765), while items Q10 (A=0.443); Q6 (A=0.539); and
Q11 (A=0.568) were items with less weight and less explana-
tory power, although significant.

Regarding correlations between dimensions, low estimates
were detected for the Functional dimension compared to the
Communicative (r=-0.340) and Ciritical (r=-0.250) dimensions. The
results with negative coeflicients are noteworthy, as the Functional
dimension presents reversed items in its assessment. However, between
the Communicative and Critical dimensions, the correlation was
positive and strong (r=0.710), indicating a degree of dependence
between the items. This finding suggests the possibility of these
items merging into a single factor, as supported by both the model’s
quality indices and the dimensions’ internal consistency estimates.

Regarding the results achieved by the three-dimensional
model structure, quality indicators (or modification indices)
were observed, which allow us to identify how well the sam-
ple of 444 individuals conformed to the instrument’s original
structure. Table 1 presents the goodness-of-fit indices for the
three-dimensional model defined by CFA on the HLS-14.

An initial assessment of the model’s parsimonious fit to
the sample (y?*/df) indicated minimal discrepancy between the
observed and estimated covariance matrices, with a goodness-of-
fit value below 4.00 ([}*/df]=2.626<4.0). Furthermore, regard-
ing the sample’s fit to the scale’s theoretical structure, we inves-
tigated whether the degree of disagreement between the model
and the sample covariance was within the acceptance limits of
an adequate fit, using the RMSEA. Also, according to the result
obtained (RMSEA=0.061<0.08), the observed disagreements did
not compromise the credibility of the model. Comparative indices
(CFI=0.938; TLI=0.923; NFI=0.904) indicated satisfactory fit.

As shown in Table 1, the absolute fit indices GFI (Goodness-
of-Fit Index) and AGFI (Adjusted Goodness-of-Fit Index) pre-
sented values above the minimum acceptable threshold (0.900).

Regarding the relative indexes, which assess how much
better the proposed model fits the data compared to the base
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model generated by AMOS (hypothetical model), the estimates
for TLI and CFI were above the acceptable cutoff point, with
estimates of 0.923 and 0.938, respectively. The NFI, which
investigates the proportion of the difference between the Chi-
square value of the proposed model in relation to a null model,
was estimated at 0.904 (>0.900), indicating that, for the sam-
ple studied, the model presents representative correlations that
enable the proposed dimensions.

As for reliability, the Omega () coefficient for the total
HLS-14 was 0.755 (95%CI 0.678-0.831), indicating satisfac-
tory reliability (®>0.700), as shown in Table 2. Regarding the
Cronbach’s alpha estimate, this coefficient reached 0.831 (95%CI
0.781-0.880). It was observed that the participants presented
low Functional literacy (2.83) and high Ciritical literacy (3.62)
and Communicative literacy (3.57).

Construct equivalence involves demonstrating divergent
validity through the relationship of the main scale with other
measures. In this study, the HLS-14 instrument was compared
with the MOS-SSS questionnaire. As observed in Table 3, diver-
gent validity was evidenced by the absence of significant cor-
relations, as well as the presence of significant correlations of
weak magnitude (r<0.300) between the compared dimensions.

Table 1. Goodness-of-fit indices obtained from the confirmatory
factor analysis of the original three-factor structure of the Brazilian
14-Item Health Literacy Scale in a sample of adults with mental
disorders (n=444).

Confirmatory factor model
of the HLS-14

Data adequacy indices

Normed x? (y?/df) 2.626
RMSEA [95%Cl] 0.061 [0.050-0.071]
Fitindices: comparative indices

AGFI 0.917

GFI 0.941

CFl 0.938

TLI 0.923

NFI 0.904
Predictive fit indices

AIC 2.006

RMR (SRMR) 0.056 (0.043)

AGFI: Adjusted Goodness-of-Fit Index; AlC: Akaike Information Criterion;
CFl: Comparative Fit Index; GFI: Goodness-of-Fit Index; df: degrees of
freedom;Cl:confidence interval; HLS-14:14-Item Health Literacy Scale;
NFI:Normed Fit Index; RMR: Root Mean Square Residual; RMSEA: Root
Mean Square Error of Approximation; SRMR: Standardized Root Mean
Square Residual; TLI: Tucker-Lewis Index;x2: chi-square;x2/df: normed
chi-square. The bold values indicate the estimated goodness-of-fit
indices obtained from the confirmatory factor analysis.
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DISCUSSION

This cross-sectional study demonstrated that the HLS-14
instrument has valid and reliable psychometric properties for
measuring HL in people living with MDs. This is the first
Brazilian study employing the HLS-14 in this population.
Participants presented low Functional literacy and high Ciritical
and Communicative literacy.

Validating a tool that allows the assessment of HL for
this specific population is important, given the considerable
prevalence of MDs in Brazil** and worldwide®, as well as the
important relationship between HL and autonomy and treat-
ment adherence'®!!. Furthermore, most studies on HL of peo-
ple living with MDs are limited to assessing the Functional
dimension, providing only a partial understanding, since HL is
currently a multidimensional construct®. Thus, the validation
of the HLS-14 is important, as it may play a valuable role in
identifying impaired dimensions and planning targeted inter-
ventions by assessing all three dimensions.

Confirmatory factor analysis demonstrated adequate model
fit, consistent with previous validations'®'”. The RMSEA was
0.061, indicating an acceptable model fit*. Based on the
goodness-of-fit indicators obtained, it is noteworthy that the

evaluation of model fit generally requires that at least three fit
indices meet or exceed the recommended thresholds for ade-
quate fit. In this regard, the three-factor model showed a sub-
stantial number of satisfactory fit indicators, providing evidence
of the high quality of the factor structure tested for the HLS-14.

Reliability was adequate, with an overall Cronbach’s alpha of
0.83 (>0.70), consistent with previous studies (0.81-0.82)'¢7.
McDonald’s omega was 0.755, confirming internal consis-
tency. Dimension-specific alphas were 0.83 (Functional), 0.90
(Communicative), and 0.77 (Critical), comparable to the liter-

ature'®!7

, with slight variation in the Functional domain com-
pared to the Brazilian validation study"’.

‘The lowest mean was observed for Functional HL (2.83),
whereas Communicative (3.57) and Critical (3.62) dimen-
sions showed similar values. Greater variability was found in the
Functional domain. These values suggest that, while the study par-
ticipants are reasonably good at understanding and using health
information, they may face difficulties in more basic aspects,
such as reading and initial comprehension of the information.
Furthermore, considering that the functional dimension seeks
to assess basic reading and writing skills in everyday situations,

the low average score in this dimension may be explained by the

Table 2. Measures of central tendency, variability, and internal consistency (McDonald’s omega and Cronbach’s alpha) for the dimensions
of the Brazilian 14-Item Health Literacy Scale in adults with mental disorders (n=444).

HLS-14 estimates

Standard m

Reliability (95%Cl)

Functional HL 2.83 0.86 2.20 2.80 3.40 0.814 (0.740-0.887) 0.826 (0.784-0.867)
Communicative HL 3.57 0.61 3.20 3.60 4.00 0.892 (0.838-0.945) 0.899 (0.845-0.952)
Critical HL 3.62 0.66 3.25 3.75 4.00 0.720(0.714-0.725) 0.767 (0.700-0.833)
Total 3.32 0.58 3.00 3.36 3.57 0.755 (0.678-0.831) 0.831(0.781-0.880)

HLS-14:14-Item Health Literacy Scale; Cl: confidence interval; HL: health literacy; aC: Cronbach’s alpha; wf: McDonald’s Omega (internal consistency
with BCa bootstrap confidence intervals, 1,000 samples).

Table 3. Correlation coefficients between perceived social support (Medical Outcomes Study Social Support Scale) dimensions and health
literacy (14-Item Health Literacy Scale) dimensions in adults with mental disorders (n=444).

HLS-14

Communicative
literacy

Critical
literacy

Functional Total

literacy

e R p | | _p | r | puale

Material support -0.008 0.872 0.046 0.329 -0.074 0121 -0.011 0.810
Affective support -0.009 0.843 0.028 0.553 -0.055 0.247 -0.018 0.782
Emotional support 0.059 0.213 0.222**q 0.000 0.104* 0.028 0.163** 0.001
Informational support 0.002 0.959 0.11G275 0.001 0.046 0.334 0.085 0.073
Emotional/informational support 0.033 0.492 0), 201 0.000 0.079 0.095 0.1 0.006
Positive social interaction 0.030 0.533 0.186** 0.000 0.141%* 0.003 0.145** 0.002

HLS-14: 14-Item Health Literacy Scale; MOS-SSS: Medical Outcomes Study Social Support Scale; r: factor correlation coefficient. *Statistically
significant correlation at p<0.05. **Statistically significant correlation at p<0.01.
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sample in this study being composed mostly of people with low
education level (between incomplete and complete primary educa-
tion) and low socioeconomic status, factors associated with poorer
HL". These findings also corroborate the results of Gheno etal.,
which also found an influence of skin color and age on HL?'.

All factor loadings were >0.400, demonstrating the explan-
atory strength of the items and supporting their retention in
the instrument. However, unlike previous studies, a borderline
factor loading was observed for item 10 (“I apply the informa-
tion I receive, through self-assessment, to my lifestyle and daily
routine.”), although it remained acceptable and relevant. This
lower factor loading, compared with the other items, may be
explained by the greater variability in responses, which could
be related to the complexity of the statement and the resulting
difficulty in its comprehension. Furthermore, cultural partic-
ularities and the clinical context of the participants should be
taken into account, given that the study population comprised
individuals with different mental disorder diagnoses.

Regarding the correlation among the three dimensions of
HL, it was verified a high correlation between Communicative
and Critical dimensions, and a low correlation between these
and the Functional dimension, as previously reported'®",
reinforcing the multidimensional nature of HL. This finding
suggests that basic information collected from the Functional
dimension cannot replace data from the Communicative and
Critical dimensions, which assess more advanced knowledge.
Therefore, it reinforces the importance of using an instrument
that not only assesses the Functional dimension but also takes
into account the multidimensionality of literacy.

Divergent validity was confirmed by the absence of signifi-
cant correlations or weak correlations (r<0.300) with the MOS-
SS8§%. Furthermore, comparison of this finding with previous
studies was not possible, as no studies assessing divergent valid-
ity between these instruments were identified in the literature.

To our knowledge, this is the first study to validate the HLS-
14 for use among people living with MDs. Strengths include
the use of a previously validated instrument", brief administra-
tion, and a large sample. However, some limitations should be
considered. The questionnaire was administered by examiners;
therefore, the HLS-14 items were subject to explanations and
clarifications provided to participants, which may have influ-
enced their understanding of the items and, consequently, their
responses. The sample consisted of individuals receiving care at
a health service, characterizing a convenience sample that was
not selected using statistical sampling procedures. In addition, it
included patients with different MD diagnoses, which may have
influenced the psychometric performance of the HLS-14. Lastly,
the cross-sectional design did not allow the assessment of test-retest
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reliability, preventing the evaluation of the tool’s reproducibility
over time. Therefore, future studies using random and represen-
tative population-based samples, as well as longitudinal designs,
are recommended to confirm the findings of the present study.
The findings of the present study show that the HLS-14
maintained adequate psychometric properties in individuals
with MDs, which is of extreme importance since this popu-
lation often faces challenges in accessing, understanding, and
using health information®. Reliable assessment of HL may help
find needs support care that focuses on the patient and direct
efforts to improve treatment adherence, self-care and overall
health®. Thus, the HLS-14 can play an important role in iden-
tifying needs and improving health outcomes for individuals
living with MDs, offering an assessment not only of Functional
HL, but of the Communicative and Critical dimensions as well.

CONCLUSION

The HLS-14 showed evidence of validity and acceptable reli-
ability for assessing HL in Brazilian adults and older adults
with severe and persistent mental disorders. The instrument
demonstrated acceptable internal consistency, adequate fit to
the proposed three-factor structure, and evidence of divergent

validity, supporting its potential use in this population.
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Sarcopenia, its components and fracture risk in people living with
human immunodeficiency virus

Edivaldo Cangussu Meira Junior’ ©, Jaine Alves Ximenez? @,
Marcia Midori Shinzato' @, Maria Claudia Bernardes Spexoto?*

SUMMARY

OBJECTIVE: The aim of this study was to evaluate the relationship between sarcopenia and its components with fracture risk in people living with
human immunodeficiency virus, and to assess the association with sociodemographic and clinical characteristics.

METHODS: This cross-sectional study was conducted with people living with human immunodeficiency virus undergoing antiretroviral therapy in
the state of Mato Grosso do Sul, Brazil. Sarcopenia was defined according to the European Working Group on Sarcopenia in Older People criteria,
assessing muscle strength (handgrip strength), skeletal muscle mass (skeletal muscle mass index), and physical performance (gait speed). The 10-year
risk of major osteoporotic and hip fracture was estimated using the Brazilian version of the Fracture Risk Assessment Tool (FRAX®). Statistical analyses
included chi-square tests, analysis of variance, and Spearman correlation (p<0.05).

RESULTS: Among 105 participants (44.6£13.5 years), the prevalence of confirmed or severe sarcopeniawas 6.7%. No association was found between
sarcopenia and the risk of major fracture (p=0.471) or hip fracture (p=0.254). However, handgrip strength was correlated with the risk of major
fracture (p=-0.21; p=0.029) and hip fracture (p=-0.25; p=0.010). SMII showed moderate correlations with major fracture risk (p=-0.44; p<0.01) and
hip fracture risk (p=-0.52; p<0.01). Gait speed was correlated only with hip fracture risk (p=-0.22; p=0.025). Older age (p<0.001) and lower body
mass index (p=0.011) were significant risk factors.

CONCLUSION: Sarcopenia as a categorical diagnosis was not associated with fracture risk, whereas lower handgrip strength and skeletal muscle
mass index were associated with higher FRAX® estimates, and gait speed only with hip fracture risk. These findings support assessing sarcopenia-
related parameters in people living with human immunodeficiency virus.

KEYWORDS: HIV. Sarcopenia. Bone fractures. Muscle strength.

INTRODUCTION changes in body composition and reductions in bone mineral
In the global scenario of 2023, 1.3 million new human immu- density (BMD)’. Specifically, the use of tenofovir disoproxil
nodeficiency virus (HIV) infections were recorded. In Brazil, fumarate (TDF) is associated with impaired bone metabolism
the detection rate was 17.1 cases per 100,000 inhabitants, and the exacerbation of sarcopenia’.
contrasting with 22.4 in the state of Mato Grosso do Sul, and The cumulative effects of these factors, combined with tra-
even higher rates in the municipality where this study was con- ditional risk factors, significantly increase the risk of fractures
ducted'. Although notification is effective, the increased longevity in PLHIV, especially among older individuals®. In this context,
achieved imposes challenges related to musculoskeletal health. the use of tools such as FRAX® (Fracture Risk Assessment Tool)
Sarcopenia, defined by the simultaneous presence of low becomes essential for risk stratification’. The present study aimed
muscle strength and low muscle mass?, is prevalent among peo- to evaluate the relationship between sarcopenia and its com-
ple living with HIV (PLHIV), a population that experiences ponents (muscle strength, skeletal muscle mass, and physical
accelerated aging’ often accompanied by frailty®. Persistent performance) with fracture risk in PLHIV, as well as to assess
chronic inflammation’, combined with the adverse effects of the association with sociodemographic and clinical character-
antiretroviral therapy (ART) on musculoskeletal health®, induces istics of this population.
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Sarcopenia and fracture risk in people living with human immunodeficiency virus

METHODS

Design, population, and data collection

This cross-sectional observational study (Strengthening the
Reporting of Observational Studies in Epidemiology guide-
lines—Strengthening the Reporting of Observational Studies in
Epidemiology) was conducted in Dourados, MS, Brazil (April
2023 to December 2024) at the University Hospital of the
Federal University of Grande Dourados/Hospital Universitdrio
da Universidade Federal da Grande Dourados (HU-UFGD)
and at the Specialized Care Service and Testing and Counseling
Center (SAE/CTA). Participants were recruited consecutively
among eligible PLHIV receiving care in outpatient and inpatient
settings during the study period. Eligible individuals were those
on ART who were able to undergo the study assessments and
provide informed consent. Individuals with complete mobility
restrictions, cognitive impairment preventing consent, edema,
or an HIV diagnosis established during the hospitalization in
which study recruitment occurred were excluded.

Data collection was carried out through the administra-
tion of structured forms and the review of medical records
(both physical and electronic). Sociodemographic and clin-
ical variables were assessed. The sociodemographic variables
included age (years), sex, race/skin color, marital status,
and educational level. The clinical variables comprised dis-
ease status (asymptomatic, symptomatic, or Aids), history
of opportunistic and chronic diseases (yes/no), body mass
index (BMI) in kg/m?, CD4+ count (>200 or <200 cells/

mm?®), and ART regimens.

Assessment of sarcopenia and its components

Sarcopenia was defined according to the revised criteria of
the European Working Group on Sarcopenia in Older People
(EWGSOP2)% Muscle strength was assessed using handgrip
strength (HGS), measured with a hydraulic dynamometer
(SAEHAN®, model SH5001), considering the highest value
among three trials (cutoff points: <27 kg for men; <16 kg
for women). Skeletal muscle mass (SMM) was estimated
using the Lee equation'® and divided by height squared to
calculate the skeletal muscle mass index (SMMI), adopting
cutoff points established for the Brazilian population (men
<8.9 kg/m? women <6.4 kg/m?)'!. Physical performance
was evaluated using gait speed (GS), with a cutoff value of
<0.8 m/s’. Participants were categorized as non-sarcopenic,
probable sarcopenia, confirmed sarcopenia, or severe sarco-
penia, according to the EWGSOP2 algorithm?. In this study,
confirmed sarcopenia and severe sarcopenia were grouped

together and classified as “sarcopenia.”
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Fracture risk

The 10-year risks of major osteoporotic fracture (MOF) and
hip fracture (HF) were estimated using the FRAX® Brazil tool
and expressed as percentages'>. FRAX® estimates fracture prob-
ability based on clinical risk factors, with or without BMD.
For descriptive comparisons, FRAX® estimates were catego-
rized according to their distribution in the sample into three
quantile-based groups, labeled Q1, Q2, and Q3. For MOF,
the categories were Q1 (£0.40%), Q2 (>0.40% to <1.00%),
and Q3 (>1.00%). For HE the categories were Q1 (0.00%),
Q2 (>0.00% to <0.20%), and Q3 (>0.20%).

Statistical analysis

The analyses were performed using Statistical Package for the
Social Sciences version 22. Normality was assessed using the
Kolmogorov-Smirnov test. Descriptive statistics were applied,
and Pearson’s chi-square or Fisher’s exact tests were used to
examine associations, while analysis of variance (ANOVA)
was employed for multiple comparisons. The correlation
between sarcopenia components and FRAX® scores was eval-
uated using Spearman’s coefficient (). A significance level of
p<0.05 was adopted.

Ethical considerations

The study was approved by the Research Ethics Committee of
UFGD under approval numbers 5.919.928; 6.559.968; and
7.684.435. All participants signed the informed consent form.

RESULTS

A total of 105 participants (81 outpatients and 24 inpatients)
were evaluated after the exclusion of 12 individuals based on
clinical criteria and 14 refusals. The sample had a mean age of
44.6x13.6 years, with a slight predominance of males (51.4%).
Sociodemographic characteristics and their association with
fracture risk are detailed in Table 1. Age was significantly asso-
ciated with both MOF and HF FRAX® estimates (p<0.001 for
both), with participants in Q3 being older.

Regarding clinical characteristics (Table 2), the mean BMI
was 24.1916.20 kg/m? and was associated only with HF FRAX®
estimates (p=0.011), which participants in Q3 showed lower
BMI values.

TDF was used by 75.2% of the participants. The predom-
inant ART regimen was a triple therapy consisting of two
nucleos(t)ide reverse transcriptase inhibitors and one integrase
inhibitor (66.7%).

The distribution of participants according to sarcopenia
status was 78.1% non-sarcopenic, 15.2% probable sarcopenia,
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Table 1. Sociodemographic variables and their relationship with fracture risk (Dourados, MS, Brazil, 2023—-2024).

Major osteoporotic fracture risk, FRAX® (%) Hip fracture risk, FRAX® (%)

e _ % | o | ar | ad lptale )l o | o2 | 03 p'valuel

Age (years) (MeantSD**) |  446+13.6 | 34.8475 | 41.8£12.2 | 511£13.2 | <0.001 | 35.2478 | 4484115 | 611146 | <0.001

Sex
Male 54 51.4 14 16 24 15 20 19
0.439 0.410
Female 51 48.6 13 10 28 15 13 23
Self-reported race/skin color
Non-white 75 71.4 19 21 35 22 24 29
0.459 0.906
White 30 28.6 8 5 17 8 9 13
Marital status
Married 34 32.4 8 11 15 10 13 11
Single 46 43.8 14 9 23 1B 12 19
0122 0.201
Widowed 7 6.7 = = 7 = 1 6
Separated/divorced 18 1741 ® 6 7 5 7 6
Education level
<4 years 11 10.5 2 3 6 2 4 5
4to 8years 44 41.9 12 4 28 12 10 22
0.050 0.523
8to 11 years 29 27.6 8 12 9 10 11 8
>11 years 21 20.0 ® 7 9 6 8 7

*n: sample size; 7%: percentage; *Q1, 5Q2, and 'Q3: quantile-based FRAX® risk groups according to the sample distribution, expressed as 10-year
fracture probabilities (%); "p: Pearson’s chi-square test was used for categorical variables, and the ANOVA (analysis of variance) test was used for the
numerical variable; **SD: standard deviation; FRAX®: Fracture Risk Assessment Tool. Bold values indicate statistical significance (p<0.05).

Table 2. Clinical variables and their relationship with fracture risk (Dourados, MS, Brazil, 2023-2024).

Major osteoporotic fracture Hip fracture risk,
Variables n* risk, FRAX® (%) FRAX® (%)

Disease status

Asymptomatic 32 30.5 12 6 14 13 8 11
Symptomatic 37 35.2 7 9 21 0.384 8 11 18 0.332
Aids 36 34.3 8 1 17 9 14 13
Opportunistic diseases
Absent 69 65.7 19 19 31 21 22 26
0.418 0.768
Present 36 34.3 8 7 21 9 11 16

Previous chronic diseases

Absent 70 66.7 17 18 35 19 2 29
0.881 0.879

Present 35 33.3 10 8 17 11 11 13

T !l 2

Sloyiess g (i) 24.1946.20 256453 | 247478 | 23.2457 | 0.257 | 26.245.6 | 251470 | 221453 | 0.011

(MeanxSD**)

CD4+11t (cells/mm?e)#H+ (Medsss) 342.5 0.588 0.491

<200 cells/mm? 36 34.3 8 1 17 9 14 13

5200 cells/mm? 69 65.7 19 15 35 21 19 29

*n:sample size; '%: percentage; *Q1, $Q2, and 'Q3: quantile-based FRAX® risk groups according to the sample distribution, expressed as 10-year
fracture probabilities (%); "p: Pearson’s chi-square test was used for categorical variables, and the ANOVA (analysis of variance) test was used for the
numerical variable; **SD: standard deviation; FRAX®: Fracture Risk Assessment Tool; ""'CD4+: CD4+ T-helper lymphocyte count; #+2 missing cases;
$5Med: median. Bold values indicate statistical significance (p<0.05).
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and 6.7% confirmed or severe sarcopenia. Sarcopenia as a cat-
egorical diagnosis was not associated with MOF (p=0.471)
or HF risk estimates (p=0.254). In contrast, when sarcope-
nia-related parameters were analyzed individually, SMMI was
inversely correlated with MOF (p=-0.44; p<0.01) and HF
(p=-0.52; p<0.01), and HGS was also inversely correlated
with MOF (p=-0.21; p=0.029) and HF (p=-0.25; p=0.010).
GS was inversely correlated only with HF risk (p=-0.22;
p=0.025) (Table 3).

DISCUSSION

In this study, sarcopenia as a categorical diagnosis was not
associated with MOF or HF risk FRAX® estimates. In con-
trast, lower SMMI and HGS were correlated with higher
MOF and HF estimates, whereas lower GS was correlated
only with HE. This pattern may reflect the low prevalence
of confirmed/severe sarcopenia and the loss of information
when continuous measures are categorized into a composite
diagnosis. Older age was associated with both outcomes, and
lower BMI with HE.

The lack of an association with sarcopenia in our study
contrasts with evidence from the literature. In one cohort,
individuals with sarcopenia showed a significantly higher risk
of osteoporotic fracture (HR 2.11 [95%CI 1.47-3.04]), with
this risk being even higher among women (HR 2.40 [95%CI
1.51-3.81])*. Supporting this scenario, recent data indicate
that osteosarcopenia—defined as the coexistence of sarco-
penia and osteopenia—(with a global prevalence of 18.5%)
represents a strong risk factor for fractures (HR 2.13), falls,
and mortality'. This divergence in our findings may reflect
the sample size or specific clinical characteristics of the pop-
ulation studied, which presented advanced immunosuppres-
sion (median CD4+ count of 342.5 cells/mm?). The litera-
ture indicates that HIV infection and chronic inflammation

Table 3. Correlation between sarcopenia components and fracture
risk scores among participants (Dourados, MS, Brazil, 2023-2024).

Major fracture risk Hip fracture risk
of sarcopenia

pt -0.21 -0.25
HGS*

pt <0.029 <0.010
Sl pt -0.44 -0.52

pt <0.010 <0.010
o pf 016 -0.22

pt 0.095 <0.025

*HGS: maximum handgrip strength; 'p: Spearman correlation coefficient;
*p:significance level; $SMII: skeletal muscle mass index; 'GS: gait speed.

4

dysregulate the RANKL (receptor activator of nuclear factor
KB ligand)/OPG (osteoprotegerin) pathway, enhancing osteo-
clastic activity and accelerating bone loss®. In addition, the
predominant use of TDF in the sample is a well-known fac-
tor associated with reduced BMD”.

Low BMI was significantly associated with HF risk, sup-
porting evidence that low body weight is an independent
risk factor, reflecting reduced muscle and bone reserves'®.
Although the use of integrase strand transfer inhibitors
(present in the ART regimen of most PLHIV in this sam-
ple) has been associated with weight gain in a systematic
review!’, maintaining an adequate BMI remains a critical
protective factor.

The analysis of sarcopenia components revealed that muscle
strength and muscle mass are relevant indicators. Low HGS
emerged as a risk predictor, aligning with recent studies that
position it as an effective tool for screening bone fragility, inde-
pendent of BMD'. Similarly, GS was correlated with HF risk;
evidence suggests that slow GS may increase fracture risk by up
to 1.8-fold'®, whereas preserved mobility serves as a protective
factor against sarcopenia in PLHIV?.

Early aging, exacerbated by the interaction between HIV,
ART, and comorbidities, accelerates musculoskeletal deterio-
ration®, which justifies the association observed between older
age and fractures.

The main limitations of this study are its cross-sectional
design, modest sample size, and inclusion of participants from
both outpatient and inpatient settings. Although this approach
reflects real-world care, these settings may differ in disease sever-
ity, mobility, nutritional status, and muscle function. Given
the small number of inpatients, stratified analyses by care set-
ting were not performed. Accordingly, the findings should be
interpreted as applying to the overall study population rather
than to each care setting separately.

As strengths, the study demonstrated the relevance of sar-
copenia components in functional assessment for fracture risk.
Moreover, the use of validated tools (EWGSOP2, FRAX®) in
an understudied population supports the implementation of

multidisciplinary screening routines in PLHIV.

CONCLUSION

Although categorical sarcopenia was not associated with FRAX®
estimates, lower HGS and SMMI were correlated with higher
MOF and HF estimates, while lower GS and BMI were cor-
related only with HE Older age was associated with both out-
comes. These findings support the assessment of sarcopenia-re-
lated parameters in PLHIV.
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ORIGINAL ARTICLE

Determining women’s awareness levels of gynecological cancer
and their perceptions of breast cancer fatalism

EsmaNur Ozen' ©®, Fatma Ersin?*

SUMMARY

OBJECTIVE: This study was conducted to determine women’s awareness levels regarding gynecological cancers and their fatalistic perceptions
regarding breast cancer.

METHODS: This was a descriptive study conducted in a Family Health Centre District between October 2023 and August 2024. The study sample
consisted of 333 women. A personal information form, Gynecological Cancer Awareness Scale, and breast cancer fatalism scale were used to collect data.
RESULTS: The mean total score on the Gynecological Cancer Awareness Scale for the women participating in the study was 146.02+21.70, and
the mean total score on the Breast Cancer Fatalism Scale was 7.40+£2.61. Educational status, social security, obtaining information from healthcare
professionals about gynecological cancers, and previous gynecological examination status of the participants explain 18.7% of the variance in the
Gynecological Cancer Awareness Scale total score average. Additionally, age and educational status explain 13.6% of the variance in the Breast
Cancer Fatalism Scale total score average.

CONCLUSION: As aresult, it can be said that women'’s awareness levels about gynecological cancers and their perception of breast cancer fatalism
are above average. Therefore, education should be provided to increase awareness levels of gynecological cancers and reduce perceptions of breast

cancer fatalism.
KEYWORDS: Gynecological. Breast. Cancer. Awareness. Nursing.

INTRODUCTION

Gynecological cancers, defined as malignant diseases of the
female reproductive organs, are one of the leading causes
of morbidity and mortality in women after breast cancer'~.
Gynecological cancers account for 7.24% of all cancer cases®.
It is estimated that nearly one-fifth of all cancers occurring
in women are gynecological cancers®. According to Global
Cancer Statistics 2022, 6.17% of the 240,013 people newly
diagnosed with cancer in our country were diagnosed with
gynecological cancer. Of those diagnosed with gynecolog-
ical cancer, 4.45% died’. Awareness among women of the
factors that may contribute to gynecological cancers, along
with participation in early diagnosis and screening, reduces
the risk of death and illness caused by cancer®. Awareness
levels among women are crucial in preventing gynecolog-
ical cancers’. There are only a limited number of studies
examining women’s awareness levels regarding gynecological
cancers*®, and these studies indicate that women’s aware-

ness levels are not high.

Although there are many factors affecting women’s
awareness, one of the important ones is fatalism. Individuals
with fatalistic beliefs may think that there is no relationship
between cancers and lifestyle and that early diagnosis and
screening programs serve no purpose other than diagnosing
the disease. This mindset may also lead to less use of early
diagnosis services’.

Breast cancer is one of the cancers with a very high inci-
dence in women. The fatalistic attitude toward breast cancer
plays a very important role in the early diagnosis and treat-
ment of breast cancer in women'. Individuals who adopt a
fatalistic approach may oppose early diagnosis and screening
programmes'!. The literature reports that breast cancer fatal-
ism has a negative impact on early diagnosis and screening
behaviours'?. The literature includes studies with low'? and
high levels of breast cancer fatalism perception'.

In conclusion, it is evident that awareness levels and fatal-
istic perceptions play a significant role in the early detection

of cancers observed in women. However, the limited number
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Gynecological cancer and breast cancer fatalism

of studies on awareness levels regarding gynecological cancers
highlights the need for further research in this area. The litera-
ture emphasizes the importance of determining the current sit-
uation in order to increase women’s awareness levels regarding
gynecological cancers. Furthermore, it is thought that wom-
en’s awareness levels regarding gynecological cancers influence
their fatalistic perceptions of breast cancer.

This study was conducted to determine women’s awareness
levels regarding gynecological cancers and their fatalistic per-

ceptions regarding breast cancer.

Research questions
What are women’s levels of gynecological cancer awareness and
breast cancer fatalism perceptions?

What factors influence women’s awareness of gynecological
cancer and their perception of breast cancer fatalism?

METHODS
This descriptive study was conducted in the a Family Health
Centre Region between October 2023 and August 2024.

In calculating the sample size of the research, the sam-
ple calculation method with a known population was used.
The population size was taken as 2,497 women between the
ages of 30-65, affiliated with a family health center; 95%
confidence level (Z=1.96), 5% margin of error (d=0.05), and
expected prevalence value p=0.50 were accepted. The mini-
mum number of samples was found to be 333. Women who
were not diagnosed with gynecological cancer and/or breast
cancer and who had not had a hysterectomy were included in
the study. During the sample selection process, the addresses
of women who met the inclusion criteria were listed first.
The addresses to be visited were then selected randomly using
a table. The women were visited at their homes, the purpose
of the study was explained to them, and they were given data
collection forms. All of the women selected for the sample
agreed to participate in the study.

There were no refusals. The data were collected by the
researcher visiting the women in their homes and conduct-
ing face-to-face interviews lasting 15-20 min. The introduc-
tory information form, Gynecological Cancer Awareness Scale
(GCAS), and Breast Cancer Fatalism Scale (BCFS) were used
to collect the study data.

The Information Form was developed by researchers through
a literature review?®!>16,

Gynecological Cancer Awareness Scale (GCAS) con-
sists of 41 items and was developed by Dal and Ertem to
determine the level of awareness of gynecological cancers
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among women aged 20—65 years'®. The GCAS has four
subscales (Awareness of Early Diagnosis and Information
on Cancers, Awareness of Gynecological Cancer Risks,
Awareness of Prevention of Gynecological Cancers, and
Awareness of Routine Check-ups and Perception of Serious
Illness in Gynecological Cancers). The Cronbach’s alpha
value of the scale is 0.944. The score obtained from the
scale ranges from a minimum of 41 to a maximum of 205.
There is a direct correlation between the scale score and
the level of awareness'®. In our study, the Cronbach’s alpha
value of the GCAS is 0.91.

Breast Cancer Fatalism Scale (BCES) is a 15-item scale
developed by Powe and revised by Mayo et al to 11 ques-
tions'”!8. Its validity and reliability were established in
Turkey by Ersin et al. The scale consists of 11 items, with a
“Yes” response scoring 1 point and a “No” response scoring
0 points, resulting in a total score ranging from a minimum
of 0 to a maximum of 11. Higher scores on the scale indi-
cate greater fatalism'. In our study, the Cronbach’s alpha
value of the scale was 0.87.

Statistical analysis of data: Data analysis was performed using
the SPSS 26.0 software package. The significance level was set at
p<0.05. Descriptive statistics including frequency, percentage,
and mean were used in the analysis of data. Additionally, t-tests
for independent groups, Kruskal-Wallis analysis, Pearson cor-
relation analysis, simple linear regression, and multiple linear
regression analysis were performed. Skewness and kurtosis
coeflicients were considered in assessing the suitability of the
normal distribution. Skewness and kurtosis coefficients were
expected to be in the range of -1 to +1%.

Ethical principles of the research: Permission was obtained
from the Health Directorate (dated 08/12/2023 and numbered
E-49781372-799-231234173) and the a University Clinical
Research Ethics Committee (dated 13.11.2023 and numbered
2023/21/39) to conduct the research. Informed voluntary con-
sent was obtained from the participants. The study was con-
ducted in accordance with the Helsinki Declaration and the

country’s ethical standards.

RESULTS

The study found that 77.2% of women were aged between
30 and 49, 89.8% of women were married, 53.5% of women
were illiterate, 51.4% of women had a poor income, 91% of
women were unemployed, and 71.8% of women had no social
security (Table 1).

About 14.7% of participants stated that they had a gyneco-
logical condition, while 32.4% of participants stated that they
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had not undergone a gynecological examination. The most fre-
quently cited reasons for not having a gynecological examina-
tion were not feeling the need for one (50%), feeling embar-
rassed about having one (44.7%), and fear of the examination
(38.6%). About 74.5% of women stated that they had heard
of gynecological cancers, and 69.5% of women stated that they
had heard about gynecological cancers from healthcare person-
nel. In addition, 4.5% of women stated that there was a history
of gynecological cancer in their family, and 7.2% of women

stated that they knew the symptoms of gynecological cancer.

Table 1. Distribution of women’s sociodemographic characteristics.

a0 | Prnt 0

Age (years)
Aged 30 to 49 257 77.2
50 years old and above 76 22.8
Marital status
Single 34 10.2
Married 299 89.8

Educational status

Illiterate 178 53.5

Literate 61 18.3

Primary school 86 25.8

Secondary school and above 8 2.4
Income level

Poor 171 51.4

Average 154 46.2

Good 8 2.4
Employment status

Yes 30 9.0

No 303 91.0

Social security status
Yes 94 28.2
No 239 71.8

A significant difference was found in the GCAS total score
average among the women participating in the study according
to their educational status (KW=10.079, p=0.018), income sta-
tus (KW=6.966, p=0.031), and social security status (t=3.417,
p=0.001). Furthermore, a significant difference was found in
the mean total BCFES score according to the women’s age (t=-
4.934, p=0.000), educational status (KW=35.857, p=0.000),
income status (KW=7.653, p=0.022), and social security sta-
tus (t=2.686, p=0.007).

The mean total GCAS score for women was 146.02+21.70,
and the mean total BCFS score was 7.40£2.61. GCAS Early
Diagnosis and Information Awareness in Gynecological Cancers
sub-dimension was 15.9242.92, Gynecological Cancer Risks
Awareness sub-dimension was 28.4+4.43, Gynecological Cancers
Prevention Awareness sub-dimension was 15.5143.63, and
Routine Control and Serious Disease Perception in Gynecological
Cancers sub-dimension was 86.85%18.37.

A very weak, negative, statistically significant correlation
was found between participants’ GCAS scores and their BCES
scores (r=-.222, p=0.000) (Table 2).

Educational status, social security, obtaining information
from healthcare professionals about gynecological cancers, and
previous gynecological examination status of the participants
explain 18.7% of the variance in the GCAS total score average.
Additionally, age and educational status explain 13.6% of the
variance in the BCFS total score average (Table 3).

DISCUSSION

The study found that the mean GCAS total score for women was
146.02+21.70. In the literature, GCAS total scores for women
range from 148+25.71 to 160.31422.42'%**?', Considering that
the highest possible average score on the scale is 205, it can be
said that the level of awareness of gynecological cancers among
women in this study is above average. In this study, the mean
total score for gynecological cancer awareness among women

was found to be 7.40%2.61. In one study in the literature,

Table 2. Correlation of mean scores of the Gynecological Cancers Awareness Scale and its subdimensions, and the Breast Cancer Fatalism Scale.

. . . BCFS total score average
Gynecological Cancers Awareness Scale and subdimensions average scores —_

Early diagnosis and information awareness sub-dimension in gynecological cancers -0.265 0.000
Awareness of gynecological cancer risks sub-dimension -0.054 0.335
Awareness of prevention of gynecological cancers sub-scale -0.170 0.002
Routine control and perception of serious illness in gynecological cancers sub-dimension -0.212 0.000
GCAS total average score -0.222 0.000

BCFS: Breast Cancer Fatalism Scale; GCAS: Gynecological Cancer Awareness Scale.
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Table 3. Multiple lineage regression analysis between certain characteristics of women and their awareness of gynecological cancers
and perceptions regarding fatalism in breast cancer.

Dependent Independent variables Standard | Standardized 95%0'
variables P coefficient B
Age 0.833 0.349 0.130 2.384 0.018 0.146 1.521
Breast : Educational status -0.884 0.158 -0.300 -5.611 0.000 -1.194 -0.574
cancer
fatalism Income status -0.232 0.264 -0.047 -0.877 0.381 -0.751 0.288
Social security 0.617 0.317 0.103 1.946 0.053 -0.007 1.241
(R=0.369, R?2=0.136, R? adjusted=0.126, F=12.950; p=0.000, Durbin Watson=1.781)
Educational status 2.805 1.225 0.118 2.290 0.023 0.395 5.214
Income status 2.944 2.074 0.074 1.419 0157 -1.137 7.025
Awareness Social security -6.175 2.478 -0.128 -2.492 0.013 | -11.050 | -1.300
lgevr?;é);logical 2 Obtaining information from
Y healthcare professionals -5.603 2.208 -0.129 -2.538 0.012 -9.947 -1.260
cancers .
about gynecological cancers
Previous gynecological |y, 55 | 5370 -0.308 -6.027 | 0.000 |-18.948 | -9.623
examination status

(R=0.432;R?=0.187; R? adjusted=0.175, F=15.044; p=0.000; Durbin Watson=1.614)

R: correlation coefficient, R% coefficient determinant, f3: standardized coefficient; Cl: confidence interval.

the mean total score for gynecological cancer awareness was
4.69+2.67*' and 6.00£3.51" as stated. In this study, women’s
above-average fatalistic beliefs may be a hindering factor in
implementing health behaviors.

Our study found that women’s educational status affects
the GCAS total score average. Previous studies also support
this finding®?’, and it is noted that awareness of cervical can-
cer increases as the level of education rises?*. Considering
that education is considered important in raising awareness,
this study shows that education explains only a small fraction
of awareness. Our study shows that income status affects the
average GCAS total score, and the literature indicates that
there is a significant relationship between income status and
GCAS scores®. High income levels among women may have
facilitated their access to healthcare services due to their high
awareness of gynecological cancer. Women with social secu-
rity coverage were found to have significantly higher mean
GCAS total scores. The literature supports this finding?.
In this study, having social security may have made it easier
for women to communicate with healthcare personnel and
increased their awareness.

This study shows that women’s age affects the average
total BCFS score. A study has indicated that fatalistic atti-
tudes increase with age®. As women age, their fatalistic beliefs
about breast cancer increase, suggesting that women associ-
ate cancer with age. Our study found that women’s fatalism
regarding breast cancer decreased as their level of education

4

increased, a finding supported by the literature". The fact that
highly educated women had lower levels of fatalism suggests
that they are more aware of breast cancer. This study shows
that women with higher incomes have lower breast cancer
fatalism scores. Given that income status facilitates individ-
uals’ access to healthcare services, this result obtained from
the study is plausible.

According to the regression analysis results, educational
status, social security status, prior gynecological examination,
and receiving information about gynecological cancers from
healthcare personnel explain a low-to-moderate level of vari-
ance in gynecological cancer awareness. It can be said that
age and education level explain the variance in breast cancer
fatalism at a low-to-medium level. The high variance that
the models cannot explain suggests that other factors may
be effective (cultural beliefs, religious attitudes, health liter-
acy, social support, personal experiences, etc.). Considering
that awareness and fatalism are important in the develop-
ment of positive health behaviors, the results obtained from
the study are thought to contribute to the literature and are
the expected results. The models show that social security
is not significant in terms of fatalism regarding breast can-
cer. This suggests that, due to women’s socio-cultural struc-
ture, their sense of privacy is paramount. Furthermore, the
perceived ineffectiveness of social security may stem from
the collinearity with education. The fatalism scale treats
fatalism as a one-dimensional and binary structure for each
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item. This binary approach may have caused the variance

to appear in this way.

CONCLUSION AND
RECOMMENDATIONS

In this study, it can be said that both the level of awareness
of gynecological cancers and the level of fatalism regard-
ing breast cancer were above average. Educational status,
social security status, prior gynecological examination, and
receiving information about gynecological cancers from
healthcare personnel explain 18.7% of the variance in
gynecological cancer awareness. Additionally, age and edu-
cational status explain 13.6% of the variance in the BCFS
total score average.

Health education programs designed to increase wom-
en’s awareness levels and reduce fatalism tendencies should be
planned, implemented, and maintained by nurses in primary
healthcare institutions. Furthermore, studies examining wom-
en’s gynecological cancer awareness and breast cancer fatalism

levels should be planned with a larger sample size.
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Evaluation of serum soluble triggering receptor expressed on
myeloid cells-1 in polycystic ovary syndrome
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SUMMARY

OBJECTIVE: This study aims to investigate the clinical significance of serum soluble triggering receptor expressed on myeloid cells-1 levels in patients
with polycystic ovary syndrome.

METHODS: This case-control study included 40 women with polycystic ovary syndrome and 40 healthy control women. Serum soluble triggering
receptor expressed on myeloid cells-1 and high-sensitive C-reactive protein levels were measured via commercially available enzyme-linked
immunosorbent assay, according to the manufacturer’s instructions.

RESULTS: Soluble triggering receptor expressed on myeloid cells-1 levels were statistically significantly higher in women with polycystic ovary
syndrome than controls (p<0.001). In the logistic regression analysis, an increase in serum soluble triggering receptor expressed on myeloid cells-1
level demonstrated a significant association with polycystic ovary syndrome diagnosis (p=0.011). In the receiver operating characteristic curve analysis,
the areaunder the curve (AUC) for soluble triggering receptor expressed on myeloid cells-1 was found to be 0.800 (p<0.001). Setting the cut-off value
at45.22 pg/mL, soluble triggering receptor expressed on myeloid cells-1 demonstrated a sensitivity of 87.5% and a specificity of 65.0%. In the logistic
regression analysis that incorporated homeostatic model assessment for insulin resistance, anti-mullerian hormone, and soluble triggering receptor
expressed on myeloid cells-1, a 1 pg/mL rise in soluble triggering receptor expressed on myeloid cells-1 was associated with a 1.07-fold increase in
the odds of polycystic ovary syndrome, a 3.10-fold increase in the odds due to a 1-point rise in homeostatic model assessment for insulin resistance,
and a 3.24-fold increase in the odds for every 1 ng/mL rise in anti-mtllerian hormone. The model incorporating anti-mullerian hormone, homeostatic
model assessment for insulin resistance, and soluble triggering receptor expressed on myeloid cells-1 predicted polycystic ovary syndrome with
83.8% accuracy, 20.0% specificity, and 77.5% sensitivity.

CONCLUSION: Soluble triggering receptor expressed on myeloid cells-1 may serve as an indicator of the chronic inflammatory process in polycystic
ovary syndrome and could be a complementary marker rather than a diagnostic marker for polycystic ovary syndrome.

KEYWORDS: Chronic inflammation. Hyperandrogenism. Insulin resistance. Polycystic ovary syndrome. STREM-1.

INTRODUCTION

guidelines for the assessment and management of PCOS?2.

Polycystic ovary syndrome (PCOS) is a common endocrino-
logical disorder with varied prevalence depending on the crite-
ria used'. The typical clinical presentation frequently includes
oligo/amenorrhea, hirsutism, acne, androgenic alopecia, and
obesity®. The phenotypes of PCOS include a variety of find-
ings and symptoms. It has been found that different pheno-
types in PCOS differ in terms of metabolic risks’. In addition
to the Rotterdam criteria, the National Institutes of Health
(NIH) and Androgen Excess-PCOS (AE-PCOS) criteria are
also used for diagnosing PCOS. The Rotterdam criteria are
used more frequently because they are based on the current
recommendations of the 2023 international evidence-based

Infertility, type 2 diabetes mellitus, dyslipidemia, cardiovascular
diseases, cerebrovascular events, and endometrial cancer may
occur in the long term?. Although PCOS was defined in 1935
and its pathogenesis has been investigated by many studies,
its etiopathogenesis remains poorly understood. According to
ethnicity and age, the clinical presentation may vary consid-
erably, making PCOS a highly heterogeneous condition®.
While menstrual irregularities such as oligo/amenorrhea are
hallmark features of PCOS, distinguishing these from physi-
ological anovulation during adolescence remains challenging.
A recent systematic review and meta-analysis by Zuchelo et al.
highlighted the overlap between menstrual patterns in PCOS
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Soluble triggering receptor expressed on myeloid cells-1 evaluation in polycystic ovary syndrome

and hypothalamic—pituitary—ovarian axis immaturity in ado-
lescents, emphasizing the need for careful diagnostic evaluation
beyond menstrual history alone®.

Evidence suggests that androgens contribute to the inflam-
matory milieu in patients with PCOS®. Furthermore, visceral
adipose tissue has been implicated in the chronic inflamma-
tory state observed in patients with PCOS®. In addition, several
inflammatory markers, including chemokines and cytokines,
have been identified in the serum of women with PCOS°.

The triggering receptor expressed on myeloid cells 1 (TREM-
1) is also associated with the inflammatory process’. TREM-1
promotes secretion of interleukin-1f (IL-1B), tumor necrosis
factor-ot (TNF-0t), and monocyte chemotactic protein-1 and
initiates the production of some inflammatory cytokines by
induction of Toll-like receptor and nucleotide-binding oligo-
merization domain (NOD)-like receptor pathways®. The aim
of this study was to investigate the clinical significance of
serum soluble triggering receptor expressed on myeloid cells-1
(STREM-1) levels in patients with PCOS. To the best of our
knowledge, this is the first study to evaluate STREM-1 as an
inflammatory marker in patients with PCOS.

METHODS

This study was designed as a case-control study and was con-
ducted in a tertiary medical centre. The study was performed
in accordance with the ethical principles outlined in the
Helsinki Declaration. The study period was from July 2022 to
January 2023. Atatiirk University Faculty of Medicine Ethics
Committee for Clinical Research approval was obtained with
the number (30.06.2022-6-23). All participants provided writ-
ten informed consent.

Based on a study conducted by Rudnicka et al.?, with a
statistical power of 80% and an alpha of 20%, a total of 37
participants per group was needed for the study. We decided
on 40 individuals in each group, assuming a dropout rate of
10%. The study included women diagnosed with PCOS aged
18 to 30 years. The diagnosis of PCOS was made using the
Rotterdam criteria. Exclusion criteria included the presence
of chronic systemic diseases (such as diabetes mellitus), acute
infections, and use of oral contraceptives and/or insulin sensi-
tizers within the preceding three months. In addition, the use
of medications that affect inflammatory markers (metformin,
NSAIDs, etc.) and endocrine disorders such as Cushing’s syn-
drome, congenital adrenal hyperplasia, and thyroid disease were
also used as exclusion criteria. Their body mass indexes (BMI),
waist-hip ratios (WHR), and Ferriman-Gallwey scores (FGS)
were recorded. Fasting venous blood samples were collected

2

during the early follicular phase, following an overnight fast
of at least 8 h.

Serum samples acquired during the fasting period from
patients with PCOS were obtained within the 2nd-5th day
of menstruation and subsequently preserved at -80°C for
subsequent analysis. Serum sTREM-1 (Elapscience, Catalog
No: E-EL-H1596, USA) and hs-CRP levels were measured
using commercially available enzyme-linked immunosorbent
assay (ELISA) kits, according to the manufacturer’s instruc-
tions. After the possibility of pregnancy was ruled out in the
group of patients with oligo-amenorrhea, blood samples were
collected between the 2nd and 5th days of progesterone-in-
duced menstruation.

Statistical analyses were performed using SPSS Statistics
software, version 22. The Kolmogorov-Smirnov test was used
to assess the normality of continuous variables. Depending
on whether the quantitative data were normally distributed
or not, the Student’s t-test or Mann-Whitney U test was used.
Categorical variables were compared by the chi-square test.
To evaluate the associations between numerical data, either the
Pearson or Spearman Rho test was employed. The impact of
STREM-1 levels and covariates on PCOS diagnosis was assessed
using multivariate binary logistic regression. To avoid multicol-
linearity, several variables that were significant in the univariate
analysis were deliberately excluded from the final model because
they were closely related to the covariates that were retained.
Specifically, fasting insulin was excluded because it is a com-
ponent of HOMA-IR, while waist—hip ratio and testosterone
were excluded because they closely reflect the metabolic and
androgenic status that is already captured by HOMA-IR and
AMH. Receiver operating characteristic (ROC) curve analy-
sis was performed to evaluate the predictive performance of
STREM-1 levels for PCOS diagnosis. Statistical significance
was defined as p<0.05.

RESULTS

Table 1 presents the demographic characteristics, biochemical
values, and sSTREM-1 levels of the study participants. The two
groups did not differ significantly with respect to BMI or age.
Statistically significant differences were observed in waist-to-hip
ratio (WHR) and FGS between the groups (p<0.05). sTREM-1
levels were significantly higher in women with PCOS than in
controls (p<0.001). Additionally, total testosterone, free tes-
tosterone, thyroid-stimulating hormone (TSH), anti-mullerian
hormone (AMH), and hsCRP levels were found to be statis-
tically significant between the two groups (p<0.05) (Table 1).
Analysis of the relationships among independent variables
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revealed a significant positive correlation between sTREM-1
and hsCRP (r=0.471, p<0.001) and AMH (r=0.274, p=0.014),
although the latter reflects only a weak association. Additionally,
a statistically significant correlation was found between AMH
and hsCRP (r=0.251, p=0.024) and Ferriman-Gallwey score
(FGS) (r=0.344, p=0.010) (Table 2).

ROC curve analysis demonstrated AUC values of 0.800 for
STREM-1 and 0.785 for AMH (Figure 1). Setting the cut-off
value at 2.81 ng/mL, AMH demonstrated sensitivity of 77.5%,
specificity of 70.0%, and accuracy of 73.75%. For sTREM-1,
at the cut-off value determined as 45.22 pg/mL, specificity was
detected to be 65.0%, sensitivity 87.5%, and accuracy 76.25%.

In the logistic regression analysis that incorporated
HOMA-IR, AMH, and sTREM-1, a 1 pg/mL rise in sTREM-1
was associated with a 1.07-fold increase in the odds of PCOS, a

3.10-fold increase in the odds due to a 1-point rise in HOMA-IR,
and a 3.24-fold increase in the odds for every 1 ng/mL rise
in AMH. The model incorporating AMH, HOMA-IR, and
STREM-1 predicted PCOS with 83.8% accuracy, 90.0% spec-
ificity, and 77.5% sensitivity.

DISCUSSION

This study is the first to demonstrate an association between
sTREM-1 levels and PCOS. The fact that sSTREM-1 shows a
moderate positive correlation with hsCRP supports the hypoth-
esis that STREM-1 may serve as a marker of chronic low-grade
inflammation, which plays a role in the pathogenesis of PCOS.
Notably, the PCOS group exhibited significantly higher lev-
els of sSTREM-1 and AMH. Furthermore, sSTREM-1, AMH,

Table 1. Clinical and laboratory characteristics of the women with or without polycystic ovary syndrome.

T s 0 Cotrl 040

Age (years) 20.5(20.5-23) 22 (20-23) 0.100u
BMI (kg/m?) 22.2 (20.1-26.6) 21.2(19.6-23.3) 0.132u
WHR 0.797+0.072 0.757+0.068 0.014*
FGS 1(9.75-19.3) 0(0-5) <0.001pu
HOMA-IR 213(1.67-3.1) 1.48 (115-2.0) <0.001n
AMH (ng/mL) 3.66 (2.88-4.19) 2.5(1.96-3.08) <0.001n
FSH (mIU/mL) 5.57£1.31 5.64£1.42 0.817*
LH (mIU/mL) 6.46 (4.04-9.31) 5.61 (4.66-5.99) 0.130u
Estradiol (pg/mL) 40.2 (31.2-56.0) 40.7 (38.7-51.4) 0.301u
Prolactin (ng/mL) 14.2(9.04-19.1) 12.6(9.73-15.1) 0.229u
TSH (mIU/L) 2.39(1.89-3.14) 1.92 (1.49-2.43) 0.015n
fT, (ng/mL) 115(1.02-1.22) 1.08 (0.96-1.16) 0.050u
DHEA-S (ug/dL) 230 (174-275) 199 (166-231) 0.138u
Total testosterone (ng/dL) 31.9 (25.1-53.7) 24.0 (20.0-28.8) <0.001u
Free testosterone (ng/dL) 219(1.84-2.72) 1.83 (1.57-2.06) 0.004u
Fasting glucose (mg/dL) 87.5(83-91) 86 (81.5-90.5) 0.424u
Fasting insulin (mIU/mL) 9.66 (7.51-14.8) 6.94 (5.56-9.5) 0.001n
TC (mg/dL) 172 (157-186) 166 (147-179) 0.353u
LDL-C (mg/dL) 101 (86.5-115) 91.5 (85.5-104) 0.184u
HDL-C (mg/dL) 52.8£10.8 556.1+£10.3 0.340*
TG (mg/dL) 82 (70.8-109) 87 (63.8-107) 0.736u
hsCRP (mg/L) 2.25+0.887 1.81+£0.663 0.013*
STREM-1 (pg/mL) 61.4121.3 38.2+20.3 <0.001*

Data are presented as median (25th-75th percentiles) and meantstandard deviation. The Mann-Whitney U (1) and Student’s t-tests (*) were used.
BMI: body mass index; WHR: waist-hip ratio; FGS: Ferriman-Gallwey score; HOMA-IR: homeostatic model assessment for insulin resistance; AMH:
anti-mullerian hormone; FSH: follicle-stimulating hormone; LH: luteinizing hormone; TSH: thyroid-stimulating hormone; fT,: free thyroxine; DHEA-S:
dehydroepiandrosterone sulfate; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TG:
triglyceride; hsCRP: high-sensitive C-reactive protein; sSTREM-1:soluble form of triggering receptor expressed on myeloid cells; PCOS: polycystic ovary
syndrome. Bold values indicate statistical significance (p<0.05).
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and HOMA-IR were identified as factors significantly associ-
ated with PCOS.

The relationship between AMH, IR, and inflammation plays
a significant role in the pathophysiology of PCOS. IR and the
resulting hyperinsulinemia are considered key drivers of PCOS
pathophysiology, contributing to hyperandrogenism and repro-
ductive dysfunction'®. Unlike other target organs, such as the
liver and skeletal muscle, the ovaries maintain insulin sensitivity
through the phosphatidylinositol 3-kinase-independent insulin
signaling pathway'!. Insulin-induced increased androgen syn-
thesis by theca cells increases the number of pre-antral follicles,
which causes a rise in AMH, disrupting follicular maturation.
Elevated AMH, in conjunction with insulin resistance, has
been demonstrated to suppress the conversion of androgens to

estrogen in granulosa cells by inducing aromatase suppression.

Table 2. The relationships between independent variables.

Tumor necrosis factor alpha (TNF-at) can cause insulin resis-
tance by inhibiting insulin receptor tyrosine kinase in target
organs'?. There are studies suggesting that TREM1 may regu-
late the release of proinflammatory cytokines such as TNF-o
and IL-8%. The relationship between hyperandrogenism, insu-
lin resistance (IR), and chronic low-grade inflammation in
PCOS is well-established. In this study, significant differences
were observed between the two groups in the clinical and bio-
chemical findings of hyperandrogenism, HOMA-IR values,
and inflammation markers. However, no correlation was found
among these parameters. The potential causes of this phenom-
enon may include the heterogeneous nature of PCOS and the
limited sample size of the study. Alternatively, sSTREM-1 may
reflect a systemic inflammatory state that is partly indepen-
dent of the metabolic and androgenic features of PCOS, or

STREM-1 FGS el hsCRP
testosterone

Correlation coefficient 0.1483 =
HOMA-IR
p-value 0.206 =
Correlation coefficient 0122 0.130 =
WHR
p-value 0.281 0.250 =
- Correlation coefficient 0.289 0.420 0.180 -
p-value 0.009 <0.001 0.109 =
Total Correlation coefficient 0.147 0.027 0.215 0.350 -
testosterone p-value 0.194 0.814 0.055 0.001 =
- Correlation coefficient 0.373 0.021 0.183 0.159 0.313 -
s
p-value <0.001 0.856 0.104 0.160 0.005 =
AMH Correlation coefficient 0.274 0.135 0.084 0.186 0.199 0.251
p-value 0.014 0.233 0.458 0.099 0.077 0.024

Correlation analyses of independent variables were performed using Spearman’s Rho tests. sSTREM-1: soluble form of triggering receptor expressed
on myeloid cells; HOMA-IR: homeostatic model assessment for insulin resistance; WHR: waist-hip ratio; FGS: Ferriman-Gallwey score; hsCRP: high-

sensitive C-reactive protein; AMH: anti-mdallerian hormone. Bold values indicate statistical significance (p<0.05).
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Figure 1. Receiver operating characteristiccurve analysis of soluble triggering receptor expressed on myeloid cells-1 and anti-mdllerian hormone.
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it may be influenced by unmeasured factors such as adiposity,
dietary habits, and physical activity, which were not assessed
in the present study.

Diagnosing PCOS during adolescence is challenging because
oligo-amenorrhea is frequently observed during this period, as
the hypothalamic—pituitary axis has not yet fully matured. There
is currently no consensus on this issue. In their meta-analysis,
Zuchelo et al. found that adolescents with PCOS had a higher
BMI compared to adolescents with oligo-amenorrhea and that
amenorrhea is a significant finding for PCOS*. The results of
our study support the notion that sSTREM could be a candidate
marker for use as a complementary marker in suspected cases.

Inflammation is a normal immunological response to injury
or infection; however, when persistent, it may cause tissue dam-
age and contribute to the development of chronic conditions
such as PCOS. Recent evidence suggests that PCOS may be
related to chronic low-grade inflammation'. Inflammation is
a diverse biological response that is activated in response to cel-
lular injury and is involved in many physiological processes.
The chronic inflammatory state observed in PCOS may have
implications beyond metabolic and reproductive dysfunction.
Baracat et al. demonstrated that hormonal and metabolic factors
influence progesterone action on the endometrium in women
with PCOS, potentially contributing to the endometrial dys-
function and increased cancer risk associated with this condi-
tion®. While our study focused on sSTREM-1 as a marker of
systemic inflammation, future research should explore whether
elevated STREM-1 levels correlate with endometrial inflam-
matory markers and whether this contributes to the endome-
trial abnormalities observed in PCOS. One of the theories is
that the ovaries of women with PCOS are subject to chronic
low-level oxidative stress, which can trigger an inflammatory
response'®. Oxidative stress is thought to result from factors
such as insulin resistance and elevated androgen levels, which
are commonly observed in women with PCOS'S.

Elevated hs-CRP concentrations have been associated with
increased cardiovascular risk, which is of particular concern in
women with PCOS, who are already at elevated risk for car-
diovascular disease’. Several studies have investigated the role
of hs-CRP in PCOS™. These studies have found that women
with PCOS have higher levels of hs-CRP than controls'®.
Furthermore, research suggests that inflammatory markers may
not be raised in women with non-obese PCOSY. These discrep-
ancies may be attributed to differences in study design, patient
populations, and other methodological factors.

AMH is a member of the transforming growth factor beta
family, which has been used to assess ovarian reserve until recent
years. However, its diagnostic performance, particularly in PCOS,

5

has now begun to be included in guidelines®>. When women
with ovulatory cycles are compared to women with PCOS, it
has been found that women with PCOS have higher AMH lev-
els. Barghi et al.? discovered in their meta-analysis that AMH
levels are elevated in women with PCOS and diminish with
advancing age and increasing BMI. In the study, we used two
groups matched for age and BMI to isolate the effects of these
factors on AMH. The results of our study align with existing
literature on the subject, which has demonstrated that AMH
levels are elevated in individuals diagnosed with PCOS.

sTREM-1, a biomarker of inflammation, plays a crucial role
in triggering the innate immune response. This cell surface mol-
ecule is expressed by both neutrophils and monocytes, which are
actively involved in fueling the propagation of the inflammatory
response’’. TREM-1 levels are influenced by both infectious and
inflammatory diseases®'?. Evidence indicates that sSTREM-1
promotes the generation of pro-inflammatory cytokines, includ-
ing TNF-0*2 Ferat-Osorio et al. noted that sSTREM-1 reflects
an inflammartory state rather than an infectious one?. TREM-1
expression was shown to be greater in diabetes-obese individ-
uals compared to non-diabetic obese patients, implying a link
between insulin resistance and TREM-1%. Notably, sSTREM-1
represents a promising therapeutic target for pharmacological
intervention®. In this study, sSTREM-1 levels were found to be
significantly higher in women with PCOS. Notably, this dif-
ference persisted despite the PCOS and control groups being
matched for BMI, suggesting that the elevation in sSTREM-1
reflects an intrinsic PCOS-related inflammatory component
rather than merely an effect of adiposity.

Although insulin resistance is not a diagnostic criterion
for PCOS, it is frequently observed even in lean women with
PCOS. Lim et al. conducted a meta-analysis that revealed the
detrimental effect of obesity on metabolic and reproductive
outcomes in women with PCOS?. Guo et al. found that the
clinical and biochemical signs of PCOS have been altered with
age?®. According to that study, symptoms of hyperandrogenism
predominate at younger ages, while metabolic symptoms become
more prominent with advancing age®.

There are some limitations of this study. Because this study
is a case-control study, a cause-and-effect relationship could not
be established. Additional limitations include the small sample
size, the inability to stratify participants according to PCOS
subgroups, and the use of a single blood sample per participant.
In addition, factors such as excess weight, physical activity, and
dietary habits, which we did not assess in this study, represent
a significant limitation. Different PCOS phenotypes exhibit
varying degrees of metabolic dysfunction and inflammatory
profiles. Soares-Jr et al. demonstrated that PCOS phenotypes
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influence the development of metabolic syndrome over a six-
year follow-up, with phenotype A (hyperandrogenism+oligo/
amenorrhea+polycystic ovary morphology) showing the highest
metabolic risk’®. The small sample size may have limited statisti-
cal power to detect modest correlations between sSTREM-1 and
metabolic parameters such as HOMA-IR or clinical markers of
hyperandrogenism (FGS); these null findings should therefore
be interpreted with caution and do not preclude a true asso-
ciation. On the other hand, this study is the first to examine
the relationship between PCOS and sTREM-1.

In conclusion, sSTREM-1 appears to be associated with
the chronic inflammatory process in PCOS and may con-
tribute to our understanding of the role of inflammation in
its pathogenesis. STREM-1 may serve as an indicator of the
chronic inflammatory process in PCOS and could be a com-
plementary marker rather than a diagnostic marker for PCOS.
Given the heterogeneous nature of PCOS, these findings
need to be validated by studies conducted in larger, well-de-
fined cohorts that include both lean and obese women from
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Artificial intelligence-driven triage in emergency departments:
a comparative study of machine learning approaches

Ayse Sule Akan™ ©, Sefa Kucuk? @, Sule Yakar® ©, Mahmut Tutam* @, Hatice Esen? ©, ibrahim Toker?

SUMMARY

OBJECTIVE: In emergency departments, accurate and timely triage plays a critical role in prioritizing patient care. Traditional triage often suffers
from subjectivity and inconsistency, especially under time pressure and overcrowded conditions. The aim of this study was to evaluate the predictive
potential of multiple supervised machine learning models for three-class emergency department triage classification and compare their performance
using routinely available triage variables.

METHODS: We conducted a comparative analysis of eight supervised machine learning models using a retrospective dataset comprising 510 patient
records fromthe emergency department triage. The dataset included demographic features, vital signs, and chief complaints. A 10-fold cross-validation
strategy was employed to evaluate performance in a three-class triage outcome scenario based on urgency levels using accuracy, precision, recall,
and F1-score.

RESULTS: Among the evaluated models, logistic regression, random forest, support vector machine, and majority voting achieved the highest predictive
performance, with overall accuracies exceeding 89%. The confusion matrix analysis revealed that low-urgency cases were consistently classified with
the highest accuracy across all models, while misclassifications occurred primarily between high-urgency and medium-urgency cases.
CONCLUSION: The results show that machine learning models appear well-suited to support the emergency departments triage decision-making
process. Integrating such models into emergency departments workflows can improve patient prioritization, streamline clinical operations, and
ultimately contribute to better quality of care.

KEYWORDS: Emergency departments. Machine learning. Triage.

INTRODUCTION process, which enables the prioritization of patients based on
The recent global pandemic, coupled with an aging popula- the severity and urgency of their medical needs.

tion, has led to a significant increase in demand for emergency Most widely adopted emergency department triage sys-
medical assistance worldwide. In 2021, member countries of tems use five-level classification models. The most recognized
the Organization for Economic Cooperation and Development are the Emergency Severity Index (ESI), Manchester Triage

(OECD) with available data reported an average of 27 emergency System (MTS), Canadian Triage and Acuity Scale (CTAS), and
department (ED) visits per 100 people annually'. Examples Australian Triage Scale (ATS), which form the basis of many
include Canada with 36.6 visits, England with 43.1, Australia global triage models. While most systems follow five levels,
with 34.2, and the United States of America with 43 visits China uses a four-level system, the Chinese Emergency Triage
per 100 people®. In Tiirkiye, the rate is significantly elevated, Scale (CETS), whereas Tiirkiye uses a three-level, color-coded
approximately 5.56 times the average of OECD countries’. system called the Tiirkiye Triage System (T'TS), established
When demand exceeds the capacity of EDs, several challenges by a directive of the Turkish Ministry of Health in 2009°.

in patient care can emerge. These include prolonged waiting TTS classifies patients into three levels: Red, Yellow, and Green,
times for medical evaluation, insufficient physical infrastruc- with Red and Yellow further divided into two subcategories®.
ture, overburdened healthcare personnel, and delays in both Red represents the most critical cases: Subcategory 1 requires
treatment initiation and patient discharge®. In response to these immediate intervention for life-threatening conditions (e.g.,
challenges, emergency care in EDs typically begins with a triage cardiac arrest, major trauma), while Subcategory 2 includes
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Artificial intelligence-driven triage in emergency departments

high-risk cases needing treatment within 10 min (e.g., severe
chest pain, acute neurological symptoms). Yellow covers seri-
ous but less urgent conditions: Subcategory 1 involves risk of
limb loss or significant morbidity (e.g., severe hypertension,
moderate bleeding), and Subcategory 2 includes prolonged
yet non-critical issues such as minor trauma or gastrointestinal
complaints. Green refers to stable patients with mild symptoms
suitable for outpatient management.

Effective triage implementation ensures appropriate
patient prioritization while optimizing ED resource alloca-
tion’. Reliable triage systems should be based on validated
scoring methods®; however, variations in data collection, cul-
tural context, and individual or environmental factors may
introduce assessment errors’. Integrating artificial intelligence
(AI) can mitigate these issues by enhancing the precision,
consistency, and overall effectiveness of traditional triage sys-
tems'?. Machine learning (ML) identifies actionable patterns
within complex datasets through computational algorithms.
For instance, a Gradient Boosted Decision Tree model imple-
mented with the CatBoost library was developed to support
ED triage officers in identifying potentially life-threatening
mis-triage cases based on CETS!!. This approach significantly
reduced mis-triage among critically ill patients and outper-
formed logistic regression (LR).

Several ML models, Support Vector Machine (SVM),
k-Nearest Neighbors (KNN), Decision Tree (DT), and Random
Forest (RF), were evaluated for triage in the TTS'?, with RF
achieving the best performance. Beyond outcome prediction,
an XGBoost model was developed to recommend critical
clinical interventions, improving timely decision-making®.
An XGBoost-based model optimized with Hyperopt replicated
clinicians’ decisions, reducing over-triage and under-triage
while improving efficiency'®. Another study compared mul-
tiple ML algorithms for predicting discharge, hospitaliza-
tion, ICU admission, and mortality, using oversampling and
genetic algorithms for optimization; RF emerged as the top
model®”. Additionally, six ML models integrating structured
and unstructured triage data via NLP were evaluated against
clinicians’ predictions, accurately forecasting ICU admission,
mortality, and hospitalization, demonstrating their value in
patient prioritization'®.

This study aims to compare the performance of several
supervised ML algorithms for three-class ED triage prediction
within the Turkish triage system using routinely available tri-
age variables. By evaluating these models on a retrospective,
single-center dataset, we seek to assess their predictive perfor-
mance and identify methodological considerations for future
externally validated triage decision-support studies.

2

METHODS

Dataset

This study used anonymized patient data collected from the ED
of Kayseri City Hospital. Ethical approval for data collection
was obtained from the Non-Interventional Clinical Research
Ethics Committee. The data includes structured triage informa-
tion for adult patients (aged 18 and above), including demo-
graphic characteristics (e.g., age, gender), vital signs, and clin-
ical complaints. Only patients with complete triage data and
approved urgency classifications were included in the analy-
sis. The dataset comprises 510 patients equally represented in
three triage categories: red, yellow, and green. The features were
selected based on their routine availability during ED triage
and relevance to urgency classification. The dataset includes
structured information on patient demographics, vital signs,
and chief complaints recorded at triage. Demographic vari-
ables comprise age and gender. Vital signs include systolic and
diastolic blood pressure, heart rate, respiratory rate, body tem-
perature, and oxygen saturation. Chief complaints represent
the primary condition reported at admission, with a total of
58 distinct complaints recorded in the dataset.

Data preparation

We applied several preprocessing steps to the dataset to ensure
machine readability and consistency. Initially, categorical values
such as gender and urgency labels were encoded into numer-
ical representations using label encoding, allowing for direct
processing by algorithms. To ensure comparability between
variables, the six vital sign features were normalized between 0
and 1. The preprocessed data was exported in the attribute-re-
lationship file format, which allows for seamless integration
with the WEKA ML environment.

Machine learning approaches

This study applied a supervised ML approach to train eight
models on the ED triage dataset: BayesNet, DT, KNN, LR,
Multilayer Perceptron (MLP), RE, SVM, and Majority Voting
(MV). We employed model evaluation using WEKA. Given the
relatively small size of the dataset, extensive hyperparameter search
was avoided; instead, limited tuning was performed for the main
tunable classifiers using WEKA’'s CVParameterSelection within
the 10-fold cross-validation framework. BayesNet was kept with
the standard WEKA configuration, and MV was reconstructed
using optimized base classifiers. Table 1 summarizes the tun-
ing strategy. Model performances were evaluated using accu-
racy, precision, recall, F1-score, specificity, and AUROC, and
95%Cl for accuracy were calculated using the Wilson method.
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Implementation details

We performed data analysis and visualization in Python and
classification experiments in WEKA due to its robust collec-
tion of ML algorithms and filters. Specifically, we applied
the Partition Membership filter to transform the data into a
propositionalized representation, as in'’. This filter partitions
the instance space using a partition generator based on DT
models such as J48, RE or REPTree and encodes membership
values as new attributes. The resulting transformed instances
are combined with the original class labels to form a sparse
representation suitable for classification. This transformation
allows traditional classifiers to be used on the data while pre-
serving the essential structural information obtained from the

partitioning process.

RESULTS

In this section, we first explore the correlations between the
features to understand their mutual relationships and then
present the comparative performance of the ML models on
the triage classification task.

Figure 1 presents the feature correlation matrix for the vital
signs and TTS class. A positive correlation exists between dia-
stolic and systolic blood pressure (r=0.69), aligning with phys-
iological expectations. Heart rate shows a moderate positive
correlation with respiratory rate (r=0.40), while oxygen satu-
ration shows a moderate negative correlation with respiratory
rate (r=-0.48). Correlations between individual vital signs and
TTS class are generally weak to moderate, with the highest
association observed for oxygen saturation (r=0.36), followed
by respiratory rate (r=-0.20). The positive association between
oxygen saturation and TTS suggests that higher saturation val-
ues are linked to less urgent triage categories, whereas the neg-

ative association of respiratory rate with TTS indicates higher

respiratory rates in more urgent cases. Overall, no single vital
sign strongly predicts triage class independently.

We evaluated the performance of several ML algorithms to
classify patients into urgency levels. All models were evaluated
using a 10-fold cross-validation strategy to obtain an internal
estimate of predictive performance. In each iteration, nine folds
were used for training, and the remaining fold was used for
testing. This process was repeated until each fold served once
as the test set, and the final performance scores were averaged
across all folds.

The results in Table 2 show that LR and RF yield the highest
overall classification performance in most metrics. LR achieves
the highest accuracy (0.902; 95%CI 0.873-0.925), precision
(0.902), and specificity (0.951), while RF closely follows and
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Figure 1. Correlation matrix of the features and Tiirkiye Triage
System class.

Table 1. Hyperparameters used for the machine learning models.

BayesNet Not tuned Standard configuration Default

DT Confidence factor 0.1-0.5 0.1

KNN Number of neighbors 1-15 1

LR Ridge parameter 1.0E-8-1.0E-4 1.0E-8
MLP Learning rate 0.1-0.5 01

RF Number of trees 50-300 50

SVM Complexity parameter 01-10 2.575

MV Not independently tuned Optimized base classifiers Majority voting

DT: Decision Tree; KNN: k-Nearest Neighbors; LR: logistic regression; MLP: Multilayer Perceptron; RF: Random Forest; SVM: Support Vector Machine;

MV: Majority Voting.
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achieves the highest AUROC. KNN, SVM, and MV also
demonstrate competitive performance, with accuracy values
close to 0.89. However, overlapping CI indicates small numeri-
cal differences among the best-performing models. In contrast,
BayesNet underperforms across all metrics, with an accuracy
of only 0.578 and an F1-score of 0.539, suggesting limited
discriminative capacity on this dataset.

Figure 2 presents the confusion matrices, offering a detailed
view of class-wise performance and highlighting prediction
trends across urgency levels. LR, RE SVM, and the MV ensem-
ble demonstrate the most consistent and accurate results, with
high true positive rates across all three TTS classes. In contrast,
BayesNet performs substantially worse, frequently misclassi-
fying TTS-2 and TTS-3, indicating limited ability to capture

Table 2. Classification metrics comparison.

class overlap. DT and KNN show moderate performance. DT
achieves reasonable accuracy, particularly for TTS-3, but often
misclassifies TTS-1 as TTS-2, while KNN occasionally con-
fuses TTS-1 and TTS-2, suggesting insufficient separation in
local feature neighborhoods. MLP maintains a good balance
across classes, though minor confusion between TTS-1 and
TTS-2 persists, likely due to overlapping feature distributions.

The dataset is class-balanced, with 170 instances per urgency
level. Among all classifiers, TTS-3 is the most accurately detected
class: LR, RE, SVM, and MV correctly classify 162 of 170
TTS-3 cases. In contrast, TTS-2 is the most challenging class,
with BayesNet misclassifying nearly half of its instances, often
as TTS-3. Performance on TTS-1 is generally stable, though
DT and MLP occasionally confuse it with TTS-2.

Methods Accuracy (95%Cl) mmm Specificity AUROC

BayesNet 0.578(0.5635-0.621) 0.621 0.578 0.539 0.789 0.786
DT 0.845(0.811-0.874) 0.845 0.845 0.845 0.923 0.909
KNN 0.894 (0.864-0.918) 0.895 0.894 0.894 0.947 0.935
LR 0.902 (0.873-0.925) 0.902 0.902 0.902 0.951 0.931
MLP 0.880 (0.849-0.906) 0.880 0.880 0.880 0.940 0.935
RF 0.898 (0.869-0.921) 0.898 0.898 0.897 0.949 0.945
SVM 0.890 (0.860-0.914) 0.890 0.890 0.890 0.945 0.929
MV 0.892(0.862-0.916) 0.892 0.892 0.892 0.946 0.919

DT:Decision Tree; KNN: k-Nearest Neighbors; LR: logistic regression; MLP: Multilayer Perceptron; RF: Random Forest; SVM: Support Vector Machine;
MV: Majority Voting; AUROC: area under the receiver operating characteristic curve.

Figure 2. Confusion matrices obtained from a 10-fold cross-validation.
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DISCUSSION AND CONCLUSION

This study evaluated several ML algorithms for three-class
ED triage prediction using a balanced single-center dataset.
LR achieved the highest numerical accuracy, while RF showed
the highest AUROC. However, overlapping Wilson Cls indi-
cate that differences among the best-performing models should
be interpreted with caution. Additionally, correlation analysis
showed that routinely measured vital signs, particularly oxygen
saturation, contained relevant information for T'TS classifica-
tion; however, no single variable could independently explain
triage severity. These findings suggest that machine learning—
based models can support triage decision-making processes
but should be considered as complementary tools rather than
replacements for clinical judgment.

Several limitations must be considered. The relatively
small sample size, single-center retrospective design, and lack
of external validation may restrict generalizability. While the
study aimed to compare ML algorithms within a controlled
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and balanced dataset, further validation using larger, prospec-
tive, and multi-institutional cohorts is necessary to confirm
robustness, fairness, and clinical applicability in real-world

emergency care.
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Association between triglyceride-glucose and fibrosis-4 indices
and nephrolithiasis: a cross-sectional case-control study

Sezin Dogan Cakir'™ ©, Mustafa Erkoc¢? @, Mine Adas’

SUMMARY

OBJECTIVE: Fibrosis-4 (a liver fibrosis index) and triglyceride-glucose (an insulin resistance surrogate) indices may be markers associated with
kidney stone risk. The aim of this study was to evaluate the association between triglyceride-glucose and fibrosis-4 indices and the presence of
nephrolithiasis in adults.

METHODS: This retrospective cross-sectional case-control study included 918 adults (785 with nephrolithiasis, 133 controls) evaluated between
January 2016 and December 2023. Controls were consecutive patients from the same urology outpatient population who underwent abdominal
imaging for non-stone-related urological indications, with no radiological evidence of nephrolithiasis. Triglyceride-glucose and fibrosis-4 indices were
calculated using standard formulas. The triglyceride-glucose index was standardized (per 1 SD=0.23 units) prior to multivariable logistic regression
including age, sex, and fibrosis-4.

RESULTS: Triglyceride-glucose was significantly higher in stone formers (4.87+0.21 vs. 4.6440.20; p<0.001). In multivariable analysis, triglyceride-
glucose independently predicted nephrolithiasis (adjusted OR per 1 SD=3.52; 95%Cl 2.48-5.00; p<0.001); male sex was also independently associated.
Fibrosis-4 was not independently associated (p=0.809). Triglyceride-glucose area under the curve was 0.779 (95%CI1 0.729-0.827), consistent
across both sexes (interaction p=0.135).

CONCLUSION: Each 1 SD increase in triglyceride-glucose was associated with a 3.5-fold increase in odds of nephrolithiasis, independent of age,
sex, and fibrosis-4. Fibrosis-4 showed no independent utility. Prospective studies are needed to confirm these findings.

KEYWORDS: Nephrolithiasis. Insulin resistance. Triglycerides. Blood glucose. Biomarkers.

INTRODUCTION

Nephrolithiasis affects 10-15% of adults worldwide and poses
a growing clinical and economic burden’. Increasing evidence
supports the concept of kidney stone disease as a systemic met-
abolic condition rather than an isolated urological disorder?.
Metabolic syndrome and its components, particularly insulin
resistance and diabetes, have been consistently associated with
nephrolithiasis in population-based studies and meta-analyses,
reinforcing a systemic metabolic basis for stone formation®’.
Metabolic dysfunction-associated steatotic liver disease
(MASLD) has similarly emerged as a major global health con-
cern, currently affecting more than one-third of adults, with
prevalence projected to exceed 55% by 2040°. Meta-analyses
have confirmed an association between MASLD and neph-
rolithiasis, suggesting a shared metabolic and inflammatory
pathophysiology linking hepatic and renal manifestations of

insulin resistance”?®.

The triglyceride—glucose (TyG) index, derived from fasting
triglyceride and glucose levels, is a validated surrogate marker
of insulin resistance and has been associated with nephrolithi-
asis”!’. The fibrosis-4 (FIB-4) index, calculated using age, ami-
notransferases, and platelet count, is a first-line noninvasive tool
for assessing liver fibrosis in MASLD and reflects cumulative
metabolic burden'!. Data evaluating FIB-4 in stone formers
remain limited. This study aimed to assess the association
between TyG and FIB-4 indices and nephrolithiasis in adults.

METHODS

Study design and population

This retrospective cross-sectional case—control study was conducted
at Prof. Dr. Cemil Tagcioglu City Hospital. Adults (218 years) who
underwent abdominal imaging in the urology department between
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Triglyceride—glucose and fibrosis-4 indices in nephrolithiasis

January 2016 and December 2023 were screened. All consecutive
eligible patients meeting the inclusion criteria were included. Patients
with radiologically confirmed nephrolithiasis constituted the stone
group. Controls were selected from the same source population and
consisted of consecutive patients who underwent abdominal ultra-
sonography and/or computed tomography for non-stone-related
urological indications, including microscopic hematuria, non-spe-
cific flank pain, lower urinary tract symptoms, simple renal cysts,
varicocele, or hydrocele, with no imaging evidence of nephrolithiasis.

Participants with complete metabolic laboratory and imaging
data were included. Exclusion criteria applied to both groups
were chronic viral or autoimmune liver disease, diabetes mellitus,
pregnancy, malignancy, chronic kidney disease, active infection
(including urinary tract infection, pyelonephritis, and prostati-
tis), clinically significant urinary obstruction, and incomplete
records. Given the retrospective nature of the study and the
use of de-identified patient data, the ethics committee granted
a waiver of individual informed consent, in accordance with
institutional policy and the Declaration of Helsinki. The study
was approved by the local ethics committee (Approval date:
20.11.2023; Approval number: 273).

Data collection

Demographic characteristics, comorbidities, and fasting labora-
tory parameters (triglycerides, glucose, aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT), and platelet count)
were obtained from electronic medical records. Abdominal
imaging included non-contrast computed tomography and/or
ultrasonography. The presence of hepatic steatosis was recorded

based on standard radiologic criteria.

Index calculations
FIB-4=(AgexAST) / [Platelet countxVALT]'. TyGs=In [fasting
triglycerides (mg/dL)xfasting glucose (mg/dL)/2]°.

Statistical analysis

Continuous variables were expressed as meantSD, and cat-

egorical variables as frequencies and percentages. Normality

Table 1. Baseline demographic and clinical characteristics.

was assessed using the Kolmogorov-Smirnov test. Triglycerides
and FIB-4 were non-normally distributed and were compared
using the Mann-Whitney U test; other variables were compared
using independent samples t-tests. Categorical variables were
compared using chi-square tests. Multivariable logistic regres-
sion was performed using the enter method with age, sex, TyG
index, and FIB-4 index entered simultaneously. The TyG index
was standardized (z-score: [TyG-mean]/SD) prior to analysis
to yield odds ratios per 1 SD. Sex-stratified analyses and a sex-
xTyG interaction term were tested. Receiver operating char-
acteristic (ROC) curve analysis evaluated discriminative per-
formance of TyG; area under the curve (AUC) was calculated
with 95%ClIs (bootstrap, 2000 iterations). Statistical signifi-
cance was p<0.05 (two-tailed). SPSS version 25.0 (IBM Corp.,
Armonk, NY, USA) was used.

RESULTS

Baseline characteristics

A total of 918 individuals were included (785 stone formers,
133 controls). Age did not differ significantly between groups
(45.77£11.55 vs. 44.29%9.88 years; p=0.161). Male sex was
more prevalent among stone formers (69.6 vs. 37.6%; p<0.001).

Comorbidities were comparable (Table 1).

Laboratory parameters and metabolic indices

The TyG index was significantly higher in the nephrolithiasis
group (4.8710.21 vs. 4.64+0.20; p<0.001), driven by markedly
higher fasting triglyceride levels (189.16+70.11 vs. 127.31+47.02
mg/dL; p<0.001). Fasting glucose did not differ significantly
(p=0.101). The FIB-4 index was modestly elevated in stone
formers (0.8310.38 vs. 0.77£0.27; p=0.040); however, both
values are well within the low-risk range for advanced hepatic
fibrosis (<1.45), and this difference did not survive Bonferroni
correction (adjusted threshold ~0.006 for eight comparisons).
Aminotransferases and platelet counts were similar between

groups (Table 2).

Age (years) 45.77+11.55 44.2949.88 0.161
Male sex, n (%) 546 (69.6%) 50 (37.6%) <0.001
Hypertension, n (%) 13.1% 13.2% 0.946
Cardiovascular disease, n (%) 1.4% 0.0% 0.553
Inflammatory/rheumatologic disease, n (%) 0.4% 0.0% 0.763
Continuous variables: meantSD; categorical: n (%).
2

Rev Assoc Med Bras. 2026;72(9):220260298



Cakir SD et al.

Multivariable analysis

The TyG index was standardized prior to analysis (mean=4.826,
SD=0.227; the observed group difference of 0.226 units cor-
responds to 1.00 SD). In multivariable logistic regression,
TyG was the only independent predictor of nephrolithiasis
(adjusted OR per 1 SD=3.52; 95%CI 2.48-5.00; p<0.001).
Male sex was also independently associated (OR 11.42; 95%CI
5.67-23.01; p<0.001). Age (OR 0.999; p=0.963) and FIB-4
(OR 0.885; p=0.809) were not independently associated. The
model achieved 83.3% overall accuracy (Nagelkerke pseu-
do-R?=0.511; Table 3).

Receiver operating characteristic analysis

ROC analysis (Figure 1) demonstrated moderate discrim-
inatory ability of the TyG index (AUC=0.779; 95%CI
0.729-0.827; p<0.001). The FIB-4 index showed no mean-
ingful discriminatory ability (AUC=0.545; 95%CI 0.479—
0.606; p=0.167). A TyG cutoff of 4.69 yielded 79.5% sen-
sitivity and 61.2% specificity, with a positive predictive
value of 89.8% and a negative predictive value of 40.9%.
The high positive predictive value reflects the high prev-
alence of nephrolithiasis in this clinical sample (~85.5%)
and may not generalize to lower-prevalence populations,
whereas the low negative predictive value indicates limited

rule-out performance.

Table 2. Laboratory parameters and metabolic indices by group.

Sex-stratified analysis

Sex-stratified analysis demonstrated that the association between
TyG and nephrolithiasis remained significant in both males
(OR 5.14; 95%CI 2.27-11.66; p<0.001; AUC=0.880) and
females (OR 3.09; 95%CI 2.09—4.56; p<0.001; AUC=0.761).

ROC Curve

Source of the
Curve
= Fibd_index
— TyG_index

Reference Line
0.8

e
T

Sensitivity

=
kS
1

0.2

0.0 0.2 04 05 0.8 1.9
1 - Specificity

Diagonal segments are produced by ties.

Figure 1. Receiver operating characteristic curve of the triglyceride—
glucose and fibrosis-4 index for predicting nephrolithiasis. The
area under the curve was 0.779 for triglyceride—glucose (p<0.001),
while the area under the curve was 0.545 for fibrosis-4 (p=0.375).

Fasting glucose (mg/dL) 96.2+39.4 90.6+7.7 0.101
Triglycerides (mg/dL) 189.16£70.11 127.31£47.02 <0.001
TyG index 4.870.21 4.64%0.20 <0.001
AST (U/L) 19.846.3 19.2+4.8 0.311
ALT (U/L) 20.749.3 19.616.5 0118
Platelet count (x10%/L) 261.11454.21 258.77+£45.08 0.593
FIB-4 index 0.83+0.38 0.77+0.27 0.0401

1tp=0.040 for FIB-4 does not survive Bonferroni correction (adjusted threshold =0.006). Triglycerides and FIB-4: Mann-Whitney U test; others:
independent samples t-test. TyG: triglyceride—glucose; FIB-4: fibrosis-4; AST: aspartate aminotransferase; ALT: alanine aminotransferase.

Table 3. Multivariable logistic regression for nephrolithiasis.

TyG index (per 1 SD) 3.52 2.48-5.00 <0.001
Sex (male vs. female) 11.42 5.67-23.01 <0.001
Age (per year) 0.999 0.967-1.033 0.963
FIB-4 index 0.885 0.328-2.383 0.809

Enter method; TyG standardized (per 1 SD=0.23 units). Overall accuracy: 83.3%; Nagelkerke pseudo-R?=0.511.0R: odds ratio; Cl: confidence interval;
TyG: triglyceride—glucose; SD: standard deviation; FIB-4: fibrosis-4.

3

Rev Assoc Med Bras. 2026;72(9):e20260298



Triglyceride—glucose and fibrosis-4 indices in nephrolithiasis

The sexxTyG interaction term was not statistically significant
(OR 1.95; 95%CI 0.81-4.68; p=0.135), indicating no signif-
icant effect modification by sex.

DISCUSSION

This cross-sectional study demonstrates that both TyG and FIB-4
indices are elevated in individuals with nephrolithiasis, support-
ing the concept of kidney stone disease as a manifestation of sys-
temic metabolic dysfunction. The TyG index showed a stronger
cross-sectional association and superior discriminative performance.

The association between elevated TyG and nephrolithiasis
is consistent with previous large population-based studies'®*>!%.
Each 1 SD increase in TyG (0.23 units, approximately the
observed group difference) was independently associated with
a 3.5-fold increase in the odds of nephrolithiasis. This stan-
dardized estimate is more clinically interpretable than raw-unit
odds ratios and is consistent with the graded risk relationships
reported in NHANES-based and Chinese population-based
case—control studies'®'?. Our TyG cutoff of 4.69 aligns with
the range reported in prior studies (approximately 4.5-5.0).

The TyG-nephrolithiasis association was consistent across
both sexes (male OR 5.14, AUC=0.880; female OR 3.09,
AUC=0.761) with no significant sex interaction (p=0.135),
in keeping with NHANES-based findings'. The somewhat
higher OR in males may reflect the small male control group
(n=14) and should be interpreted cautiously. The marked male
predominance among stone formers (69.6 vs. 37.6%) is con-
sistent with established epidemiology®.

Mechanistically, insulin resistance provides a plausible bio-
logical link. Impaired renal ammoniagenesis and reduced urinary
citrate excretion lead to lower urinary pH, promoting calcium
oxalate and uric acid crystallization'?. Insulin resistance is also
associated with tubular inflammation, oxidative stress, and altered
electrolyte handling, which may further facilitate lithogenesis'®.

The modest elevation of FIB-4 among stone formers aligns
with emerging evidence linking MASLD and nephrolithiasis'”'%.
Meta-analyses have confirmed a significant association between
MASLD and kidney stone disease, while imaging-based inves-
tigations have demonstrated increased hepatic steatosis preva-
lence among nephrolithiasis patients, supporting shared meta-
bolic pathways'. However, the FIB-4 difference (0.83 vs. 0.77)
is clinically negligible—both values are within the low-risk range
(<1.45)—the difference did not survive Bonferroni correction, and
FIB-4 was not independently associated (OR 0.885; p=0.809).
Its AUC of 0.545 indicates no meaningful discriminatory abil-
ity beyond chance, suggesting that hepatic fibrotic burden is
not an independent driver of nephrolithiasis in this population.

4

Notably, aminotransferases did not differ significantly
between groups, highlighting the value of composite indices
such as FIB-4 in detecting subclinical metabolic alterations, even
when individual components are unremarkable. This study pro-
vides real-world clinical data regarding the association of insulin
resistance-based and fibrosis-based indices with nephrolithiasis.

Several limitations should be acknowledged. The cross-sec-
tional design precludes causal inference. The unequal case-to-
control ratio (~6:1) reflects the clinical setting of a tertiary
referral urology center and may inflate sex-specific OR esti-
mates and affect PPV/NPV generalizability; residual selection
bias cannot be excluded. Dietary factors, urinary biochemistry,
stone composition, and stone location were not systematically
available. BMI was available only in the stone group (n=209;
mean 28.6914.21 kg/m?) and absent in controls. Although
hepatic steatosis was recorded descriptively from available
imaging reports, these data were incomplete across the study
population and therefore were not incorporated into multi-
variable analyses. Medication use and family history of stones
were not recorded. Advanced imaging for liver fibrosis valida-
tion also was not performed.

Future prospective studies should evaluate whether TyG
predicts incident stone formation and recurrence, and whether

insulin resistance-targeted interventions reduce stone risk.

CONCLUSION

In this cross-sectional case—control study, each 1 SD increase
in TyG index was independently associated with a 3.5-fold
increase in the odds of nephrolithiasis (adjusted OR 3.52;
95%CI 2.48-5.00; p<0.001), with moderate discriminatory
ability (AUC=0.779). This association was consistent across
both sexes with no significant sex interaction. FIB-4 did not
demonstrate independent association or meaningful discrim-
inatory ability. Prospective longitudinal studies are needed to
determine whether TyG predicts incident nephrolithiasis and
to clarify its potential clinical applicability.
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Postural imbalance in patients with rheumatoid arthritis:
a cross-sectional study

Ana Luisa Trevisan' @, Bruna Furukawa'’
Thelma Larocca Skare'

, Clara Mayumi Mikami' @, Naira Alessandra Hurmus' ©,
, Renato Nisihara'™ ®, Barbara Stadler Kahlow’

SUMMARY

OBJECTIVE: The aim of this study was to evaluate postural balance in patients with rheumatoid arthritis and identify factors associated with balance impairment.
METHODS: This cross-sectional case-control study included 101 patients with rheumatoid arthritis and 94 healthy controls recruited at a single
tertiary referral center between March 2024 and April 2025. Epidemiological and clinical data, including disease activity, current treatments, and the
number of falls during the previous year, were obtained through medical record review and direct patient interviews. Balance was assessed using the
Berg Balance Scale, and handgrip strength was measured with a Jamar® dynamometer.

RESULTS: Patients with rheumatoid arthritis had significantly lower Berg Balance Scale scores (p<0.0001) and a markedly higher likelihood of
experiencing falls than controls (OR 6.2; 95%Cl 1.48-28.2). In univariate analysis, age (p<0.0001), handgrip strength (p=0.002), hypertension (p=0.02),
tobacco exposure (p=0.0008), antimalarial use (p=0.02), and methotrexate use (p=0.007) were significantly associated with Berg Balance Scale
scores. However, after multivariable adjustment, only antimalarial use (B=-2.75;95%ClI -5.12 to -0.38; p=0.02), handgrip strength (3=0.09; 95%CI
0.01-0.17; p=0.01), and tobacco exposure (B=-1.90; 95%Cl -3.20 to -0.62; p=0.004) remained independently associated with balance performance.
CONCLUSION: Postural imbalance appears to be animportant and potentially modifiable feature of rheumatoid arthritis. Routine balance assessment,
together with interventions targeting muscle strength and smoking cessation, may help reduce fall risk and improve functional outcomes. Further

studies are needed to clarify the relationship between antimalarial use and balance impairment.

KEYWORDS: Rheumatoid arthritis. Postural balance. Accidental falls.

INTRODUCTION

Postural imbalance is a clinically relevant but still underex-
plored manifestation of rheumatoid arthritis (RA). Balance, a
sophisticated neuromuscular function, refers to the body’s abil-
ity to control its center of gravity with minimal postural sway
and maximum stability within the base of support'. Impaired
postural control leads to increased postural sway, which, even
in healthy individuals, is associated with a higher risk of falls?.
In patients with RA, balance may be impaired by multiple
mechanisms, including reduced joint proprioception secondary
to foot deformities and lower-limb arthritis, muscle weakness,
limited joint mobility, and, in some cases, central nervous sys-
tem involvement'. Consequently, individuals with RA have a
higher risk of falls than healthy individuals'. This elevated fall
risk is further exacerbated by factors such as the use of antide-
pressants, impaired vision, and antihypertensive medications'.
The concern surrounding falls in RA patients is amplified by
their frequently compromised bone health and an increased

propensity for fractures, largely attributable to reduced bone
mass and the high prevalence of osteoporosis within this pop-
ulation®. In RA, bone loss is associated with the underlying
inflammatory process, characterized by elevated levels of TNF-
alpha, IL-6, and IL-1, which promote osteoclast activation and
bone resorption. Moreover, the widespread use of glucocorti-
coids in RA management, although effective for controlling
inflammation, is another significant risk factor for the develop-
ment of secondary osteoporosis. Despite major advances in RA
treatment, particularly the widespread use of disease-modifying
antirtheumatic drugs (DMARDs) and efforts to minimize glu-
cocorticoid exposure, fracture risk remains substantial. A pro-
spective observational study conducted in Japan demonstrated
an increase in both vertebral and non-vertebral fractures among
patients with RA between 2011 and 2023

A meta-analysis including 34 studies and 24,123 partici-
pants reported a pooled prevalence of 34% (95%CI 29-38%)
for at least one fall and 16% (95%CI 12-20%) for recurrent
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Postural imbalance in patients with rheumatoid arthritis

falls among adults with RA®. In another study involving 4,996
individuals with RA, 10.1% reported experiencing at least one
fall, 2.2% reported multiple falls, and 19.2% expressed a fear
of falling within the previous 6 months®. Notably, those who
reported falls were significantly more likely to have sustained
fractures during the same period compared to non-fallers
(14.7 versus 1.1%)".

Given this background and the scarcity of data on pos-
tural balance among Brazilian patients with RA, we evaluated
postural balance and fall risk in a cohort of individuals with
RA. Additionally, we aimed to examine potential associations
with age, disease duration, disease activity, muscle strength,
and comorbid conditions. Generating local data is particularly
important because genetic background, environmental factors,
and disparities in access to healthcare may influence disease
severity, functional outcomes, and fall risk in patients with RA.

METHODS

This is a cross-sectional case—control study with a convenience
sample of RA patients from a single Rheumatology Center
that cares for patients from the Public Health Service in Brazil.
Patients were recruited from March 2024 to April 2025. The proj-
ect was approved by the Institutional Committee of Ethics in
Research under protocol number 6.759.253, and included
patients were invited to participate according to appointment
order. To be included, the patients should fulfill at least 6
points in the American College of Rheumatology/European
League Against Rheumatism (ACR/EULAR) Classification
criteria for RA’, be over 18 years of age, and provide written
informed consent. Individuals with neurological disorders, low-
er-limb orthopedic conditions, or amputations were excluded.
Participants were consecutively recruited according to the order
of their scheduled outpatient consultations, provided they met
the predefined inclusion and exclusion criteria and expressed
willingness to participate in the study. Companions accompa-
nying the patients were invited to serve as controls and were

matched to the study group by sex and age.

Data collection included
Epidemiological and clinical data: age, sex, self-declared ethnic
background, tobacco use, disease duration, presence of rheu-
matoid factor, current medications, comorbidities, and the
number of falls in the previous year. Information was obtained
through medical chart review and direct patient interviews.
Disease activity assessment: Disease activity was evaluated
using the DAS28-ESR (Disease Activity Score using 28 joints
and erythrocyte sedimentation rate), CDAI (Clinical Disease

2

Activity Index), and SDAI (Simplified Disease Activity Index)®.
The DAS28-ESR incorporates the number of tender and swol-
len joints (out of 28), the ESR value, and the patient’s general
health status or global disease activity assessed via a 100 mm
visual analog scale (VAS). The CDAI is based on the 28-joint
tender and swollen counts, the patient’s global assessment of dis-
ease activity (010 scale), and the evaluator’s global assessment
(010 scale). The SDAI includes the same parameters as the
CDALI, with the addition of the C-reactive protein (CRP) level®.

Functional balance evaluation: The Berg Balance Scale
(BBS) was a validated instrument used to assess patients’ static
and dynamic balance across 14 tasks. Each item is scored on a
scale from 0 to 4, yielding a maximum total score of 56 points’.
Scores below 45 suggest increased risk of falling, with scores
under 40 being associated with an almost certain risk of falls'>!.

Handgrip strength measurement: Handgrip strength
was assessed using a Jamar® dynamometer, with participants
seated and elbows flexed at 90 degrees. In total, three measure-
ments were taken, and the highest value was used for analysis.
Measurements were performed on the dominant hand.

Statistical analysis: Data were organized in frequency and
contingency tables. The Shapiro-Wilk test was applied to deter-
mine the distribution of continuous variables. Comparisons of
BBS scores across clinical, epidemiological, and therapeutic
subgroups were performed using the Mann-Whitney U test.
Correlations between BBS and numerical variables were eval-
uated using Spearman’s rank correlation coefficient. A p-value
of <0.05 was considered statistically significant. Variables that
demonstrated an association with BBS at a significance level
of p<0.1 were subsequently entered into a multivariate anal-
ysis to assess their independence. All statistical computations
were carried out using MedCalc® version 10.0.

RESULTS

A total of 101 patients with RA and 94 healthy controls were
included in the study. None were excluded. Table 1 summa-
rizes the epidemiological characteristics of patients and controls,
the clinical characteristics of the RA group, and the results of
the BBS and handgrip strength assessments. Compared with
controls, patients with RA had significantly lower BBS scores,
reported more falls, and exhibited lower handgrip strength.

Table 2 presents the correlations between BBS scores and
continuous variables. Age showed a moderate negative correla-
tion with BBS scores, whereas handgrip strength demonstrated
a modest positive correlation.

Table 3 presents the distribution of BBS scores according
to categorical variables. Lower BBS scores were significantly
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associated with tobacco exposure, antimalarial use, methotrex-
ate use, and hypertension.

Table 4 shows the results of the study variables” indepen-
dency. A model of multiple regression was built with BBS val-
ues as the dependent variable and entered all variables that are
associated with BBS with p<0.10. Only antimalarial use, hand-
grip, and tobacco exposure remained as independent variables.

Table 4 presents the results of the multivariable regression
analysis. A multiple linear regression model was constructed
using the BBS score as the dependent variable, with all variables

showing an association with the BBS score at p<0.10 entered

Table 1. Sample description and controls data pairing.

into the model. After adjustment, only antimalarial use, hand-
grip strength, and tobacco exposure remained independently

associated with BBS scores.

DISCUSSION

This study found that Brazilian individuals with RA had poorer
postural balance and experienced more falls than healthy controls.
In this cohort, postural imbalance was independently associated
with reduced handgrip strength—a surrogate marker of over-

all muscle function—antimalarial use, and tobacco exposure.

Number (n) 101

Female sex—n (%) 90 (89.1) 76 (80.8) 0.11
Age-years—median (IQR) 58 (52-65) 55 (47-5) 0.10
Tobacco exposure (*) 41 (40.5) 15(15.9) 0.0001
BBS values—median (IQR) 55 (563-56) 56 (56-56) 0.0001
BBS<45 (n) 6 (5.9%) 0 0.02
At least one fall last year (n) 12 (11.8%) 2 (2.1%) 0.01
Hand grip strength values—median (IQR) 18.0(12.5-21.0) 22.0(18.0-30.0) <0.0001

Positive rheumatoid factor—n (%)

70/93 (75.2)

Disease duration—years—median (IQR)

12.0(8.0-17.0)

Treatment—n (%)

Antimalarials

9)

7 (6.
Methotrexate 5(34.6)
Leflunomide 46 (45.5)
Anti-TNF 9(18.8)
Anti-IL-6 4(3.9)
Rituximab 4(3.9)
IJAK 2(21.7)
Prednisone 30(29.7)

Inflammatory indexes—median (IQR)

DAS 28 ESR

2.8(2.22-3.58)

CDAI 4.0 (0-10.0)

SDAI 4.1(0.74-10.7)

ESR—mm 32.0(21.0-45.0)

CRP—mg/dL 12.0(8.0-18.5)
Comorbidities—n (%)

Arterial hypertension 49 (48.5)

Diabetes mellitus 10(9.9)

n:number;|QR:interquartile range; BBS: Berg Balance Scale; TNF:tumor necrosis factor; iJAK:Janus kinase inhibitors, ESR: erythrocyte sedimentation
rate; CRP: C-reactive protein; DAS-28: disease activity score using 28 joints; CDAI: clinical disease activity index; SDAI: simplified disease activity

index. *Current and former smokers.
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Table 2. Correlation studies of Berg Balance Scale with numerical
variables.

Hand grip values 0.29 010to 0.47 0.002
Age -0.41 -0.56 t0 -0.22 <0.0001
DAS 28 ESR -0.06 -0.26t00.14 0.55
CDAI -0.06 -0.26t00.14 0.53
SDAI -0.09 -0.30t0 012 0.40
ESR -0.12 -0.31t00.08 0.22
C-reactive protein 0.05 -0.141t00.25 0.57
Disease duration -0.17 -0.36t0 0.02 0.07

DAS-28 ESR: disease activity score using 28 joints and ESR; ESR:
erythrocyte sedimentation rate; CDAI: clinical disease activity index;
SDAIl: simplified disease activity index.

Handgrip strength is widely recognized as a simple and
cost-effective tool for assessing global muscle strength, over-
all health status, and physical activity levels'2. It has been
extensively used as a predictor of sarcopenia'?. Recent evi-
dence emphasizes that weakness in the lower extremities
constitutes a critical risk factor for falls, highlighting the
importance of lower-limb muscle strength and quality in
maintaining postural control and preventing imbalance.
Notably, the primary hip abductors—the gluteus maximus,
medius, and minimus—play an essential role in effective
recovery of postural stability'.

According to Torii et al.', sarcopenia affects approximately
one-third of patients with RA, compared to 10% in the general
population. Unlike primary sarcopenia, typically seen in the

Table 3. Study of the Berg Balance Scale according to nominal variables.

Variable Median BBS values in patients Median BBS values in patients _value
with the variable without the variable P

Female sex 55.0 (52.7-56.0) 56.0 (563.0-56.0) 0.0
Tobacco exposure 54.0 (52.0-56.0) 55.0 (54.0-56.0) 0.008
Rheumatoid factor 55.0 (52.7-56.0) 54.0 (51.5-55.0) 0.35
Medications used (*)
Antimalarials 53.0 (47.0-54.0) 55.0 (53.0-56.0) 0.02
Methotrexate 56.0 (54.0-56.0) 54.0 (52.0-56.0) 0.0007
Leflunomide 55.0 (52.0-56.0) 55.0 (53.0-56.0) 0.90
Anti-TNF 55.0 (54.0-56.0) 55.0 (52.0-56.0) 0.48
Jak inhibitors 55.0 (52.7-56.0) 55.0 (53.0-56.0) 0.61
Prednisone 55.0 (52.7-56.0) 55.0 (53.0-56.0) 0.52
Antidepressants/anxiolytics 54.0 (52.0-56.0) 55.0 (563.0-56.0) 0.06
Comorbidities
Arterial hypertension 54.0 (52.0-56.0) 56.0 (563.2-56.0) 0.02
Diabetes 54.0 (49.5-55.0) 55.0 (53.0-56.0) 013

(*) - anti-1L-6 and rituximab use not studied due to small sample. BBS: Berg Balance Scale; TNF: tumor necrosis factor.

Table 4. Univariate and multivariable linear regression analyses of factors associated with Berg Balance Scale scores in patients with

rheumatoid arthritis.

Univariate analysis 3 (95%Cl) _ Multivariable analysis 8 (95%Cl)

-0.086 (-0.149 to -0.022) 0.009 -0.023 (-0.090 to 0.045) 0.506
Handgrlp strength 0.124 (0.045 t0 0.202) 0.002 0.094 (0.018t0 0.171) 0.016
Disease duration -0.075 (-0.140t0 -0.011) 0.023 -0.046 (-0.110t0 0.018) 0.154
Antimalarial use -2.512(-5.008 to -0.016) 0.049 -2.754(-5.121 t0 -0.387) 0.023
Methotrexate use 2.019(0.721 t0 3.316) 0.003 0.799 (-0.527 to 2.125) 0.235
Tobacco exposure -1.748 (-3.018 t0 -0.478) 0.008 -1.916 (-3.208 to -0.624) 0.004

Dependentvariable: Berg Balance Scale (BBS) score. B: regression coefficient; Cl: confidence interval; CNS: central nervous system. Variables entered into
the multivariable model were sex, age, disease duration, hypertension, handgrip strength, methotrexate use, antimalarial use, tobacco exposure,and use
of antidepressants/anxiolytics. The multivariable model included all variables selected a priori based on clinical relevance and/or univariate analysis.
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elderly, RA-related sarcopenia may occur in younger adults and
is characterized by loss of skeletal muscle mass with preserved
or increased fat mass®, differing from the generalized weight
loss of cachexia or heart failure'®. Its pathogenesis involves
immune dysregulation, hormonal imbalance, and chronic
cytokine-mediated inflammation (TNF-a,, IL-1, IL-6, IFN-
v), which promote proteolysis and impaired muscle regenera-
tion'. Despite therapeutic advances in inflammation control
and joint protection, interventions targeting muscle recovery
remain limited. No pharmacological therapy has been approved
for sarcopenia; however, resistance training shows strong evi-
dence for improving muscle strength and mass'®.

In this study, antimalarial use was also associated with postural
imbalance. Although rarely emphasized, ototoxicity is a recog-
nized adverse effect of these drugs. Chloroquine-induced oto-
toxicity tends to appear acutely, whereas hydroxychloroquine-re-
lated effects emerge with prolonged use'. According to Muller
etal., the inner ear’s melanocytes, crucial for cochleovestibular
function, may undergo structural and functional damage, and
melanin loss can lead to reactive oxygen species accumulation,
which is toxic to cochlear hair cells®. Clinical consequences
include sensorineural hearing loss, tinnitus, and imbalance?..
The association observed in the present study between pos-
tural imbalance and antimalarial use requires confirmation in
larger, independent cohorts. Furthermore, investigations that
consider cumulative drug exposure may provide additional
insights into this relationship. Unlike systemic lupus erythema-
tosus, in which antimalarials are a cornerstone of therapy, RA
can usually be managed with several alternative disease-mod-
ifying agents. Accordingly, this issue warrants further investi-
gation and clarification.

Tobacco exposure remained independently associated with
poorer balance performance in this cohort. In a study of 4,224
Japanese men, smokers performed significantly worse on one-
leg balance tests than nonsmokers?. Similarly, forest workers
who smoked showed greater balance impairment?. Nicotine has
deleterious effects on motor, sensory, cognitive, and attentional
functions, weakens postural muscles, reduces inner ear perfu-
sion, and disrupts vestibular function®. Additionally, tobacco
use worsens clinical outcomes in RA, potentially impairing
lower-limb joint function—an essential component of pos-
tural control®. These combined effects suggest that smoking
may influence both systemic and vestibular pathways impli-
cated in postural control, potentially contributing to bal-
ance disturbances and offering a plausible explanation for the
observed association.

In agreement with previous studies, RA patients in our
study experienced significantly more falls than controls (OR

5

6.2). This finding raises clinical concern given that RA is fre-
quently associated with reduced bone mass and increased frac-
ture risk due to both disease-related bone loss and prolonged
glucocorticoid use. Osteoporotic fractures, particularly hip frac-
tures, are a major cause of morbidity and mortality worldwide®.

The present study has several limitations, including a rela-
tively small sample size and the predominance of participants
with low disease activity, which limited a more comprehensive
assessment of the impact of systemic inflammation. In addition,
fall history was based on self-reported data from the preceding
year and may therefore be subject to recall bias. The absence of
a detailed clinical evaluation of lower-limb joint status further
restricted a deeper understanding of the mechanisms underlying
postural imbalance in RA. Despite these constraints, the find-
ings may offer clinically meaningful insights by indicating that
antimalarial use, muscle weakness, and tobacco exposure could
be associated with impaired balance in Brazilian patients with
RA. Although exploratory, these findings highlight the impor-
tance of addressing potentially modifiable risk factors during
routine clinical care. A multidisciplinary approach integrating
optimal inflammatory control, structured resistance exercise,
nutritional optimization, and smoking cessation may help
reduce sarcopenia, improve postural balance, and ultimately
enhance functional outcomes in patients with RA.

CONCLUSION

These findings suggest that postural imbalance is a clinically
relevant feature of RA that may involve factors beyond inflam-
matory disease activity alone. The independent associations
with reduced muscle strength and tobacco exposure suggest
that neuromuscular function and smoking-related factors
may contribute substantially to impaired balance, highlight-
ing opportunities for targeted rehabilitation and preventive
interventions. The association observed with antimalarial use
warrants further investigation to clarify whether it reflects a
true treatment effect, disease-related characteristics, or residual
confounding. Routine assessment of postural balance may help
identify patients at increased risk of falls and support multidis-
ciplinary interventions aimed at preserving mobility, reducing

fall risk, and maintaining functional independence.
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Investigation of the relationship between expression patterns of
plasma microRNAs and pregnancy complications

Nevin Karakus'™ ©, Elif Donmezoglu Kutukcu' @, Sumeyye Yildirim’

SUMMARY

OBJECTIVE: The aim of the study was to determine the association between plasma expression levels of microRNAs (miRNAs; MIR126-3p; and
MIR375-3p) and pregnancy complications.

METHODS: This prospective study included 39 pregnant women who admitted to Obstetrics and Gynecology Polyclinic of Tokat Gaziosmanpasa
University, Faculty of Medicine. 28 of these pregnant women were healthy, while 11 had pregnancy complications (five hypertensive disorders of
pregnancy and six gestational diabetes). Hypertensive disorders include preeclampsia, gestational hypertension, and chronic hypertension. The study
included pregnant women older than 18 years of age with singleton pregnancies and no history of cancer. Quantitative real time-polymerase chain
reaction was used to determine the expression patterns of MIR126-3p and MIR375-3p in maternal plasma. Fold change (224) analysis was used to
examine the microRNA expression patterns.

RESULTS: MIR375-3p expression levels demonstrated a statistically significant difference between two groups. It was significantly lower in women
with pregnancy complications than healthy pregnant women.

CONCLUSION: We found that MIR375-3p might be a useful indicator for non-invasive diagnosis and play a crucial part in predicting pregnancy

complications. Given the limited patient cohort, more research using bigger samples is required to validate our findings.
KEYWORDS: Pregnancy complications. MicroRNAs. Real-time polymerase chain reaction.

INTRODUCTION

The most important problems facing contemporary obstet-
rics are pregnancy complications, which impact at least 15%
of pregnancies globally and include preeclampsia, gestational
diabetes, and premature delivery'. They are linked to long-term
negative outcomes for both the mother and the child, and they
have a significant influence on maternal and fetal death and
morbidity. Nonetheless, it is generally acknowledged that early
detection of women at risk may enhance successful therapies,
therefore lowering the prevalence of these potentially fatal dis-
orders and the expense of newborn care.

MicroRNAs (miRNAs) are small non-coding RNAs that
attach to mRNA, prevent translation, or encourage degra-
dation in order to control gene expression. Since their dis-
covery in 1993, miRNAs have been linked to essential cel-
lular processes, including tissue development, proliferation,
differentiation, apoptosis, and maintenance of homeostasis?.
To prevent destruction, tissue miRNAs are released into the
bloodstream, coupled to certain proteins or high-density lipo-

proteins, or encased in exosomes, microvesicles, or apoptotic

bodies?. We refer to them as circulating miRNAs. These miR-
NAs play roles in vascular health, coagulation control, and
immune tolerance during pregnancy.

The pregnancy complications have been linked to altered
expression levels of circulating miRNAs that could be helpful
in diagnosis and prognosis of these diseases*?. Certain miR-
NAs carried by microvesicles have the ability to alter endothe-
lial cell activity, which can affect vascular health and placental
function®!°. Also, when compared to the normal placenta, the
preeclampsia placenta exhibits abnormal expression of many
miRNAs: some upregulated (MIR210 and MIR141) and some
downregulated (MIR223 and MIR376¢)"''4.

MIR126, a highly conserved miRNA, seems to be one of
the most crucial miRNAs for healthy development. During
pregnancy, MIR126, a well-known regulator of angiogene-
sis and endothelial function, is essential for preserving vas-
cular integrity by limiting leukocyte adherence to the endo-
thelium". There have been reports of both increased and
decreased MIR126 expression in placentas and serums of

preeclampsia patients'®'8. There are also studies that found
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Pregnancy complications and microRNAs

increased expression of MIR375-3p in the plasma of pre-
eclampsia patients .

Because miRNAs in maternal blood are stable, they are per-
fect for non-invasive diagnostic testing in cases of pregnancy
complications. Clinicians can learn more about the placental
health of pregnant women and perhaps enable early interven-
tion by examining their levels and activity*'. The aim of the cur-
rent study was to examine the association between the plasma

expression levels of miRNAs (MIR126-3p and MIR375-3p)

and pregnancy complications.

METHODS

Study samples

The ethical suitability of this study was confirmed by the Non-
Intervention Scientific Research Ethics Committee of Tokat
Gaziosmanpasa University Faculty of Medicine in April 8,
2025 (Registration No: 25-MOBAEK-116) and all the partic-
ipants signed informed consent form for this study. This study
included 39 pregnant women who visited the Obstetrics and
Gynecology Polyclinic of Tokat Gaziosmanpasa University Faculty
of Medicine. 28 of these pregnant women were healthy, while
11 had pregnancy complications (five hypertensive disorders of
pregnancy and six gestational diabetes). Hypertensive disorders
include preeclampsia, gestational hypertension, and chronic
hypertension. After 20 weeks of pregnancy, new-onset hyper-
tension (diastolic blood pressure [DBP] 290 mm Hg/systolic
blood pressure [SBP] 2140 mm Hg) is considered gestational
hypertension. Women were presumed to have chronic hyper-
tension if they had hypertension prior to 20 weeks of pregnancy.
New-onset hypertension (DBP 290 mm Hg/SBP 2140 mm
Hg) with proteinuria or signs of end-organ damage after 20
weeks of pregnancy was considered preeclampsia. Gestational
diabetes was diagnosed using a single-step approach. For this,
a 75-g oral glucose tolerance test was performed in the morn-
ing after at least 8 h of fasting. The presence of at least one
of the following: plasma glucose (fasting) values: 292 mg/dL,
1-h 2180 mg/dL, 2-h 2153 mg/dL was considered sufficient
for a gestational diabetes diagnosis. The inclusion criteria for
all the pregnant women was being older than 18 years of age
with singleton pregnancies and having no history of cancer.
Other inclusion criteria included having a hypertensive dis-
order for the patient group and not having any pregnancy
complications for the control group. Exclusion criteria for all
pregnant women include having intrauterine infection or any
other surgical, medical or other obstetric complaint, a history
of cancer, multiple pregnancy, and being under 18 years of age.
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For this study, a total of 38 samples were detected by using
the G*Power 3.1.9.7 program with 78% power, 5% margin
of error, and an effect size of 0.8.

Sample preparation and the use of real-time
polymerase chain reaction analysis

Five milliliters of maternal blood samples were placed in eth-
ylenediaminetetraacetic acid tubes, which were centrifuged for
10 min at 3,000 rpm. Following centrifugation, the plasma was
transposed to microcentrifuge tubes and kept at -80°C until it was
required. The miRNAs in the plasma samples were extracted by
following the manufacturer’s instructions for the SanPrep Column
microRNA Mini-Preps Kit (Code: SK8811, Biobasic, Canada).
‘The complementary DNA (cDNA) conversion for both miRNAs
was carried out using the miR-cDNA Synthesis kit found in the
single-miRNA quantitative polymerase chain reaction (qPCR)
test kit (Cat No: Q07-01-10, Atlas Biotechnologies, Tiirkiye),
which was present independently for both miRNAs. The expres-
sion patterns of MIR375-3p and MIR126-3p in plasma were next
ascertained by a RT-PCR using the obtained cDNAs and the miR-
qPCR MasterMix that came with the single-miRNA gPCR test
kit (Cat. No.: Q07-01-10, Atlas Biotechnologies, Tiirkiye). For
reverse transcription and RT-PCR, respectively, the miR-cDNA
Synthesis kit and miR-qPCR MasterMix include the following
essential ingredients: RNase inhibitor, reverse transcriptase, anti-
body-mediated hot-start Tag DNA polymerase, miRNA-specific
stem-loop primer, forward and reverse primers, MgCl, nucle-
oside triphosphates (ANTPs), ROX reference dye, SBYR green
dye, stabilizer, and enhancer. An Applied Biosystems 7500 Fast
RT-PCR System (Applied Biosystems, Foster City, CA, USA)
was the device that was used to apply RT-PCR. The comparative
threshold cycle (Ct) method was used to evaluate each miRNA’s
relative expression. The calculations directly used the Ct values
of the target genes and the reference gene (RNUG6-1), which was
used for normalization. Fold change (244%) analysis was applied

to analyze the miRNA expression patterns.

Statistical analysis

The statistical analysis was carried out using IBM Statistical
Package for the Social Sciences Statistical Package version 27.0.
Characteristics of the samples were stated as either the mean
standard deviation (SD) or the number, depending on avail-
ability. To assess the statistical value of circulating miRNAs,
a one-way analysis of variance (ANOVA) test was employed.
Different pregnancy complications and healthy pregnancies were
compared pairwise using Tukey’s test and one-way ANOVA.
Using the boxplot method, the graphs were created. Statistical
significance was defined as a two-tailed p-value of less than 0.05.
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RESULTS

This study was conducted with a total of 39 pregnant women,
including 28 healthy pregnant women and 11 pregnant women
with pregnancy complications. Of the 11 pregnant women
with pregnancy complications, 6 had gestational diabetes, and
5 had hypertensive disorders (Table 1). The age and trimester
distributions of pregnant women with pregnancy complica-
tions and healthy pregnant women were consistent (Table 1).
Furthermore, no difference was seen between the two groups
for parity, gravity, and abortion numbers. However, the SBP
and DBP values differed between the two groups. SBP and
DBP values were significantly elevated in pregnant women
with pregnancy complications compared to healthy pregnant
women as expected (Table 1).

According to statistical analyses, while the expression levels
of MIR126-3p did not differ between healthy pregnant women

and pregnant women with pregnancy complications, the expres-
sion levels of MIR375-3p showed a statistically significant vari-
ation between these two groups (Table 2). The expression level
of MIR375-3p was lower in pregnant women with pregnancy
complications compared to healthy pregnant women. When preg-
nant women with pregnancy complications were separated into
categories based on disease type, such as gestational diabetes
and hypertensive disorders of pregnancy, and compared among
themselves and with healthy pregnant women, no statistically

significant association was observed between expression levels

of both miRNAs and these categories (Table 3).

DISCUSSION

In this study examining the relationship between pregnancy
complications and miRNA expression, a statistically significant

Table 1. The demographical and clinical characteristics of pregnant women with pregnancy complications and healthy pregnant women.

Age, years 30.96+1.347 32.70+£4.165 0.056
Gestational age, weeks 29.18+5.250 31.64+7.041 0.302
Trimester, n (%)
2. Trimester (15-27 weeks) 4 (36.4) 8 (28.6)
3.Trimester (28-33 weeks) 4 (36.4) 6(21.4) 0.411
3. Trimester (34-40 weeks) 3(27.3) 14 (50.0)
Complication, n (%)
Hypertensive disorders of pregnancy 5 (45.5) -
Gestational diabetes 6 (54.5) = —
SBP, mmHg 129.43+18.329 116.44+7.649 0.008
DBP, mmHg 80.429+£10.014 72.7247.525 0.033
Gravida, n 2.89+0.601 3.12+1.705 0.701
Parity, n 1.44£0.527 1.58£1.391 0.784
Abortion, n 0.44+0.726 0.54+0.905 0.780

Mean plus standard deviation values are presented for all the characteristics. BMI: body mass index; DBP: diastolic blood pressure; SBP: systolic

blood pressure. The statistically significant values are represented in bold.

Table 2. Expression levels and p-values of MIR375-3p and MIR126-3p in pregnant women with pregnancy complications and healthy

pregnant women.

Pregnant women with pregnancy 0.56240.210

MIR375-3p complications 0.015
Healthy pregnant women 28 1.5641.321
Pregnant Womeln vv[th pregnancy 1 5 8941 250

MIR126-3p complications 0.403
Healthy pregnant women 28 214+2.829

miRNA: microRNA. The statistically significant values are represented in bold.
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Table 3. Expression levels and p-values of MIR375-3p and MIR126-3p in pregnancies with different complications and healthy pregnancy.

p-value

Expression level
2+

Hypertensive disorders
of pregnancy versus

Hypertensive disorders
of pregnancy versus

Pregnancy diabetes
versus Healthy

Pregnancy diabetes

MIR375-3p
Hypertensive
disorders of ® 0.46%0.205
pregnancy
Gestational
diabetes 6 0.584+0.218
AGEL 28 1.56+1.321
pregnancy

Hypertensive disorders
of pregnancy versus
Pregnancy diabetes

MIR126-3p

0.986

Healthy pregnancy pregnancy

0.136 0.153

Hypertensive disorders
of pregnancy versus
Healthy pregnancy

Pregnancy diabetes
versus Healthy
pregnancy

Hypertensive
disorders of )
pregnancy

3.45%1.525

Gestational

diabetes 6 2.43+0.830

Healthy
pregnancy

28 2.14+2.829

0.781

0.537 0.965

association was found between expression levels of MIR375-3p
and pregnancy complications. However, when we divided our
patient group into two categories based on disease type, such
as gestational diabetes and hypertensive disorders of pregnancy,
this association disappeared. The possible explanation for this
is that the number of patients in both categories decreased as
a result of this division.

Widespread vasculogenesis, pseudovasculogenesis, and
angiogenesis are all carried out by the growing placenta to aid in
the development of the fetus. These mechanisms are mediated
by angiogenic factors and trophoblast invasion. Preeclampsia,
one of the hypertensive disorders of pregnancy, is thought to be
caused by early failure of these mechanisms during pregnancy?.
Angiogenesis signaling and endothelial cell vascular integrity
are primarily promoted by MIR126. There have been reports
of both increased and downregulated MIR126 expression in

1518 However,

placentas and serums of preeclampsia patients
in our study, we found no association, neither downregulation
nor upregulation, between pregnancy complications, including
preeclampsia, and MIR126 expression.

In recent years, MIR375 has been widely reported in a
range of immunological activities, indicating that it may be an
important regulator of cell differentiation and an integral part
of immune system regulation®. There were two reports that
examined the association between preeclampsia and MIR375

expression'”?. Both studies found increased expression of

4

MIR375-3p in the plasma of preeclampsia patients. These find-
ings differ from ours. In our findings, MIR375 expression was
decreased in pregnant women with pregnancy complications,
but this association disappeared when we grouped the patients
as having gestational diabetes and hypertensive disorder of preg-
nancy. This may be explained by variances in the populations
under study and sample size as well as changes in pre-analytical
and analytical procedures. Furthermore, because miRNAs are
involved in epigenetic processes, additional variables includ-
ing maternal age, lifestyle, illnesses, or drug misuse may have
an impact on their expression levels. Thus, it is important to
look into the effects of patient-to-patient variation in plasma
miRNA levels.

The primary constraint of the current study was the lim-
ited sample size. In all, 39 samples were examined. Larger
sample numbers are essential for identifying subtle but
physiologically meaningful changes in miRNA research.
Therefore, it’s possible that this study’s limited sample
size prevented it from finding correlations found in ear-
lier research. Furthermore, the restricted statistical power
resulting from the small sample size may be the reason why
there was no difference in the expression patterns of these
miRNAs between the hypertensive diseases of pregnancy
and gestational diabetes. Even evaluating miRNA expres-
sion levels by itself is insufficient to comprehend the intri-
cacy of pregnancy complications.
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In conclusion, we found a statistically significant association
between expression levels of circulating MIR375-3p and preg-
nancy complications. These findings should be validated in larger,
multi-center cohorts. Most significantly, validation is necessary in
connection to clinical symptoms in order to evaluate the clinical
importance of circulating miRNAs in pregnancy complications and
to ascertain sensitivity, specificity, and predictive value. To enhance
health care for all pregnant women in the future, it is likely thata
panel of several biomarkers, including genomic, transcriptomic,
proteomic, and biophysical ones, paired with maternal features,
will be required due to the multifactorial nature of these illnesses.
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Functional shoulder performance and fatigue in young adults
with forward head posture with or without scapular dyskinesis
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SUMMARY

OBJECTIVE: The aim of this study was to compare functional shoulder performance and fatigue among young adults with forward head posture,
forward head posture with scapular dyskinesis (forward head posture+scapular dyskinesia), and healthy controls.

METHODS: This cross-sectional study included 85 young adults aged 18-25 years, allocated to three groups: forward head posture+scapular
dyskinesia (n=25), forward head posture (n=30), and control (n=30). Forward head posture was assessed using the craniovertebral angle, scapular
dyskinesia with the Lateral Scapular Slide Test, functional shoulder performance with Timed Functional Arm and Shoulder Test, and fatigue with the
Chalder Fatigue Scale.

RESULTS: Significant between-group differences were found for dominant-side, non-dominant-side, and total Timed Functional Arm and Shoulder Test
scores (p<0.001). The forward head posture+scapular dyskinesia group had lower dominant-side and total Timed Functional Arm and Shoulder Test
scores than the both forward head posture and control groups (p=0.040, p<0.001, and p=0.031, p<0.001, respectively), while both postural disorder
groups had lower non-dominant-side Timed Functional Arm and Shoulder Test scores than controls (forward head posture+scapular dyskinesia:
p<0.001; forward head posture: p=0.003). Total and physical fatigue scores were higher in both the forward head posture+scapular dyskinesia and
forward head posture groups than in controls (total fatigue: p=0.010 and p=0.011; physical fatigue: both p=0.019), whereas mental fatigue did not
differ significantly among the groups (p=0.163).

CONCLUSION: Functional shoulder performance was lower in the forward head posture and forward head posture+scapular dyskinesia groups than
in the controls, with the lowest scores in the forward head posture+scapular dyskinesia group. Total and physical fatigue were higher in both postural
disorder groups, whereas mental fatigue did not differ between groups.

KEYWORDS: Posture. Scapula. Shoulder joint. Fatigue. Young adult.

INTRODUCTION

as a functional bridge between the neck and shoulder regions.

Forward head posture (FHP) is a common postural deviation
characterized by the head being positioned forward relative to
the neck in the sagittal plane'. FHP is characterized by excessive
activity and shortening of the levator scapulae, sternocleido-
mastoid, upper trapezius, and suboccipital muscles. Decreased
activity and muscle weakness also occur in stabilizing muscle
groups such as the deep neck flexors, lower trapezius, rhom-
boids, and serratus anterior’. An imbalance between the super-
ficial and deep muscles can lead to increased compensatory
muscle activity. This can result in early fatigue and proprio-
ceptive deficiencies®. FHP and scapular dyskinesia (SD) are
frequently seen together, but the cause-and-effect relationship
between the two situations remains unclear>. The scapula acts

It regulates the force transfer during glenohumeral and scapu-
lothoracic movements, maintaining stability and mobility of
the upper extremity®®.

It has been reported that the coexistence of FHP and
SD exacerbates the fatigue and neck and shoulder discom-
fort®. Previous studies have mainly examined FHP and SD in
relation to pain, muscle performance, range of motion, and
shoulder function, both individually and in combination'®"'.
However, evidence on performance-based shoulder function
and perceived fatigue remains limited. Therefore, the aim of
this study is to examine the effects of FHP alone and in com-
bination with SD on functional shoulder performance and per-

ception of general fatigue, compared with healthy individuals.
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Shoulder performance in forward head posture

We hypothesized that individuals with both FHP and SD would
have lower functional shoulder performance and higher per-
ceived fatigue compared with individuals with isolated FHP
and with a healthy control group.

METHODS

Participants

All participants received information about the study and
provided written informed consent. Inclusion criteria were
age between 18 and 25 years, no history of neck, shoulder or
back pain/injury, and full active shoulder range of motion.
Exclusion criteria were previous orthopedic surgery involv-
ing the back, shoulder, or neck, signs of cervical radiculop-
athy, rheumatic disease, or pain during testing. Participants
were divided into three groups: FHP, FHP+SD, and con-
trol. The study was conducted at the Gulhane Faculty of
Physiotherapy and Rehabilitation Laboratory between
October 2025 and January 2026, with ethical approval from
the Scientific Research Ethics Committee of the University
of Health Sciences (decision no: 2024-493), in accordance
with the Declaration of Helsinki.

Assessments

Forward head posture

FHP was assessed using the craniovertebral angle (CVA).
Standardized lateral photographs were taken with participants
standing relaxed and looking forward. Adhesive markers were
placed on the tragus and C7 spinous process. A smartphone
was mounted on a tripod at shoulder height, 1 m from the
participant. Images were analyzed in Kinovea software (version
2025.1.1) by a different blinded clinician. CVA was defined as
the angle between the C7—tragus line and the horizontal refer-
ence line; CVA<48° indicated FHP'.

Scapular dyskinesia

The Lateral Scapular Slide Test was performed by a blinded cli-
nician with 18 years of experience and no role in other assess-
ments. In three positions, the distance between the inferior
angle of the scapula and the corresponding thoracic spinous
process parallel to it was measured bilaterally with a tape mea-
sure. The positions were arms relaxed at the sides, hands on
hips with 45° shoulder abduction, and 90° shoulder abduc-
tion with maximum internal rotation. One measurement was
recorded per position, and a side-to-side difference >1.5 cm in
any position was considered positive'.

2

Functional shoulder performance test

It was assessed using the Timed Functional Arm and Shoulder
Test (TFAST), as described by Shah et al'®. TEAST was admin-
istered by two assessors blinded to group allocation and unin-
volved in clinical classification; one counted repetitions and
the other timed the test. The test includes three tasks: hand-
to-head and back touch, wall wash, and gallon jug lift. After
a standardized demonstration, participants performed each
task as quickly as possible for 30 s. In the hand-to-head and
back touch task, participants stood upright with the arm at
the side of the body and were asked to touch the back of the
head. In the wall wash task, participants moved the hand in
circular motions over a 30-cm pattern marked on the wall, in
both inward and outward directions. In the gallon jug lift task,
a 3.78-kg plastic jug was lifted from a counter to a shelf and
returned. All tasks were performed bilaterally, with a 2-min
rest between tasks, and the total score=[Hand-to-head and
back+(Wall wash inward+outward)+Gallon jug lifc]"".

Fatigue

The Chalder Fatigue Scale was used to assess fatigue. Data were
collected via Google Forms in the laboratory setting on a tab-
let before clinical assessments. The scale consists of 11 items.
The first seven items assess physical fatigue, and the remaining
four items assess mental fatigue. Each item is rated on a four-
point Likert scale. The total score ranges from 0 to 33. The
higher scores indicate greater levels of fatigue'.

Statistical analysis
Data were analyzed using International Business Machines
Statistical Package for the Social Sciences Statistics 29.0.
Descriptive statistics were presented as mean * standard devi-
ation (SD). Normality was assessed using Shapiro-Wilk, histo-
grams, and Levene’s test. Group comparisons were performed
using one-way analysis of variance (ANOVA). Because six sep-
arate one-way ANOVA models were conducted for the TFAST
and Chalder Fatigue Scale outcomes, Holm-Bonferroni cor-
rection was applied to the omnibus ANOVA p-values to con-
trol the family-wise type I error rate across outcome measures.
For outcomes that remained significant after this correction,
Tukey honestly significant difference (HSD) post-hoc tests were
used. Categorical variables were compared using chi-square test.
Sample size was determined by an a priori power analysis
using G*Power software (version 3.1.9.7). Based on the study
by Shah et al., which established the sensitivity of the TFAST
in detecting differences in functional performance, a large effect
size (f=0.40) was anticipated'?. With an alpha level of 0.05 and
a desired power of 0.80, the minimum required sample size for
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three groups was calculated as 66. Allowing for a 10% dropout
rate, 2 minimum of 25 participants per group was planned.
The final sample consisted of 85 participants distributed across
three groups (Figure 1. Study Flow). A post-power analysis was
also performed with G*power. The analysis showed that the power
of the study was 99% [Power (1 - B err prob)], Critical F=3.11.

RESULTS

A total of 85 participants were included in the study: 25 in the
FHP+SD group, 30 in the FHP group, and 30 in the control
group. Age, sex distribution, and body mass index were simi-
lar across the groups (p=0.322, p=0.494, and p=0.220, respec-
tively) (Table 1). After Holm-Bonferroni correction across the
six omnibus ANOVA tests, significant group effects remained
for dominant-side TFAST (p<0.001), non-dominant-side
TFAST (p<0.001), and total TFAST scores (p<0.001), total
fatigue (p=0.011), and physical fatigue (p=0.015). The group
effect for mental fatigue was not significant (p=0.163).

For dominant-side TFAST, the FHP+SD group had
lower scores than both the FHP groups (p=0.040) and the
control group (p<0.001); the FHP group had lower scores
than the control group (p=0.040). For TFAST on the
non-dominant side, both the FHP+SD groups (p<0.001)
and the FHP group (p=0.003) had lower scores than the
control group, while the FHP+SD versus FHP comparison
did not reach statistical significance (p=0.056). For total
TFAST, the FHP+SD group had lower scores than the both
FHP groups (p=0.031) and the control group (p<0.001);
the FHP group also had lower scores than the control group
(p=0.007). Both the FHP+SD and FHP groups had higher
total fatigue scores than the control group (p=0.010 and
p=0.011, respectively), with no significant difference between
the two postural disorder groups (p=0.982). Similarly, both
the FHP+SD and FHP groups had higher physical fatigue
scores than the control group (both p=0.019), whereas the
difference between the FHP+SD and FHP groups was not
significant (p=0.990) (Table 2).

Figure 1. Flow diagram of participant recruitment and group classification.

Table 1. Demographic characteristics of the study groups.

Age (years), mean+SD 21.20£1.94 2117+£1.97 20.53%+1.76 0.322
Sex (female/male), n (%) 20/5 (80/20) 27/3 (90/10) 24/6 (80/20) 0.494
BMI (kg/m?), mean£SD 23.98+3.89 24.45+4.99 22.65+3.17 0.220

SD:standard deviation; BMI: body mass index; FHP: forward head posture; SD: scapular dyskinesia. Between-group differences assessed by one-way

ANOVA (continuous variables) and chi-square test (sex).
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Table 2. Between-group comparisons of functional shoulder performance and fatigue.

SO FHP+SD Control Holm-adjusted Post-hoc Tukey
parameters, n=25 n=30 )
mean + SD B B p
TFAST score, 1<2 p=0.040
dominant 100.40£10.84 108.83£13.92 116.87£12.46 <0.001 <0.001 1<3 p<0.001
shoulder 2<3 p=0.040
TFAST score, 1<8 p<0.001
non-dominant 93.56£10.63 100.67£11.58 110.60£11.29 <0.001 <0.001 2<3,p=0.003
shoulder 1vs.2,p=0.056
1<2 p=0.031
TFAST score, total | 195 9641983 | 209.50424.02 | 2274742233 | <0.001 <0.001 1¢3 p<0.001
score
2¢3 p=0.007
. 1>3 p=0.010
CEVEIE e 14.32+4.96 1410+4.53 10.63+4.14 0.004 0.011 253 p=0.010
Scale, total score
1vs.2p=0.982
Chalder fatigue, 1>3p=0.019
Physical Fatigue 9.724£3.26 9.60+£3.55 7.23£3.14 0.008 0.015 2>3 p=0.019
Subscale 1vs.2,p=0.990
Chalder fatigue, Not interpreted because
Mental Fatigue 4.60£2.24 4.50£2.10 3.63%£1.97 0.163 0.163 omnibus ANOVA was
Subscale not significant

SD: standard deviation; TFAST: Timed Functional Arm and Shoulder Test; FHP: forward head posture; SD: scapular dyskinesia; ANOVA: analysis of
variance; Tukey HSD: Tukey’s honestly significant difference test. Post-hoc: Tukey HSD. Values are presented as meanzstandard deviation. Group
codes: 1=FHP+SD, 2=FHP, 3=Control. Six separate one-way ANOVA models were performed;therefore, Holm-Bonferroni correction was applied to the
omnibus ANOVA p-values to control the family-wise type | error rate across outcomes. Tukey HSD post-hoc tests were used for pairwise comparisons
within each ANOVA and were interpreted only for outcomes with significant Holm-adjusted omnibus ANOVA results.

DISCUSSION

In this study, individuals with forward head posture, those
with both forward head posture and scapular dyskinesis, and
a control group without postural deviations were compared
with respect to functional shoulder performance and fatigue.
According to the findings, TFAST scores were significantly
lower in the FHP and FHP+SD groups than in the control
group. This decrease was particularly pronounced in individ-
uals with both FHP and SD. Furthermore, total fatigue and
physical fatigue scores were significantly higher in these groups
than in the control group.

To our knowledge, no study has directly compared individ-
uals with only FHP, individuals with both FHP and SD, and
healthy controls in terms of functional shoulder performance,
nor has any study quantitatively demonstrated a decrease in
performance. However, the literature supports that the com-
bination of FHP and SD can negatively affect shoulder bio-
mechanics and function by increasing muscle imbalances and
postural impairment®'""”. Because TFAST evaluates range of
motion, endurance, and strength together, it is a suitable tool
for identifying this combined effect'. Furthermore, it has been
reported that a difference of more than 21 repetitions in this test
is considered clinically significant®. The total TFAST difference

4

between the FHP+SD and control groups (193.96 vs. 227.47;
difference=33.51 repetitions) exceeded this threshold; however,
as this value was derived from patients with shoulder problems,
its relevance to asymptomatic young adults is uncertain and
should be interpreted cautiously. When SD accompanies FHP,
scapulothoracic mechanics may be further impaired: the scapula
may not provide stable support for glenohumeral movement,
the acromiohumeral distance may decrease, and trapezius-ser-
ratus anterior force balance may change'®%°. Taken together, the
lower dominant-side and total TFAST scores in the FHP+SD
group suggest poorer shoulder function, although the non-dom-
inant-side difference between FHP+SD and FHP did not reach
statistical significance.

The significantly higher total and physical fatigue scores
observed in both the FHP and FHP+SD groups, compared
with the control group, suggest that these postural deviations
may be particularly related to perceived physical fatigue.
This finding is consistent with the literature reporting that
forward head displacement increases the mechanical load
on the cervical extensor muscles, leading to compensatory
activation of the upper trapezius and levator scapulae mus-
cles and increasing physical fatigue**'. However, the lack
of a significant difference between the FHP and FHP+SD
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groups for total and physical fatigue should be interpreted
cautiously. Fatigue perception is subjective, and the absence
of objective measures such as electromyography may have
limited our ability to detect subtle differences between these
groups. Future studies should use different fatigue scales
together with objective methods to better clarify fatigue-re-
lated changes. The lack of a significant difference between the
groups in mental fatigue may be due to our sample consisting
of young adults aged 18-25 years. Relatively high cognitive
capacity in this age group and the absence of a significant
mental burden from postural compensation mechanisms
may explain this situation.

This study has several limitations. First, physical activity
level and screen time were not recorded; therefore, their poten-
tial confounding effects on shoulder performance and fatigue
cannot be excluded. Future studies should measure and con-
trol for these variables. Second, the inclusion of only young
adults may limit the generalizability of the findings to other
age groups, where the cumulative effects of postural disorders
on shoulder performance and fatigue may differ. Future stud-
ies should therefore include a broader age range. Although the
lateral scapular slide test was applied by a single experienced
clinician using a standardized clinical protocol, intra- or inter-
rater reliability was not assessed in this study. Therefore, pos-
sible measurement error or misclassification of scapular dyski-

nesis cannot be fully excluded.
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SUMMARY

OBJECTIVE: The aim of this study was to analyze the association of thyroid stimulating hormone and free-thyroxin with anemia as well as the role
of several sociodemographic variables in these associations.

METHODS: This is a cross-sectional analysis of the Brazilian Longitudinal Study of Adult Health study (2008-2010), a prospective cohort study
of civil servants in six locations in Brazil. Inclusion criteria: to be an active or retired civil servant of one of the institutions and 35-74 years at
enrollment. Exclusion criteria: pregnancy less than 4 months before entering the study for women, intention to quit the institution soon, live outside
the metropolitan region where the investigation center is located or communication problems. Anemia was defined as hemoglobin <12 g% in women
and <13 g% in men. After exclusions, 13,247 participants were included in the analysis. Models were presented without adjustment and adjusted for
sociodemographic and clinical risk factors. The study was approved by the Ethic Committee.

RESULTS: Median age was 51.9 (51-53 years), 54% of women There was an association of less presence of anemia with higher free-thyroxin levels
considering the entire sample: OR 0.80 (95%CI 0.65-0.98) for the second quintile; OR 0.55 (95%CI 0.43-0.70) for third quintile; OR 0.49 (95%Cl
0.38-0.63) for fourth quintile; and OR 0.52 (95%CI 0.40-0.66) for fifth quintile for free-thyroxin levels. This association was also present when
analyzing the sample by sex.

CONCLUSION: Higher levels of free-thyroxin are associated with lower odds of anemia. No associations were found between thyroid stimulating

hormone levels and anemia. In analysis, according to sex, No differences were found between men and women.
KEYWORDS: Thyroid hormones. Thyroid stimulating hormone (TSH). Anemia.

INTRODUCTION

Thyroid diseases are very prevalent worldwide with an age-stan-
dardized prevalence around 5%!’. In Brazil, prevalence of sub-
clinical and overt hypothyroidism were respectively 5.4 and
7.4%?. Anemia is also a prevalent disease, impacting 27% of
the world’s population?. Some studies reported an association of
clinical and subclinical hypothyroidism with anemia, as patients
with hypothyroidism may present low antioxidant potential,
leading to an increase in inflammatory cytokines that induce
alterations, potentially interfering with different erythropoie-
sis pathways, which could lead to anemia®>.

Some studies evaluated the association of thyroid diseases
and anemia. In 2018, a meta-analysis conducted as part of
the Thyroid Studies Collaboration investigated the associa-
tions between thyroid dysfunction and anemia. The findings
showed that levels of hemoglobin were lower across all thyroid

dysfunction subgroups compared to euthyroid participants®.
In the cross-sectional study of Vliet et al’, including 445,482
participants, the authors did not report any association between
thyroid stimulating hormone (TSH) or free-thyroxin (FT4) lev-
els with anemia. In another cross-sectional analysis (n=12,337),
the adjusted Hb was 0.22 g/dL lower in overt hypothyroidism
compared to euthyroid participants®. In a prospective analysis,
patients with subclinical and overt hypothyroidism at baseline
showed a trend of increased risk of developing anemia during
follow-up®. Puy et al conducted a study to assess whether
levothyroxine treatment leads to a rise in hemoglobin levels
in patients with subclinical hypothyroidism. The change in
hemoglobin levels was not significantly different between the
levothyroxine and the placebo groups’.

In this study, we aim to analyze the association of TSH and
FT4 with anemia using data from the Brazilian Longitudinal
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Thyroid function and anemia in the Brazilian Longitudinal Study of Adult Health

Study of Adult Health (ELSA-Brasil), as well as the role of sev-

eral sociodemographic variables in this association.

METHODS

This is a cross-sectional analysis using data about thyroid func-
tion and hemoglobin levels from ELSA-Brasil baseline (2008—
2010), a cohort study following 15,105 civil servants aged 35-74
years from six institutions (Federal Universities of Minas Gerais,
Espirito Santo, Rio Grande do Sul and Bahia, Oswaldo Cruz
Foundation and University of Sao Paulo), with the objective of
investigating the incidence of cardiovascular disease, diabetes
and other chronic diseases. In this analysis we used data from
the baseline examination (2008—2010)'°. Inclusion criteria of
the study were to be an active or retired civil servant of one of
the institutions and 35-74 years at enrollment. Exclusion cri-
teria were pregnancy less than 4 months before entering the
study for women, intention to quit the institution soon, live
outside the metropolitan region where the investigation cen-
ter is located or communication problems. More information

about the study is elsewhere'®'2

Study population

Of 15,105 participants included in the baseline of ELSA-Brasil,
53 presented missing data on anemia, 1,604 presented missing
data on thyroid function and 254 for using medication that
interfered with the thyroid function, totaling after exclusions

a sample of 13,247.

Thyroid function

TSH and FT4 were determined by a third-generation immu-
noenzymatic assay (Roche Diagnostic, Manheim, Germany)
at baseline. The analysis included euthyroid participants (TSH
0.4-4.0 mIU/L) with no use of levothyroxine or antithyroid
medication and participants with subclinical hypothyroidism
(TSH>4.0 mIU/L, FT4 within reference levels) and overt hypo-
thyroidism (TSH>4.0 mIU/L, low FT4). TSH reference range
was 0.4-4.0 mlU/L, FT4 reference range was 0.93—1.7 ng/dL.

Anemia
Blood cell counts were performed with automated equipment

and anemia was defined in women if Hb<12 g/dL and in men

if Hb<13 g/dL.

Other variables
Sociodemographic variables were categorized as: age, included as

a continuous variable; race, classified according to the Brazilian
National Census as White, Mixed (pardo), Black, Asian, and

2

indigenous; Education was categorized as less than high-school,
high school and incomplete college or complete college or
more. Average familiar monthly net income was classified as:
<1,245, 1,245-3,319 and 23,320 (1US$=2R$ 2.00 at base-
line). Comorbidities are defined as the presence of at least one
hypertension, diabetes, dyslipidemia, depression, anxiety, obe-
sity, coronary heart diseases, and stroke. It was categorized as
no comorbidity, 1 comorbidity and two or more comorbidities.

Statistical analysis

Categorical variables were expressed as counts and percentages
and compared using the chi-squared test. The Shapiro-Wilk
test was applied to the age, TSH, and FT4 values to assess
the assumption of normality. As they presented a non-normal
distribution, we used the Kruskal-Wallis test to compare con-
tinuous variables.

TSH and FT4 were divided into quintiles. We used logis-
tic regression models expressed as odds ratio (OR) and their
respective 95%Cls presented in models without adjustment
and multivariable adjusted for both sociodemographic and
chronic conditions (Model 1): for age, sex, race, education,

hypertension, and diabetes. These analyses were performed with
“R” software version 4.4.2 and R Studio 2024.04.2 Build 764.

RESULTS

Table 1 shows general characteristics of the sample according
to FT4 quintiles. Mean hemoglobin levels were 13.8 (1.4) for
the first quintile; 14.0 (1.3) for the second quintile; 14.2 (1.3)
for the third quintile; 14.3 (1.3) for the fourth quintile; 14.4
(1.3) for the fifth quintile (p<0.0001). Table 2 shows the gen-
eral characteristic of the sample according to TSH quintiles.

Frequency of anemia decreased according to FT4 quintiles.
‘The lower FT4 quintile presented the higher frequency of women
(p<0.0001). Frequency of White, Asian and Indigenous partic-
ipants increased according to FT4 quintiles, while frequency of
Mixed and Black participants decreased (p<0.0001). Frequency
of College education (p<0.0001) was higher in participants of
the first quintile. Frequency of hypertension (p<0.0001) was
higher in participants of the fifth quintile. Although differences
in body mass index (BMI) were statistically significant accord-
ing to FT4 levels, those differences were clinically irrelevant.

Table 3 shows the association of anemia with TSH and FT4
in the sample according to sex and the entire sample. Using
the first quintile as reference, there was an association of less
presence of anemia with higher FT4 levels present in males,
and also in females. Such association was also present when
considering the entire sample.
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DISCUSSION

A systematic review conducted by Floriani et al® following 12,337
participants with available baseline TSH, FT4, and hemoglo-
bin levels used multiple linear regression analysis to compare
hemoglobin levels across TSH categories. They found that mean
hemoglobin levels in patients with subclinical hypothyroidism
were lower than in euthyroid individuals at baseline, but with-
out clinical relevance because of the small difference. In our
sample the number of participants with anemia was too small
to permit analysis according to hypothyroidism or euthyroid
participants, which restricted our analysis to the association of
anemia with TSH and FT4 levels. We reported an association
of increasing FT4 levels with lower odds of anemia (p<0.0001).

In the analysis of Wopereis et al’, TSH, FT4, and hemo-
globin data of 42,162 participants, with 51.5% women, from
16 different cohorts were analyzed, of whom 459 (1.1%) had
overt hypothyroidism, 2,930 (6.9%) had subclinical hypothy-
roidism, and 36,081 (85.6%) were euthyroid. Of those, 4,274
(10.1%) had anemia at baseline, 15.9% in the overt hypothy-
roid group and 11.6% in the subclinical hypothyroid group.
They found no statistically significant differences between men
and women when asserting the risk of developing anemia in
any of the groups. For females: OR 1.79 (95%CI 1.30-2.47)
in the overt hypothyroid group; OR 1.23 (95%CI 0.99-1.52)
in the subclinical hypothyroid group. For males: OR 2.45
(95%CI 1.45-4.12) in the overt hypothyroid group; OR 1.27

Table 1. General characteristics of the sample according to free-thyroxin quintiles.

General characteristics 0.02-1.04 1.05-1.14 1.15-1.22 1.23-1.32 1.33-5.80 _value
(ng/dL) (2,662) (2,910) (2, 606) (2,448) (2,621) P~
111 (

Anemia (%) 217 (8.1) 187 (6.4) 90 (3.6) 98 (3.7) <0.0001
Hemoglobin levels (g/dL) 13.7(12.9-14.7) | 13.9(131-15.0) | 141 (13.3-15.1) | 14.3(13.4-15.2) | 14.4(13.5-15.3)| <0.0001
Woman (%) 1,700 (63.8) 1,673 (57.4) 1,368 (52.4) 1,216 (49.6) 1,258 (48.0) <0.0001
Age median (1Q-3Q) 51 (45.0-58.0) 51 (45.0-58.0) | 51 (45.0-58.0) 51 (45.0-58.0) 52 (45.0-59.0) 0.0025
Race (%)
White 1,351 (51.2) 1,443 (50.0) 1,373 (53.4) 1,305 (54.0) 1,433 (65.4)
Mixed 772 (29.2) 848 (29.4) 682 (26.5) 655 (27.1) 659 (25.5)
Black 442 (16.7) 502 (17.4) 423 (16.4) 362 (15.0) 353(13.6) <0.0001
Asian 42 (1.5) (2.) 65 (2.5) 68(2.8) 103 (3.9)
Indigenous 8(1.0) (0.9) 26 (1.0) 3(0.9) 36(1.3)
Education (%)
<High-school 342(12.8) 363 (12.4) 306 (11.7) 317(12.9) 359 (13.6)
High school/some college 1,004 (37.7) 1,106 (38.0) 895 (32.8) 805 (32.8) 829 (31.6) <0.0001
College or more 1,316 (49.4) 1,441 (49.5) 1,405 (53.9) 1,326 (54.1) 1,433 (54.6)
Income (US$)
Up to 1,245 764 (28.8) 785 (27.0) 643 (24.8) 638 (26.1) 632 (24.1)
1,245-3,319 1174 (44.3) 1,299 (44.8) 1,158 (44.5) 1,063 (43.6) 1,152 (44.0) 0.0003
>3,320 710 (26.8) 814 (28.0) 795 (30.6) 737 (30.2) 829 (31.7)
Hypertension (%) 875 (32.9) 978 (33.6) 914 (35.0) 845 (34.5) 1,043 (39.8) <0.0001
Diabetes (%) 387 (14.5) 424 (14.5) 398(15.2) 399 (16.3) 464 (17.7) 0.0059
Dyslipidemia (%) 1,263 (47.6) 1,308 (45.0) 1174 (45.2) 1,085 (44.3) 1,240 (47.4) 0.0552
(BMI kg/m?) median (1Q-3Q) | 27.2 (24.3-30.5) | 26.5(23.9-29.8) | 26.2 (23.4-29.4) | 26.0(23.5-28.8) | 25.8(23.3-28.9) | <0.0001
Comorbidities
0 626 (23.5) 735 (25.2) 682 (26.1) 722 (29.4) 632 (24.1)
1 890 (33.4) 1,004 (34.5) 874 (33.5) 768 (31.3) 900 (34.3) <0.0001
2 or more 1,146 (43.0) 1,171 (40.2) 1,050 (40.2) 958 (39.1) 1,089 (41.5)

Anemia was defined as <13 g/dL for men and <12 g/dL for women. Comorbidities have been included as the presence of: HAS, diabetes, dyslipidemia,
depression, anxiety, obesity, coronary heart disease (HMPA10 and HMPA45), and stroke.

3

Rev Assoc Med Bras. 2026;72(9):e20260490



Thyroid function and anemia in the Brazilian Longitudinal Study of Adult Health

(95%CI 1.03—1.57) in the subclinical hypothyroid group.
These findings are similar to ours since we did not detect dif- hypothyroidism of the UK Biobank observed higher odds

The analysis by Vliet et al” using self-reported data on

ferences according to sex. of anemia for subclinical hypothyroidism, but no evidence

Table 2. Comparison between euthyroid and subclinical hypothyroidism samples.

General characteristics Euthyroid Subclinical hypothyroidism

Anemia (%) 572 (5.2) 43 (3.8) 0.0538
Hemoglobin levels (g/dL) 141 (13.2-15.1) 14.2 (13.3-15.2) 01011
Women (%) 5,637 (51.8) 589 (53.3) 0.4722
Age, years median (1Q-3Q) 51 (45-58) 53 (47-60) <0.0001
Self-reported race (%)
White 5,475 (50.9) 667 (60.6)
Mixed 3,034 (28.2) 281 (25.5)
Black 1,842 (17.) 107 (9.7) <0.0001
Asian 280 (2.6) 28(2.5)
Indigenous 114 (1.0) 16 (1.4)
Education attainment (%)
Less than high-school 1,399 (12.8) 156 (14.0)
High school and some college 3,879 (35.6) 375 (33.7) 0.3287
Complete college or more 5,597 (51.4) 580 (52.2)
Income (US$)
Up to 1,245 4,756 (43.9) 530 (47.8)
1,245-3,319 3,140 (28.9) 315(28.4) 0.0171
>3,320 2,937 (27.1) 262 (23.6)
Smoking (%)
Never 6,138 (56.4) 656 (59.0)
Past 3,206 (29.4) 358 (32.2) <0.0001
Current 1,530 (14.0) 97 (8.7)
Alcohol intake (%)
Never 1,124(10.3) 122 (11.0)
Past 2,124(19.5) 213(19.2) 0.7825
Current 7,617 (70.1) 774 (69.7)
Single (%) 3,672 (32.8) 395 (35.5) 0.0729
Hypertension (%) 3,792 (34.8) 410 (36.9) 0.188
Diabetes (%) 1,692 (15.5) 167 (15.0) 0.6824
Dyslipidemia (%) 4,912 (45.1) 505 (45.4) 0.8881
sl et il gt 26.2 (23.6-29.4) 26.6 (23.9-29.6) 0.0675
Comorbidities
0 2,872 (26.4) 285 (25.6)
1 3,601 (33.1) 383 (34.4) 0.6467
2 or more 4,402 (40.4) 443 (39.8)

Anemia was defined as <13 g/dL for men and <12 g/dL for women; Model 1 includes age, race, education attainment, and income; Model 2 includes

age, race, education attainment, diabetes mellitus, and hypertension. BMI: body mass index.
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of a causal relationship between subclinical hypothyroidism
and anemia using euthyroid participants as the reference. It is
important to note that the studies of Wopereis et al® and Vliet
et al” analyzed the association of hypothyroidism and anemia
while in our analysis we evaluated the association of anemia
with TSH and FT4.

In the study of Puy et al’, 669 participants were divided in two
groups for testing whether levothyroxine treatment leads to a rise
in hemoglobin levels in people with subclinical hypothyroidism

(placebo N=337 and levothyroxine N=332. Median age was 75
years for both groups). At baseline, 13.1% of the participants
had anemia in the placebo group compared to 11.4% in the
levothyroxine group (mean hemoglobin level was 13.8 g/dL
for both groups). TSH levels had no impact on Hb levels after
the observation period when patients underwent levothyroxine
treatment in any of the subgroups, whether they were related to
clinical risk factors such as smoking or alcohol status, or related

to comorbidities, such as hypertension or diabetes mellitus.

Table 3. Association of thyroid stimulating hormone levels and free-thyroxin with presence of anemia, presented according to men,

women, and the entire sample.

1 (Reference) 1 (Reference)
Q2 0.66 (0.39-1.09) 0.51(0.33-0.78)
Crude model Q3 0.76 (0.47-1.24) 0.41(0.26-0.64)
Q4 0.96 (0.60-1.53) 0.34(0.21-0.55)
sl Q5 1.07 (0.68-1.70) 0.31(0.19-0.49)
Q1 1 (Reference) 1 (Reference)
Q2 0.66 (0.39-1.11) 0.52(0.33-0.79)
Model 1 Q3 0.79 (0.48-1.30) 0.43(0.27-0.68)
Q4 1.04 (0.65-1.67) 0.38 (0.23-0.62)
Q5 114 (0.71-1.83) 0.31(0.19-0.51)
Q1 1 (Reference) 1 (Reference)
Q2 0.80(0.61-1.05) 0.94(0.74-1.18)
Crude model Q3 0.88(0.67-1.14) 0.60 (0.45-0.79)
Q4 0.80(0.61-1.05) 0.54 (0.40-0.72)
Q5 0.76 (0.58-1.00) 0.568(0.44-0.78)
Female
Q1 1 1
Q2 0.85(0.64-1.13) 0.92(0.72-1.17)
Model 1 Q3 1.01(0.76-1.32) 0.61 (0.46-0.80)
Q4 0.99 (0.74-1.30) 0.56 (0.41-0.76)
Q5 1.04(0.78-1.37) 0.67 (0.50-0.90)
Q1 1 (Reference) 1 (Reference)
Q2 0.73(0.57-0.92) 0.77 (0.63-0.95)
Crude model Q3 0.81(0.64-1.02) 0.50(0.39-0.63)
Q4 0.81(0.64-1.02) 0.43(0.33-0.55)
The entire Q5 0.82 (0.65-1.03) 0.44 (0.34-0.56)
sample Q1 1 (Reference) 1 (Reference)
Q2 0.81(0.64-1.04) 0.80(0.65-0.98)
Model 1 Q3 0.95(0.756-1.21) 0.565(0.43-0.70)
Q4 1.01 (0.79-1.28) 0.49 (0.38-0.63)
Q5 1.06 (0.84-1.35) 0.52 (0.40-0.66)

Anemia was defined as <13 g/dL for men and <12 g/dL for women; Model 1 includes age, race, education attainment, diabetes mellitus, and hypertension.

TSH: thyroid stimulating hormone; FT4: free-thyroxin.
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A previous study in Korea' showed an association similar
to what was observed in our study. In a sample of 5,352 partici-
pants, there was an association of low levels of FT4 with higher
frequency of anemia. This association was higher in women
than men. In our sample, high levels of FT4 were associated
with low odds of anemia both in men and women. Compared
to the Korean analysis, in our study there were no differences in
the frequency of anemia according to sex. Thyroid hormones
have a very important role in hematopoiesis, especially for red

blood cell production'*"”

, however, the mechanism to explain
this association is not clearly understood'®". The results of the
study of Kim et al”® and the findings of the present analysis
suggest that FT4 would be more important than TSH in the
control of erythropoiesis.

The strengths of this study consists in the large number of
participants in a highly mixed sample, setting it apart from pre-
vious studies. The multifactorial nature of the cohort allowed us
to access a wide variety of variables for cross-sectional analysis.
The study has several weaknesses. This is a cross-sectional anal-
ysis that can study association but no causality. The percentage
of anemia diagnoses according to thyroid function in the total
sample, only accounting for a total of 5.3% (N=703) of par-
ticipants across all subgroups, limiting the statistical power of
our analysis. We were also not able to analyze the association
between hypothyroidism, hyperthyroidism and anemia because
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ORIGINAL ARTICLE

Self-efficacy in remitted bipolar disorder: associations with
employment and self-esteem

Esra Yalim™ @, Cansu Unsal Mavi?

SUMMARY

OBJECTIVE: The aim of this study was to examine general self-efficacy in relation to perceived social support, self-esteem, and employment status
among individuals with remitted bipolar disorder.

METHODS: This cross-sectional study included 67 patients with bipolar disorder in remission for at least eight weeks. Sociodemographic data were
collected with a semi-structured form, and participants completed the Rosenberg Self-Esteem Scale, Multidimensional Scale of Perceived Social Support,
and General Self-Efficacy Scale. Correlation analyses, group comparisons, and an exploratory multiple linear regression analysis were conducted.
RESULTS: Self-esteem was positively correlated with perceived social support (r=0.390, p<0.01) and general self-efficacy (r=0.604, p<0.001).
Employed participants had higher perceived social support, self-esteem, and general self-efficacy than unemployed participants (all p<0.05). In an
exploratory multiple linear regression model, self-esteem and employment status remained associated with general self-efficacy after adjustment
for perceived social support, age, and gender.

CONCLUSION: Self-esteem and employment status were associated with general self-efficacy in patients with remitted bipolar disorder .
These preliminary findings highlight the potential relevance of psychosocial and vocational factors, although longitudinal studies are needed to clarify

the directionality of these relationships.

KEYWORDS: Bipolar disorder. Employment. Self efficacy. Self esteem. Social support.

INTRODUCTION

Bipolar disorder (BD) is a chronic psychiatric disorder char-
acterized by recurrent episodes of mania and depression that
adversely affect mood, cognition, and overall functioning’.
Notably, psychosocial functional impairments may persist
even during extended periods of euthymia®. BD is a major
contributor to global disability, with unemployment rates
consistently exceeding those observed in the general popu-
lation®. Employment status has been associated with illness
management and recovery trajectories in individuals with BD*.
Accordingly, there is increasing recognition of the importance
of identifying psychosocial factors that may support functional
recovery in this population.

Self-esteem is defined as an individual’s subjective evalua-
tion of self-worth’. Individuals with BD have been shown to
exhibit lower levels of self-esteem compared with healthy con-
trols®. In addition, reduced perceived social support has been

associated with greater symptom severity across psychiatric con-
ditions, including BD’, and is also closely related to self-esteem®.
Self-efficacy, conceptualized as the belief in one’s capacity to
initiate and sustain goal-directed behaviors, has been linked to
quality of life in BD*'°. Higher self-efficacy has been associ-
ated with better psychological well-being and functional out-
comes'!. Both self-esteem and self-efficacy are well-established
correlates of mental health outcomes'>.

Self-esteem, perceived social support, and self-efficacy are
distinct but interrelated psychosocial constructs relevant to
functional recovery in BD. Although these constructs have
been examined separately, their combined associations, partic-
ularly in relation to employment status, remain insufliciently
explored. Therefore, this study aimed to examine the relation-
ships among perceived social support, self-esteem, and general
self-efficacy in individuals with remitted BD and to determine

whether these variables differ according to employment status.
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METHODS

Participants

A total of 67 patients diagnosed with BD according to
DSM-5 criteria and considered clinically remitted were
recruited from the psychiatry outpatient clinic of Cankir:
State Hospital. Remission was determined by the treating
psychiatrist based on clinical evaluation and was defined as
the absence of acute mood symptoms and clinical stability
for at least eight weeks®. Inclusion criteria comprised age
between 18 and 65 years, a diagnosis of BD in remission,
and willingness to participate in the study. Exclusion criteria
included illiteracy, absence of remission, and the presence of
systemic or neurological conditions that could potentially
impair cognitive functioning.

Data collection tools

Sociodemographic Data Form: A semi-structured questionnaire
was used to obtain information on participants’ age, gender,
education level, marital status, and psychiatric history.

Rosenberg Self-Esteem Scale (RSES): Self-esteem was
assessed using the Rosenberg Self-Esteem Scale developed by
Rosenberg and adapted into Turkish by Cuhadaroglu. The instru-
ment comprises 10 items rated on a 4-point Likert scale and
includes both positive and negative self-esteem subdimensions.
Total scores range from 0 to 30, with higher scores indicating
higher levels of self-esteem'*"”.

Multidimensional Scale of Perceived Social Support (MSPSS):
Perceived social support was evaluated using the MSPSS devel-
oped by Zimet et al. and validated in Turkish by Eker et al.
This 12-item self-report instrument includes three subscales:
family, friends, and significant other. Items are rated on a
7-point Likert scale, with higher scores indicating greater per-

ceived social support'®"’.

General Self-Efficacy Scale (GSES): General self-efficacy
was assessed using the scale developed by Sherer et al. and val-
idated in Turkish by Yildirim and Ilhan. The 17-item version
of this self-report instrument was used in the present study.
Items are rated on a 5-point Likert scale, and higher total scores

indicate greater self-efficacy's".

Procedure

Ethical approval was obtained from the Cankir1 Karatekin
University Scientific Research Ethics Committee
(14/07/2025-22). Written informed consent was obtained
from all participants prior to study inclusion. The study
was conducted in accordance with the principles of the
Declaration of Helsinki.

2

Statistical analysis

Data were analyzed using SPSS version 22.0. Descriptive sta-
tistics were reported as meantstandard deviation or n (%).
Pearson correlation analyses were used to examine bivariate
associations, and independent-samples t-tests were used for
comparisons by employment status. An exploratory multiple
linear regression analysis was conducted to examine variables
associated with general self-efficacy. Education level was not
entered into the final regression model because of its limited
variability in the present sample and to avoid overfitting in
the context of the modest sample size. Statistical significance
was set at p<0.05. A sample size calculation using G*Power
3.1 indicated that approximately 70 participants would be
required for a multiple linear regression model with five pre-
dictors, assuming a medium effect size close to Cohen’s 2=0.20,
0=0.05, and power=0.80.

RESULTS

Sample characteristics

The study sample comprised 67 patients with BD. The mean
age was 32.26 years (SD=9.15). The majority of participants
were female (77.6%, n=52), single or separated (67.2%, n=45),
and had attained a university-level education or higher (79.1%,
n=53). Slightly more than half of the participants were employed
(52.2%, n=35).

Descriptive statistics

The mean total perceived social support score was 55.09
(SD=21.98), the mean self-esteem score was 25.52 (SD=6.85),
and the mean general self-efficacy score was 53.40 (SD=13.94).

Correlation analyses

Pearson correlation analyses indicated that self-esteem was pos-
itively correlated with total perceived social support (r=0.390,
p<0.01). General self-efficacy was correlated with self-esteem
(r=0.604, p<0.001) and demonstrated weaker but statistically
significant correlations with friend support (r=0.278, p<0.05)
and significant other support (r=0.251, p<0.05), whereas no
significant correlation was observed with family support or
total perceived social support. Detailed correlation coefficients
are presented in Table 1.

Group comparisons by employment status

Compared with unemployed participants, employed partici-
pants reported significantly higher total perceived social sup-
port scores [MSPSS: t(65)=-3.02, p=0.004], self-esteem scores
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[RSES: t(65)=-4.62, p<0.001], and general self-efficacy scores
[GSES: t(65)=-4.59, p<0.001]. Detailed group comparisons

are presented in Table 2.

Exploratory multiple linear regression analysis

The exploratory regression model was significant overall
[R?=0.420, adjusted R?=0.372, F(5,61)=8.82, p<0.001]. Self-
esteem was positively associated with general self-efficacy
(B=1.001, SE=0.243, p<0.001), and employed participants
had higher general self-eflicacy scores than unemployed partici-

pants when all variables were entered simultaneously (B=7.576,

SE=3.326, p=0.026). Variance inflation factor (VIF) values
ranged from 1.044 to 1.514, indicating no evidence of prob-
lematic multicollinearity. Detailed regression analysis results

are presented in Table 3.

DISCUSSION

In this study, self-esteem was positively associated with
both perceived social support and general self-efficacy in
patients with BD in clinical remission. Employed partici-
pants reported higher levels of these psychosocial variables

Table 1. Correlations between perceived social support, self-esteem, and general self-efficacy.

Significant
- Famlly support Friend support other suPport mmm

Family support

Friend support (A5 O i =

Significant other 0.530%** 071 7% %+

support

MSPSS 0.806*** 0.897*** 0.884*** =

RSES 0.237 0.433*** 0.330** 0.390** =

GSES 0.059 0.278* 0251 0.233 0.604*** =

GSES: General Self-Efficacy Scale; MSPSS: Multidimensional Scale of Perceived Social Support; RSES: Rosenberg Self-Esteem Scale. *p<0.05,

*%p<0.01, ***p<0.001.

Table 2. Comparison of social support, self-esteem, and self-efficacy by employment status in bipolar disorder (n=67).

Unemployed Employed
(mean+SD) (mean+SD)

MSPSS 47.77+22.61 63.09+18.48 -3.02 0.004
RSES 22.2946.52 29.06+5.36 -4.62 65 <0.001
GSES 46.86+13.02 60.56+11.25 -4.59 65 <0.001

GSES:General Self-Efficacy Scale, MSPSS: Multidimensional Scale of Perceived Social Support, RSES: Rosenberg Self-Esteem Scale; SD: standard deviation.

Table 3. Exploratory multiple linear regression model (n=67).

Variable LLCI uLCl Standardized
estimate (B)

Intercept 26.432 7.386 11.662 41.201 3.579 p<0.001
RSES 1,001 0.243 0.516 1.487 4123 p<0.001 0.493
MSPSS -0.029 0.072 0173 0114 -0.408 p=0.685 -0.046
Age -0.029 0166 -0.360 0.302 0177 p=0.860 -0.019
Cenderfziele 1,596 3.309 -5.021 8.212 0.482 p=0.631 0114
vs. male)

Employment

status (employed 7.576 3.326 0.926 14.226 2.278 p=0.026 0.543
vs. unemployed)

MSPSS: Multidimensional Scale of Perceived Social Support; RSES: Rosenberg Self-Esteem Scale; B: standardized regression coefficient; Cl: 95%
confidence interval; LLCI:lower limit of confidence interval; ULCI: upper limit of confidence interval; SE: standard error; Gender was coded as Female=1,

Male=0. Employment status was coded as employed=1, unemployed=0.
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than unemployed participants. In the exploratory adjusted
model, self-esteem and employment status remained asso-
ciated with general self-efficacy.

Consistent with previous evidence®*

, the present study
found a positive association between perceived social support
and self-esteem. These findings suggest that social support and
self-esteem are interrelated psychosocial constructs in BD.

Self-efficacy has been recognized as an important cor-
relate of mental health outcomes?®!, and previous clinical
research has reported positive associations among self-effi-
cacy, self-esteem, and social support'. In the present study,
self-esteem remained associated with general self-efficacy in
the exploratory regression model. This finding is consistent
with evidence that self-esteem and self-efficacy are closely
related dimensions of self-perception® and may reflect the link
between self-evaluation and perceived capability. However, it
should be interpreted cautiously because the two constructs
may share psychological variance.

General self-efficacy was not significantly associated with
total perceived social support; only friend support and signif-
icant-other support showed small associations, whereas fam-
ily support was not significant. This pattern may suggest that
peer and significant-other support are more closely related to
perceived competence than family support in this adult sam-
ple, although this interpretation remains tentative. Given the
content of the GSES, which assesses perceived competence,
initiative, persistence, and coping ability'®, these exploratory
subscale findings may reflect the relevance of specific inter-
personal sources of support rather than overall perceived sup-
port. However, they should not be interpreted as evidence
of a robust or mediated relationship between social support
and self-eflicacy.

Employment has been associated with psychosocial func-
tioning in BD?. In the present study, employed participants
reported higher self-esteem, self-eflicacy, and perceived social
support than unemployed participants, and employment status
remained associated with general self-efficacy in the exploratory
regression model. This finding is consistent with evidence linking
employment variables to self-esteem in severe mental illness®
and with studies showing associations between self-efficacy
and functional impairment in schizophrenia®. However, given
the cross-sectional design, the absence of data on premorbid
employment status and current subthreshold symptoms, and
the relatively homogeneous sample, the directionality of this
association remains uncertain. Thus, employment status should
be regarded as a contextual correlate rather than a causal fac-
tor, and the magnitude of this association should be inter-

preted cautiously.

4

Limitations

This study has several limitations. Its cross-sectional design
precludes causal inference, and the observed associations, par-
ticularly between employment status and self-efficacy, may be
bidirectional. The relatively small, single-center sample limits
generalizability and may have reduced the power to detect small
effects, especially in subgroup analyses; therefore, non-signifi-
cant findings should be interpreted with caution. In addition,
recruitment from a single center and participation on a vol-
untary basis may have introduced selection bias. Reliance on
self-report measures may have introduced response bias. The pre-
dominance of female and highly educated participants may also
have resulted in a more homogeneous and higher-functioning
sample, potentially influencing regression estimates and limiting
the applicability of the findings to more diverse clinical pop-
ulations. Moreover, the relatively wide confidence interval for
the employment-status coeflicient suggests imprecision in the
estimated magnitude of this association, and the corresponding
regression estimate should therefore be interpreted cautiously.
Several relevant confounders, including illness duration, number
of previous episodes, premorbid employment history, current
subthreshold mood symptoms, and psychotropic medication
use, were not assessed. Remission status was determined clini-
cally without standardized clinician-rated mood scales, which
limits the objectivity of remission assessment. Finally, variables
such as self-esteem and self-efficacy may fluctuate over time,

which could not be captured in the present design.

CONCLUSION

In conclusion, self-esteem was positively associated with both
perceived social support and general self-efficacy in patients
with clinically remitted BD. In an exploratory adjusted model,
self-esteem and employment status remained associated with
general self-efficacy. Given the cross-sectional design, modest
sample size, and clinically determined remission status, these
findings should be interpreted cautiously, and longitudinal
studies with standardized mood assessments are needed to
clarify directionality.
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A comparative analysis of semiannual versus annual rituximab
maintenance in patients with refractory idiopathic inflammatory
myopathies: a retrospective longitudinal real-world study

Rodrigo Lorenzetti Serrano’ @, Fernando Henrique Carlos de Souza'
Marlise Sitima Mendes Simoes Faria® @, Samuel Katsuyuki Shinjo'

, Renata Miossi' ®,

SUMMARY

OBJECTIVE: The aim of this study was to explore the real-world effectiveness of semiannual versus annual rituximab maintenance administrationin
patients with refractory idiopathic inflammatory myopathies.

METHODS: In this single-center, retrospective longitudinal study (2010-2025), 45 adults with refractory idiopathic inflammatory myopathies
received two initial rituximab infusions (1 g on days O and 15). Maintenance rituximab was administered every 6 months (semiannual group, n=14)
or every 12 months (annual group, n=31). Baseline immunosuppressive therapy was maintained, and glucocorticoid tapering was guided by clinical
and laboratory parameters. Outcomes at months 6-12 and 18-24 included the need for rescue therapies: intravenous methylprednisolone (3 g total)
and immunoglobulin (2 g/kg), or prednisone dose escalation.

RESULTS: Baseline demographics, refractory idiopathic inflammatory myopathies subtypes, rituximab indications (cutaneous, muscular, articular,
and/or pulmonary activity), and peri- rituximab medications (within 2 months before/after infusion) did not differ significantly between groups
(p>0.05). No statistically significant differences in the frequency of rescue therapy use at 6-12 and 18-24 months were detected between the two
regimens. Intragroup analysis demonstrated significant reductions in relapse rates and rescue therapy requirements over time (p<0.05), suggesting
improvement in both cohorts.

CONCLUSION: Inthis exploratory cohort, no statistically significant differences were detected between semiannual and annual rituximab maintenance
regimens with respect to clinical outcomes, although numerically higher relapse rates were observed in the annual group. These findings suggest that
extended rituximab intervals may be feasible in resource-limited settings, but further prospective studies are needed to confirm these observations.
KEYWORDS: Myositis. Idiopathic inflammatory myopathies. Rituximab. Treatment.

INTRODUCTION

studies®”. The conventional RTX regimen for IIM involves two

Idiopathic inflammatory myopathies (IIMs), also referred to as
systemic autoimmune myopathies, comprise a heterogeneous
group of disorders primarily affecting skeletal muscle, though
extra-muscular involvement—such as cutaneous, articular, and
pulmonary manifestations—is also common'. Management typ-
ically involves glucocorticoids, intravenous immunoglobulin
(IVIG), and various immunosuppressive or immunomodula-
tory agents, administered either as monotherapy or in combi-
nation?. In severe or treatment-refractory cases, the use of bio-
logic therapies or small-molecule agents is reccommended?*.
Among the biologic agents employed in IIM, rituximab
(RTX) has emerged as a key therapeutic option for refractory
disease, with favorable clinical outcomes reported across several

1 g infusions on days 0 and 15, repeated every 6 months, though
an alternative lymphoma-based protocol (375 mg/m? weekly for
4 weeks) is also used. Recent studies have explored alternative
dosing schedules: Janardana et al.® demonstrated comparable
efficacy using 500 mg on days 0 and 15 every 6 months over
12 months of follow-up, whereas Gamba et al.’? reported simi-
lar outcomes with a single 1 g dose every 6 months during lon-
ger-term observation. Ahn et al.'’ observed a mean response rate
0f 68.8% over 6 months, despite heterogeneous dosing intervals.

These findings are particularly relevant in public healthcare
contexts, where limited availability may preclude adherence to
standard dosing intervals. Moreover, the long-term impact of
extended RTX dosing schedules remains insufficiently studied.
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Rituximab in idiopathic inflammatory myopathies

Accordingly, this study aimed to evaluate disease activity and
relapse rates over a 24-month period in patients receiving standard
RTX doses either semiannually or annually in a real-world setting.

PATIENTS AND METHODS

This single-center, retrospective longitudinal study was con-
ducted between 2010 and 2025 and included adult patients
diagnosed with refractory idiopathic inflammatory myopa-
thies (rIIM) as follows: dermatomyositis (DM), according to
the 2017 EULAR/ACR criteria'’; clinically amyopathic der-
matomyositis (CADM), based on Gerami et al.’s definition'%
anti-synthetase syndrome (ASyS), according to Connors et al.'%;
and immune-mediated necrotizing myopathy (IMNM), fol-
lowing the criteria by Allenbach et al™.

Refractory IIM was defined by inadequate response to glu-
cocorticoids and at least two immunosuppressive agents (e.g.,
azathioprine, methotrexate, mycophenolate mofetil, cyclospo-
rine, or leflunomide), administered sequentially or concomi-
tantly for 23 months".

The study protocol was approved by the local ethics com-
mittee, and all participants provided written informed consent.

As exclusion criteria, patients with inclusion body myosi-
tis or other non-IIM myopathies, those with severe infections
requiring treatment discontinuation, and individuals receiving
RTX doses or intervals inconsistent with the study protocol
were excluded.

Data collection. Patient data were extracted from electronic
medical records using standardized forms, capturing the fol-
lowing variables: demographic: age, sex, ethnicity; clinical:
disease duration, muscle strength, dyspnea, arthritis, cutane-
ous involvement; laboratory data: C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), complete blood count
(CBC), creatinine, transaminases, creatine phosphokinase
(CK); imaging: chest computed tomography (CT), pulmonary
function tests, muscle magnetic resonance imaging (MRI), and
joint ultrasound (when indicated); treatment history: previous
and current medications, duration of use, and adverse events.

Disease activity was evaluated across four domains:

e Muscular: clinical worsening on Manual Muscle Testing
(MMT-8)' or CK elevation above baseline or > three
upper limits of normal;

e Pulmonary: new or worsening dyspnea, decline in pul-
monary function tests or imaging, excluding infections;

e Cutaneous: physical examination findings consistent
with active disease!’;

* Articular: presence of arthralgia or arthritis, confirmed
with imaging if necessary.
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Disease flare/relapse was assessed according to the
International Myositis Assessment & Clinical Studies Group
(IMACS) concept of clinical worsening after a period of dis-
ease stability or improvement, involving one or more core dis-
ease activity domains'®. In this study, relapse was pragmatically
operationalized as the need for rescue therapy during ongoing
RTX treatment, including methylprednisolone pulse therapy
(1 g/day for 3 days), intravenous human immunoglobulin
(2 g/kg), and/or initiation or escalation of prednisone dosage.
To improve consistency, rescue interventions were considered
relapse-related only when accompanied by documented clini-
cal and/or laboratory evidence of worsening disease in at least
one predefined organ domain (muscular, pulmonary, cutane-
ous, or articular), after exclusion of alternative causes such as
infection or drug toxicity. Nevertheless, this outcome represents
real-world physician-driven therapeutic decisions and should
be interpreted as a pragmatic clinical marker rather than a val-
idated composite measure of global disease activity.

Timepoints analyzed. Two primary periods were analyzed:
peri-RTX (the 2 months before and after initial RTX infusion),
and post-RTX (subdivided into months 6-12 and 18-24).

At each timepoint, relapse events and the affected clinical
domains were recorded.

RTX regimens. All patients received two 1 g infusions of
RTX on days 0 and 15: semiannual group (received repeated
doses every 6 months), and annual group (received repeated
doses every 12 months, due to limited drug availability).

RTX infusions were withheld in cases of previous adverse
reactions, active infections, or hypogammaglobulinemia.
Immunosuppressive therapy remained unchanged post-RTX,
and glucocorticoids were tapered based on clinical response.

Statistical analysis. Normality was assessed using the Shapiro-
Wilk test. Continuous variables are expressed as meantstan-
dard deviation (SD) or median [interquartile range (IQR):
25th~75th], as appropriate; categorical variables are presented
as frequency (%). Intergroup comparisons used Student’s t-test
or Mann-Whitney U test for continuous variables, and chi-
square or Fisher’s exact test for categorical data. Proportions
were analyzed with 95%CI using a binomial distribution.

Statistical significance was set at p<0.05.

RESULTS

Out of an initial cohort of 84 patients, one was excluded due
to a severe infection after the first dose, one for receiving a
non-standard RTX dose (e.g., other than 1 g on days 0 and 15),
six for having received RTX for less than 24 months, and 31
for being treated with administration intervals differing from
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the semiannual or annual protocols (Figure 1). Consequently,
45 adult patients with rIlIM were included in the final analysis:
three with CADM, nine with IMNM, 11 with DM, and 22
with ASyS. Among these, 31 patients received RTX annually
and 14 semiannually (Table 1). We performed an aggregated,
hypothesis-generating analysis. Of the 45 patients, none had
hypogammaglobulinemia, infections, hospitalization, infusion
reactions, discontinuation, or mortality.

The mean age was similar between groups: 44.9 years in
the annual RTX group and 46.7 years in the semiannual group

rlIM + RTX
(N=84)

v

Exclusion:

* Variable frequency (n=31)

* Less than < 24 mo RTX (n=6)
* Different dose (n=1)

« Severe infection (n=1)

(p=0.540). The distribution of rIIM subtypes did not differ RTX
significantly between groups: CADM (6.5 vs. 7.1%), IMNM Ser(r:j;:)ual ?::;f)l

(22.6 vs. 14.3%), DM (22.6 vs. 28.6%), and ASyS (48.4 vs.

50.0%)—all with p>0.05.

Table 1. Demographic and disease characteristics.

Annual RTX Semiannual RTX _value
(n=31) (n=14) p-

Figure 1. Flowchart of patient selection for the study cohort.

Effect size/odds ratio
(95%Cl)

Mean age (SD), years 44.6 (£10.8) 46.3 (£8.4) 0.5312 d=0.120(-0.243-0.453)
Sex (female, %) 23 (74.0) 9 (64.0) 0.497° OR 0.626 (0.161-2.433)
(“fsg';gtﬂ'i%ﬁf ‘;g:r‘;'on 3(2.0-5.5) 3(2.0-5.8) 0.872¢ r =-0.032 (-0.381-0.324)
[IM subtype (%)

DM 7 (22.6) 4 (28.6) 0.717¢ OR0.73 (0.14-3.48)

CADM 2 (6.5) 1(71) >0.999¢ OR 0.90 (0.01-15.70)

AsyS 15 (48.4) 7 (50.0) >0.999¢ OR 0.94 (0.23-3.78)

IMNM 7 (22.6) 2(14.3) 0.698¢ OR 1.75(0.26-18.04)
Antibody (%)

Anti-Mi2 1(3.0) 1(71)

Anti-SAE 1(3.0) 0

Anti-Ro52 2 (6.0) 2(14.2)

Anti-NXP2 1(3.0) 0

Anti-TIF1g 1(3.0) 0

Anti-MDAb 0 1(71)

Anti-Jo1 8(25.8) 6 (42.8)

Anti-PL7/PL12 5(16.0) 1(71)

Anti-SRP 3(9.6) 0

Anti-HMG-CoA 1(3.0) 0

Anti-PM/Scl 2(6.0) 0
Peri-rituximab (%)

Methylprednisolone pulse therapy 7 (22.6) 3(21.4) >0.999¢ OR 1.07 (0.19-0.34)

Intravenous immunoglobulin 4(12.9) 4 (28.6) 0.231¢ OR0.37 (0.05-2.19)

Prednisone use 26 (83.9) 14 (100) 0.305¢ OR 0.54 (0.03-5.23)

('\I/'Qeg';é‘tﬁ?igtl:qr;erfgred”'sone dose 75 (5.0-12.5) 12.5 (7.5-20.0) 0.076° r,=0.338 (-0.028-0.624)
Concomitant immunosuppressor (%)

0~ 7(22.5) 4(286) 0.720¢ OR 1.37 (0.34-5.50)

>2 24 (77.4) 10 (71.4)

ASyS: anti-synthetase syndrome; CADM: clinically amyopathic dermatomyositis; DM: dermatomyositis; IIM: idiopathic inflammatory myopathies;

IVIG:intravenous human immunoglobulin;IMNM:immune-mediated necrotizing myopathy; RTX: rituximab; SD: standard deviation; IQR: Interquartile
range; Cl: confidence interval. 28Student’s t-test for independent samples. °Chi-Square test of independence. ‘Mann-Whitney U test. 9Fisher’s exact
test. Estimates calculated using Haldane-Anscombe correction due to zero cell counts.
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The predominant clinical domains prompting RTX initi-
ation—muscular, cutaneous, articular, or pulmonary involve-
ment—were similarly distributed between groups (p>0.05).
Regarding median CK levels, there were no differences between
groups pre-RTX (167 U/L [137-753] vs. 191.5 U/L [107-
1168] for annual and semiannual, respectively; p=0.741), and
post-RTX (182 U/L [65-345] vs. 157 [83-260], p=0.750). We
also did not find a difference in median MMT-8 score between
groups pre-RTX (80 [60-80] vs. 76.5 [69-80], p=0.596), and
post-RTX (80 [73-80] vs. 80 [78.5-80], p=0.168).

Peri-RTX treatments also did not differ significantly:
methylprednisolone pulses (22.6 vs. 21.4% in the annual
and semiannual group, respectively; p>0.999), IVIG (12.9
vs. 28.6%; p=0.231), and prednisone use (83.9 vs. 100%;
p=0.305).

During the 6-12-month follow-up period, the need for
rescue therapies remained comparable between groups. In
the annual RTX group, 22.6% required methylpredniso-
lone, 6.5% received IVIG, and 16.1% required prednisone
escalation, compared to 7.1% for each intervention in the

semiannual group (p>0.05 for all comparisons). Regarding

methylprednisolone, the proportion of patients was numer-
ically higher in the annual group, although the difference
was not statistically significant. Muscular relapses occurred
in 25.8% of patients in the annual group compared to 7.1%
in the semiannual group. Although this numerical difference
favored the semiannual regimen, it did not reach statistical
significance (p=0.236) (Table 2).

Between months 18 and 24, a global reduction in rescue
interventions was observed. In the annual group, 9.7% received
methylprednisolone, 6.5% IVIG, and 3.2% prednisone. In the
semiannual group, no patients required methylprednisolone or
prednisone, and only 7.1% received IVIG (p>0.05). Relapses
were limited to isolated manifestations, with no statistically
significant differences.

Intragroup analysis demonstrated a significant reduction
in the frequency of rescue therapy use between the 6-12 and
18-24-month follow-up periods within each treatment group,
demonstrating a significant reduction over time (p<0.05 for
both groups), indicating comparable efficacy and sustained
clinical improvement regardless of RTX administration fre-
quency (Table 2).

Table 2. Rescue therapies and relapse rates at 6-12 and 18—24 months.

Annual RTX Semiannual RTX Effect size/odds ratio
Post-rituximab (%)
Period: Months 6-12 of follow-up
Methylprednisolone pulse therapy 7 (22.6) 1(71) 0.402¢ OR3.79(0.42-34.27)
IVIG 2(6.5) 1(7.1) >0.999¢ OR 0.90 (0.07-10.79)
Prednisone 5(16.1) 1(7.1) 0.648¢ OR 2.50(0.26-23.67)
Disease activity (relapse)
Cutaneous 2(6.5) 1(7.1) >0.999¢ OR0.90(0.07-10.79)
Muscular 8(25.8) 1(7.1) 0.236¢ OR 4.52 (0.51-40.29)
Articular 2(6.5) 0 >0.999¢ OR 2.46* (0.11-54.60)
Pulmonary 1(3.2) 0 >0.999¢ OR 1.43* (0.05-37.20)
Period: Months 18-24 of follow-up
Methylprednisolone pulse therapy 3(9.7) 0 >0.999¢ OR 3.56* (0.17-73.71)
IVIG 2(6.5) 1(7.1) 0.488¢ OR0.90 (0.07-10.79)
Prednisone 1(3.2) 0 >0.999¢ OR 1.43* (0.05-37.20)
Disease activity (relapse)
Cutaneous 0 0 >0.999¢ OR 0.46%* (0.01-24.37)
Muscular 2(6.5) 0 >0.999¢ OR 2.46* (0.11-54.60)
Articular 1(3.2) 1(71) 0.262¢ OR 0.43 (0.03-7.47)
Pulmonary 1(3.2) 1(7.0) 0.262¢ OR 0.43 (0.03-7.47)

IVIG:intravenous human immunoglobulin; RTX: rituximab; Cl:confidence interval. “Fisher’s exact test. *Estimates calculated using Haldane-Anscombe

correction due to zero cell counts.
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DISCUSSION

This study evaluated patients with rIIM treated with RTX
administered either semiannually or annually. Over a
24-month follow-up period, no statistically significant dif-
ferences were observed between the two regimens in relapse
rates or the need for rescue therapies. These exploratory
findings indicate that extending the RTX dosing interval
to 12 months may be a feasible option for selected patients,
although this approach is not currently incorporated into
standard treatment protocols.

To date, most studies investigating RTX in rIIM have
adopted regimens extrapolated from rheumatoid arthritis (1
g on days 0 and 15 every 6 months) or lymphoma (375 mg/
m?* weekly for 4 weeks, repeated semiannually). Randomized
trials such as the RIM Trial, together with multiple observa-
tional studies, have supported the efficacy of semiannual RTX
administration in reducing disease activity and facilitating
corticosteroid tapering®>"?. Standard dosing strategies have
been evaluated in cohorts with DM, ASyS, and IMNM?*-%3,
However, to our knowledge, no prior study has directly com-
pared extended RTX intervals, such as annual dosing, in this
patient population.

Despite the retrospective design, the use of standardized data
collection instruments helped minimize information bias. The
results provide preliminary evidence that annual RTX admin-
istration did not result in statistically significant increases in
relapse rates or reliance on adjunctive immunomodulatory
therapies. Our study used a pragmatic, treatment-based defi-
nition of relapse, which, despite being standardized through
objective worsening in predefined disease domains, may carry
inherent center-specific prescribing biases.

Temporal analysis revealed a general decline in the need for
rescue interventions in both groups, suggesting that sustained
B-cell depletion may contribute to long-term disease control
regardless of dosing interval. This finding may be particularly
relevant in public healthcare systems where logistical and finan-
cial constraints can limit access to biologic therapies.

It is important to emphasize that treatment individual-
ization remains essential. Decisions regarding RTX dosing
intervals should consider disease subtype, organ involvement,
relapse history, and infection risk. The lack of statistically sig-
nificant differences observed in this study may be attributable
to the limited sample size, clinical heterogeneity, and concur-
rent immunosuppressive therapies. Additionally, the absence of
significant changes in creatine kinase levels or MMT-8 scores in
either group should be interpreted cautiously, as many patients
had subtypes with minimal muscle involvement and received
RTX for non-muscular manifestations.

5

Key limitations include the observational, non-randomized
design, small sample size, absence of quality-of-life data, and
lack of a validated extramuscular disease activity tool. RTX
interval allocation was influenced by drug availability, and
baseline treatment patterns suggest that patients in the semi-
annual group may have had more severe or refractory disease,
potentially confounding group comparisons. This factor should
be considered when interpreting the numerically lower relapse
rates in the semiannual group.

Prospective, controlled trials with larger cohorts are needed
to further evaluate the long-term safety and efficacy of RTX
across different dosing schedules.

CONCLUSION

In this real-world study, no statistically significant differences
were detected between semiannual and annual RTX regimens
in patients with rIIM over 24 months, with respect to relapse
rates or need for rescue therapies. While numerically higher
relapse rates were observed in the annual group, these did
not reach statistical significance. These exploratory findings
indicate that annual RTX administration may be a feasible
option for selected patients—especially in resource-limited
settings—when appropriate clinical monitoring is in place.
However, larger prospective randomized studies are needed
to confirm these observations and to determine the optimal

RTX dosing intervals.
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Inpatient rehabilitation outcomes in acquired brain injury:
a retrospective study

Sefa Gumrik Aslan™ @, Sehri Baris Saklica' @, Sinem Uyar Kéylu' @, Kurtulus Kékli'

SUMMARY

OBJECTIVE: The objective of this study was to describe the demographic, clinical, cognitive, and functional characteristics of acquired brain injury
patients, analyze complications, and evaluate inpatient rehabilitation outcomes.

METHODS: Retrospective review of 50 acquired brain injury patients undergoing multidisciplinary inpatient rehabilitation (2019-2024). Glasgow
Coma Scale, post-traumatic amnesia, cognitive scales (Mini-Mental State Examination, Montreal Cognitive Assessment, Rancho Los Amigos), Functional
Ambulation Scale, and complications were assessed.

RESULTS: Traumatic etiology comprised 76% of cases; 72% were severe (Glasgow Coma Scale 3-8). Prolonged post-traumatic amnesia (>24 h) was
significantly associated with severe injury (p<0.001). Spasticity (64%), contractures (42%), speech disorders (42%), and dysphagia (34%) were most
prevalent. Functional Ambulation Scale score O decreased from 58 to 42% post-rehabilitation; Functional Ambulation Scale 3-5 increased from 24
to 46% (Wilcoxon signed-rank test, p<0.001).

CONCLUSION: Structured multidisciplinary rehabilitation was associated with measurable functional gains in acquired braininjury patients despite
severe deficits and frequent complications; however, the absence of a control group precludes causal conclusions.

KEYWORDS: Brain injuries. Brain injuries, traumatic. Neurological rehabilitation. Treatment outcome. Recovery of function. Glasgow Coma Scale.

INTRODUCTION METHODS

Acquired brain injury (ABI) encompasses damage to the central

nervous system from both traumatic and non-traumatic etiolo- Study design and participants

gies, resulting in physical, cognitive, and psychosocial impair- This retrospective, single-center study reviewed records of 350
ments. Traumatic brain injury (TBI) is a leading global health ABI patients hospitalized for inpatient rehabilitation between
burden with an annual incidence of 150-300 per 100,000; 2019 and 2024. Inclusion criteria were as follows: age =18
males are affected two to three times more frequently, partic- years, confirmed ABI diagnosis, absence of comorbidities
ularly those aged 18-25 years'. Non-traumatic ABI includes affecting cognitive or functional status, and complete medi-
focal lesions, anoxic injury, tumors, aneurysms, and CNS cal records. Of the 350 patients screened, 300 were excluded:
infections®. ABI patients face a high risk of secondary compli- 128 due to missing admission and/or discharge assessment
cations—spasticity, contractures, post-traumatic epilepsy, dys- data (e.g., baseline or discharge GCS, FAS, or cognitive scale
phagia, and heterotopic ossification—that impair recovery’”. scores not recorded), 130 due to other incomplete chart/file
Early, multidisciplinary rehabilitation reduces these compli- data required for this analysis, and 42 because the patient
cations, enhances neuroplasticity, and improves long-term was discharged prematurely for an acute medical emergency
outcomes'®"3. This study aimed to describe the demographic, before completing the rehabilitation program and therefore
clinical, cognitive, and functional profile of ABI patients admit- lacked discharge outcome data. After screening, 50 patients
ted to a specialized inpatient rehabilitation center and evaluate with complete admission-to-discharge records were included.
outcomes stratified by injury severity. The study was approved by the Ethics Committee of Gaziler

'University of Health Sciences, Ankara Gaziler Physical Medicine and Rehabilitation Health Application and Research Center, Physical
Medicine and Rehabilitation — Ankara, Turkiye.
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Rehabilitation outcomes in brain injury

Physical Medicine and Rehabilitation Training and Research
Hospital (Date: 26.10.2023; Protocol No: 29/008).

Data collection

Demographic variables, date of injury, initial GCS score, PTA dura-
tion, and injury etiology were recorded. PTA duration was catego-
rized as none, <1 h, 1-24 h, or >24 h based on retrospective chart
documentation; as intermediate durations were rarely specified in
the medical records, all patients fell into either the none or >24-h
categories. Muscle strength was evaluated using the MRC scale.
Cognitive status was assessed with Mini-Mental State Examination
(MMSE), Montreal Cognitive Assessment (MoCA), and the Rancho
Los Amigos Scale. Functional mobility was evaluated with FAS.

Rehabilitation protocol

All patients received a standardized neurological rehabilitation
program, delivered 5 days per week for 45 min per session,
regardless of severity group. The program consisted of neu-
rophysiological exercises, balance exercises, postural training
exercises, proprioceptive exercises, and ambulation and transfer
exercises, in addition to ROM exercises, verticalization train-
ing, speech-cognitive therapy, ADL exercises, and hand therapy,
provided under the supervision of physiatrists, physiotherapists,
occupational therapists, and speech-language pathologists.

Statistical analysis

Statistical analyses were performed using SPSS v27.0. Categorical
variables were expressed as frequencies and percentages; con-
tinuous variables as meanstSD. Chi-square tests were applied
for categorical comparisons. Student’s t-test or Mann-Whitney
U test was used for continuous variables; one-way ANOVA
for three-group comparisons. Normality was assessed using
the Kolmogorov-Smirnov test. p<0.05 was considered statis-
tically significant. Given the disparate subgroup sizes (severe
n=36, moderate n=8, mild n=6), post-hoc power analysis was
performed for the one-way ANOVA comparisons of cognitive
outcomes using the observed effect sizes, group sizes, and an
alpha of 0.05. Kolmogorov-Smirnov/Shapiro-Wilk testing indi-
cated that MMSE and Rancho Los Amigos scores were signifi-
cantly non-normally distributed in the severe subgroup (and,
for Rancho Los Amigos, also in the mild subgroup), which is
noted as a caveat on the corresponding ANOVA results given
the small and unequal subgroup sizes. Within-group pre-post
change in FAS score (admission vs. discharge) was assessed using
the Wilcoxon signed-rank test given its ordinal, paired nature.
An independent-samples t-test was used to compare traumatic
and non-traumatic etiology groups on muscle strength and cog-
nitive outcomes, and chi-square tests were used to compare these

groups on complication frequency and FAS scores. The study
was reported in accordance with the STROBE statement.

RESULTS

Demographic characteristics

Fifty patients were included (mean age 34.681+12.88 years;
80% male). Mean BMI was 25.2243.83 kg/m* High school
graduates comprised 62%; 52% were single.

Clinical characteristics

Mean time since injury was 15.62+14.08 months. Traumatic
etiology accounted for 76% of cases. Mean GCS was 6.514.17;
72% were classified as severe (GCS 3-8), 16% moderate, and
12% mild. Chi-square analysis confirmed a significant association
between severity and prolonged PTA (p<0.001): 83.3% of severe
TBI patients experienced PTA >24 h vs. 25% in the moderate and
0% in the mild group (Table 1). Mean MMSE was 23.2+4.60,
MoCA 19.2245.53, and Rancho Los Amigos 6.94+1.67.

Table 1. Clinical characteristics of patients with acquired brain
injury (n=50).

s 0-50

Time since injury (months) | 15.62+14.08
Etiology, n (%)
Traumatic 38(76)
Non-traumatic 12 (24)
Glasgow Coma Scale (GCS) 6.5+4.17
GCS classification, n (%)
Severe (3-8) 36 (72)
Moderate (9-12) 8(16)
Mild (13-15) 6(12)
Post-traumatic amnesia, n (%)
None 18 (36)
<1h 0
1-24h 0
>24h 32 (64)
Upper extremity muscle strength 3.46%1.21
Lower extremity muscle strength 3.42+1.07
MMSE 23.2+4.60
MoCA 19.2245.53
Rancho Los Amigos Scale 6.94%1.67

Continuous variables are presented as meantstandard deviation (SD).
Categorical variables are expressed as frequency and percentage (n,
%). MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive
Assessment; GCS: Glasgow Coma Scale.
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Complications

Spasticity was the most prevalent complication (64%), fol-
lowed by joint contractures and speech disorders (42% each),
dysphagia (34%), post-traumatic epilepsy (24%), neurogenic
bladder (18%), and neurogenic bowel dysfunction (12%).
Contracture was significantly more frequent in the severe TBI

group (p=0.046).

Functional and cognitive outcomes

Cognitive assessments showed no statistically significant differ-
ences between severity groups for MMSE, MoCA, or Rancho Los
Amigos scores (all p>0.05; Table 2). Post-hoc power analysis indi-
cated that the study had limited power to detect between-group

differences of the magnitude observed (achieved power: 11.8%
for MMSE, 24.1% for MoCA, 43.9% for Rancho Los Amigos, at
0=0.05), so these non-significant findings should be interpreted
with caution given the substantial risk of Type II error rather than
as evidence of true equivalence between groups. Descriptively,
FAS scores shifted post-rehabilitation: FAS 0 decreased from 58
to 42%, while combined FAS 3-5 increased from 24 to 46%
(Table 3); the p-values reported in Table 3 reflect between-group
(severity) comparisons at each timepoint rather than within-group
pre-post comparisons. Within-group pre-post change was for-
mally tested with a Wilcoxon signed-rank test, which confirmed
a statistically significant improvement in FAS from admission
to discharge (21 patients improved, 0 worsened, 29 unchanged;

Table 2. Comparison of clinical variables between brain injury severity groups.

Post-traumatic amnesia, n (%)

Severe TBI (n=36, 72%)

Mild TBI (n=6, 12%)

Moderate TBI (n=8, 16%)

None 6(16.7) 6 (75.0) 6 (100) <0.001
<1h 0 0 0
1-24h 0 0 0
>24 h 30(83.3) 2(25.0) 0
MMSE 22.9%4.9 24.6%3.7 23.3+3.8 0.627
Rancho Los Amigos Scale 6.7+1.5 7.842.3 77+£0.5 0.123
MoCA 18.5646.1 21.64£3.5 20.3£3.4 0.312

Values are presented as meanzSD for continuous variables and as frequency and percentage (n, %) for categorical variables. Categorical variables
were compared using chi-square test; continuous variables using one-way ANOVA. MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive
Assessment; TBI: traumatic brain injury. p<0.05 was considered statistically significant.

Table 3. Comparison of Functional Ambulation Scale scores before and after treatment across brain injury severity groups.

Group 1 GCS 3-8 (n=36) Group 2 GCS 9-12 (n=8)
Before treatment p -value

0 (58.2) 31(87.5) 5(83.4) 0.060
1 5(13.8) 0(0) 1(16.6)

2 1(2.0) 2(25.0) 0(0)

3 9(25.0) (25.0) 0(0)

4 0(0) 1(12.5) 0(0)

0 17 (47.4) 2(25.0) 2(33.0) 0.277
1 2 (5.5) 0(0) 0(0)

2 1(2.7) 1(12.5) 2(33.0)

3 11 (30.5) 4(50.0) 1(17.0)

4 4(11.0) 0(0) 0(0)

5 1(27) 1(12.5) 1(17.0)

Values are presented as frequency and percentage (n, %). FAS scores range from 0 (non-ambulatory) to 5 (normal ambulation). The p-values shown

reflect chi-square comparisons across the three severity groups at each timepoint (before and after treatment, respectively); within-group pre-post
change (admission vs. discharge, whole cohort) was tested separately using the Wilcoxon signed-rank test (Z=-4.078,p<0.001; 21 patients improved,
0 worsened, 29 unchanged). GCS: Glasgow Coma Scale; FAS: Functional Ambulation Scale.
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7=-4.078, p<0.001). In the severe group, FAS 0 decreased from
58.2 to 47.4%, and FAS 3-5 rose from 25 to 44.2%. In the
moderate group, 50% reached FAS 3 post-treatment; in the mild
group, FAS 0 decreased from 83.4 to 33%. To assess whether
pooling traumatic and non-traumatic etiologies affected the cog-
nitive and muscle strength outcomes, an independent-samples
t-test compared traumatic (n=38) and non-traumatic (n=12)
patients on upper extremity strength, lower extremity strength,
MMSE, MoCA, and Rancho Los Amigos scores. No significant
differences were found between etiology groups on any measure
[upper extremity strength: t(48)=0.410, p=0.683; lower extremity
strength: t(48)=-0.294, p=0.770; MMSE: t(48)=0.456, p=0.650;
MoCA: t(48)=0.097, p=0.923; Rancho Los Amigos: t(48)=-
0.734, p=0.467], with small effect sizes throughout (Cohen’s
d range 0.03-0.24), suggesting that analyzing traumatic and
non-traumatic ABI together did not materially affect these out-
come comparisons. Chi-square tests comparing traumatic and
non-traumatic patients on complication frequency and func-
tional status likewise showed no significant differences: spastic-
ity [%(1)=0.049, p=0.825], contracture [}*(1)=0.001, p=0.979],
neurogenic bladder [*(1)=0.524, p=0.469], neurogenic bowel
[x*(1)=2.527, p=0.112], admission FAS [*(4)=1.958, p=0.743],
and discharge FAS [¢*(5)=4.574, p=0.470].

DISCUSSION

Traumatic brain injury (TBI) continues to be a significant pub-
lic health concern due to its high potential for long-term dis-
ability and the complex range of physical, cognitive, and psy-
chosocial impairments it may cause. This study offers a
comprehensive evaluation of clinical, functional, and cognitive
characteristics in patients with acquired brain injury, classified
according to initial injury severity. One of the key strengths of
the present research lies in its multidimensional approach, incor-
porating not only demographic and injury-related variables but
also detailed assessments of complications, cognitive function-
ing, and post-treatment functional outcomes. By stratifying
patients into severity-based subgroups and conducting with-
in-group and between-group analyses, the study provides valu-
able insights into how injury severity correlates with outcomes
such as post-traumatic amnesia, spasticity, contracture, and
frontal lobe functioning. The longitudinal comparison of FAS
scores before and after treatment underscores the dynamic nature
of recovery, revealing a notable shift toward higher FAS scores
in all groups, highlighting the importance of structured fol-
low-up and tailored rehabilitation strategies even for patients
with mild to moderate presentations. The findings indicate that

the majority of patients with severe TBI experienced higher

4

rates of complications such as post-traumatic epilepsy, spastic-
ity, and joint contractures, consistent with prior literature. Post-
traumatic amnesia lasting more than 24 h was most prevalent
in the severe TBI group, whereas no cases of PTA were observed
in mild TBI. Dysphagia was also notable in moderate and severe
cases. Interestingly, deep vein thrombosis (DVT) was reported
only in the mild group, which may reflect coincidental findings
or limitations in documentation. In the comparison of cogni-
tive assessments among patients with varying severity of brain
injury, no statistically significant differences were found in terms
of MMSE, Rancho Los Amigos Scale, or MoCA scores. Although
the severe group exhibited lower mean scores in all three eval-
uations, these differences did not reach statistical significance.
This suggests a trend toward more impaired cognitive and behav-
ioral functioning in patients with more severe injury, but the
small sample size and variability within groups may have lim-
ited the ability to detect significant effects. Our results align
with recent studies emphasizing the importance of multidisci-
plinary rehabilitation approaches in TBI. For example, Varuges
et al. demonstrated statistically significant improvements in
walking distance after inpatient rehabilitation in a similar pop-
ulation'. In this study, a high prevalence of neuromuscular and
neurological complications was observed. Spasticity emerged
as the most common complication, affecting 64% of patients,
aligning with previous reports suggesting that up to two-thirds
of individuals with moderate to severe brain injury experience
spasticity during recovery®. Joint contractures and speech dis-
orders were also notably frequent, underscoring the need for
early and sustained physiotherapeutic and speech-language
interventions'®. Dysphagia, seen in 34% of cases, is a well-doc-
umented consequence of TBI associated with increased risk of
aspiration pneumonia and prolonged hospital stays'.
Post-traumatic epilepsy affected 24% of patients, consistent
with prior findings reporting an incidence of 10-25% in mod-
erate to severe TBI'. Neurogenic bladder and bowel dysfunc-
tion were present in 18 and 12% of patients, respectively, reflect-
ing common autonomic disturbances that accompany more
extensive brain injuries”. Rare but clinically significant com-
plications such as hydrocephalus and DVT were each identified
in 2%. These findings emphasize the necessity of comprehen-
sive, multidisciplinary rehabilitation programs capable of address-
ing a wide spectrum of secondary complications. It is also
important to consider that spasticity and joint contractures may
limit functional gains despite cognitive recovery, underscoring
the need for early spasticity management and joint protection
strategies. Previous studies have consistently demonstrated that
PTA duration is a strong indicator of TBI severity and a reliable
predictor of long-term cognitive and functional recovery. Ponsford
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etal.? reported that longer PTA is significantly associated with
poorer neuropsychological outcomes. Similarly, Walker et al.*!
demonstrated that PTA duration was the most important inju-
ry-related predictor of long-term global functional outcome®.
In the present study, 83.3% of severe TBI patients experienced
PTA longer than 24 h, compared to 25% in the moderate and
0% in the mild groups, reinforcing the utility of PTA as a marker
of injury severity. Despite this significant difference, our find-
ings did not show statistically significant between-group differ-
ences in cognitive and functional outcomes. These results may
be attributed to early timing of assessments, limited subgroup
sizes, and the homogenizing effect of a standardized, intensive
inpatient rehabilitation program. Prior research has indicated
that cognitive improvements during the inpatient phase may
be similar across severity groups when structured multidisci-
plinary rehabilitation is provided®. Andelic et al.'? reported a
high prevalence of post-traumatic complications even 10 years
post-injury, including spasticity, joint contractures, and neuro-
genic dysfunctions. Similarly, Ponsford et al.?* found that long-
term outcomes are often influenced by initial injury severity,
but variability in individual recovery trajectories remains sig-
nificant. The presence of dysphagia and speech disorders across
all TBI groups underscores the importance of comprehensive
interdisciplinary management regardless of injury severity.
The significantly higher incidence of joint contractures in the
severe TBI group highlights the need for proactive contracture
prevention strategies during inpatient rehabilitation. The pres-
ent study evaluated the impact of inpatient rehabilitation on
ambulation in patients stratified by GCS. While all groups
exhibited improvements in FAS scores post-treatment, these
did not reach statistical significance. Al-Jarrah et al.* found that
patients with severe and moderate TBI showed significant
improvements in FIM scores following rehabilitation, whereas
those with mild TBI did not, suggesting that injury severity
may influence the degree of functional recovery achievable.
Bilgin et al.” reported that GCS scores correlated with initial
functional status but were not strong predictors of discharge
outcomes, underscoring the importance of comprehensive
assessments and individualized rehabilitation plans. Future stud-
ies with larger cohorts and longer follow-up periods are neces-
sary to elucidate the full impact of rehabilitation on ambulation
and other functional domains. This study offers several strengths.
The categorization of patients based on GCS scores into sever-
ity subgroups enabled detailed analysis of injury severity—out-
come relationships. The inclusion of multiple standardized
scales—FAS, MMSE, MoCA, and Rancho Los Amigos—allowed
for multidimensional assessment of cognitive and motor func-
tions. Conducting the study in a specialized neurorehabilitation
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center ensured consistency in treatment protocols, strengthen-
ing internal validity. However, its retrospective and single-cen-
ter design limits generalizability and introduces potential bias.
Of the 350 patients initially screened, only 50 (14.3%) met
inclusion criteria (128 excluded for missing admission/discharge
assessment data, 130 for other incomplete chart data, and 42
for premature discharge due to an acute medical emergency);
systematic differences between included and excluded patients—
particularly the possibility that those discharged early for med-
ical instability differed in injury severity or complication burden
from those completing the program—cannot be ruled out and
may limit the representativeness of the study sample. A formal
comparison of included versus excluded patients on baseline
demographic or clinical variables was not feasible, since the
majority of exclusions were themselves due to missing or incom-
plete chart data for these same variables. The small subgroup
sizes substantially reduced statistical power, as confirmed by
post-hoc power analysis (achieved power ranging from 11.8 to
43.9% across cognitive outcomes), such that the non-signifi-
cant between-group findings should be regarded as inconclusive
rather than as evidence of no difference. Traumatic and non-trau-
matic etiologies were analyzed together given the limited sam-
ple size (n=38 vs. n=12); post-hoc comparisons found no sig-
nificant differences between these groups on muscle strength,
MMSE, MoCA, or Rancho Los Amigos scores, nor on com-
plication frequency (spasticity, contracture, neurogenic bladder
or bowel) or admission/discharge FAS distribution (all p>0.05,
small effect sizes), suggesting this pooling did not materially
affect the reported outcomes, though the small non-traumatic
subgroup limits the power to detect subtler etiology-specific
patterns. The pre-post change in FAS scores was formally tested
with a Wilcoxon signed-rank test (Z=-4.078, p<0.001), con-
firming a statistically significant improvement; however, this
whole-cohort result was not stratified by severity subgroup given
the small moderate (n=8) and mild (n=6) group sizes, which
limits inference about whether the improvement was uniform
across severity levels. Additionally, assessments were limited to
the inpatient period, precluding evaluation of long-term recov-
ery trajectories, and the absence of a non-rehabilitation or alter-
native-treatment comparison group means that observed func-
tional improvements cannot be firmly attributed to the
intervention rather than to spontaneous recovery. Although
session frequency and duration (5 days/week, 45 min/session)
were standardized across all patients, length of stay varied con-
siderably (14-98 days), so total treatment dose was not constant
and was not analyzed as a potential confounder. Future pro-
spective, multicenter, controlled studies with larger populations,
a priori power calculations, and long-term follow-up are needed.
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CONCLUSION

This study provides valuable insights into the clinical character-
istics, complications, and functional outcomes of ABI patients
across varying injury severity levels. The findings underscore the
importance of early, multidisciplinary rehabilitation and indi-
vidualized treatment plans. Although statistical significance was
not observed in all outcomes, meaningful shifts in functional
status were observed post-rehabilitation. Future prospective
studies with larger samples and longer follow-up are needed

to elucidate long-term recovery patterns in this population.
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Cancer-related deaths among cases referred for forensic
evaluation in Turkiye: a 5-year retrospective analysis
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SUMMARY

OBJECTIVE: Cancer is a major global cause of mortality and holds particular importance in forensic cases regarding diagnosis, treatment processes,
and determination of cause of death.

METHODS: This retrospective study analyzed 163 cancer-related death cases referred for forensic evaluation to the First Specialized Board of the
Council of Forensic Medicine of Turkiye between 2019 and 2023. Demographic, clinical, pathological, and forensic data were evaluated comprehensively.
RESULTS: Most cases were male (79.1%), with a mean age of 57.3+£18.5 years. The most common primary cancer was lung (30.7%). Diagnosis relied
mainly on medical records (84%), while 12.3% were diagnosed solely by autopsy. Comorbidities were frequent (74.2%), the metastasis rate was high
(46.0%), and deaths mostly occurred in hospitals (78.5%). Malpractice claims were present in 36.8%, particularly higher in interventional treatments.
CONCLUSION: Autopsy and histopathological examinations remain essential for diagnostic accuracy in forensic cancer-related deaths. Malpractice
allegations were more frequent among cases undergoing surgery and chemotherapy/radiotherapy, although these findings reflect allegations rather
than confirmed malpractice. A multidisciplinary approach integrating clinical, pathological, and forensic data is crucial for medicolegal evaluation.

KEYWORDS: Autopsy. Neoplasms. Cause of death. Malpractice. Neoplasm metastasis.

INTRODUCTION

Cancer remains one of the leading causes of morbidity and
mortality worldwide. Current data indicate an increasing
cancer burden both globally and in Tiirkiye. According to
GLOBOCAN (Global Cancer Observatory: Cancer Today)
2022 data, millions of new cancer cases and related deaths are
reported worldwide, and cancer ranks among the leading causes
of death in Tiirkiye'?.

The forensic medical evaluation of cancer cases is particularly
important in cases involving sudden and unexpected deaths,
allegations of negligence or malpractice related to diagnostic
and therapeutic processes, and situations requiring clarifica-
tion of the cause of death. Findings on malignancy detection
in forensic autopsy series vary in the literature, mainly due to
differences in study design, autopsy indications, and histo-
pathological examination approaches®>. Therefore, standard-
ized autopsy protocols and detailed histopathological exam-
inations are critical for accurate judicial processes and reliable

public health data®.

In forensic practice, cancer cases are classified into three
groups: primary malignancies presenting as sudden deaths diag-
nosed at autopsy; suspicious deaths in individuals with known
cancer; and cases involving malpractice allegations. Each requires
specific evaluation and a multidisciplinary approach’.

This study aimed to retrospectively analyze demographic,
clinical, and pathological findings, as well as forensic evaluation
processes, in cancer-related deaths over five years in Tiirkiye,

and to contribute to forensic practice.

METHODS

Case selection and data collection

This retrospective study included 163 forensic cases evalu-
ated by the First Specialized Board of the Council of Forensic
Medicine of the Republic of Tiirkiye between January 1, 2019,
and December 31, 2023, in which the cause of death was deter-

mined as cancer. Because cases were included according to the

"Ministry of Justice, Council of Forensic Medicine, The Group Presidency of Forensic Medicine - Van, Turkiye.
“Ministry of Justice, The Council of Forensic Medicine — Istanbul, Turkiye.
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date of forensic board evaluation rather than the date of death,
some deaths had occurred in earlier years. Cases were selected
according to definitive causes of death established by the board
after evaluation of forensic files, while those referred for insur-
ance assessment were excluded. Cases referred solely for insur-
ance assessment were excluded because they follow a distinct
legal evaluation pathway and were not considered comparable
to medicolegal death investigations.

Cases were analyzed in terms of demographic character-
istics (sex, age), place and year of death, geographic distribu-
tion, hospitalization history, and the interval between the last
hospital admission and death. Primary cancer type, diagnos-
tic methods (medical records, statements, autopsy findings),
treatment modalities, comorbid systemic diseases, and autopsy
findings were also evaluated. Histopathological results, includ-
ing tumor presence, involved organs and systems, and patho-
logical diagnoses, were recorded. Additionally, metastasis sta-
tus and localization, toxicological findings, definitive causes of
death, and malpractice allegations were assessed. Toxicological
categories were based on all substances detected in biological
samples. Consequently, chronic disease medications and car-
diopulmonary resuscitation drugs could be recorded concur-
rently within the same case. All variables were analyzed holis-
tically by integrating clinical, pathological, and forensic data.
For cause-of-death classification, cases categorized as “cancer
and infection/multiple organ failure” were those in which infec-
tion or multiple organ failure was identified as the immediate
terminal event, whereas “primary cancer and complications”
referred to progressive cancer-related mortality without a dom-
inant infectious process.

Histopathological data included both postmortem tissue
examinations and available antemortem pathology reports
(biopsy and surgical pathology specimens) contained within
the forensic case files. Therefore, the number of cases with his-
topathological information may slightly exceed the number of

autopsied cases.

Data analysis

Data were analyzed using IBM SPSS Statistics v.27. Descriptive
statistics were presented as number (n) and percentage (%)
for categorical variables, and meantstandard deviation and
median (minimum-maximum) for continuous variables.
Chi-square and Fisher’s exact tests were used for categorical
comparisons; distribution was assessed by the Kolmogorov-
Smirnov test. Student’s t-test or Mann-Whitney U test was
applied, and Kruskal-Wallis was used for multiple groups.
Statistical significance was set at p<0.05. Because the study

was exploratory in nature, reported p-values were not
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adjusted for multiple comparisons and should be inter-

preted cautiously.

Ethics approval

Approval for this study was obtained from the Education
and Scientific Research Commission of the Council of
Forensic Medicine (decision dated April 30, 2024; No.
21589509/2024/323), and the principles of the Declaration
of Helsinki were observed.

RESULTS

Of the 163 cases, 79.1% (n=129) were male. Cases were con-
centrated in older age groups, most frequently in the 60-69
range (28.2%; n=46). The mean age was 57.26£18.5 years. Most
deaths occurred in hospitals (78.5%j; n=128), with increased
cases between 2020 and 2022. Autopsy was performed in
81.6% (n=133), and 71.8% (n=117) had prior hospitalization.
The interval between last admission and death was most often
8-30 days (25.8%; n=42) (Table 1).

The most common primary cancer was lung (30.7%; n=50),
followed by small and large intestine (9.2%; n=15), liver (7.4%;
n=12), and hemarological malignancies (6.7%j; n=11); breast
cancer accounted for 3.1% (n=5). Diagnosis relied mainly on
medical records (84%; n=137), followed by statements (70.6%;
n=115) and autopsy findings (48.5%; n=79). In 12.3% (n=20),
diagnosis was established solely by autopsy.

Medical therapy alone was most common (26.4%; n=43),
with combined treatments also frequent (Table 2). At least one
systemic disease was present in 74.2%. Cardiovascular diseases
(52.2%; n=85) were most frequent, followed by diabetes melli-
tus (18.4%; n=30) and chronic obstructive pulmonary disease
(COPD) (17.2%; n=28). No or unknown comorbidity was
present in 25.8% (n=42). At autopsy, mass lesions and serous
fluid accumulation (39.3%; n=64) predominated; no mac-
roscopic findings were observed in 12.3% (n=20), and prior
organ removal in 4.9% (n=8).

Histopathological examination was performed in 82.8%
(n=135), with tumors detected in 46.6% (n=76). The lung was
most frequently involved (17.8%; n=29), followed by liver (6.1%;
n=10), bone marrow (3.7%; n=06), and pancreas (3.1%; n=5).
The respiratory system predominated (19%; n=31) (Table 2).
The most common diagnosis was malignant tumor (24.5%;
n=40), followed by adenocarcinoma (7.4%j; n=12) and squa-
mous cell carcinoma (3.7%; n=6).

Metastasis was identified in 46.0% (n=75), most commonly
in the liver (22.1%j; n=36), followed by brain (10.4%; n=17)
and heart (9.2%; n=15). Toxicology most frequently showed
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Table 1. Demographic and clinical characteristics of the cases.

Characteristics — %

Table 2. Clinical, pathological, toxicological characteristics and
outcomes of the cases.

Male 129 791 Characteristics - %
e Female 34 20.9 Medical treatment only 43 26.4
0-9 7 43 Unspecified/unknown 32 19.6
10-19 0 0.0 Surgery+CT/
RT+medical &7 1168
20-29 7 4.3 Treatment
30-39 s 49 modalities CT/RT+medical 25 15,8
Surgery+medical 13 8.0
S e 40-49 16 9.8 gery
(decades) 50-59 39 23.9 Surgery only 12 7.4
60-69 46 28.2 CT/RT only 11 6.7
70-79 26 16.0 Respiratory 31 19.0
80-89 12 7.4 Gastrointestinal 25 18.3
90-99 2 1.2 Hematolymphoid 5 3.1
Hospital 128 78.5 Systems with Genitourinary 7 4.3
) histopathologically
Place of death Home = 202 detected tumor Central:ervous 2 1.2
Nursing home/care S
o 2 1.2 .
facility Endocrine 1 0.6
201E z 1.2 Other 5 3.
2017 6 37 No tumor detected 87 53.4
20l = 12.3 CDD+CPR drugs 76 | 4656
2019 22 183.8
Year of death 2020 p s CDD 32 19.6
: CPRdrugs 6 3.7
2021 31 19.0
Substances
2022 37 22.7 : : of abuse+CPR 4 2.5
Toxicological d CDD
2023 17 10.4 findings TUREr
Marmara 59 36.2 Chemotherapeutic 9 19
agents '
Aegean 17 10.4
No drug/substance
S Mediterranean 14 8.6 fnhoned 19 | 117
regions Central anatolia 41 25.2 T 24 147
Black sea 12 7.4 :
Primary cancer and 86 52.8
Eastern anatolia 6 3.7 complications ’
Southeastern anatolia 14 8.6 Cancer and infection/
MOF 45 27.6
Performed 133 81.6
Autopsy Not performed 28 17.2 Cancerandsystemic |, | -,
status . diseases :
Exhumation 2 1.2 Definitive cause
of death PCSC 9 5.5
History of Present 117 71.8 (
hospitalization Other (e.g., trauma and
p Absent 46 28.2 cancer) 8 4.9
0-24h 40 245 UA (possible cancer) 2 1.2
) 2-3 days 20 12.3 - .
Time between Drug intoxication and 1 06
last hospital 4-7 days 19 11.7 cancer :
admission _
] lastis 8-30days 42 25.8 Malpractice Present 60 36.8
1-4 months 12 1.4 allegation Absent 103 63.2
Moi-Tesiphizl desiing £l 10 CT: chemotherapy; RT: radiotherapy; CDD: chronic disease drugs; CPR:

cardiopulmonary resuscitation; MOF: multiple organ failure; PCSC:
primary cancer surgery and complications; UA:undetermined at autopsy;
n:number; %: percentage.

n: number; %: percentage. Cases were included according to the date
of forensic board evaluation (2019-2023); therefore, the year of death
may precede the study evaluation period.
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combined chronic disease and resuscitation drugs (46.6%;
n=76). The most common cause of death was primary cancer
and its complications (52.8%; n=86), and malpractice allega-
tions were present in 36.8% (n=60) (Table 2).

Lung cancer was more frequent in males (32.6%; n=42)
than females (23.5%; n=8), with a significant association
between cancer type and sex (p=0.016), but not age (p=0.196).
Respiratory system cancers were more frequent in those 260
years (33.1%; n=54), without significance (p=0.106). No asso-
ciations were found between systems and metastasis (p=0.260)
or causes of death (p=0.303). Medical therapy was more fre-
quent in cases without histopathologically detected tumors
(75.9%; n=606). Surgical treatment was significantly associated
with histopathological tumor detection (p=0.014), whereas no
significant associations were observed for chemotherapy/radio-
therapy (p=0.093) or medical treatment (p=0.139). Malpractice
allegations were more frequent among cases undergoing sur-
gery (48.1%; n=25) and chemotherapy/radiotherapy (47.6%;
n=30) than among those who did not receive these treatments
(p=0.041 and p=0.023, respectively), whereas no significant

association was observed for medical treatment alone (p=0.265).

DISCUSSION

This study demonstrates a clear relationship between clinical
processes and forensic medical evaluation in cancer-related
deaths, indicating a multidimensional interaction between
clinical, pathological, and forensic components.

Most cases were male (79.1%) and in older age groups, with a
mean age of 57.26%18.5 years. Similarly, Cengel et al.® reported a
male proportion of 79.7% in malignancy cases. This male predom-
inance is consistent with cancer epidemiology, as GLOBOCAN
2022 data show higher incidence rates in men both globally and
in Tiirkiye’. These findings highlight the importance of demo-
graphic characteristics in forensic evaluation.

The predominance of hospital deaths and limited nursing
home deaths suggests insufficient institutional care for termi-
nal cancer patients. This aligns with reports indicating limited
institutional care capacity in Tiirkiye'® and high care needs in
nursing home populations''. The increase in cases during 2020
2022 may reflect disruptions in cancer care during the COVID-
19 pandemic, including delays in diagnosis and treatment'?,
potentially leading to advanced-stage disease and increased
forensic case burden. These findings underscore the need to
strengthen palliative and end-of-life care services.

The high rate of hospitalization and the concentration of deaths
within early and intermediate periods after admission suggest the
importance of clinical complications. The coexistence of cancer
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and infection, along with the predominance of respiratory system
cancers, supports the role of infections in mortality. Medical inter-
vention-related complications, particularly lower respiratory tract
infections, are more frequent in hospital deaths'. Thus, mortality
in cancer patients is influenced not only by disease progression
but also by complications arising during clinical care, emphasiz-
ing the need for comprehensive evaluation of healthcare history.

Within this forensic referral cohort, lung cancer was the
most frequently identified primary malignancy, and respiratory
and gastrointestinal system tumors predominated. The higher
frequency of lung cancer among men was broadly consistent
with epidemiological observations reported in the literature’.
However, because the study population consisted exclusively of
cases referred for medicolegal evaluation, these findings should
not be interpreted as representative of the overall distribution of
cancer-related deaths in Tiirkiye. The relatively low frequency
of breast cancer among women may reflect the forensic char-
acteristics of the study population. Histopathological findings,
with the lung as the most frequently involved organ and the
respiratory system predominating, support this distribution.
The absence of tumor findings in more than half of cases may
be related to widespread metastasis and organ failure in termi-
nal stages. Diagnosis based mainly on medical records, with a
notable proportion established only at autopsy, highlights the
limitations of clinical evaluation and the importance of autopsy
and histopathology'*". These findings emphasize the necessity
of integrated evaluation for diagnostic accuracy.

Multimodal treatment approaches are emphasized in oncol-
ogy, with therapy guided by tumor characteristics'®. In this study,
medical therapy was most common, while combined treatments
were also frequent. The significant association between surgical
treatment and histopathological diagnosis indicates concordance
between treatment and diagnostic processes. However, missing
treatment data in 19.6% of cases underscores the importance of
complete medical documentation, as incomplete records may
negatively affect forensic processes'. Systematic documenta-
tion is therefore critical in both clinical and forensic contexts.

Comorbid diseases are common in cancer and signifi-
cantly influence prognosis'®*. In this study, at least one sys-
temic disease was present in approximately three-quarters of
cases, consistent with the literature. The higher rate compared
to the 48% reported by Karako¢? may be due to inclusion of
only fatal cases. Cardiovascular diseases and diabetes mellitus
were the most common comorbidities, consistent with Renzi
et al.’®, while respiratory diseases such as COPD support their
negative impact, particularly in lung cancer cases".

Macroscopic examination is a fundamental step in autopsy
diagnosis, although findings may be limited, requiring
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histopathological confirmation®!. The detection of mass lesions
and serous fluid accumulation, alongside cases without macro-
scopic findings, supports this. Prior surgical removal of organs
may limit macroscopic evaluation, necessitating correlation
with clinical history. The predominance of malignant tumors,
adenocarcinoma, and squamous cell carcinoma aligns with the
literature, particularly for lung cancer subtypes?. The most fre-
quent metastasis sites—liver, brain, and heart—are consistent
with organotropic spread patterns®. The relatively high fre-
quency of cardiac metastases should be interpreted cautiously.
Cardiac metastases are often underdiagnosed during life and
may be detected more frequently during postmortem exam-
inations, particularly in advanced-stage disease. However, the
lack of significant association between systems and metasta-
sis suggests a multifactorial process. These findings reinforce
the importance of integrating macroscopic, histopathological,
and clinical data.

In this study, toxicological analysis most frequently revealed
the combined presence of medications for chronic diseases and
cardiopulmonary resuscitation drugs. Additionally, the low
detection rate of chemotherapeutic agents and the absence of
any detectable substances or unavailable results in some cases
are noteworthy. In forensic toxicology, the analysis of biologi-
cal samples is essential for identifying drugs used prior to death
and evaluating their potential contribution to mortality*. This
may be related to the postmortem stability of chemotherapeu-
tic agents, analytical limitations, and variability associated with
postmortem processes. Therefore, toxicological findings should
be interpreted within the clinical and forensic context of the case.

Malpractice allegations were identified in 36.8% of cases
and were significantly more frequent in those undergoing sur-
gery and chemotherapy/radiotherapy. In oncology, malpractice
claims are often associated with treatment processes and care
organization®. However, this study evaluated malpractice alle-
gations rather than confirmed malpractice determinations. The
higher frequency of allegations among cases receiving surgery or
chemotherapy/radiotherapy may reflect treatment complexity,
disease severity, or patient and family expectations rather than
deficiencies in care. Although complications may lead to seri-
ous outcomes, not all adverse events constitute malpractice. In
fatal cases, autopsy findings remain critical for the evaluation

of malpractice claims.

Limitations

This study has several limitations. First, the study population
consisted exclusively of cases referred to the First Specialized
Board of the Council of Forensic Medicine, introducing

referral and selection bias and limiting the generalizability
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of the findings. Therefore, the observed distributions of can-
cer types, clinical characteristics, and medicolegal findings
may not reflect those of all cancer-related deaths in Tiirkiye.
Second, treatment information was unavailable in 19.6% of
cases. Third, no non-forensic comparison group was available.
Fourth, the study evaluated malpractice allegations rather
than substantiated or legally confirmed malpractice determi-
nations. Fifth, toxicological findings were interpreted qualita-
tively because quantitative postmortem drug concentrations
were not consistently available. Finally, although additional
multivariable analyses may have provided further insights, the
retrospective nature of the study and the lack of access to an
analyzable individual-level dataset precluded further model-

ing beyond the predefined analyses.

CONCLUSION

This study demonstrated that autopsy and histopathological
examinations remain essential for diagnostic accuracy in foren-
sic cancer-related deaths. Malpractice allegations were more
frequent among cases undergoing surgery and chemotherapy/
radiotherapy, although these findings reflect allegations rather
than confirmed malpractice. The results highlight the impor-
tance of integrating clinical, pathological, and forensic data
through a multidisciplinary approach in medicolegal evalua-

tions of cancer-related deaths.
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Evaluation of infants aged 0-12 months admitted to the pediatric
emergency department: the example of Batman Training And
Research Hospital
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SUMMARY

OBJECTIVE: This study aimed to assess the reasons for admission, demographic and clinical characteristics, diagnostic procedures, hospitalization
rates, and repeat visits among infants aged O-12 months transported to the pediatric emergency department by 112 Emergency Medical Services
ambulances in 2023, with afocus on. The study further evaluated the urgency of visits and sought to identify potentially preventable hospital admissions,
while also examining the clinical decision-making processes involved.

METHODS: This retrospective investigation involved infants brought to the Pediatric Emergency Department of Batman Training and Research
Hospital from January 1 to December 31, 2023. Hospital records were examined for demographic reasons for admission, laboratory and imaging
evaluations, hospitalization or referral outcomes, and repeat visits. Patients were grouped as neonates (0-28 days) or post-neonatal infants (29
days-12 months). Statistical analyses were conducted using Statistical Package for the Social Sciences 26.

RESULTS: Of 3,950 ambulance transports, 957 (24.2%) involved infants aged O- 12 months; 55.6% were male. The leading causes for admission were
respiratory distress (38.8%), jaundice (21.8%), and fever (8.3%). Hospitalization was needed in 60.6% of cases, and 20.0% were admitted to neonatal
intensive care. Approximately 37.2% were discharged after clinical examination and limited diagnostic workup. Repeat presentations were seen in
11.3% of patients. Most admissions occurred on weekends and during off-hours periods.

CONCLUSION: Many ambulance transports of infants involved non-urgent conditions, yet hospitalization rates remained high, especially among
neonates. Improving parental education, scheduled follow-up for high-risk infants, and primary care access could reduce unnecessary visits.
KEYWORDS: Ambulance. Infant. Newborn. Emergency service, hospital.

INTRODUCTION

Emergency conditions are those with sudden onset that may

The infant period is a highly vulnerable stage of life, char-
acterized by ongoing physiological, metabolic, and environ-
mental adaptation, with relatively higher risks of morbidity
and mortality. The neonatal period, as the most delicate phase
of infancy, is particularly significant, since illnesses may pres-
ent with subtle clinical findings yet progress rapidly. In recent
years, influenced by national health, economic, and social fac-
tors, shorter postpartum hospital stays have contributed to an
increase in pediatric emergency department visits among neo-
nates and infants, either due to emerging medical issues or for

routine post-discharge evaluation'.

be life-threatening or carry a risk of permanent health deterio-
ration, thus requiring prompt medical attention®. In infancy,
however, symptoms are often mild or nonspecific, which can
lead to visits for non-urgent problems. This contributes to
overcrowding in pediatric emergency departments and makes
efficient healthcare delivery more challenging.

In recent years, neonatal intensive care unit admission
rates have been reported to be approximately 8-10%, which is
thought to reflect improvements in antenatal care and more struc-
tured perinatal monitoring processes®. Despite these advances

in healthcare delivery, mortality during the neonatal and early
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Infant emergency admissions via ambulance

infant periods continues to be largely associated with acute and
rapidly developing conditions that require timely recognition
and immediate medical intervention. Early diagnosis, close clin-
ical follow-up, and prompt initiation of appropriate treatment
remain critical factors in improving outcomes and reducing both
mortality and morbidity rates in this vulnerable population®.
Prehospital emergency medical services, particularly 112
Emergency Medical Services ambulances, have an important
role in identifying high-risk infants early and ensuring their
rapid transfer to suitable healthcare facilities. Careful assessment
of potential risks before discharge, along with comprehensive
parental guidance and well-structured follow-up planning, can
help reduce avoidable emergency department visits and repeated
hospital admissions’. In this context, examining the reasons for
admission, clinical features, and outcomes of infants aged 0—12
months transported to the pediatric emergency department by
ambulance is essential for both improving neonatal health out-

comes and supporting effective healthcare service planning.

METHODS

This study was carried out within the scope of a research proj-
ect conducted at Batman Training and Research Hospital and
was approved by the Mardin Training and Research Hospital
Scientific Research Ethics Committee (approval date: October
8, 2024; approval number: 2024/10-27). All study procedures
were conducted in accordance with the principles outlined in
the Declaration of Helsinki.

The study was planned as a retrospective, descriptive inves-
tigation. Data were obtained from the Hospital Information
Management System of Batman Training and Research Hospital,
and records of infants aged 0-12 months who were brought
to the Pediatric Emergency Department by 112 Emergency
Medical Services ambulances between January 1, 2023, and
December 31, 2023, were reviewed in detail retrospectively.

Patients’ demographic features, reasons for admission,
laboratory tests and imaging studies performed, hospitaliza-
tion or referral status, and repeat emergency department vis-
its were evaluated using data from the Hospital Information
Management System. Visits by the same patient at different
times were recorded as separate entries, and repeat admissions
were assessed as a distinct variable during analysis.

During the study period, a total of 3,950 patients trans-
ported to the pediatric emergency department by 112 Emergency
Medical Services ambulances were identified through the Hospital
Information Management System. Among them, 957 infants aged
0-12 months formed the study group. No sampling method was
applied, and all eligible cases were included directly in the analysis.

Statistical analysis

Statistical analyses were performed using Statistical Package
for the Social Sciences version 26. Continuous variables were
expressed as meantstandard deviation or median (minimum-—
maximum), depending on their distribution. Categorical vari-
ables were presented as numbers (n) and percentages (%).
Descriptive statistics were used to evaluate the demographic
and clinical characteristics of the study population.

RESULTS

In 2023, a total of 3,950 pediatric patients were transported
to the pediatric emergency department by 112 Emergency
Medical Services ambulances, and 957 of them were infants
younger than one year (24.2%). The fact that infants under
one year accounted for nearly one quarter of ambulance admis-
sions may be related to the increased clinical vulnerability of
this age group and their greater need for urgent medical eval-
uation. Among the included infants, 532 (55.6%) were male,
and 425 (44.4%) were female (Table 1). The mean birth weight

was 2,957.4 g, while the mean maternal age was 28.4 years.

Table 1. Distribution of gender and admission reasons among
infants aged 0-12 months transported to the pediatric emergency
department by 112 emergency medical services ambulances.

Caiae | crowos |0 %

Male 5872 55.6
Gender Female 425 44.4

Total 957 100.0
Respiratory distress 371 38.8
Jaundice 209 21.8
Fever 79 8.3
Feeding difficulties 67 7.0
Vomiting 56 5.9
Trauma 34 3.6
Constipation 26 2.7
Dermatological conditions 22 2.3
Diarrhea 14 1.5
Irritability and agitation 19 2.0
Cough 16 1.7
Surgical conditions 12 1.3
Cystitis 1 1.1
Neurological conditions 8 0.3
Other 18 1.9
Total 957 100.0
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When the reasons for admission to the pediatric emergency
department via 112 Emergency Medical Services ambulances
were evaluated, respiratory distress was the most frequent com-
plaint, accounting for 371 cases (38.8%). Jaundice followed
as the second most common reason with 209 cases (21.8%),
while fever ranked third with 79 cases (8.3%). Other present-
ing complaints included feeding difficulties, vomiting, trauma,
constipation, dermatological problems, diarrhea, irritability
and restlessness, cough, surgical conditions, cystitis, and neu-
rological disorders (Table 1). The “other” category comprised
conditions such as thyroid function abnormalities (elevated
thyroid-stimulating hormone levels), sleep-related problems,
conjunctivitis, prematurity, burns, and hypothermia.

Of the patients transported by 112 Emergency Medical
Services ambulances, 580 (60.6%) were hospitalized. Among
them, 116 (20.0%) required admission to the Neonatal Intensive
Care Unit, most commonly due to respiratory distress, jaun-
dice, and fever. A total of 356 patients (37.2%) who did not
require hospitalization were discharged following clinical assess-
ment and appropriate management. Additionally, 21 patients
(2.2%) were referred to other centers for further diagnostic
evaluation and treatment. The main reasons for referral were
trauma or fall history (n=12), fever (n=5), severe respiratory
distress (n=3), and jaundice (n=1).

When repeat visits to the pediatric emergency department
were analyzed, 108 patients (11.3%) had at least one readmis-
sion during the study year via 112 Emergency Medical Services
ambulances. Respiratory distress was the leading cause of these
repeat admissions (59.3%), followed by jaundice (25.9%) and
fever (14.8%).

The diagnostic tests and imaging methods used for patients
evaluated in the pediatric emergency department are presented
in Table 2. Laboratory blood tests were the most commonly
requested investigations in this cohort. No diagnostic testing
was performed in 105 patients (11.1%), while 566 patients
(59.1%) underwent laboratory blood analysis. Among other
diagnostic and imaging modalities, ultrasonography was used in
96 patients (10.0%), plain radiography in 67 patients (7.0%),
urine analysis in 54 patients (5.6%), computed tomography
in 43 patients (4.5%), and magnetic resonance imaging in 26
patients (2.7%).

When the timing of emergency department presentations
among infants aged 0—12 months was examined, 283 admis-
sions (29.6%) occurred on weekdays, while 674 (70.4%) took
place on weekends and official holidays (Table 3). In terms of
time of day, 108 presentations (11.3%) were recorded between
08:00 and 16:00, 617 (64.5%) between 16:00 and 24:00, and
232 (24.2%) between 24:00 and 08:00 (Table 3).
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Table 2. Diagnostic tests and imaging studies requested for
infants aged 0—12 months transported to the pediatric emergency
department by 112 emergency medical services ambulances.

Diagnostic test information - %

Laboratory blood tests requested 566 591
No diagnostic tests requested 105 11
Ultrasonography (USG) requested 96 10.0
Plain radiography requested 67 7.0
Urine tests requested 54 5.6
Computed tomography (CT) requested 43 4.5
Magnetic resonance imaging (MRI) requested 26 2.7
Total 957 | 100.0

Table 3. Timing and distribution of admissions of infants aged 0-12
months transported to the pediatric emergency department by
112 emergency medical services ambulances.

Timootatmission | n | %

Weekday admissions 283 | 29.6
Weekend and public holiday admissions 674 | 70.4
Total 957 | 100.0

motagmision |0 | %

Admissions between 08:00 and 16:00 108 | 11.8
Admissions between 16:00 and 24:00 617 | 64.5
Admissions between 24:00 and 08:00 232 | 24.2
Total 957 | 100.0

DISCUSSION

In our study, analysis of the reasons for admission to the pediat-
ric emergency department via 112 Emergency Medical Services
ambulances showed that respiratory distress was the most frequent
presenting complaint, with jaundice ranking second. A study
conducted at the Cukurova University Faculty of Medicine
Hospital similarly identified respiratory distress as the leading
cause of emergency visits among preterm infants, which aligns
with our findings®. In addition, Bozlu et al. reported that the
most common reasons for neonatal admissions to the pediatric
emergency department were jaundice, prematurity, and asphyxia,
and that 78.4% of these patients required hospitalization’.

According to our findings, the mean birth weight of infants
presenting to the pediatric emergency department was 2,957.4
g. In a similar study, the mean birth weight was reported as
3,232.22+456 g®. Among the infants included in our study,
532 (55.6%) were male and 425 (44.4%) were female, indicat-
ing a higher proportion of male patients. This finding is in line
with previous studies evaluating pediatric emergency depart-
ment admissions, which have also reported a higher frequency
of male patients compared to females’.
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In our study, the most common indications for admission
to the neonatal intensive care unit were respiratory distress and
jaundice. In contrast, another study in the literature reported
that infants presenting to the emergency department with com-
plaints such as fever and dehydration had higher hospitalization
rates compared with other conditions. Based on these findings,
it has been suggested that infants presenting with these clini-
cal features should be admitted promptly for observation and
treatment, without unnecessary delay in the emergency depart-
ment for further diagnostic evaluation, provided their general
condition is stable™.

As observed in this study, admissions of patients transported
to the pediatric emergency department by 112 Emergency
Medical Services ambulances occurred more frequently on
weekends and public holidays than on weekdays. This pattern
is consistent with previous literature describing the temporal
distribution of pediatric emergency department visits. In a
large-scale observational study by Schinkelshoek et al., a con-
siderable proportion of pediatric emergency presentations were
reported during out-of-office hours and on weekends, with
higher patient volumes during these time periods''. Limited
access to primary healthcare services outside regular working
hours, increased parental concern when symptoms arise, and
the inherent vulnerability of the neonatal period may all con-
tribute to this pattern. In particular, symptoms such as respi-
ratory distress, fever, and feeding difficulties in neonates often
lead to heightened parental anxiety, which in turn increases
the use of emergency medical services.

When the findings of this study are considered together
with the existing literature, a considerable proportion of pedi-
atric emergency department admissions via 112 Emergency
Medical Services ambulances appears to occur during the early
neonatal period. Previous studies have shown that emergency
department visits among neonates are most commonly clustered
within the first week of life'?. This pattern reflects the physio-
logical vulnerability of this early stage and the increased need
for urgent medical care. The results emphasize the importance
of providing comprehensive postnatal parental education and
maintaining close follow-up for high-risk neonates during the
early postnatal period.

CONCLUSION

Infants represent a considerable proportion of pediatric emer-

gency department admissions due to being in a highly vulnerable
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stage of life. In this study, a notable proportion of patients
(37.2%) transported to the pediatric emergency department
by 112 Emergency Medical Services ambulances were dis-
charged following physical examination and basic clinical
evaluation alone. This finding indicates that many emergency
department visits may not correspond to true emergency con-
ditions. In most cases, clinical assessment and routine labora-
tory investigations were suflicient for diagnosis and manage-
ment, whereas the need for advanced imaging techniques and
invasive procedures was limited.

The findings of this study suggest that insufficient parental
education during the early postnatal period regarding physi-
ological changes, routine well-child follow-up, and warning
signs may be an important factor contributing to increased
emergency department visits. In addition, early discharge prac-
tices and limited outpatient follow-up may also contribute to
the rising number of pediatric emergency department admis-
sions among infants aged 012 months. Strengthening post-
natal parental education, establishing structured and regular
outpatient follow-up for high-risk infants, and encouraging
more appropriate use of primary healthcare services may
help reduce unnecessary emergency department visits and
repeat admissions.
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The role of hematological parameters and systemic
immune-inflammation index in the management of
symptomatic gestational hydronephrosis

Ubeyd Sungur'™
Deniz Noyan Ozl{’

, Kagan Toksal'
, Mithat Eksi’

, Gul Stheda Sungur? @,
, Ali Emre Fakir' ®, Alper Bitkin'

SUMMARY

OBJECTIVE: The aim of this study was to investigate the clinical, imaging, and hematological parameters predicting the necessity of surgical intervention
in pregnant women presenting with symptomatic gestational hydronephrosis.

METHODS: We retrospectively evaluated 192 pregnant women diagnosed with symptomatic hydronephrosis between January 2015 and September
2024. Patients were divided into Group 1 (conservative management, n=138) and Group 2 (surgical intervention via double-J stent or percutaneous
nephrostomy, n=54). Demographic data, clinical findings, degree of hydronephrosis, urinalysis, and complete blood count parameters—including
C-reactive protein, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, and systemic immune-inflammation index—were compared. Logistic
regression analysis was performed to identify predictors for surgery.

RESULTS: A history of urolithiasis, prolonged pain, fever, severe hydronephrosis, pyuria, and elevated creatinine were significantly higher in Group
2 (p<0.05). White blood cell, neutrophil-to-lymphocyte ratio, and C-reactive protein levels did not differ significantly between the groups. However,
platelet counts (p=0.020), platelet-to-lymphocyte ratio (p=0.038), and systemic immune-inflammation index (p=0.015) were significantly elevated in the
surgical cohort. Univariate logistic regression analysis revealed that an elevated platelet count (p=0.039) and a higher systemicimmune-inflammation
index (p=0.004) were significant predictors. In the multivariate analysis, the systemic immune-inflammation index remained an independent predictor
(p=0.009), whereas platelet count did not.

CONCLUSION: While clinical presentation and the severity of hydronephrosis primarily indicate the need for surgical intervention, the systemic
immune-inflammation index serves as a valuable, cost-effective auxiliary predictor among the hematological parameters.

KEYWORDS: Hydronephrosis. Pregnancy complications. Ureteral obstruction. Inflammation. Biomarkers.

criteria for determining the treatment modality in symptom-

INTRODUCTION

atic gestational hydronephrosis lack clearly defined boundaries.

Gestational hydronephrosis generally presents as a transient
condition that does not require invasive treatment. It is well
established that this condition is caused by the mechanical com-
pression of the growing fetus on the ureter—predominantly
on the right side—coupled with the relaxant effect of proges-
terone'. While it is frequently detected via ultrasonography
during routine check-ups in asymptomatic pregnant women,
it occasionally presents with flank pain. Given the restricted
imaging modalities during pregnancy, the possibility of ure-
teral stones must always be kept in mind?® Particular atten-
tion is paid to identify the management method, as interven-
tions performed during pregnancy or delayed treatments can
adversely affect both the mother and the fetus®. Currently, the

A known history of stone disease and recent prior imaging,
if available, can be important in the decision-making process
for surgical intervention in this patient cohort. In cases pre-
senting with signs of pyelonephritis, fever, pyuria, prolonged
intractable pain, or renal impairment, surgical alternatives such
as double-] (DJ) stent placement or percutaneous nephrostomy
are considered”. A risk-benefit analysis is conducted in collabo-
ration with the patient, taking the remaining time until delivery
into account. Although clinical findings primarily constitute
the determining factors, the predictive value of inflammatory
markers in this patient group has become a subject of ongo-
ing research®®. While mild leukocytosis is considered a normal

physiological change during pregnancy, the presence of severe
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Systemic immune-inflammation index in the management of symptomatic gestational hydronephrosis

leukocytosis and neutrophilia, along with elevated parameters
such as C-reactive protein (CRP), may indicate an impend-
ing septic state and thus aid in clinical decision-making”®.
Furthermore, parameters including the neutrophil-to-lym-
phocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and
systemic immune-inflammation index (SII) have emerged as
hematological markers widely investigated for their role in sig-
nifying inflammation across various diseases”'’.

In this study, we aimed to investigate the hematological
markers that predict the necessity for surgical intervention by
comparing the clinical, imaging, and hematological parameters
of pregnant women evaluated for symptomatic hydronephrosis
who either underwent surgical intervention or were managed

with conservative treatment.

METHODS

Pregnant women diagnosed with hydronephrosis via ultrasonog-
raphy during routine obstetric follow-ups or presentations to the
emergency department, and who were subsequently referred to
the urology department at our hospital between January 2015
and September 2024, were retrospectively reviewed. Based on
patient history and consultation notes, symptomatic patients
presenting with complaints such as pain, fever, or dysuria were
included in the study. Patients with a solitary kidney, a history
of renal transplantation, an immunodeficiency disorder, or
missing essential laboratory data were excluded.

Upon admission, all patients underwent a complete blood
count (CBC), biochemical evaluation including serum cre-
atinine and CRD, urinalysis, and urinary ultrasonography.
Patient histories were noted for gestational trimester, parity,
presence of fever, duration of pain, and a history of urolithia-
sis. The patients were classified into two groups for compari-
son: Group 1 consisted of patients managed with conservative
treatment, and Group 2 comprised those who underwent sur-
gical intervention. Conservative management included fluid
hydration, analgesic support, and antibiotherapy. Based on
our institutional clinical practice, the indications for surgical
intervention were defined as follows: (1) signs of pyelonephri-
tis, defined as the coexistence of fever, pyuria, and hydrone-
phrosis of any grade; (2) severe flank pain persisting for more
than three days accompanied by hydronephrosis of any grade;
or (3) severe hydronephrosis accompanied by elevated creat-
inine and/or CRP levels. Surgical interventions involved the
placement of a 4.7-French (Fr) D] stent under general anes-
thesia or sedation, or the insertion of an 8-Fr percutaneous
nephrostomy tube under local anesthesia. The choice between
the two procedures was determined by the surgeon according
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to the severity of hydronephrosis and patient preference. In the
urinalysis, the presence of 210 leukocytes per high-power field
(HPF) was defined as pyuria, and the presence of >4 erythro-
cytes per HPF was defined as hematuria.

The two groups were compared regarding demographic
characteristics, clinical findings, the degree of hydronephrosis,
and laboratory values. Subsequently, hematological parameters
were subjected to logistic regression analysis to identify predic-
tors for the necessity of surgical intervention.

Statistical analysis

Categorical data were presented as frequencies and percentages.
The Kolmogorov-Smirnov test was utilized to evaluate the nor-
mal distribution of numerical data. Normally distributed con-
tinuous variables were expressed as meantstandard deviation,
whereas non-normally distributed continuous variables were
reported as median and interquartile range (IQR). The Student’s
t-test was used to compare normally distributed numerical data,
and the Mann-Whitney U test was applied for non-normally
distributed data. The frequencies of categorical variables were
compared using Pearson’s chi-square test and Fisher’s exact
test. Univariate logistic regression analysis was performed to
determine the predictive value of hematological parameters for
surgical intervention. Parameters found to be significant in the
univariate analysis (platelet count and SII) were evaluated for
multicollinearity by calculating the variance inflation factor
(VIF) and were subsequently entered into a multivariate logis-
tic regression model. Receiver operating characteristic (ROC)
curve analysis was then performed to assess the discriminative
ability of the SII, and the area under the curve (AUC) with its
95%ClI, the optimal cut-off value (determined by the Youden
index), sensitivity, and specificity were calculated. A p-value
of <0.05 was considered statistically significant. All statistical
analyses were performed using the Statistical Package for the
Social Sciences version 26.0 (IBM SPSS Statistics; IBM Corp.,
Armonk, NY, USA).

RESULTS

In our study evaluating 192 pregnant women, the patients
were divided into two groups: those managed with conserva-
tive treatment (Group 1, n=138) and those who underwent
surgical treatment (Group 2, n=54). Within Group 2, D] stent
placement was performed in 36 patients (66.7%), while 18
patients (33.3%) underwent percutaneous nephrostomy inser-
tion. The mean age of the total cohort was 26.6+5.1 years. Age,
trimester of pregnancy, and primiparity rates did not differ sig-
nificantly between the two groups (p>0.05). A known history

Rev Assoc Med Bras. 2026:72(9):e20260594



Sungur U et al.

of urolithiasis, the duration of pain before admission, and the
presence of fever were found to be significantly higher in Group
2 (p=0.011, p=0.001, and p<0.001, respectively). While there
was no significant difference between the groups regarding the
laterality of hydronephrosis, the rate of severe hydronephrosis
was considerably higher in Group 2 (p<0.001).

Regarding the CBC parameters, no significant differences
were detected between the two groups in terms of white blood
cell (WBC), neutrophil, and lymphocyte counts. However,
the platelet count was notably higher in Group 2 compared to
Group 1 (p=0.02). The median values of the NLR and CRP
were higher in Group 2 than in Group 1; however, these dif-
ferences did not reach statistical significance (p=0.154 and
p=0.248, respectively). Conversely, PLR and SII values were

remarkably higher in Group 2 in contrast to Group 1 (p=0.038
and p=0.015, respectively). Elevated creatinine levels and the
presence of pyuria in urinalysis were significantly higher in
Group 2, whereas no significant difference was observed between
the groups concerning hematuria. The detailed comparison
between the two groups is presented in Table 1.

According to the univariate logistic regression analysis
conducted to investigate the hematological predictors for the
necessity of surgical intervention, elevated platelet count and
SII values (calculated by dividing by 100) were found to be sta-
tistically significant predictors (p=0.039 and p=0.004, respec-
tively). Prior to the multivariate analysis, these two significant
parameters were assessed for multicollinearity; the correlation
between them was weak (r=0.20), and the variance inflation

Table 1. Comparison of demographic, clinical, and laboratory parameters of the patients between the conservative management and

surgical treatment groups.

Group 1 “Conservative”

S it
Age (years) | 26.6451 | 26.545.4 27+4.6 | 0585
Trimester (n; %)

First trimester 19(9.9) 10(7.2) 9(16.7)

Second trimester 96 (50) 70 (50.8) 26 (48.1) 0.136

Third trimester 77 (40.1) 58 (42) 19(35.2)
Primiparous (n; %) 114 (59.4) 81 (58.7) 33(61.1) 0.759
History of urolithiasis (n; %) 41 (21.4) 23(16.7) 18(33.3) 0.011
Duration of flank pain (days), median (IQR) 3(4) 2(3) 3(5) 0.001
Fever (n; %) 29 (15.1) 12(8.7) 17 (31.5) <0.001
Hydronephrosis (n; %)

Grade 1-2 138 (71.9) 116 (84.1) 22 (40.7

Grade 3-4 54 (28.1) 22(15.9) 32(59.3 €0.001
Laterality of hydronephrosis (n; %)

Right 118 (61.5) 87 (63) 31 (57.4)

Left 35(18.2) 23(16.7) 12(22.2) 0.651

Bilateral 39(20.3) 28(20.3) 11 (20.4)
White blood cells (x10%/uL) 13.614.3 13.244.2 14.5+4.3 0.074
Neutrophil count (x10%/uL) 10.9+4.1 10.6£3.9 11.7£4.5 0.106
Lymphocyte count (x10%/ul) 1.69+0.66 1.71+0.65 1.66+0.69 0.647
Platelet count (x10%/uL), median (IQR) 244 (78) 237 (77.7) 260.5 (68.5) 0.020
NLR, median (IQR) 6.2 (5.76) 5.88 (5.22) 716 (6.86) 0.154
PLR, median (IQR) 152.8(86.8) 147.8 (84) 169.8 (95.9) 0.038
Sll, median (IQR) 1,593 (1,625) 1,465 (1,259) 1,817 (2,141) 0.015
CRP (mg/L), median (IQR) 12 (33) 11 (43.7) 16.5(27.7) 0.248
Creatinine (mg/dL), median (IQR) 0.5(0.21) 0.49(0.18) 0.56 (0.33) 0.002
Pyuria (n; %) 91 (47.4) 56 (40.6) 35 (64.8) 0.002
Hematuria (n; %) 160 (83.3) 112(81.2) 48(88.9) 0.196

SD: standard deviation; NLR: neutrophile to lymphocyte ratio; PLR: platelet to lymphocyte ratio; IQR: interquartile range; SlI: systemic immune-
inflammation index; CRP: C-reactive protein. Bold values indicate statistical significance (p<0.05).
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Table 2. Univariate and multivariate logistic regression analysis of hematological parameters for predicting the need for surgical intervention.

Univariate Analysis Multivariate Analysis

WBC 1.067 0.993-1.146 0.078
Neutrophil 1.063 0.986-1.146 0.109
Lymphocyte 0.894 0.554-1.441 0.645
Platelet 1.004 1.000-1.008 0.039 1.003 0.999-1.008 0.125
NLR 1.029 0.981-1.078 0.244
PLR 1.004 1.000-1.008 0.070
SlI (per 100 units) 1.036 1.012-1.062 0.004 1.033 1.008-1.058 0.009
CRP 1.002 0.998-1.007 0.321

OR: odds ratio; Cl: confidence interval; WBC: white blood cell; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; Sll: systemic
immune-inflammation index; CRP: C-reactive protein. Bold values indicate statistical significance (p<0.05).

factors were low (1.09 for platelet count and 1.35 for SII), indi-
cating no significant multicollinearity. When both parameters
were entered into the multivariate logistic regression model, the
SII remained an independent predictor of the need for surgi-
cal intervention (OR 1.033, 95%CI 1.008-1.058, p=0.009),
whereas the platelet count lost its statistical significance (OR
1.003, 95%CI 0.999-1.008, p=0.125). The results of the logis-
tic regression analyses are outlined in Table 2. In the ROC
curve analysis, the SII showed a limited discriminative abil-
ity for predicting the need for surgical intervention, with an
area under the curve (AUC) of 0.613 (95%CI 0.517-0.705).
The optimal cut-off value was 2,865, yielding a sensitivity
of 40.7% and a specificity of 87.7%. Figure 1 illustrates the
graphical comparison of SII between the two groups. Figure 2
illustrates the ROC curve of the SII for predicting the need for
surgical intervention.

DISCUSSION

Odur study investigated the relationship between hematological
parameters and the necessity for surgical intervention over 9
years by comparing pregnant women presenting with symp-
tomatic hydronephrosis at our center who underwent either
surgical procedures or conservative management. While clin-
ical findings such as fever, prolonged pain, pyuria, and severe
hydronephrosis on ultrasonography were observed at signifi-
cantly higher rates in patients who underwent surgical inter-
vention, the SII emerged as the most robust predictor among
the evaluated blood parameters for the necessity of surgery.
During management of symptomatic hydronephrosis in
pregnancy, the impact of inflammation on maternal health
and the risk of infection must be carefully reviewed against
the potential effects of interventional procedures on the fetus
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Figure 1. Comparison of the systemic immune-inflammation index
between the conservative management group (Group 1) and the
surgical treatment group (Group 2) (Mann-Whitney U test, p=0.015).
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Figure 2. Receiver operating characteristic curve of the systemic
immune-inflammation index for predicting the need for surgical
intervention.
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and overall obstetric outcomes'!. Analyzing our results, we
observed that clinical findings were the primary determining
factors in patients who underwent percutaneous nephrostomy
or DJ stent placement. Drainage is typically planned when
findings of pyelonephritis, such as fever, pyuria, and flank
pain, are accompanied by hydronephrosis indicative of urinary
obstruction. Since computed tomography is contraindicated
in this patient population, decision-making relies heavily on
ultrasonography and clinical presentation. Consistent with this,
our study found significantly higher rates of fever, prolonged
pain, pyuria, and elevated creatinine levels in patients requir-
ing surgical intervention. The elevated creatinine levels in the
surgical group likely reflect the functional impact of urinary
obstruction on renal drainage. Because glomerular filtration
physiologically increases during pregnancy and lowers baseline
serum creatinine, even values within or near the upper normal
range may indicate subclinical renal impairment secondary to
obstruction; a rising creatinine in this setting may therefore
support the decision for decompression to preserve renal func-
tion. In a study examining pregnant women presenting with
renal colic, He et al. reported that pain lasting longer than 4
days was a predictor for surgical intervention'?. The severity
of hydronephrosis also influences the clinician’s decision-mak-
ing process by helping to differentiate pathological obstruction
from physiological gestational hydronephrosis. The degree of
hydronephrosis and anteroposterior pelvic diameter have been
reported in the literature as parameters predicting the need
for surgical intervention in pregnant women with hydrone-
phrosis®. Our findings strongly support these existing data.
Furthermore, it has been established that the presence of uro-
lithiasis during pregnancy poses significant risks to both mater-
nal and neonatal health'*. Considering the recurrent nature of
stone disease, we believe that in pregnant women with a history
of urolithiasis who develop hydronephrosis, clinicians may be
more inclined toward surgical intervention even if a stone is
not directly visualized.

There are several studies in the literature evaluating the use of
blood parameters in the decision-making process for symptom-
atic gestational hydronephrosis. Ercil et al. stated that elevated
WBC counts and CRP levels, in conjunction with pain, are
markers for the necessity of surgical intervention®. Conversely, a
study published by Demir et al. found no significant difference
in WBC and CRP elevations between patient groups managed
surgically and those followed conservatively'®. In our study,
although WBC and CRP were higher in the surgical group, the
difference did not reach statistical significance. It is well known
that pregnancy-induced leukocytosis can occur, meaning WBC
may not always accurately reflect an underlying pathological
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state'®. Considering that it could be helpful without requiring
additional laboratory testing, Bozkurt et al. investigated the
NLR and identified that an elevated NLR could serve as an
auxiliary parameter in the decision for surgical intervention®.
Although the NLR was observed to be higher in the surgical
group of our study, we did not detect a statistically significant
difference. The SII, calculated by multiplying the NLR by the
platelet count, has emerged as another valuable inflammatory
marker. Previous literature has associated the SII with certain
obstetric pathologies, including preeclampsia, early gestational
diabetes, and threatened abortion'". In our cohort, the SII
was found to be significantly elevated in patients undergo-
ing surgery due to hydronephrosis and served as a significant
predictor for the necessity of surgery. It is noteworthy that,
while the individual leukocyte-based markers (WBC, CRD,
and NLR) did not reach statistical significance, the composite
SII did. This apparent paradox may be attributed to the fact
that the SII additionally incorporates the platelet-driven com-
ponent of the inflammatory response, which is not captured
by the leukocyte-based indices alone, whereas the physiolog-
ical leukocytosis of pregnancy may further attenuate the dis-
criminative value of the WBC and NLR. Notably, although
the PLR reached significance in the baseline group compari-
son (p=0.038), it did not retain significance in the univariate
regression model (p=0.070), further underscoring the relative
stability of the SII. Consistent with this, in the multivariate
model the SIT remained an independent predictor, whereas the
platelet count alone did not, indicating that it is the combi-
nation of these components rather than the platelet count in
isolation that carries the predictive signal. However, its limited
discriminative ability on ROC analysis (AUC=0.613) indicates
that the SII should be regarded as an adjunct to clinical and
radiological assessment rather than a standalone predictor. It
should also be emphasized that, although statistically signifi-
cant, the odds ratios of these hematological parameters reflect
modest per-unit increments (for instance, an OR of 1.033 per
100-unit increase in the SII). Accordingly, the value of the SII
lies in its ability to add an accessible, objective, and quantifiable
dimension to an otherwise clinically driven decision, comple-
menting rather than competing with established clinical and
radiological parameters.

In a normal, uncomplicated pregnancy, the platelet count may
decrease slightly®’. However, in the presence of inflammation, an
increase in platelet count may be observed due to the activation
of platelets and their role in the transport of cytokines®'. In gesta-
tional hydronephrosis, the platelet count may be elevated due to

inflammation secondary to obstruction, which consequently leads
to higher calculated PLR and SII values. While the decision for
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surgical intervention in gestational hydronephrosis is primarily
driven by clinical findings and imaging results, we believe that
incorporating parameters such as SII into the evaluation process
will provide valuable diagnostic assistance.

Our study has certain limitations. These include its retro-
spective design, single-center nature, and relatively small sam-
ple size. In addition, the multivariable model was restricted
to hematological parameters and was not adjusted for clinical
variables. However, it is particularly significant as it is the first
study to investigate the relationship between the SII and symp-
tomatic gestational hydronephrosis. We believe that multicenter
prospective studies with larger patient cohorts are required to
validate these findings further.

CONCLUSION

The management of symptomatic gestational hydronephrosis relies
predominantly on clinical presentation and ultrasound findings,
with severe hydronephrosis, prolonged pain, fever, and pyuria
strongly indicating the need for surgical intervention. However,
our study demonstrates that the SII, an easily accessible and
cost-effective marker, can serve as a valuable auxiliary predictor
among the hematological parameters, while its limited discrim-
inative ability indicates that it should complement rather than
replace clinical and radiological assessment. As the first study to
highlight the predictive value of the SII in this specific patient

cohort, further studies are warranted to validate these findings.
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Factors associated with unsatisfactory ratings among medical
courses in the 2025 Brazilian National Medical Education
Assessment Exam: a cross-sectional study
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SUMMARY

OBJECTIVE: This study considers institutional and contextual characteristics in an analysis of factors associated with unsatisfactory ratings among
medical courses in the 2025 Brazilian National Medical Education Assessment Exam.

METHODS: We analyzed secondary data from participating medical courses, with an interest in unsatisfactory ratings (1 or 2 out of 5). To measure
associations of unsatisfactory ratings with course characteristics (i.e., institution type, location, existence duration, applicant-vacancy ratio, student-
faculty ratio), logistic regression models estimated crude and adjusted odds ratios, with 95%Cls.

RESULTS: Of 350 courses (119 public, 231 private), one third (n=107) underperformed. More public (95.8%) than private (55.8%) courses
performed satisfactorily. In the multivariate model, courses in the 2nd and 3rd quartiles of the applicant-vacancy ratio had lower odds of receiving an
unsatisfactory rating (aOR 0.47; 95%C1 0.23-0.93 and aOR 0.32; 95%C| 0.15-0.67). Courses with less than 10 years of existence had higher odds
of an unsatisfactory rating (aOR 2.13; 95%Cl 1.01-4.47). Higher odds were observed in the North (aOR 5.41; 95%Cl 1.70-17.18), whereas lower
odds were found in the South (aOR 0.39; 95%CI 0.15-0.98), compared with the Southeast. Private courses had higher odds of an unsatisfactory
rating (aOR 10.93; 95%Cl 2.68-44.53).

CONCLUSION: Results showed inequalities in medical course ratings by institution type, existence duration, applicant-vacancy ratio, and geographical
location, indicating the need to improve regulatory policies and processes for evaluating medical education in Brazil.

KEYWORDS: Medical schools. Medical education. Academic performance. Educational measurement. Brazil.

INTRODUCTION

Over 4,000 medical schools worldwide offer medical education',

'The evaluation of institutional quality in medical education

includes accreditation processes, management-related aspects,

reflecting diverse educational systems and healthcare needs.
In Brazil, the number of medical programs increased from
252 to 494 over the past decade?, consolidating the country’s
position as having the second most medical schools behind
India'. However, course heterogeneity regarding admission
criteria, infrastructure, and training duration, influenced by
regional, political, and economic factors, has sparked global
discussions about the capacity and quality of medical educa-
tion*“. The discourse considers the potential adverse impli-
cations for health systems, patient safety, and responses to
population health needs.

pedagogical design, the institutional infrastructure required for
medical education’, and performance measurement systems based
on standardized exams applied to students®’. Additionally, fac-
ulty evaluations®, governance structures, educational resources’,
and clinical practice environments'® are indirect indicators of
institutional quality. Unsatisfactory results tend to indicate per-
sistent structural weaknesses in medical courses that may require
regulatory actions and educational improvement.

In Brazil, in 2025, the Ministry of Education (MEC)
unified the assessment instruments of the National Student
Performance Exam (ENADE) and the National Residency
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Factors associated with medical course ratings

Exam (ENARE), giving rise to the Brazilian National Medical
Education Assessment Exam (ENAMED)'!, which provides a
standardized assessment of course-level performance and sup-
ports the admission process for medical residency. Although
ENAMED does not encompass all dimensions involved in the
quality of medical education, it offers a national indicator for
evaluating educational outcomes. Graduands and graduates of
medical course participants in ENARE are eligible. Among the
350 medical course participants in the inaugural ENAMED, 107
underperformed, prompting the MEC to supervisory actions'?.

Multilevel analysis using data from ENADE and the Higher
Education Census (2016-2018) indicated that although individual
student characteristics explained some of the variation in perfor-
mance, course-related attributes significantly influenced the results®.
Several factors have been identified as potential determinants of the
performance of medical courses under ENADE, including insti-
tutional characteristics, training capacity-related aspects, human
resource availability, and courses’ territorial context'*">. However,
these factors are underexplored in an integrated manner, particu-
larly in analyses that adopt the course as the research unit.

Given the substantial expansion of course offerings, par-
ticularly in the private sector, this study recognizes that under-
standing the factors associated with obtaining unsatisfactory
course ratings is relevant to improving regulatory and evaluation
strategies. The research aimed to analyze factors associated with
unsatisfactory ENAMED 2025 ratings among medical courses,
considering their institutional and contextual characteristics.

METHODS

Data sources and study variables

This cross-sectional study used secondary data from medical
courses participating in the first ENAMED, with the medical
course as the unit of analysis. Course information was obtained
from the ENAMED 2025 database'' and the Higher Education
Census (“Courses” module)', both provided by the National
Institute for Educational Studies and Research Anisio Teixeira
(INEP), and from the National Register of Higher Education
Courses and Institutions (e-MEC)". Population estimates of
municipalities housing medical schools were based on data from
the Brazilian Institute of Geography and Statistics'®.

The following course characteristics were analyzed: institution
type (public vs. private); location (north, northeast, southeast,
south, or central-west) and municipal population (>300,000
or <300,000 inhabitants); existence duration (=21, 11-20, or
<10 years); applicant-vacancy ratio (i.e., admission competi-
tion), estimated as the total number of applicants divided by the

2

total number of vacancies in 2020, considering that ENAMED
2025 participants were admitted to medical courses that year;
and student-faculty ratio, estimated based on the total number
of enrollees and faculty in 2023, subject to the availability of
these data at the time of analysis. This study classified courses
offered free of charge as public and those that charged monthly
fees as private, regardless of whether the latter were subsidized.
This operational classification was adopted because the primary
interest was not the legal nature of the institution, but whether
access to the course required tuition payment. Municipal pop-
ulation and existence duration were defined based on data or
estimates corresponding to 2025, the ENAMED reference year.

The outcome of interest was whether a medical course
received an unsatisfactory ENAMED 2025 rating. According
to INEP methodology, course ratings are derived from the per-
formance of graduating students with valid examination results,
including the proportion achieving a proficient performance
level. Courses with fewer than 10 valid participants do not
receive a rating. The procedures used to estimate student pro-
ficiency and derive course ratings are described in official INEP
technical documentation'®. Ratings range from 1 to 5 and

were grouped as unsatisfactory (1-2) and satisfactory (3-5)".

Statistical analysis

Course characteristics were described according to the ENAMED
rating and type of the providing institution, considering absolute
values (n) and relative frequencies (%). We compared course char-
acteristics across ENAMED rating groups using Fisher’s exact and
chi-square tests for categorical variables. The applicant-vacancy
and the student-faculty ratios were asymmetrically distributed
between courses and thus described by median and interquartile
range (IQR: P25-P75) and compared using the Mann-Whitney
test. To assess the association between course characteristics and
unsatisfactory ENAMED ratings, logistic regression models esti-
mated crude and adjusted odds ratios (aORs), with respective
95%ClIs. In the adjusted model, all explanatory variables were
included simultaneously based on their theoretical relevance
and previous evidence indicating that institutional, contextual,
and organizational characteristics may be associated with the
performance of medical courses in educational assessments!**>.
Given its asymmetric distribution and variability across courses,
the applicant-vacancy ratio was categorized into quartiles for
association analysis. After adjusting the models, we assessed the
presence of multicollinearity among the explanatory variables
using the Variance Inflation Factor (VIF). We also conducted a
sensitivity analysis in which we estimated the model considering
only courses rated 1 or 2 versus those rated 4 or 5 and excluding
those rated 3. This verified whether inclusion of this category in
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the best performing group influenced the association estimates
since a rating of 3 represents an intermediate performance.

For the analyses, we used Stata, version 16.0, and adopted a
5% significance level. This study was approved by the Research
Ethics Committee of the Medical School of the University
of Sdo Paulo (CAAE No. 71626323.8.0000.0068). Artificial
intelligence tools were used exclusively for linguistic revision
and had no involvement in the generation of scientific content,

RESULTS

Three hundred and fifty courses participated in ENAMED
2025, of which 119 and 231 were public and private,
respectively (Table 1). Among them, 107 were rated as
unsatisfactory. Most public courses (95.8%) achieved a
satisfactory rating, whereas 55.8% of private courses did.
Indeed, 102 private courses were rated as unsatisfactory

(1 or 2), whereas only five public courses were rated as

data analysis, or the findings. underperforming.

Table 1. Characteristics of medical courses by National Medical Education Assessment Exam 2025 rating and institution type in Brazil

ENAMED 2025 rating

(n=350 courses).

Medical courses

Courses, n (%) 107 (30.6) | 243 (69.4) 542 | 114(95.8) 102 (44.2) (QSZ%)
: <0.001 0103 : <0.001
Applicant-vacancy 3.6 17.0 (5.8- 46.8 66.9 3.4 7.3
ratio, median (IQR) (1.9-6.8) 65.9) (40.5-53.2) | (44.7-116.0) (1.9-6.2) | (3.8-13.0)
Applicant-vacancy ratio, n (%)
1st quartile
(lowest admission 52(59.1) | 36(40.9) 1(11.1) 8(88.9) 51(64.6) | 28(35.4)
competition)
2nd 33 (37.9) 54 (62.1) 0(0.0) 2(100.0) 33(38.8) 52 (61.2)
<0.001 0.741 <0.001
3rd 19(21.6) 69 (78.4 1(4.4) 22 (95.6) 18 (27.7) 47 (72.3)
4th quartile
(highest admission 3(3.5) 84 (96.5) 3(3.5) 82 (96.5) 0(0.0) 2(100.0)
competition)
Student-faculty ratio®, 10.0 5.6 8.7 4.5 10.3 (6.9- 71
median (IQR) 71-146) | 4079) | OO | @789 | @459 | Q0| 147 | 1108 | OO
Existence duration®, n (%)
>21 years 27 (19.2) | 114 (80.8) 0(0.0) 63 (100.0) 27 (34.6) 51 (65.4)
11-20 years 27 (25.2) 80 (74.8) <0.001 3(7.7) 36(92.3) 0.014 24 (35.3) 44 (64.7) 0.001
<10 years 53(52.0) 49 (48.0) 2(11.8) 15(88.2) 51 (60.0) 34 (40.0)
Region, n (%)
North 14 (46.7) 16 (53.3) 2(14.3) 12(85.7) 12 (75.0) 4 (25.0)
Northeast 26(30.2) | 60(69.8) 2 (4.8) 40(95.2) 24 (54.6) | 20 (45.4)
Southeast 45 (31.9) 96 (68.1) 0.012 0(0.0) 30(100.0) 0.211 45 (40.5) 66 (59.5) <0.001
South 8(13.8) 50 (86.2) 1(5.3) 18 (94.7) 7 (17.9) 32(82.1)
Central-West 14 (40.0) 21 (60.0) 14 (100.0) 14 (100.0) 14 (66.7) 7 (33.3)
Location by municipal population size?, n (%)
»>300,000 inhabitants | 44 (25.3) | 130(74.7) 1(1.6) 61(98.4) 43 (38.4) 69 (61.6)
0.033 0.192 0.087
<300,000 inhabitants | 63 (35.8) | 113 (64.2) 4 (7.0) 53(93.0) 59 (49.6) 60 (50.4)
Institution type, n (%)
Public 5 (4.2) 114 (95.8)
A <0.001
Private 102 (44.2) | 129 (55.8)

Source:Authors; National Institute for Educational Studies and Research Anisio Teixeira/Ministry of Education. ENAMED: National Medical Education
Assessment Exam; IQR:interquartile range. Note: In 2020, a medical course failed to respond to the Higher Education Census;we obtained its data from
the 2021 census. ®p-values estimated using Mann-Whitney, Fisher’s exact, and chi-squared tests, as appropriate. °Student-faculty ratio was based
on information from the 2023 Higher Education Census. “Course existence duration is the period between its inaugural year and 2025. “Population
estimates for 2025 were obtained from the Brazilian Institute of Geography and Statistics.
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The applicant-vacancy ratio was significantly lower among
underperforming courses (median: 3.6; IQR: 1.9-6.8) than
among those with a satisfactory rating (median: 17.0; IQR:
5.8-65.9). Public courses had a higher applicant-vacancy ratio
than private courses. Competition for admission to private
courses was significantly lower among those with an unsatis-
factory rating (median: 3.4 vs. 7.3). The student-faculty ratio
was significantly higher among courses with an unsatisfactory
rating (median: 10.0; IQR: 7.1-14.6) than among those with a
satisfactory rating (median: 5.6; IQR: 4.0-7.9). Public courses
had a lower student-faculty ratio than private courses. In both
types of institution, courses with an unsatisfactory rating had
more students per faculty member than courses with a satis-
factory rating.

The proportion of courses with an unsatisfactory rat-
ing increased as existence duration decreased, with 19.2%

of courses operating for 21 years or more, 25.2% of those

operating for 11-20 years, and 52.0% of those operating for
up to 10 years receiving unsatisfactory ratings. Conversely,
the proportion of courses with a satisfactory rating was higher
among older programs. No public course in existence for
21 years or more (n=63) received an unsatisfactory rating,
but 11.8% (n=2) of those less than 10 years old (n=17) did.
Among the oldest private courses, 34.6% were rated 1 or 2,
and 65.4% were rated 3-5.

The proportion of underperforming courses was 25.3% in
schools located in populous municipalities and 35.8% in those
in smaller municipalities (p=0.033). No significant differences
were observed by institution type after stratification. The south
had the lowest proportion of underperforming courses (13.8%),
followed by the northeast (30.2%), southeast (31.9%), cen-
tral-west (40%), and north (46.7%; Table 1).

The multivariate model revealed an association of appli-

cant-vacancy ratio, existence duration, location, and institution

Table 2. Adjusted logistic regression analysis of factors associated with an unsatisfactory rating in National Medical Education Assessment

Exam in Brazil (=350 courses).
Course characteristics

Applicant-vacancy ratio

ENAMED rating of 1 or 2

on %) s0n %)

1st quartile (lowest admission competition) 1 1
2nd 0.42(0.23-0.77) 0.47 (0.23-0.93)
<0.001 0.011
3rd 0.19 (0.10-0.36) 0.32(0.15-0.67)
4th quartile (highest admission competition) 0.02 (0.01-0.08) 0.21(0.03-1.18)
Student-faculty ratio 1.09 (1.05-1.13) <0.001 1.02 (0.99-1.06) 0.138
Existence duration
>21 years 1 1
11-20 years 1.42(0.77-2.61) <0.001 0.90 (0.43-1.86) 0.050
<10 years 4.5(2.57-8.08) 213 (1.01-4.47)
Region
North 1.86 (0.83-4.15) 5.41(1.70-17.18)
Northeast 0.92 (0.51-1.65) 1.64(0.78-3.42)
Southeast 1 0.017 1 0.002
South 0.34(0.14-0.77) 0.39 (0.15-0.98)
Central-West 1.42 (0.66-3.05) 1.97 (0.72-5.38)
Location by municipal population size
>300,000 inhabitants 1 1
0.034 0.305
<300,000 inhabitants 1.64 (1.03-2.60) 1.39(0.73-2.63)
Institution type
Public 1 1
<0.001 0.001
Private 18.02 (7.09-45.80) 10.93 (2.68-44.53)

ENAMED: National Medical Education Assessment Exam; aOR: adjusted odds ratio; Cl: confidence interval; OR: odds ratio. Note: Variance inflation

factors (VIFs) for the adjusted model indicated no evidence of problematic multicollinearity (mean VIF=1.69; range: 1.16-3.39).
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type with courses’ ENAMED ratings (Table 2). As the appli-
cant-vacancy ratio increased, the odds of receiving an unsatisfac-
tory rating decreased. Compared to the first quartile comprising
institutions with the lowest applicant-vacancy ratio, the second
and third quartiles showed 53% (aOR 0.47; 95%CI 0.23-0.93)
and 68% (aOR 0.32; 95%CI 0.15-0.67) reductions in the odds
of an unsatisfactory rating, respectively. Courses operating for
less than 10 years had higher odds of receiving an unsatisfactory
rating than those operating for 21 years or more (aOR 2.13;
95%CI 1.01-4.47). Courses offered in the North had higher
odds of receiving an unsatisfactory rating (aOR 5.41; 95%CI
1.70—17.18), whereas those in the South had lower odds (aOR
0.39; 95%CI 0.15-0.98) than those in the Southeast. Private
courses had higher odds of being rated as unsatisfactory than
public courses (aOR 10.93; 95%CI 2.68-44.53). The 95%Cl
was wide, possibly due to the small number of events among

public courses. No evidence of problematic multicollinearity

(mean VIF=1.69) was observed among the independent vari-
ables included in the adjusted model.

The sensitivity analysis restricted to comparing courses rated
1 or 2 with those rated 4 or 5 yielded results consistent with
the main model, with no change in the direction of the asso-
ciations. Although some 95%Cls were wider because of the
reduced sample size, the overall pattern of findings remained
unchanged (Table 3).

The results of ENAMED 2025 revealed that 30% of par-
ticipating courses underperformed. Private courses, those oper-
ating for less than 10 years, those with a lower applicant-va-
cancy ratio, and those offered in the North had higher odds
of receiving an unsatisfactory rating.

Prior studies conducted based on ENADE anticipated worse
results, on average, for private (vs. public) medical schools*"#.
The hegemony of private medical schools in Brazil (where 72%

of all medical courses in 2024 were private)? was accompanied

Table 3. Adjusted logistic regression of factors associated with an unsatisfactory rating in National Medical Education Assessment Exam

2025, comparing scores 1-2 versus 4-5, Brazil (n=270).

o - ENAMED rating of 1 or 2
ourse characteristics
O (95%0) 20R 95%01)

Applicant-vacancy ratio

1st quartile (lowest admission competition) 1 1
2nd 0.42(0.23-0.77) 0.38(0.14-1.02)
<0.001 0.001
3rd 0.19(0.09-0.36) 0.15(0.05-0.41)
4th quartile (highest admission competition) 0.02(0.01-0.08) 0.11(0.02-0.69)
Student-faculty ratio 1.09 (1.05-1.13) <0.001 1.03 (0.98-1.09) 0.181
Existence duration
>21 years 1 1
11-20 years 1.42(0.77-2.61) <0.001 113(0.47-2.72) 0.028
<10 years 4.56 (2.57-8.09) 3.56 (1.33-9.52)
Region
North 1.86 (0.83-4.15) 11.89 (2.11-67.05)
Northeast 0.92 (0.51-1.65) 1.75(0.63-4.86)
Southeast 1 0.017 1 0.007
South 0.34(0.14-0.77) 0.33 (0.10-1.01)
Central-West 1.42 (0.66-3.05) 1.45 (0.38-5.56)
Location by municipal population size
>300,000 inhabitants 1 1
0.034 0.288
<300,000 inhabitants 1.64 (1.03-2.60) 1.55 (0.69-3.48)
Institution type
Public 1 1
<0.001 <0.001
Private 18.02 (7.09-45.80) 25.27 (56.33-119.67)

ENAMED: National Medical Education Assessment Exam; aOR: adjusted odds ratio; Cl: confidence interval; OR: odds ratio.
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Factors associated with medical course ratings

by a significant increase in the offering of physician services
and the relative geographical deconcentration of profession-
als®. However, the present findings indicate substantial het-
erogeneity within the private sector, with a considerable pro-
portion of private courses receiving unsatisfactory ENAMED
ratings (44.2%). These results suggest that some private medical
courses may require closer regulatory monitoring and targeted
quality-improvement strategies.

In line with our results, previous studies have demon-
strated better performance of courses in capital cities'?, as
well as those in the south, and worse performance of courses
in the north'. International evidence has shown that medi-
cal schools and other factors may contribute to the establish-
ment of physicians in underserved regions and/or those that
are remote from big cities”. However, regional differences
may reflect broader inequalities in educational and healthcare
infrastructure, availability of clinical training environments,
and faculty recruitment and retention. The regionalization of
medical education remains an important strategy for expand-
ing access to training and addressing workforce shortages,
but it should be accompanied by adequate investments and
quality-monitoring mechanisms. Further studies are needed
to assess whether limitations in infrastructure, clinical train-
ing environments, and faculty availability are related to poor
ENAMED performance.

This study found an association of greater admission com-
petition (applicant-vacancy ratio) with a lower chance of an
unsatisfactory rating in ENAMED. Medicine is among the
undergraduate courses with the highest admission competition
in Brazil, but the applicant-vacancy ratio varies widely among
institutions. The literature identifies the diversity of admis-
sion processes and recruitment formats based on standardized
tests, previous school performance, affirmative policies, and
other factors as a methodological challenge to analyzing the
relationship between admission and academic performance.
In this context, discussing the improvement of admission mech-
anisms in medical schools is necessary, with consideration to
both performance in evaluations and the training of profes-
sionals to foster their development of capabilities appropriate
to medical practice.

Relatively new medical courses performed poorly in
ENAMED. Many were authorized in the last decade through
expansion policies such as the Lei Mais Médicos (More Physicians
Act 2013)* and, in some cases, by court decisions that required
the MEC to process opening requests. Shorter existence dura-
tion may reflect lower institutional maturity, including less
consolidated educational projects, faculty structures, clinical

training environments, and integration with health services.

6

These findings reinforce the importance of not only meeting
initial requirements for course authorization but also ensuring
adequate conditions for sustaining educational quality over time.

Opverall, the findings were robust across sensitivity analy-
ses. The exclusion of courses with concept 3 yielded consistent
estimates, with no changes in the direction of associations,
although with wider confidence intervals.

This study has limitations. Its cross-sectional design does
not allow causal inferences. The analysis relied on secondary
databases and used the medical course as the unit of analysis,
precluding individual-level interpretations. In addition, relevant
institutional characteristics, such as clinical training environ-
ments, preceptorship, and teaching-service integration, were
unavailable. Furthermore, the classification of institutions as
public or private may not fully capture the heterogeneity of the
private sector, potentially introducing residual confounding.
Finally, estimates related to institution type should be inter-
preted cautiously due to the small number of unsatisfactory
ratings among public courses, which may have reduced the
precision and stability of the corresponding estimates.

CONCLUSION

Approximately one third of ENAMED 2025 courses received
an unsatisfactory rating. Private institutions, shorter course
existence duration, less competitive admission processes (lower
applicant-vacancy ratios), and location in the North region
were associated with this outcome. These findings may help
strengthen regulatory policies in Brazil and identify courses
that warrant closer monitoring and targeted quality-improve-
ment strategies, although ENAMED results should be inter-
preted alongside other indicators of medical education quality.
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Osteopathic manual therapy in fibromyalgia: a pilot study

Aziz Dengiz' ©, Elif Gur Kabul? ®, Gulsum Tikac®** @, Bilge Basakci Calik* @, Ugur Karasu®

SUMMARY

OBJECTIVE: The aim of this pilot study was to evaluate the preliminary efficacy and feasibility of integrating Osteopathic Manual Therapy Techniques
combined with Clinical Pilates on pain, symptom severity, and sleep quality in patients with fibromyalgia.

METHODS: Twenty women with fibromyalgia were randomized into Osteopathic Manual Therapy Techniques+Clinical Pilates (n=11) and Clinical
Pilates (n=9) groups. The protocol lasted 6 weeks (3 sessions/week). Osteopathic Manual Therapy Techniques included rib raising, suboccipital
myofascial release, Sternocleidomastoid (SCM) mobilization, diaphragm/mediastinum techniques, and visceral mobilizations. Primary outcomes
were the Widespread Pain Index, Symptom Severity Scale, and Pressure Pain Threshold. Sleep was assessed via the Pittsburgh Sleep Quality Index.
RESULTS: Both groups showed significant intra-group improvements (p<0.05). Within-group analyses revealed that the Osteopathic Manual Therapy
Techniques+Clinical Pilates group achieved significant improvements in Widespread Pain Index (p=0.003), Symptom Severity Scale (p=0.005), and
Pittsburgh Sleep Quality Index (p=0.007). However, in the between-group analysis of change scores, the Osteopathic Manual Therapy Techniques+Clinical
Pilates group demonstrated significantly superior improvements exclusively in sleep quality (Pittsburgh Sleep Quality Index, p=0.034) and maximal
Pressure Pain Threshold at the trapezius (p=0.035) compared to the Clinical Pilates-only group, while between-group differences for Widespread
Pain Index and Symptom Severity Scale did not reach statistical significance (p>0.05).

CONCLUSION: Integrating Osteopathic Manual Therapy Techniques into exercise-based rehabilitation presents promising preliminary evidence for
enhancing central sensitization symptoms and sleep quality in fibromyalgia patients, though larger trials are needed.

KEYWORDS: Fibromyalgia. Manipulative medicine. Osteopathic medicine. Physical therapy modalities. Exercise therapy.

INTRODUCTION

Fibromyalgia (FM) is a chronic syndrome characterized by
widespread musculoskeletal pain accompanied by fatigue,
sleep, memory, and mood issues'. FM is fundamentally char-
acterized by central sensitization and a profound imbalance
of the autonomic nervous system, where persistent sympa-
thetic overactivity and suppressed parasympathetic function
lead to abnormal pain processing. This autonomic dysregu-
lation results in systemic vasoconstriction and subsequent
ischemic events within the tissues, which are hypothesized to
be the primary drivers of widespread musculoskeletal pain,
fatigue, and hypersensitivity?. Osteopathic Manual Therapy
(OMT) is hypothesized to address these mechanisms by
employing specific manual techniques aimed at modulating
autonomic tone—potentially downregulating the sympa-
thetic “fight or flight” response and enhancing parasympa-
thetic activity—while simultaneously improving local blood

flow to reverse tissue ischemia and soothe the hypersensitive
central nervous system?®. The present study is important in
terms of applying techniques that aim to affect the auto-
nomic nervous system and measuring the effectiveness of
these techniques.

While Clinical Pilates (CP) is effective, pain-related barriers
often limit results. Osteopathic Manual Therapy Techniques
(OMTT) aim to balance the autonomic nervous system?.
We aimed to investigate the preliminary therapeutic benefits
and clinical applicability of osteopathic manual techniques for
pain and symptom management in FM patients, thereby pro-
viding feasibility data for larger, multi-center trials.

METHODS

'This study was approved by the Local Ethics Committee (Decision
no: 09, Date: 05.30.2023) and performed in accordance with
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Osteopathic therapy in fibromyalgia

the Declaration of Helsinki. All participants provided written
informed consent prior to inclusion.

In this randomized controlled clinical trial, conducted in
accordance with the Consolidated Standards of Reporting
Trials (CONSORT) guidelines, participants were assigned to
either the Intervention Group (Osteopathic Manual Therapy
Techniques+Clinical Pilates, OMTT+CP) or the Control Group
(CP only) via a simple, unconstrained computer-generated ran-
domization sequence (SPSS v.22.0) with a 1:1 allocation ratio.

The study included 28 women with FM. FM was diag-
nosed by the same rheumatologist. Following eight dropouts
due to personal reasons in the OMTT+CP group (n=3) and
hectic work schedules in the CP group (n=5), the remaining
20 women were included in the final analysis, as detailed in
the CONSORT flow diagram (Figure 1). Inclusion criteria:
(1) Female, aged 18-65 years; (2) Diagnosed with FM based
on the 2016 American College of Rheumatology (ACR) crite-
ria; (3) Stable medication dose for at least 6 months. Exclusion
criteria: (1) Presence of neurological, orthopedic, cardiopulmo-
nary, or inflammartory diseases; (2) Cognitive impairment; (3)
Pregnancy; (4) Participation in regular exercise or rehabilitation
programs for the 3 months in the preceding year.

Interventions
Both groups performed CP sessions three times weekly for 6 weeks.
Clinical Pilates (CP): CP sessions were conducted as group
therapy under the supervision of a single physiotherapist. Prior
to the intervention, participants were instructed in the five key
elements of Pilates: lateral costal breathing, centering (focus),
and the neutral alignment of the rib cage, shoulder girdle, and
head/neck. Each 60-min session comprised a 10-min warm-up,
40 min of core-stabilization exercises, and a 10-min cool-down.

Exercises initially consisted of 6-8 repetitions, with progression

implemented at weeks 2 and 4 by increasing repetitions or
adding resistance via elastic bands (e.g., advancing from yel-
low to red or green Theraband) based on individual tolerance.

Osteopathic Manual Therapy (OMTT): The intervention

group received 30-min OMTT sessions prior to CP. Al OMTT
interventions were administered as a standardized protocol in
every single session (three times weekly for 6 weeks, totaling
18 sessions). To eliminate inter-examiner variability, all ses-
sions were delivered by a single, certified osteopathic practi-
tioner/physiotherapist with over 5 years of clinical experience
in manipulative medicine. The techniques were applied in a
strict, uniform chronological sequence in accordance with a
standardized protocol adapted from Nicholas and Nicholas.
The specific clinical sequence and precise application durations
were executed as follows:

1. Rib raising technique: Applied for approximately 2 min
with the patient in the supine position while perform-
ing bilateral oscillation over the ribs.

2. Suboccipital myofascial technique: Applied for an
average of 4-5 min in the supine position, utiliz-
ing finger semi-flexion between the occiput and axis
until suboccipital relaxation was achieved, followed
by light traction.

3. Bilateral SCM mobilization: Executed for an average
of 2-3 min with anterior-posterior mobilization of the
right and left SCM muscles in the supine position.

4. Mediastinum technique: Performed for an average of
8-10 repetitions with the patient in the side-lying posi-
tion, applying synchronized multi-directional pressures
to the sternum and thoracic region.

5. Diaphragm mobilization techniques: Administered via
a three-step sequence (transverse costal mobilization for
1-2 min in supine with knees bent, respiratory-resisted

Intervention Group (n=14)
+ Received allocated intervention (n=14)
+ Did not receive allocated intervention (n=0)

Control Group (n=14)
+ Received allocated intervention (n=14)
+ Did not receive allocated intervention (n=0)

| [

Follow-Up ] l

Lost to follow-up (n=3) (n=2 problems with her
husband, n=1 death of one of the relatives)

Discontinued intervention (n=0)

Lost to follow-up (n=5)
(hectic work schedule=5)

Discontinued intervention (n=0)

Analysis ]

Analysed (n=11)

+ Excluded from analysis (give reasons) (n=0)

Analysed (n=9)
+ Excluded from analysis (give reasons) (n=0)

Figure 1. Consolidated Standards of Reporting Trials flow diagram of the study.
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manual tracking under the costal arch in supine, and
manual costal border resistance in a sitting position).

6. Sacrum mobilization technique: Applied for 2 min
with the patient in the prone position, delivering ante-
rior-cranial oscillations at a rate of 150—180 beats per
minute over the lower third of the sacrum.

7. Celiac and mesenteric ganglion oscillation technique:
Performed for an average of 4 min in the supine position
with knees flexed, applying manual oscillation therapy
under the xiphoid process (celiac ganglion) and 2 cm
caudally (mesenteric ganglion)*.

Assessments
Evaluations were performed at baseline and after 6 weeks by
a blinded researcher.

Primary outcomes: Pain intensity and symptom severity were
measured using the Widespread Pain Index (WPI), Symptom
Severity Scale (SSS), and Pressure Pain Threshold (PPT).

Secondary outcomes: Functional status (FIQ), sleep qual-
ity (PSQI), fatigue (MAF), and quality of life (SF-36) were
assessed using validated Turkish versions of the respective scales.
Exercise beliefs were evaluated with the Exercise Benefits/Barriers
Scale (Exercise Beliefs Questionnaire-EBBS). Anxiety (BAI)
and biopsychosocial status (Biopsychosocial Questionnaire
[BETY-BQ)]) were also recorded.

The WPI records widespread pain by questioning 19 spe-
cific regions (0-19 range). Symptom severity was measured
by the SSS (0-12), which rates fatigue, sleep quality, and
cognitive symptoms (0—3 points), and identifies the presence
of headache, abdominal pain, and depression®. PPT were
assessed at four bilateral sites (trapezius, lateral epicondyle,
quadriceps femoris, and medial knee) using a digital algom-
eter (JTECH Medical™ Commander Echo). The 1-cm? rub-
ber-tipped probe was applied perpendicularly to the skin, with
pressure increased steadily until the participant reported the
pain threshold. For each site, both maximal and mean force
values (kg/cm?) were recorded®.

The FIQ), developed by Salafhi et al. to assess functional sta-
tus in FM patients, comprises 10 items with a total score up to
100, where higher results indicate more severe impairment’.
Sleep quality was evaluated using the PSQI, which scores seven
components to provide a total range of 021, with higher values
reflecting poorer sleep quality®. Fatigue was quantified via the
16-item MAF scale, measuring its severity and impact on daily
activities’. Health-related quality of life was measured using the
SE-36, where higher physical and mental component scores
represent better overall well-being'. Additionally, the 43-item
EBBS was used to determine exercise perceptions and barriers'!,
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while the BAI assessed anxiety severity, with higher scores indi-
cating increased anxiety levels'?. Finally, the BETY-BQ evalu-
ated the biopsychosocial status across 30 items, where higher
scores signify lower health status'.

Statistical analysis
Sample size calculation was performed via G*Power 3.1.
To achieve 80% power with a 5% type-1 error rate (0.=0.05)
and an effect size of d=1.09", a minimum of 24 subjects (12 per
group) was required. To account for a potential drop-out rate
during the 6-week follow-up, we intentionally over-recruited
and randomized 28 participants (14 per group), exceeding the
minimum requirement of 24 subjects. However, due to an
unexpected attrition of eight participants during the follow-up
period (reasons detailed in Figure 1), the final analysis was
completed with 20 participants (11 intervention, 9 control).
Data were analyzed using International Business Machines
Statistical Package for the Social Sciences Statistics v.22.0.
Normality was checked via the Shapiro-Wilk test. Due to the
small sample size (n=20) and the non-normal distribution of
several clinical parameters, non-parametric statistical methods
were applied. Non-normally distributed continuous variables
are expressed as median (min-max). The Wilcoxon signed-
rank and Mann-Whitney U tests were used for intra-group
and inter-group comparisons, respectively. Between-group
comparisons of therapeutic efficacy were performed using
change scores (Delta=post - pre) via the Mann-Whitney U test.
Although analysis of covariance is widely preferred to control
for baseline variances in larger trials, it was not methodolog-
ically feasible in this study due to the violation of parametric
assumptions (normality and sample size constraints) required for
general linear models. Statistical significance was set at p<0.05.

RESULTS

Twenty female patients with FM completed the study
(Intervention: n=11; Control: n=9). The participant flow is
detailed in the CONSORT diagram (Figure 1). Baseline demo-
graphic and disease-related characteristics showed no signifi-
cant differences between the groups (Mann-Whitney U test,
all p>0.05). Specifically, the median (min/max) age was 52
(38/62) years for the intervention group and 51.5 (30/63) years
for the control group (p=0.469). Median height and weight
were 1.56 m (1.52/1.66) and 74 kg (56/90) in the intervention
group, compared to 1.60 m (1.55/1.67) and 74.5 kg (53/99)
in the control group (p=0.731 and p=0.820, respectively).
Furthermore, the median disease duration was 3.5 (1/11) years
for the intervention group and 2 (0.5/22) years for the control

Rev Assoc Med Bras. 2026:72(9):e20260646



Osteopathic therapy in fibromyalgia

group (p=0.360). Although slight baseline discrepancies existed
in clinical parameters (such as disease duration and FIQ scores),
these differences did not reach statistical significance, and sub-
sequent inter-group evaluations were strictly performed using
“change scores” (post-treatment minus baseline) to eliminate
any potential confounding effects of minor baseline variances.

Following the treatment, intra-group analyses revealed that
the intervention group (OMTT+CP) demonstrated significant
improvements in WPI, SSS, overall sleep quality (PSQI), fatigue

Table 1. Intragroup results of women with fibromyalgia.

Intervention group (n=11) Control group (n=9)

Variables

(MAF), and both the Physical and Mental components of the
SE-36. However, no significant changes were observed in FIQ),
BETY-BQ, or BAI scores within this group. Conversely, the
control group showed significant post-treatment improve-
ments only in MAF and BETY-BQ scores, with no signifi-
cant changes in PPT values, WPI, SSS, PSQI, or SF-36 com-
ponents (Table 1).

In inter-group comparisons of the change scores, the inter-

vention group exhibited significantly greater reductions in

Pre/median Post/median Pre/median Post/median
(min—-max) (min—-max) (min—-max) (min—-max)
Maximal PPT
) 5.22
m. trapezius 4.60(3.50/8.10) | 7.70(4.80/12.70) 0.003 (2.90/710) 4.20(0.80/8.10) 0.780
Lateral 6.85 315
epicondyle 415 (2.50/10.80) (2.80/10.15) 0.010 (1.70/5.80) 3.55(0.95/7.45) 0.470
m. quadriceps 11.30
R — 8.10(4.25/13.75) (4.65/19.40) 0.041 6.22 (410/10) | 5.52(0.9/14.05) 0.432
Medial knee 5.40(3.20/8.70) 7e20 0.013 07 2.45(0.55/9.45) 0.055
’ : ’ (2.60/14.85) : (1.10/9.45) ’ : ’ :
Mean PPT
) 472
m. trapezius 415(3.15/7.90) | 7.05(3.80/11.05) 0.004 (2.70/6.50) 3.80(0.70/7.25) 0.507
el 3.90 (215/9.05) | 6.45 (2.45/9.35) 0.017 277 312 (0.75/6.05) 0.730
epicondyle : ’ ’ : ’ ’ (1.45/5.45) ’ : ’ ’
m. quadriceps 10.80 852
femoris 7.4 (4.05/11.85) (4.45/18.50) 0.033 (3.60/8.70) 5.10(0.75/12.15) 0.510
. 6.90 2.50
Medial knee 5 (3.05/8.50) (2.35/14.20) 0.068 (0.90/8.75) 2 (0.55/9.25) 0124
WPI 16 (9-19) 11 (0-15) -2.938 0.003* 12 (5-19) 11(2-19) -1.069 | 0.285
SS8 8 (6-11) 4 (0-10) -2.807 0.005* 6.5 (4-12) 5.5(1-10) -1.511 0.131
64.75 58.03 54.31 4112
=6 (43.52-89.10) (31.61-79.80) e Lz (18.66-78.77) (5.45-86.24) gz | 01E
PSQl (total) 9 (4-15) 6(2-11) -2712 0.007* 7 (2-13) 7 (3-12) -0.816 | 0.414
36.24 26.47 B . 26.16 15.85 . .
LALAE (20.54-44.72) (12.50-40.50) 279 Quos (12.27-4772) (9.77-33.68) B
g . 139.55 180.45 B % 201.07 285.36 B
SF-36 physical (62.50-237.50) | (82.50-320.00) | 2194 | 0:028" | (465 3275) | (200.00-355) | 171 | 0078
i 160.99 215.34 B " 229.54 278.37 .
SiEEBleE (97.00-259.80) | (115.50-306.70) | 2293 | 0:022* | 575 3355) | (193.00-358.00) | 0138 | 0893
BAI 24 (7-43) 23 (7-46) -0.119 0.906 18 (3-31) 12 (6-19) 0.000 1.000
BETTY total 56 (28-76) 55 (32-73) -0.059 0.953 43 (21-77) 22 (10-35) -2.371 | 0.018*
EBBS—benefits 70 (61-78) 69 (53-78) -0.280 0.779 72 (61-78) 72 (61-78) -0.447 | 0.655
EBBS—Dbarriers 37 (17-54) 37 (26-48) -0.059 0.953 30 (12-49) 22 (14-32) -1.577 | 0115

PPT: Pressure Pain Threshold, m: musculus, WPI: Widespread Pain Index, SSS: Symptom Severity Scale, FIQ: Fibromyalgia Impact Questionnaire, PSQl:
Pittsburgh Sleep Quality Index, MAF: Multidimensional Assessment of Fatigue, BAl: Beck Anxiety Inventory, FM: Fibromyalgia, BETTY: Biopsychosocial
Questionnaire, EBBS: Exercise Benefits/Barriers Scale, *p<0.05. Wilcoxon Paired-Sample Test. The bold values indicates statistical significance (p<0.05).
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sleep quality (PSQI, p=0.034) compared to the control group.
Regarding pressure pain thresholds (PPTs), a statistically sig-
nificant between-group difference was observed only for the
maximal PPT at the trapezius muscle (p=0.035). In contrast,
the between-group differences for WPI (p=0.389) and SSS
(p=0.210) change scores did not reach statistical significance
(p>0.05), despite the significant intra-group improvements
observed within the intervention cohort. Furthermore, the mean
PPT change score for the trapezius demonstrated only a trend
toward statistical significance (p=0.088), and no significant
differences were found at the other anatomical sites (Table 2).

DISCUSSION
The primary finding of this pilot study is that while CP alone

improves FM symptoms, a multi-modal approach combin-
ing CP with OMTT shows promising trends and preliminary

superiority in reducing pain and improving sleep quality com-
pared to CP alone. Specifically, the intervention group demon-
strated significant improvements in the number of painful
areas, PPTs, and sleep quality compared to the control group.
OMTT significantly boosts the efficacy of structured exercise.

Current international guidelines consistently identify exer-
cise as the first-line non-pharmacological intervention for FMP.
Among various exercise modalities, CP is highly recommended
for its safety and efficacy in reducing pain, tenderness, and func-
tional limitations. A recent systematic review and meta-analysis
by Schaffer et al. confirmed that Pilates significantly improves
pain and disability in FM patients'®. In our study, the significant
improvement in symptoms within the control group aligns with
these recent findings, confirming that CP remains a robust ther-
apeutic tool. However, the additional gains in the intervention
group highlight that exercise alone may not fully address the com-

plex autonomic and neuroendocrine dysfunctions inherent in FM.

Table 2. Between-group comparison of change scores (A=post—pre) in women with fibromyalgia.

. Intervention group Control group
A Median (min—max) A Median (min—max)

PPT max
m. trapezius 2.20(0.20-8.25) 010 (-4.25t0 1.35) -2112 0.035*
lat. epicondyle 2.35(-1.70t0 6.05) 0.37 (-2.35t0 3.35) -1.106 0.269
m. QF 2.75(-1.65to 11.30) -0.02 (-5.35 to 4.05) -0.402 0.687
medial knee 1.25(-0.60 to 9.45) -0.55(-3.75t0 0.85) -1.358 0175
PPT mean
m. trapezius 1.55 (-0.55 to 6.90) -0.07 (-3.80 to 1.85) -1.709 0.088
lat. epicondyle 2.15(-1.50 t0 6.35) 0.35(-2.35t0 2.55) -1.206 0.228
m. QF 2.90 (-1.65 to 11.00) 0.07 (-5.15 to 3.4b) -0.654 0.518
medial knee 0.45(-1.60t0 9.20) -0.40 (-3.40 t0 0.65) -0.805 0.421
WPI -4(-13to-1) 0(-11to7) -0.862 0.389
$5S -3(-9to0 0) -2 (-4t0 3) =1.283 0.21
FlQ 8(-18.78 t0 44.68) 10 (-4.20 to 41.09) -0.804 0.421
BETTY total 0(-20to 15) 12 (1-20) -1.617 0.106
EBBS benefits 1(-10t0 12) 0(-4t02) -0.240 0.810
EBBS barriers 0(-15t0 17) 5(-2to0 19) -0.770 0.441
PSal 3(-1to08) 0(-1to2) -2.1283 0.034*
MAF 10 (-1.40to 18.41) 12 (-1.91 to 32.50) 0.000 1.000
SF-36 physical -41(-110to0 15) -60(-117.5t0 10) -0.738 0.461
SF-36 mental -54(-123 to 33) -23(-148.67 t0 77) -0.794 0.427
BAI 0(-10to 23) 0(-7.07 to 7.07) -0.171 0.864

m. QF: Musculus Quadriceps Femoris; lat. epicondyle: lateral epicondyle; PPT: Pressure Pain Threshold; WPI: Widespread Pain Index; SSS: Symptom
Severity Scale; FIQ: Fibromyalgia Impact Questionnaire; MAF: Multidimensional Assessment of Fatigue; BAl: Beck Anxiety Inventory; BETTY: Biopsychosocial
Questionnaire; EBBS: Exercise Benefits/Barriers Scale; PSQl: Pittsburgh Sleep Quality Index. Data are presented as median (minimum-maximum)
change scores (A=post-pre), Between-group comparisons were performed using the Mann-Whitney U test, *p<0.05. The bold values indicates
statistical significance (p<0.05).
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FM is fundamentally characterized by central sensitization
and a disrupted autonomic nervous system (ANS)". Patients typ-
ically exhibit a state of “sympathovagal imbalance,” marked by
sympathetic hyperactivity and reduced parasympathetic tone'®.
OMTT is thought to target these specific pathways to help restore
homeostasis. In our protocol, rib raising techniques (T'1-T8)
and ganglion mobilizations were utilized with the therapeu-
tic intent of downregulating sympathetic tone. Theoretically,
increased sympathetic activity leads to regional vasoconstric-
tion and muscle hypoperfusion, which is a primary driver of
localized tender points®. By potentially enhancing local circu-
lation and oxygenation through these techniques might have
contributed to the significant increase in PPT levels observed
in our intervention group.

Simultaneously, we focused on facilitating parasympathetic
activation via suboccipital myofascial release and sacrum mobiliza-
tion. A recent meta-analysis by Cerritelli et al. demonstrated that
OMTT induces a predominant parasympathetic shift, effectively
modulating the ANS and increasing vagal tone®. Literature sug-
gests that manual stimulation of fascial tissues may activate free
nerve endings that communicate with the insular cortex and
hypothalamus, potentially triggering a systemic parasympathetic
response?’. This “bottom-up” modulation is essential for patients
with FM, who often show altered central pain processing.

It is worth noting that while the between-group analy-
sis revealed a significant improvement in the maximal PPT
of the trapezius muscle, the mean PPT for the same muscle
reached only a trend toward significance. This divergence can
be methodologically attributed to the localized nature of our
pilot sample size and the inherent symptomatic volatility of
FM patients. Maximal PPT may respond more rapidly to acute
localized therapeutic interventions like suboccipital release and
rib raising. Conversely, mean PPT scores are more susceptible
to intra-session variability and baseline pain fluctuations, poten-
tially diminishing statistical power in small cohorts.

Our results are strongly supported by recent high-quality
trials. Arienti et al. conducted a randomized controlled trial
demonstrating that OMTT significantly improves pain inten-
sity and functional status in women with FM?*2. Similarly, Dal
Farra et al. concluded that OMT sessions predominantly based
on myofascial release play a therapeutic role in rapidly improv-
ing functional status and quality of life?.

Our findings contrast with older studies, such as Coste
et al., who found no significant benefit of OMT over sham
treatment®*. We attribute this discrepancy to our treatment fre-
quency and multi-modal design. While that study utilized OMT
once weekly as a standalone, joint-focused therapy, our study
integrated OMT with CP three times weekly, emphasizing soft
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tissue mobility. This supports the growing modern consensus
that OMT is most effective as an adjunct therapy to exercise
rather than a mono-therapy®.

The marked improvement in sleep quality (PSQI) in the
OMTT group is one of our most vital findings. FM-related
sleep disturbances are often resistant to standard exercise alone.
By potentially encouraging a shift toward parasympathetic tone,
OMTT facilitates a state of physiological relaxation, thereby
improving sleep onset and overall sleep quality®.

An intriguing finding in our study was that despite signif-
icant improvements in pain distribution (WPI) and symptom
severity (SSS) within the intervention group, these changes did
not translate into a statistically significant reduction in over-
all FIQ scores. This apparent discrepancy can be attributed to
several factors. First, the FIQ is a comprehensive instrument
that evaluates long-term functional status, activities of daily
living, and work difficulties over the past week. While OMTT
successfully downregulates acute sympathetic hyperreactivity
and rapidly modulates localized pain thresholds (PPT), alter-
ing a patient’s deeply ingrained chronic functional limitations
and perceived work difliculty likely requires a longer inter-
vention period than 6 weeks. Second, as a pilot study with a
small sample size, the final analysis was likely underpowered
to detect smaller clinical changes in multi-dimensional scales
like the FIQ, potentially increasing the risk of a Type II error.
Nevertheless, the visual trend toward improvement in FIQ
scores within the OMTT+CP group provides a promising
foundation for future long-term trials.

To our knowledge, this is one of the first studies to specifi-
cally investigate the synergistic effects of OMTT and CP in FM
within the context of recent neurobiological understandings.
Furthermore, the pattern of statistical significance observed
between intra-group and inter-group analyses warrants cautious
interpretation. While the control group demonstrated signifi-
cant intra-group improvements in fatigue (MAF) and biopsy-
chosocial status (BETY-BQ)—confirming the well-established
benefits of CP on general well-being—the between-group anal-
ysis revealed that the synergistic addition of OMTT specifically
drove superior outcomes in localized mechanical pain thresh-
olds (maximal PPT at the trapezius) and sleep quality (PSQI).
This highlights that while exercise lays a foundational recovery
for fatigue and biopsychosocial status, OMTT acts as a power-
ful targeted accelerator for central sensitization and autonomic
sleep-wake regulation. The lack of significant between-group
differences in MAF or BETY-BQ indicates that both interven-
tions carry valuable, yet distinct, therapeutic weights.

The primary limitation of this study is that we did not
objectively measure physiological autonomic parameters (e.g.,
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heart rate variability, electrodermal activity) or local blood
flow changes to directly confirm the mechanisms of action of
OMTT. Therefore, our physiological interpretations regarding
sympathetic downregulation and parasympathetic activation
remain theoretical and speculative, based on indirect behav-
ioral and symptomatic improvements. Additionally, the lack of
biochemical markers (e.g., substance P or cortisol levels) lim-
its our ability to objectively map neuroendocrine adaptations.

A key limitation is the small final sample size. Although
initial randomization met the power threshold (n=28), drop-
outs due to personal reasons reduced the analyzed sample to
20. Consequently, the study may be underpowered, increasing
Type II error risks or overestimating effect sizes. Furthermore,
post-attrition unequal group sizes (n=11 vs. n=9) led to minor,
non-significant baseline clinical differences. Although delta
change scores minimized their impact, baseline imbalances might
have subtly influenced outcomes. Thus, these pilot findings
require cautious interpretation and validation through larger,
fully powered trials employing restricted block randomization
to ensure group equivalence.

Another significant limitation of this study is the lack of
blinding for both the participants and the therapist deliver-
ing the interventions. Due to the nature of manual therapy
and physical exercises, full double-blinding is methodolog-
ically challenging. Consequently, this lack of blinding may
have introduced performance and expectancy biases, partic-
ularly regarding subjective, self-reported outcomes such as
pain distribution (WPI), symptom severity (SSS), and sleep
quality (PSQI). Participants receiving a more complex, multi-
modal intervention (OMTT+CP) might have harbored higher
expectations of clinical benefit compared to the control group.
To mitigate this potential bias, the outcome assessments were
strictly conducted by an independent, fully blinded researcher.
Furthermore, we included an objective physical metric—PPT
via digital algometry—to balance the subjective nature of the
questionnaires and to provide a more resilient clinical evaluation.

In conclusion, combining OMTT with CP may yields
enhanced clinical outcomes in pain reduction, PPTs, and sleep
quality compared to Pilates alone within this pilot sample.
Based on these preliminary findings, future multidisciplinary
FM rehabilitation programs could consider exploring the inte-
gration of OMTT to address autonomic dysfunctions compre-

hensively, pending confirmation from larger, fully-powered trials.
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Post-cesarean analgesia: transversalis fascia plane block versus
wound infiltration in a randomized trial

Gilsen Cebecik Teomete'
Irmak Cimenoglu? @, Merve Ergenc?

,Ecem Gicli Oztiirk? @,
, Beliz Bilgili?*

SUMMARY

OBJECTIVE: The aim of this study was to compare ultrasound-guided transversalis fascia plane block with local wound infiltration using equivalent
local anesthetic doses within a standardized multimodal analgesia protocol.

METHODS: This prospective, single-blind randomized trial was conducted between May and June 2024 at a tertiary care hospital. Women with
American Society of Anesthesiologists physical status I1-111 undergoing cesarean delivery under spinal anesthesia received either bilateral ultrasound-
guided transversalis fascia plane block or local wound infiltration with the same total dose and volume of bupivacaine. All patients were managed
with standardized multimodal analgesia. Patients with contraindications to the study interventions or inability to use patient-controlled analgesia
were excluded. The primary outcome was 24-h opioid consumption. Secondary outcomes included pain scores, rescue analgesia use, opioid-related
adverse events, and complications.

RESULTS: Forty-two patients (n=21/group) were analyzed. Twenty-four-hour opioid consumption was similar between transversalis fascia plane block
and local wound infiltration groups (median 100 [65-152] mgvs. 85 [65-135] mg; p=0.554). Pain scores remained low and comparable throughout 48 h.
Rescue analgesiawas rarely required, and no postoperative nausea, opioid-related adverse events, or procedure-related complications were observed.
CONCLUSION: Inastandardized multimodal analgesia setting after cesarean delivery, transversalis fascia plane block did not reduce opioid consumption
or improve postoperative pain scores compared with local wound infiltration.

KEYWORDS: Cesarean section. Pain, postoperative. Nerve block. Ultrasonography. Analgesics, opioid.

INTRODUCTION
According to World Health Organization (WHO) data, cesar-
ean section (CS) rates are increasing, currently at 21% of births
and projected to reach 29% by 2030'. Effective postopera-
tive analgesia is essential, particularly as cesarean section (CS)
requires techniques that are safe for both mother and newborn®.
In obstetric practice, simple and reproducible methods are
especially valuable in high-volume settings. The PROcedure-
SPECific Postoperative Pain ManagemenT (PROSPECT)
guideline recommends local wound infiltration and/or regional
techniques (e.g., transversus abdominis or quadratus lumborum
blocks) with Grade A evidence for pain control’. A meta-anal-
ysis reported reductions in 24-h morphine consumption of 11
mg with transversalis fascia plane block (TFPB) and 8 mg with
local wound infiltration (LWT)4.

The TFPB is a regional technique targeting the iliohypo-

gastric and ilioinguinal nerves in their proximal course and

has been proposed as an effective option for lower abdominal
surgery>®. Although several trials”® have evaluated transversalis
fascia plane block for cesarean analgesia, reported mixed results
and many comparisons were limited by heterogeneous postop-
erative analgesic regimens or unequal local anesthetic dosing
between study groups. Consequently, whether this technically
more complex block provides meaningful benefit over simpler
wound infiltration within contemporary multimodal analgesia
pathways remains uncertain.

'This randomized controlled trial compared ultrasound-guided
transversalis fascia plane block with local wound infiltration
after cesarean delivery, using an equivalent total dose of local
anesthetic within a standardized multimodal analgesia protocol.
We hypothesized that TFPB would reduce 24-h postoperative opi-
oid consumption compared with LWI. The primary outcome was
total opioid consumption in the first 24 h. Secondary outcomes
included Numeric Rating Scale (NRS) scores, rescue analgesia

requirements, and postoperative nausea and vomiting (PONV).
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Transversalis fascia plane block after cesarean

METHODS

This prospective, single-blinded, randomized controlled trial was
approved by the Marmara University Faculty of Medicine Ethics
Committee (Approval Date: 14.05.2024, No: 09.2024.217) and
registered at clinicaltrials.gov (NCT06425718) before enroll-
ment. Written informed consent was obtained from all partic-
ipants, and the study adhered to the Declaration of Helsinki.
Between May and June 2024, consecutive patients meeting
the eligibility criteria who were scheduled to undergo cesar-
ean section under spinal anesthesia with American Society of
Anesthesiologists (ASA) physical status II-IIT were invited to
participate. Exclusion criteria included: refusal or withdrawal
of consent, inability to give consent, allergy to local anesthet-
ics, block area infection, chronic opioid use and inability to
use the patient-controlled analgesia (PCA) system.
Randomization and blinding: Participants were random-
ized using a computer-generated sequence (randomizer.org).
Allocation was concealed with sequentially numbered, opaque,
sealed envelopes opened immediately before intervention.
All blocks were performed by a single experienced anesthesi-
ologist not involved in data collection or analysis, while LWI

was performed by the surgeon. Postoperative outcomes were

assessed by a blinded pain team, and patients were also blinded,
with interventions concealed under standard dressings. The
study followed Consolidated Standards of Reporting Trials
(CONSORT) guidelines (Figure 1).

Intraoperative management: All patients received stan-
dardized anesthesia. Standard monitoring [electrocardiography
(ECG), noninvasive blood pressure, pulse oximetry] was applied,
with oxygen (4 L/min) via face mask and a 20 G intravenous
(IV) cannula. Patients <150 or >150 cm received 1.8 or 2.0
mL hyperbaric bupivacaine (5 mg/mL) with 20 mcg fentanyl
intrathecally, respectively. Ondansetron (4 mg IV) was given
for antiemetic prophylaxis, and oxytocin was administered
post-delivery per protocol.

At surgery end, in the TEPB group, a curvilinear probe
(2-5 MHz Sparq Ultrasound; Philips, USA) was placed in the
midaxillary line between the iliac crest and rib cage. After iden-
tifying the external oblique, internal oblique, and transversus
abdominis muscles, 20 mL of 0.25% bupivacaine was injected
bilaterally using an in-plane technique following saline confir-
mation. In the IWI group, 40 mL of 0.25% bupivacaine was
infiltrated subcutaneously into the wound by the surgeon.
Both groups received IV paracetamol (1 g), IV dexamethasone
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Figure 1. Consolidated Standards of Reporting Trials flow diagram of the study. TFPB: transversalis fascia plane block; LWI: local wound infiltration.
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(8 mg), and intramuscular (IM) diclofenac (75 mg) for mul-
timodal analgesia.

Postoperative management: All patients received IV parac-
etamol (1 gevery 8 h) and IV patient-controlled analgesia with
tramadol (5 mg/mL; no basal infusion, 1 mL bolus, 10 min
lockout). If NRS >3, IM diclofenac (75 mg; max two doses/
day) was administered as rescue analgesia.

In the TEPB group, sensory block was assessed after recov-
ery from spinal anesthesia using cold and pinprick testing to
confirm dermatomal involvement and exclude block failure,
defined as absence of sensory changes. The block was evaluated
by the anesthesiologist performing TFPB, who was not involved
in data collection or analysis. Block duration was not assessed,
as comparison with local wound infiltration was not feasible.

Data collection: Baseline demographic and intraoperative
data were recorded. Postoperative assessments were performed
at0, 6, 12, 24, and 48 h by a pain team blinded to group alloca-
tion. At each assessment, NRS score, total tramadol consump-
tion, rescue analgesia requirement and opioid-related adverse
events were recorded.

Outcome measures: The primary outcome was 24-h total
tramadol consumption. Secondary outcomes included NRS
scores (0—10), rescue analgesia requirements (defined as NRS
>3), and opioid-related adverse events (nausea/vomiting, uri-
nary retention, sedation, pruritus, and respiratory depression)
recorded as present or absent.

Sample size: Pilot data for sample size estimation were ret-
rospectively obtained from institutional records of CS patients
managed with the same analgesic protocol. The pilot dataset
included 12 patients per group and was used solely for vari-
ance estimation and effect size approximation. The sample size
was estimated using pilot data in which mean (standard devi-
ation [SD]) tramadol consumption at 24 h postoperatively
was 135.0 (51.3) mg in the control group and 85.4 (49.5) mg
in the intervention group (=37% reduction). Using G*Power
3.1 for a two-tailed Wilcoxon-Mann-Whitney test (0.=0.05,
power=0.80; Vargha-Delaney A=0.76), 19 patients per group

were required’. Allowing for 10% dropout, 21 patients per
group were planned (total n=42).

Statistical analysis: Statistical analysis was performed using
IBM Statistical Package for the Social Sciences (IBM SPSS)
Statistics v27. Data distribution was assessed with the Shapiro-
Wilk test and histograms. Continuous variables are presented
as meantSD or median [interquartile range (IQR)], as appro-
priate. The primary outcome (24-h opioid consumption) was
non-normally distributed and analyzed using the Mann-Whitney
U test with confidence intervals. Secondary continuous out-
comes were analyzed similarly, while categorical variables were
compared using Fisher’s exact test. All tests were two-tailed,
with p<0.05 considered significant.

RESULTS

Forty-two patients were randomized and completed the study.
We did not observe any block failure. The CONSORT flow
diagram is shown in Figure 1.

Baseline demographic and clinical characteristics were com-
parable between the two groups, with no statistically significant
differences in any baseline variables (Table 1). The primary out-
come, total opioid consumption during the first 24 postopera-
tive hours, did not differ significantly between the TFPB and
LWTI groups (median 100 [65-152] mg vs. 85 [65-135] mg,
95%CI -30.12, 51.27, p=0.554). Median opioid consump-
tions at all time intervals were comparable among the study
groups (Table 2).

Postoperative pain scores remained low and were compa-
rable between groups throughout the 48-h follow-up period
(Table 3). Median pain scores were recorded to be <3/10 across
all time intervals, indicating that postoperative pain was gen-
erally well controlled within the target range. Rescue analge-
sia was uncommon. In the LWI group, three patients (14.2%)
required rescue analgesia, whereas no patients in the TFPB
group required rescue analgesia; however, this difference was
not statistically significant (p=0.072).

Table 1. Demographic data and characteristics of the participants.

Total Group TFPB Group LWI _ .
Age (year) 31.5+6.5 32.546.0 30.4£6.9 0.319¢2 0.32
BMI (kg/m?) 30.7+4.4 29.943.9 31.414.9 0.5052 0.34
Il 40 21 (100) 19 (90)
ASA 0.152°
I 2 0(0) 2(10)

Mann-Whitney-U test.°Fisher’s exact test.Values are presented as number of patients (%) or mean+SD. ASA: American Society of Anesthesiologists
physical status; BMI: body mass index; TFPB: transversalis fascia plane block; LWI: local wound infiltration. Standardized differences are presented
for continuous variables only.
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Table 2. Comparison of total tramadol consumption during predefined postoperative time intervals between the transversalis fascia plane

block and local wound infiltration groups.

IVPCA Total (n=42)

95%Cl of the

GroupTFPB Group LWI difference p-value*
(GEYA)) (GEYA))
0-6th hour Median (Q1,Q3) | 30(20,61.25) 45 (20,70) 25 (17.5,50) -7.67,35.77 0193
6-12th hour Median (Q1,Q3) 30 (15, 50) 25(12.5,55) 30 (20, 42.5) -22.51,15.37 0.528
12-24th hour Median (Q1,Q3) | 30(20,36.25) 30(17.5,37.5) 30 (22.5,37.5) -12.57,12.67 0.674
24-48th hour Median (@1,Q3) 50 (35,70) 40 (32.5,75) 50 (45, 75) -25.88,15.88 0.332
24th hour total | Median (Q1,Q3) | 90 (65,142.5) 100 (65, 152) 85 (65, 135) -30.12,51.27 0.554

Summary statistics are reported as median (interquartile range). Postoperative opioid consumption is expressed in milligrams (mg). Cl: confidence
interval; IV PCA: intravenous patient-controlled analgesia; NRS: Numeric Rating Scale; TFPB: transversalis fascia plane block; LWI: local wound

infiltration.®Compared by Mann-Whitney-U test.

Table 3. Postoperative pain scores (Numeric Rating Scale) at predefined postoperative time points in the transversalis fascia plane block

and local wound infiltration groups.

. Gow |
Total (n=42) Group TFPB ggzﬁlrgzzze p-value?
(n=21) (GEVA))
6th hour Median (Q1, Q3) 2(1,2) 2(1,3) 2(1,2) -0.56,0.94 0.70
12th hour Median (Q1, Q3) 1(1,2) 1(1,2) 2(1,2) -0.89,0.22 0.20
24th hour Median (Q1, Q3) 1(1,2) 1(1,2) 2(1,2) -0.84,0.27 0.28
48th hour Median (Q1, Q3) 1(1,1) 1(0,1) 1(1,1.5) -0.67,0.9 0.14

Cl:confidence interval;NRS: Numeric Rating Scale; TFPB:transversalis fascia plane block; LWI:local wound infiltration.2Compared by Mann-Whitney-U test.

PONYV requiring medication was not observed in either
group. Furthermore, no patients experienced less common opi-
oid-related side effects such as itching, respiratory depression,
or urinary retention. Additionally, no complications related to

TFPB or LWI were observed.

DISCUSSION

In this randomized trial evaluating postoperative analgesia after
cesarean delivery, ultrasound-guided transversalis fascia plane
block did not reduce 24-h opioid consumption compared
with local wound infiltration within a multimodal analgesia
protocol. Pain scores, rescue analgesia use, and opioid-related
adverse events were similar. These findings suggest no clinically
meaningful advantage of the more complex fascial plane block
over wound infiltration.

TEPB is a deep abdominal wall block targeting the proxi-
mal ilioinguinal and iliohypogastric nerves, potentially provid-
ing broader dermatomal coverage than superficial blocks™'*!".
Injection beneath the transversalis fascia may allow spread toward
thoracolumbar nerves before lateral branching, theoretically
enhancing analgesia in lower abdominal surgery'*'%. However, this
trial showed no clinically meaningful opioid-sparing effect of

4

TFPB when compared with LWI. Several factors may explain
the lack of a statistically significant difference. Both interven-
tions were applied within a standardized multimodal regimen
including spinal anesthesia, regular paracetamol, nonsteroidal
anti-inflammatory drug (NSAID) rescue analgesia, and tramadol
PCA. Contemporary cesarean analgesia increasingly depends
on multimodal regimens that maintain acceptable pain con-
trol while reducing opioid requirements. In this setting, base-
line analgesia may already provide adequate pain relief, thereby
diminishing observable differences between regional techniques.
Consequently, the additional analgesic benefit of further fascial
plane blocks within such pathways may be limited.

Previous studies on TFPB in cesarean delivery show het-
erogenous results. Compared with inactive or sham controls,
TFPB reduces postoperative opioid consumption, supporting
its analgesic efficacy'®'®. However, its advantage appears less
pronounced when compared with other active analgesic tech-
niques. In a comprehensive meta-analysis on the effectiveness of
local anesthetic techniques for post-CS analgesia, it was found
that wound infiltration reduced total morphine consumption
at hours 12 and 24 compared to inactive controls, while TFPB
showed similar results to the inactive controls'®. The only ran-
domized trial directly comparing TFPB with wound infiltration

Rev Assoc Med Bras. 2026;72(9):e20260662
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found similar analgesic requirements, consistent with the pres-
ent study”. Chilkoti et al. reported longer time to first anal-
gesic request and lower NRS scores with TFPB at some time
points, but pain scores remained <3 and opioid use was mini-
mal despite the absence of adjuncts in the subarachnoid block,
limiting clinical relevance. In addition, unequal local anesthetic
dosing (20 vs. 40 mL, both 0.375% ropivacaine) may have
biased results in favor of TFPB. In contrast, the present study
standardized both volume and dose (40 mL of 0.25% bupiv-
acaine in each group), reducing potential bias and enabling a
more balanced comparison of the two techniques.

Evidence from other surgical procedures supports this
interpretation. In patients undergoing iliac crest bone graft
harvesting, TFPB reduced opioid consumption during the
first eight postoperative hours compared with a sham block,
although this benefit was not sustained thereafter'®. In another
study of inguinal hernia repair, quadratus lumborum block was
associated with lower postoperative opioid consumption than
TEPBY. These findings suggest that TFPB provides effective
postoperative analgesia, but its opioid-sparing effect is more
evident when compared with placebo or no regional block than
with another effective regional analgesic technique.

Within an optimized multimodal cesarean analgesia path-
way and with standardized local anesthetic dosing, our find-
ings suggest that the additional benefit of complex regional
techniques is limited, and LWI provides comparable analgesia
with greater practicality. W1 is simpler than TFPB, requiring
no ultrasound guidance or advanced expertise, has a shorter
learning curve, and can be performed by the surgeon during
closure. This increases its feasibility, particularly in resource-lim-
ited settings. Overall, these results support LWT1 as a pragmatic
option within ERAS protocols, aligning with goals of reduced
opioid use, early mobilization, and enhanced recovery'®.

We observed no postoperative nausea and vomiting in either
group. The traditional belief that the use of opioids contributes
to nausea and vomiting has been recently questioned, as low-
dose lipophilic opioids (e.g., fentanyl) used as spinal adjuvants
may have antiemetic effects'*?. No TFPB-related complications
(organ/vascular injury, infection, motor weakness) were observed.
AsTEPB is performed more posteriorly than transversus abdom-
inis plane (TAP) block, and the perinephric fat lies beneath the
transversalis fascia, the risk of peritoneal puncture is minimal.

A key strength of this trial is the standardization of total
local anesthetic dose and volume between groups, minimiz-
ing a potential source of bias seen in previous studies where
unequal dosing may have influenced outcomes. In addition,
postoperative analgesia was standardized, allowing a more bal-
anced comparison of techniques. All block procedures were

5

performed by a single experienced anesthesiologist, reducing
inter-operator variability.

The study has several limitations. The sample size, based
on pilot data, may have overestimated the effect size; however,
differences in opioid use were minimal and unlikely to be clin-
ically meaningful. The lack of statistical significance should
be interpreted within the context of optimized multimodal
analgesia, where incremental benefits may be limited, rather
than attributed solely to insufficient power. The absence of a
placebo/sham group prevents assessment of absolute efficacy.
The anesthesiologist who performed the TFPB also assessed
block success, introducing a potential source of assessment bias,
although postoperative outcomes were evaluated by blinded
investigators. Finally, block duration was not evaluated beyond
confirmation of success.

Future studies with larger cohorts and a sham-controlled
design are needed to confirm these findings. Research should
also evaluate adjuncts such as dexamethasone or dexmedeto-
midine to enhance the opioid-sparing effect of TFPB, while
assessing their safety in postpartum patients, particularly regard-
ing neonatal exposure via breastmilk. In addition, patient-cen-
tered outcomes, including mobility, breastfeeding comfort, and
quality of recovery, should be incorporated to better define the
clinical value of regional techniques in obstetric anesthesia.

CONCLUSION

In conclusion, within a standardized multimodal cesarean
analgesia protocol, ultrasound-guided TFPB did not reduce
postoperative opioid consumption compared with LWI. With
standardized local anesthetic dosing, the additional complex-
ity of TFPB did not confer a clinically meaningful advantage.
Both techniques provided comparable analgesia with low pain
scores. Given its simplicity and practicality, W1 remains a rea-

sonable option for routine use.
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Retrospective study of inflammatory markers in high-grade
cervical lesions

PinarYildiz'™* ©, Glines Topcu? @, Gercek Aydin® @, Asiye Uzun?

SUMMARY

OBJECTIVE: The aim of this study was to evaluate the predictive value of systemic inflammation markers for abnormal cervical screening results and
high-grade cervical lesions inwomen participating in a human papillomavirus- and cytology-based screening program, thereby determining colposcopy
indications more accurately to reduce unnecessary colposcopy requests and prevent overtreatment.

METHODS: A total of 2,758 women who underwent cervical cancer screening between 2020 and 2025 were included in this retrospective cross-
sectional study. Abnormal screening results were defined as abnormal cytology (>Atypical squamous cells of undetermined significance [ASC-US]) and/
or high-risk human papillomavirus positivity. Hematological parameters measured within 1 month prior to screening were used to calculate neutrophil-
to-lymphocyte ratio, platelet-to-lymphocyte ratio, and systemic immune-inflammation index. Continuous variables were evaluated using nonparametric
tests, and the independent predictors of abnormal screening results and high-grade lesions were identified using logistic regression models.
RESULTS: Neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, and systemic immune-inflammation index values were significantly higher
in the abnormal smear groups and in human papillomavirus -positive patients (all p<0.001). Neutrophil-to-lymphocyte ratio displayed the highest
diagnostic performance for high-grade lesions (area under the curve=0.871; cutoff value >4.41, sensitivity 66.7%, specificity 99.2%), followed by systemic
immune-inflammation index (area under the curve=0.847), while platelet-to-lymphocyte ratio showed lower specificity (area under the curve=0.741).
CONCLUSION: In conclusion, our findings suggest that inflammatory markers are associated with abnormal cervical screening results. To determine

the significance and clinical utility of serum inflammatory markers, multicenter clinical trials involving larger patient cohorts are needed.
KEYWORDS: Cervical intraepithelial neoplasia. Human papillomavirus. Papanicolaou test. Inflammation.

INTRODUCTION

Cervical cancer is a type of malignant tumor affecting the
female reproductive system; it is the most common gyneco-
logical cancer in developing countries and accounts for the
fourth most common type of cancer worldwide' Global Cancer
Statistics (GLOBOCAN 2022) data indicate that 662,301
women were diagnosed with cervical cancer in 2022, and an
estimated 348,874 died from the disease®. As cancer screening
programs have become more widely available, it is known that
the rate of diagnosed cervical intraepithelial neoplasia (CIN)
has increased. In contrast, the incidence of advanced-stage can-
cer has decreased?. Early detection plays an important role in
the prevention and treatment of cervical cancer?. During clin-
ical practice, women who receive abnormal screening results
should be evaluated with a colposcopy and biopsy to detect
precancerous lesions and cervical cancer’.

Human papillomavirus infection is a major risk factor

associated with the development of cancer and can potentially

lead to CIN. This infection is relatively common and affects
approximately 90% of people during their lifetime, potentially
leading to serious health issues. There are more than 200 gen-
otypes of HPV. While the majority of them are not associated
with complications and resolve spontaneously, some types are
considered high-risk and can lead to cancer®’.

In recent studies, the potential value of hematological mark-
ers in the early diagnosis and prognosis of cancers has been rec-
ognized. It is considered that inflammatory parameters such as
the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lympho-
cyte ratio (PLR), and systemic immune-inflammation index
(SII) are correlated with tumor cell formation, progression, and
prognosis®. The cytokines, vascular endothelial growth factor,
and chemokines produced by neutrophils are involved in tumor
growth, angiogenesis, and metastasis. In the same way, plate-
lets stimulate tumor cell proliferation and help these cells evade
immune control, thereby promoting tumor spread’. The is a novel

marker of inflammation and a useful biomarker for assessing the
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Inflammatory markers in high-grade cervical lesions

prognosis of various cancers; it is calculated using the formula:
platelet count x neutrophil count/lymphocyte count'®!!. Several
inflammatory markers in the blood are linked to the formation
and development of tumors in various types of cancer'*". In
our study, 2,758 patients who had undergone smear tests were
retrospectively analyzed to ensure accurate patient assessment,
improve screening effectiveness, prevent unnecessary colposcopy
and biopsy referrals, and reduce overtreatment to identify more
effective alternative biomarkers for predicting cervical lesions

and establishing more appropriate clinical criteria for colposcopy.

METHODS

Study design and setting

This study was designed and reported in accordance with the
STROBE Statement. It was conducted as a single-center, retro-
spective descriptive study at the Department of Obstetrics and
Gynecology of a tertiary care university hospital in Istanbul, Tiirkiye.

Study population and sampling strategy

The study population consisted of women who presented to our
outpatient clinic, had a complete blood count within 1 month,
and underwent cervical cytology screening between January 1,
2020, and January 1, 2025. During the study period, a total
of 2,758 pap smear tests and blood tests were performed. All
women aged 21-65 years who were not pregnant, had no his-
tory of treatment for cervical lesions, had a pap smear and/or
HPV testing and a blood test within the defined period, and
had complete medical records were included. Patients under 21
or over 65 years of age, those with organ failure, people with an
active infection or malignant neoplastic diseases, those who had
been treated with antibiotics before testing, those taking medi-
cation impacting inflammatory markers, and pregnant women
were excluded. A total of 82 cases were excluded due to not
meeting the inclusion criteria and/or having incomplete data.

Research questions
The study aimed to evaluate effective alternative biomarkers for
predicting cervical lesions and to assess their impact on clini-

cal processes in determining the requirement for colposcopy.

Data collection and variables

Data were retrospectively obtained from the hospital’s Electronic
Health Record (EHR) system. The following variables were
recorded: age, parity, pap smear and HPV test results, PLR,
NLR, and SII values based on the complete blood count results.
All data were anonymized before analysis.

2

Definition of exposure and outcome measures
Exposure variables were defined as hematological inflamma-
tion parameters, including NLR, PLR, and SII, derived from
complete blood count measurements obtained within 1 month
preceding cervical cancer screening.

NLR=neutrophil count/lymphocyte count

PLR=platelet count/lymphocyte count

SII=(platelet x neutrophil)/lymphocyte

We defined the primary outcome as the presence of an abnor-
mal cervical screening result. Abnormal cytology (ZASC-US)
and/or high-risk HPV positivity were considered to constitute
this outcome. Secondary outcomes consisted of the presence
of high-grade cytological abnormalities (XHSIL), evaluation of
the relationship between inflammatory indicators and the pres-
ence of HPV, and investigation of the performance of hema-
tological inflammation indices in the prediction of abnormal

screening results.

Follow-up
No follow-up was conducted because of the study’s retrospec-
tive design.

Handling of missing data
Cases with incomplete or missing data were excluded from
the study.

Statistical analysis

Statistical analyses were performed using SPSS version 27.
Quantitative variables were expressed as mean, standard devi-
ation, median, minimum, and maximum, while qualitative
variables were presented as frequencies and percentages. The
Fisher-Freeman-Halton exact test was used to compare quali-
tative data, and p<0.01 was considered statistically significant.

Ethical considerations

Ethical approval was obtained from the Institutional Echics
Committee (Approval No: 5163; Date: November 11, 2025).
The study was conducted in accordance with the ethical prin-
ciples of the Declaration of Helsinki and the ethical stan-
dards of the country of origin. The authors declare no con-
flicts of interest.

RESULTS

A total of 2,758 patients were included in the study. Continuous
variables deviated from a normal distribution, as expected
given the large sample size (Shapiro-Wilk, p<0.001), and were
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reported as medians (IQR); categorical variables were presented
as frequencies and percentages.

The median age of the study population was 37 [30-42]
years, and 61.2% of the women (n=1,689) were multiparous.
Based on the smear results, 66.8% of patients (n=1,841) had
benign cytology, 18.2% (n=503) were ASC-US, and 11.3%
(n=312) were LSIL. High-grade lesions (ASC-H, HSIL, AGC,
AIS, and SCC/AdenoCa) accounted for 3.7% (n=102) of all
cases. HPV positivity was observed in 20.8% of patients (n=573),
and the most common subtype was HPV 16 (7.7%) (Table 1).

NLR, PLR, and SII values were significantly increased in
line with cytological grade and were higher in groups with
abnormal smear results compared to benign cases (all p<0.001).

‘These markers were also elevated in HPV-positive patients, who

had a significantly lower mean age. HPV positivity varied sig-
nificantly among pap smear groups [}*(7)=873.17, p<0.001];
this rate increased with the severity of cytology, rising from
5.2% in benign cases to 49.9% in ASC-US, 72.9% in HSIL,
and 100% in high-grade lesions.

Spearman’s correlation analysis revealed moderate-to-strong
positive correlations for NLR with smear results, colposcopy
findings, and HPV positivity (r=0.514-0.665; all p<0.001).
For SII, similar but weaker associations were found (r=0.425—
0.554). PLR exhibited weak correlations (r=0.261-0.329).
Age showed weak and negative correlations with NLR and
SII (Table 2).

In univariate analysis, NLR, PLR, SII, and HPV positiv-

ity proved to be significant predictors of each outcome (all

Table 1. Demographic, clinical, and laboratory characteristics of the study population.

Ay—— e R [ ———

Demographic characteristics

Number of patients 2,758 = =
Age (years) 37 (30-42) 21-53 <0.001
Parity—nulliparous 1,069 38.8 =
Parity—multiparous 1,689 61.2 =
Hematological parameters
NLR 2.04(1.61-2.53) 0.30-15.72 <0.001
PLR 125.9(101.4-156.9) 32.4-1,200.0 <0.001
SlI (neutrophil x platelet/lymphocyte) 554.1 (414.1-741.6) 88.3-7,104.0 <0.001
Smear results
Benign 1,841 66.8 =
ASC-US 503 18.2 =
LSIL 312 11.3 =
ASC-H 40 1.5 =
HSIL (CIN2-3) 48 1.7 =
AGC/AIS/SCC-adenocarcinoma 14 0.5 =

Continuous variables are presented as median (IQR, Q1-Q3). All

continuous variables showed non-normal distribution (Shapiro-Wilk p<0.001).

Categorical variables are expressed as n (%). IQR: interquartile range; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; Sll:
systemicimmune-inflammation index (neutrophil x platelet/lymphocyte); LSIL: low-grade squamous intraepithelial lesion; ASC-H: atypical squamous
cells, cannot exclude HSIL; HSIL: high-grade squamous intraepithelial lesion; CIN2-3: cervical intraepithelial neoplasia grades 2-3; AGC: atypical
glandular cells; AIS: adenocarcinoma in situ; SCC: squamous cell carcinoma; ASC-US: atypical squamous cells of undetermined significance.

Table 2. Correlation of neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, and systemic immune-inflammation index with

clinical variables.

Ager (p) Smear result r (p) Colposcopy r (p) HPV positivity r (p)

NLR -0.048 (0.011)* 0.514 (<0.001)*** 0.572 (<0.001)*** 0.665 (<0.001)***
PLR -0.034(0.078) ns 0.261 (<0.001)*** 0.277 (<0.001)*** 0.329 (<0.001)***
Sl -0.038 (0.048)* 0.425 (<0.001)*** 0.477 (<0.001)*** 0.554 (<0.001)***

Spearman correlation analysis. *p<0.05; ***p<0.001; ns: not significant. NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; Sll:

systemic immune-inflammation index.

3

Rev Assoc Med Bras. 2026;72(9):e20260706



Inflammatory markers in high-grade cervical lesions

p<0.001). In multivariate analysis, however, the significance
of PLR was reduced. While NLR (OR 3.627) and HPV pos-
itivity (OR 1.755) were independent predictors of abnormal
smear results, NLR (OR 2.245), SII (OR 1.439), and HPV
positivity (OR 1.957) independently predicted advanced
lesions (all p<0.001).

The ROC analysis indicated that NLR demonstrated the
highest diagnostic performance in identifying high-grade
lesions (AUC=0.871); the optimal cutoff value was >4.41
(sensitivity 66.7%, specificity 99.2%). SII also demon-
strated acceptable performance (AUC=0.847), whereas PLR
showed lower accuracy (AUC=0.741). Since the cutoff val-
ues were obtained from the same dataset, external validation

is required (Table 3).

DISCUSSION

This study reveals that systemic inflammatory markers show a
statistically significant correlation with the severity of cervical
cytopathology and HPV positivity in a large screening cohort.
Our key finding demonstrates a progressive increase in these
markers as cervical lesions progress from benign to high grade.
Specifically, the NLR emerged as the strongest independently
predictive marker for high-grade lesions (HSIL+), with a remark-
able specificity of 99.2% at a cutoff value of 4.41.

The linear progression of HPV positivity—ranging from
5.2% in the benign group to 100% in high-grade lesions—
highlights the critical role HPV performs in the develop-
ment of cervical cancer. This tendency is consistent with the
established understanding that high-risk HPV types promote
a chronic inflammatory environment prone to neoplastic
transformation'. Our results suggest that this inflammation
is not limited to the local area, but appears to be systemic,
as indicated by elevated hematological indices. The strong
correlation between HPV positivity and NLR (r=0.665)
suggests that the systemic inflammatory response is linked
to viral load or the persistence of high-risk HPV subtypes.
This situation is consistent with recent findings regarding

the complementary role of HPV status in cytological smear
reporting'®. Additionally, in a study carried out by Téth
et al. involving 395 patients, the NLR was observed to be
significantly associated with HPV DNA positivity and p16
expression; the NLR was found to be higher in HPV-positive
patients. But its diagnostic performance remained moder-
ate (AUC=0.61)"°.

In a 2024 study by Qin and Zhang evaluating 324 partic-
ipants, it was found that although NLR, PLR, and SII levels
were significantly higher in patients with cervical lesions, the
predictive power of these markers alone was restricted, and
their AUC values were relatively low, which indicates that
the clinical utility of these markers as triage biomarkers is
limited. Compared with other studies, our study achieved
an AUC of 0.871 for NLR, which is statistically significantly
higher than previously reported values in the literature,
including the AUC of 0.569 reported by Qin and Zhang'”.
This inconsistency may be related to our larger sample size
(n=2,758) and the inclusion of a wider range of cytological
abnormalities in the study.

Atlihan et al. noted that although both NLR and PLR
levels tended to increase with the severity of CIN, only NLR
showed a statistically significant association, whereas PLR was
not an independent predictor’®. The lower specificity of the
PLR may be attributed to the fact that platelet count is influ-
enced by multiple factors. Consequently, the NLR appears to
be a more reliable biomarker for cervical lesions. While the
PLR was found to be meaningful in the univariate analysis, it
likely became insignificant after adjustment due to multicol-
linearity with the NLR and SII. In contrast, NLR was a sig-
nificant independent predictor in all models; this confirms its
clinical value as a simpler and more reliable parameter com-
pared to PLR or SII.

Our findings have significant clinical value. Given the
NLR'’s high specificity (99.2%) at a cutoff >4.41, this indi-
cator can serve as a meaningful “diagnostic verification” tool
in triage procedures. In situations where resources are limited

or as a supplement to primary HPV/cytology screening, the

Table 3. ROC analysis of neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, and systemic immune-inflammation index for the

diagnosis of high-grade cervical lesions.

m AUC (95%Cl) Optimal cut-off | Sensitivity (%) | Specificity (%) PPV (%) NPV (%)

0.871(0.827-0.916) >4.41 66.7 99.2 76.4 98.7
Sli 0.847 (0.800-0.895) >818.65 74.5 83.1 14.5 98.8
PLR 0.741(0.685-0.797) >133.94 81.4 58.8 7. 98.8

Optimal cutoff values were determined using the Youden index. AUC confidence intervals were calculated by the DeLong method. An AUC >0.80 was
considered to indicate good discriminatory performance. PPV: positive predictive value; NPV: negative predictive value; NLR: neutrophil-to-lymphocyte
ratio; PLR: platelet-to-lymphocyte ratio; SlI: systemic immune-inflammation index; Cl: confidence interval; AUC: area under the curve
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NLR can help determine which patients should be referred
for colposcopy, potentially reducing unnecessary procedures
while ensuring that high-risk patients receive prompt treat-
ment. The availability and cost-effectiveness of complete blood
counts enhance the feasibility of incorporating these markers
into routine clinical practice®.

Despite the strengths of this study, certain limitations must
also be considered. First, the retrospective nature of this study
complicates the identification of a definitive causal relationship
between systemic inflammation and the progression of cervical
lesions. The small sample sizes in rare high-risk groups (AGC,
AIS, SCC/adenocarcinoma) limit the generalizability of the
findings. Also, although we have determined optimal thresh-
old values, they were derived from the same data set; therefore,
an external validation study in independent cohorts is required
to verify their diagnostic performance’.

CONCLUSION

In conclusion, markers of systemic inflammation are associ-
ated with abnormal cervical screening results, but their clin-
ical utility varies. Among these, NLR appears to be a reliable
independent predictor of abnormal cytology and high-grade
lesions, while PLR lost its significance after adjusting for
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Artificial intelligence in acne vulgaris patients

Tugba Atak™ @, Tuba Betll Karadeniz'

SUMMARY

OBJECTIVE: The aim of this study was to evaluate the experiences and confidence levels of acne patients using artificial intelligence tools. This study
investigates whether patients view artificial intelligence as a standalone resource or a facilitator of physician collaboration to support the ethical
implementation of healthcare technologies.

METHODS: This cross-sectional, descriptive study included acne patients aged >18 years with internet access. Alongside physician-led clinical
evaluations, a structured questionnaire was administered.

RESULTS: Among 123 patients (81.3% female), 45.5% utilized artificial intelligence tools for general health purposes before consulting a physician,
with acne-specific artificial intelligence usage being significantly driven by the perception of rapid access (r=0.490, p<0.001). Despite this interest,
67.5% insisted on professional validation for artificial intelligence advice, and notably, no significant correlation was found between clinical acne score
and artificial intelligence utilization for acne management. Additionally, 55.3% of participants expressed concern about the risk of artificial intelligence
making incorrect diagnoses, and 48.8% stated that they were reluctant to share personal data, such as photos, with these systems. Of those who
prefer artificial intelligence, 53.7% use it for “rapid and easy access,” while 52% stated that they “would never use it without consulting a doctor”
CONCLUSION: The integration of artificial intelligence in dermatology necessitates a physician-led, transparent approach that prioritizes digital

health literacy and ensures these tools serve as supervised supplements rather than a replacement for human-centered care.

KEYWORDS: Artificial intelligence. Acne. Patient. Perspective.

INTRODUCTION

Characterized by visible primary lesions and potential perma-
nent scarring, acne is a prevalent inflammatory disease that
imposes a substantial physical and psychosocial burden, pro-
foundly impairing quality of life across both adolescent and
adult populations'.

Artificial intelligence (Al), particularly deep learning, has
significantly advanced healthcare across various specialties,
including dermatology, by augmenting clinical expertise rather
than replacing physicians. However, the ultimate clinical suc-
cess of these technologies depends not only on technical accu-
racy but also on patient trust and perceptions®>.

The majority of existing literature focuses on the algorith-
mic performance of Al leaving a gap in our understanding of
the attitudes and behaviors of the patients who use this tech-
nology. This study aims to directly investigate the experiences
and confidence levels of acne patients using Al tools. Our find-
ings will inform future patient education strategies by clarifying
whether patients perceive Al as a simple information source

or as a facilitator of physician collaboration. By documenting

the patient perspective, this research provides the empirical
evidence necessary to support the ethical and safe implemen-
tation of healthcare technologies.

METHODS

This cross-sectional, descriptive study was conducted among vol-
unteer patients diagnosed with acne at the Dermatology outpa-
tient clinic of Kirikkale University Faculty of Medicine between
December 2025 and February 2026. Following a detailed expla-
nation of the study objectives, informed consent was obtained
from all participants. Data were collected via a purpose-designed,
nongraded descriptive questionnaire, which underwent a pilot
study to ensure clarity and comprehensibility. The survey instru-
ment was developed by the investigators specifically for this study
population and has not been utilized in previous publications.
Inclusion criteria required participants to be aged 18 years
or older, possess adequate cognitive health to complete the sur-
vey, and have access to both the internet and a smart device

(smartphone, tablet, or computer).
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Artificial intelligence in acne

The patient questionnaire comprised six main sections:
socio-demographic characteristics, clinical history, Al experi-
ence (frequency and primary objectives), the perceived impact
of Al on the patient—physician relationship and consultation
frequency, attitudes and trust regarding Al advice (adherence,
necessity of dermatologist validation, and error concerns), and
perceptions of data security and Al’s future role in acne man-
agement. The complete list of the survey questions is provided
in Supplementary Appendix 1.

During the clinical assessment, the physician recorded the
patients’ acne severity using the Global Acne Grading System
(GAGS)®, acne type, the presence of scarring, and history of
previous treatments.

The study was conducted in accordance with the ethical
principles outlined in the Declaration of Helsinki. Participants’
identity information was kept completely anonymous, and their
consent was obtained by written/verbal declaration that the data
would be used solely for scientific purposes. The participants
were reminded that they had the right to refuse to participate
in the study or to withdraw at any stage. The study protocol
was reviewed and approved by the Kirikkale University Non-
Interventional Clinical Research Ethics Committee (Decision
No: 2025.12.13, Date: 10.12.2025).

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
software (Version 20.0). The normality of continuous variables
was assessed using the Kolmogorov-Smirnov test. Continuous
data were expressed as meantstandard deviation (SD), while cat-
egorical variables were presented as percentages. Categorical vari-
ables were compared using the chi-square test. For continu-
ous variables, Student’s t-test was utilized for parametric data,
whereas the Mann-Whitney U and Kruskal-Wallis tests were
employed for non-parametric comparisons. Pearson correlation
analysis was conducted to examine the relationships between
acne-related factors (e.g., Al error concern, age, and acne score).

Statistical significance was set at p<0.05.

RESULTS

Of the 123 patients participating in the study, 81.3% (n=100)
were female and 18.7% (n=23) were male. The mean age was
23.37+5.02 years. Sociodemographic characteristics and inter-
net usage times are shown in Table 1.

The patients’ average GAGS in the clinical evaluation was
14.41%7.15. Scars were present in 76.4% of patients (Table 1).
Of the methods used by patients to treat their acne, the most
frequently used method was dermatologist recommendation

2

at 74.8%. Social media recommendations ranked second at
40.7%, followed by pharmacy recommendations at 35.0%,
with Al recommendations placed fourth at 8.9%. In total,
48% of patients stated that Al use would not affect their rela-
tionship with their physician.

A total of 45.5% of participants (n=56) stated that they
had used Al tools for general health purposes before consult-
ing a physician. However, when looking specifically at derma-
tological concerns, 60.1% of participants had never consulted
Al for acne. Notably, only a small fraction of the entire cohort
(4.1%, n=5) proceeded to implement treatment recommenda-
tions received directly from Al for their acne. Notably, 67.5%
of participants believe that Al recommendations should always
be approved by a dermatologist. Concurrently, 39.8% (n=49)
of the participants stated that they would rely on Al tools as
an alternative if a dermatologist were completely unreachable.
Additionally, 55.3% of participants expressed concern about
the risk of Al making incorrect diagnoses, and 48.8% stated
that they were reluctant to share personal data, such as photos,
with these systems (Figure 1). Of those who prefer Al, 53.7%
use it for “rapid and easy access,” while 52% stated that they
“would never use it without consulting a doctor.”

In the comparative analyses performed, no statistically sig-
nificant difference was found between the presence of scars and
Al error anxiety (p=0.29) or between gender and the level of
trust in Al recommendations (p=0.56). Despite the presence
of a modest positive trend between acne severity and the level
of trust in Al, this relationship did not attain statistical signif-
icance (p=0.057, tho=0.172).

The relationships between participants’ use of Al for acne
and demographic, clinical, and perceptual variables were eval-
uated using Pearson correlation analysis (Table 2). The analysis
revealed a statistically significant positive relationship between Al
utilization and educational status (r=0.192, p=0.034). However,
no significant correlations or associations were observed between
AT usage and the duration of acne (r=0.046, p=0.615) or occu-
pational categories (p=0.274). Furthermore, when evaluating
lifestyle parameters, a statistically significant positive correlation
was identified between Al utilization and alcohol consump-
tion (r=0.227, p=0.012). However, no significant relationships
were observed between Al usage and smoking status (r=0.149,
p=0.100) or BMI (r=-0.079, p=0.387). The analysis revealed a
moderate, positive, and significant relationship between Al use
for acne management and Al providing rapid and easy access
(r=0.490; p<0.001).

A significant correlation was identified between trust in Al
recommendations and usage (r=-0.455; p<0.001). This negative
correlation indicates that as the level of trust increases based on
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scale scoring, the tendency to use Al also increases (1: I gener-
ally trust, 3: I don’t trust them at all). Furthermore, a weak but
significant negative relationship was found between age and Al
usage (r=-0.200; p=0.027), indicating that younger participants
preferred Al tools more frequently. A notable finding was the
absence of a statistically significant relationship between the
GAGS, which reflects the participants’ clinical condition, and
the use of Al for acne (r=-0.012; p=0.892).

DISCUSSION

This study demonstrates that Al utilization among acne patients
is independent of clinical severity (p>0.05), contrasting with
literature that frequently links digital health usage to disease

severity”®. This independence may reveal a critical behavioral

reality unique to acne patients, suggesting that the subjective
motivation to engage with digital tools does not always correlate
with objective clinical scores. Even individuals with clinically
mild acne might experience an immediate desire for instant
information, which could potentially prompt them to utilize
Al interfaces. Regardless of clinical status, adoption is primar-
ily driven by the patient’s established technological approach
and the demand for rapid accessibility. Consequently, patients
perceive Al not as a medical necessity, but as a modern techno-
logical tool integrated into their digital routines.

Despite the proliferation of digital health platforms’®, the
vast majority of acne patients in our study adhered to derma-
tologist recommendations. While nearly half sought Al advice
prior to consultation, fewer than 5% followed it. This finding

aligns with existing literature showing that 84.4% of patients

Table 1. Demographic, clinical characteristics, physical examination, and treatment history of acne patients.

Age (years) [min—max] - 23.3745.02 [18-44]
Gender Female/male 100 (81.3%)/23 (18.7%)
Body mass index (BMI, kg/m?) [min—max] - 22.64+3.87 [22.6-39.8]
University and above 98 (79.7%)
Education level
High School and below 25 (20.3%)
Place of residence Urban/rural 118 (95.9%)/5 (4.1%)
Smoking/alcohol Current users (yes/occasional) 21 (171%)/22 (17.9%)
Student 76 (61.8%)
Occupation (top 3) Housewife 13(10.6%)
Teacher 10 (8.1%)
4-8h 71 (57.7%)
Internet usage
8 h and above 12(9.8%)
>3 years 48 (39.0%)
Acne duration 1-3 years 27 (22.0%)
<1 year 48 (39.0%)
Inflammatory 79 (64.2%)
Acne type Non-inflammatory 37 (30.1%)
Nodulocystic 7 (5.7%)
Presence of scarring Present/absent 94 (76.4%)/29 (23.6%)
Acne severity score (GAGS) Score 14.414715
Mild—-moderate 120 (97.6%)
Classification based on GAGS
Severe-very severe 3(2.4%)
) ) ) Mild-moderate 86 (70.0%)
Patient-perceived severity
Severe (self-perception) 37 (30.0%)
. Patients with previous treatment 83 (67.5%)
Treatment history - - -
Topical/systemic/combined 43/23/19

SD: standard deviation; GAGS: Global Acne Grading System; BMI: body mass index.
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prefer a dermatologist’s diagnosis over Al—even when accuracy
is equal'® and that exclusive trust in Al applications is limited
to just 1.5%". Collectively, these data underscore that patient
trust in physicians remains paramount.

Prior research in skin cancer screening underscores that while
patients value Al for its efficiency and accuracy, they consider
physician validation essential to preserving the doctor—patient

relationship'>'®. While a majority of participants highlighted the

Consulting Artificial Intelligence Before a Physician

Frequent Use

Occasional Use

Consulting for Treatment Purposes

Consulting for General Information

Finding Artificial Intelligence Helpful

Necessity of Physician Approval

Concern About Inaccurate Information

Concerns Regarding Data Privacy

Belief in the Future of Artificial Intelligence -

n=5 (4.1%)

D“I'|

Categories
B General Usage
 Acne-Specific Usage
B Trust and Risk
| Future and Impact

n=>56 (45.5%)

n=35 (28.5%)

n=51 (41.5%)

n=44 (35.8%)

n=20 (16.2%)

n=83 (67.5%)

n=68 (55.3%)

n=60 (48.8%)

n=29 (23.6%)

I —

Belief Artificial Intelligence Will Not Affect Physician Relationship

n=59 (48.0%)

(=1

Frequency (%)

Figure 1. Artificial intelligence usage habits and attitudes among participants.

Table 2. Pearson correlation analysis between artificial intelligence use for acne and clinical and perceptual variables.

Preference for speed and convenience 0.490 <0.001*
Trust in Al recommendations -0.455 <0.001*
Intention to implement Al recommendations 0.449 <0.001*
Belief in the future role of Al 0.392 <0.001*
Privacy concerns/data hesitancy 0.229 0.011*
Age -0.200 0.027*
Al-related concern/anxiety -0.108 0.237

Acne severity score (GAGS) -0.012 0.892

*p<0.05. GAGS: Global Acne Grading System; Al: artificial intelligence.
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potential advantages of Al in healthcare, including enhanced
diagnostic accuracy, efficiency, time-saving benefits, and per-
sonalized care, a significant proportion of patients expressed
concerns regarding data security, reliability, and the potential
loss of human interaction in medical settings'®. Mirroring these
insights, 53.7% of our participants prioritized Al for its rapid
accessibility, despite nearly half expressing concerns over diag-
nostic errors and data privacy. Crucially, the persistence of Al
utilization despite these apprehensions suggests that patients
often perceive immediate digital benefits, such as instant guid-
ance, as outweighing potential data security risks.

While innovative telemedicine models can mitigate limited
dermatological access", approximately 40% of our participants
would rely on Al if a physician were unreachable. However, the
“black box” nature of deep learning—the opacity of its pre-
dictive mechanisms—directly contrasts with the transparency
required in standard clinical consultations'!'°. Consequently,
achieving diagnostic transparency is as vital as ensuring accuracy;
Al systems must provide explainable rationales to preserve the
foundational trust within the physician—patient relationship.

The findings of the present study are limited in their com-
parability with existing medical literature, particularly regarding
acne treatment, due to a lack of data on patients’ perceptions
of Al. However, a more thorough examination of the avail-
able research reveals that while patients have a rudimentary
understanding of the Al concept, they possess limited knowl-
edge of its clinical applications. Demographic trends indicate
that Al literacy is higher among males, younger individuals,
and those pursuing higher education in science”. Our find-
ing that younger age is associated with Al use aligns with the
notion that younger patients are more open to technology for
addressing health concerns. However, this trend carries risks,
such as the potential misdirection of clinically severe acne cases
toward inadequate or incorrect Al-recommended treatments,
primarily due to their ease of accessibility.

Notably, a patient’s familiarity with technology does not
invariably correlate with their level of trust. Instead, patients
emphasize the importance of Al operating under the direct
supervision of a clinician, serving as a complementary tool
rather than a substitute'. Indeed, the results of the present study
indicate that 55% of respondents expressed concern regarding
erroneous Al recommendations, while 67% considered clini-
cian validation to be essential.

While literature suggests Al can enhance patient—clinician

interactions by encouraging professional care!>'”!8

17,19

and reducing
superfluous visits'”*%, our findings indicate that Al utilization
does not actively influence the patient—physician relationship.

This neutral impact aligns with previous data showing that online

5

health information acquisition had a completely neutral effect
on the patient—physician dynamic for 81.4% of individuals®.

Limitations of our study include the limited sample size,
lack of demographic diversity, and the homogeneity of the study
group, which primarily consisted of young university students.
It is important to note that some patients’ views may be based
on media perceptions or assumptions rather than actual expe-
riences, as they lacked prior experience with Al for acne man-
agement. Furthermore, the specific Al tools or platforms uti-
lized by the patients were not identified, precluding an analysis
of how distinct algorithmic interfaces or functional capabilities
might influence patient trust and satisfaction. Given that dif-
ferent Al modalities can uniquely influence patient trust and
perception, explicitly categorizing these platforms remains a
critical requirement for future research. Finally, as the study was
conducted in a clinical setting, it did not account for individ-
uals who exclusively self-medicate or do not seek professional
dermatological consultation.

While further research is needed, the findings of this study
have significant implications for medicine as a whole. As Clark
and colleagues emphasized, Al should be used cautiously, and
trends in this rapidly evolving field must be closely monitored?!.
Furthermore, while the potential benefits of Al are promising, it
is imperative to address challenges such as data privacy, ethical
concerns, and the necessity for ongoing collaboration between
Al developers and medical professionals®.

The outcomes of this study offer three primary insights for
clinical practice: first, dermatologists should be aware that their
acne patients may turn to Al tools regardless of their clinical
presentation; second, it reassures dermatologists that Al acts
as an initial consultation mechanism rather than a physician
replacement; and third, it underscores the importance for der-
matologists to guide their acne patients in digital health literacy,
combining the “speed” advantage offered by Al with profes-
sional “oversight.” In conclusion, the future of Al in dermatol-
ogy—specifically in acne management—depends not only on
technical proficiency but also on the integration of these tools
into clinical workflows in a manner that is physician-controlled,

transparent, explainable, and aligned with patient values.

DECLARATION OF GENERATIVE Al
AND AI-ASSISTED TECHNOLOGIES

Gemini Al Pro was used for linguistic refinement and for
converting raw tabular results into the figure included in this
manuscript to enhance data clarity. The authors reviewed and
approved all Al-generated suggestions and take full responsi-
bility for the content of the published article.
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ORIGINAL ARTICLE

Lipedema research (2000-2025): a global bibliometric analysis
with evidence of an emerging immunological paradigm

Alexandre Campos Moraes Amato'™ ©, Juliana Lelis Spirandeli Amato’ @, Daniel Augusto Benitti?

SUMMARY

OBJECTIVE: The aim of this study was to characterize global scientific output on lipedema from 2000 to 2025 and identify emerging thematic trends,
with emphasis on the emergence of immunological research.

METHODS: Publications indexed in Google Scholar, PubMed, Crossref, OpenAlex, and Scopus were retrieved using the terms “lipedema” OR “lipoedema.’
Records were deduplicated by normalized title matching and DOI cross-referencing. Bibliometric indicators computed included publication volume,
citation metrics, field h-index, exponential growth rate, geographic distribution, author metrics, specialty classification (journal-name keyword matching
supplemented by OpenAlex concept tags), and immunological content (regular-expression pattern matching against a predefined term list).
RESULTS: A total of 942 unique publications were identified, accumulating 13,688 citations (field h-index=60; mean 14.5 citations per article;
median 2 citations per article). Annual output grew from below 12 per year through 2009 to 145 in 2025, with a doubling time of 3.6 years (R?=0.90;
p<0.001). The United States, Germany, and Brazil were the most productive countries. Karen Lynn Herbst (USA) was the most influential researcher
(46 papers; h-index=20; 1,586 citations). Lymphology and phlebology formed the dominant classifiable domain (17.1%), with 69.3% of publications
spanning multiple disciplines. Publications with immunological content totaled 30 (3.2%), grew from essentially zero before 2019 to 4.8% of annual
output in 2025, and received higher mean citations than non-immunological articles (16.6 vs. 14.5).

CONCLUSION: Lipedema researchis undergoing rapid exponential expansion driven by growing global recognition of a historically neglected condition.
The acceleratingimmunological trend, with consistently higher citationimpact, indicates an accelerating paradigm shift toward chronic adipose tissue
inflammation as a unifying pathophysiological framework.

KEYWORDS: Lipedema. Bibliometrics. Adipose tissue. Inflammation. Biomedical research.

INTRODUCTION

This study has two objectives: (1) to characterize global

Lipedema is a chronic progressive disorder of adipose tissue
distribution predominantly affecting women, with an esti-
mated prevalence of approximately 12.3% in Brazilian women!.
Prevalence estimates vary across populations, and no validated
global estimate is currently available. First described by Allen
and Hines at the Mayo Clinic in 1940, the condition remained
largely confined to specialist lymphology literature for decades
and is frequently misdiagnosed as obesity or lymphedema?®. Over
the past decade, patient advocacy, social media, and growing
cross-specialty clinical recognition have driven an unprece-
dented expansion of the scientific literature.

Bibliometric analysis provides a rigorous quantitative frame-
work for characterizing the intellectual structure and thematic
evolution of emerging scientific fields*. To our knowledge, no
bibliometric characterization of the lipedema literature has
been published in peer-reviewed journals.

scientific output on lipedema from 2000 to 2025, including
growth dynamics, leading researchers, geographic distribution,
and specialty representation; and (2) to identify and contextual-
ize the emergence of immunological research as an accelerating
thematic strand with potential paradigm-shifting implications

for the mechanistic understanding and treatment of lipedema.

METHODS

Data sources and search strategy

We conducted a systematic multi-database search in May
2026 across Google Scholar (via SerpAPI), PubMed, Crossref,
OpenAlex, and Scopus. We applied the search terms “lipedema”
OR “lipoedema” to title fields without date or language
restrictions (no language filter was applied at any stage).
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The search date of May 2026 allowed complete capture of
all 2025 publications. Although this analysis focuses on the
modern growth period (2000 to 2025), during which 96%
of the corpus was published, the search captured all avail-
able records dating back to the first description of the con-
dition in 1940 to characterize the field’s historical origins
and full growth trajectory. Fewer than 5% of records (41 of
942) predate 2000; these were retained for historical con-
text, and all bibliometric indicators are reported for the full

retrieved corpus unless otherwise specified.

Deduplication and dataset construction

We combined and deduplicated records in two sequential
steps: (1) normalized title matching (lowercase conversion,
punctuation removed) and (2) DOI-based cross-referencing.
When duplicate records were identified, we retained the record
with the highest-citation count or most complete metadata;
because the highest-citation record is often the oldest indexed
version, this rule may modestly favor earlier records, without
affecting corpus membership. The final dataset comprised 942
unique publications spanning 1940 to 2025. Supplementary
metadata (institutional affiliations, open-access status, thematic
concept tags) was retrieved from the OpenAlex API for 511
records with valid DOIs (54.2% of the corpus).

Bibliometric indicators

We computed the following indicators: annual publication
volume; total and mean citations per article; field h-index
(the largest value h such that h articles each received at least h
citations); exponential doubling time (ordinary least-squares
regression on log-transformed annual publication counts from
2010 to 2024); per-author total papers, total citations, and
h-index within the corpus; and country of first-author afhil-
iation via a curated author-to-country mapping database.
Author names were normalized using a curated dictionary
of canonical names and their variants (e.g., “Herbst KL,”
“Herbst K,” and “Herbst K.L.” consolidated to a single iden-
tity), combining exact and case-insensitive string matching
with manual curation informed by co-authorship networks
and institutional affiliation; ORCID identifiers were used to
confirm identity when available. Despite these steps, some
residual author-merging or author-splitting error is unavoid-
able, particularly for common surnames.

Specialty classification

We assigned each article to a specialty domain with a
deterministic two-stage procedure implemented as a sin-
gle reproducible script. Stage 1 matched the journal title

2

(case-insensitive substring) against curated keyword sets:
lymph, phlebo, veinlvenous, angiolog, vasa, or vascular for
Lymphology/Phlebology; plast, aesthet, or reconstr for Plastic/
Aesthetic Surgery; endocrin, obes, metabol, diabet, or nutr
for Endocrinology/Metabolism; and dermat, cutan, skin,
or /DDG for Dermatology. Stage 2 resolved records with a
missing or unmatched journal name using the OpenAlex pri-
mary-topic subfield. Articles matching no domain in either
stage were classified as Multidisciplinary/Other. Grouping
lymphology, phlebology, and vascular medicine into a sin-
gle domain reflects the historical home of lipedema within
angiology and lymphology, particularly in the phlebology
and vascular journals that dominate the corpus.

Immunological content identification

We identified immunological content by regular-expression pat-
tern matching applied to article titles against a predefined term
list: inflamm, macrophage, fibrosis, cytokine, mast cell, immun,
T cell, interleukin, and NF-kB. This title-based approach was
chosen for computational efficiency and cross-database con-
sistency; however, we acknowledge that it necessarily under-
estimates the true proportion of immunologically relevant
publications, as studies may address immunological pathways
without using these specific terms in their titles. Reported
immunological proportions should therefore be interpreted
as a conservative lower bound and as an index of the visibility
of immunological framing in the titled literature rather than
of its total prevalence.

Statistical analysis

All analyses were performed in Python 3.9.23 (pandas 2.3.3,
numpy 2.0.2, matplotlib 3.9.4, networkx 3.2.1). No commer-
cial software was used. Analysis scripts are available from the

corresponding author upon reasonable request.

RESULTS

Publication growth

The corpus comprised 942 unique publications spanning 1940
to 2025. Total citations were 13,688 (field h-index=60; mean
14.5 citations per article; median 2 citations per article). Annual
output remained below 12 publications per year through 2009,
then increased progressively from 2010, with marked accelera-
tion from 2017, reaching 145 publications in 2025 (Figure 1).
Exponential regression on data from 2010 to 2024 yielded a
doubling time of 3.6 years (R*=0.90; p<0.001). Publications
from 2020 to 2025 account for 59.3% of the entire corpus.
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A first major inflection occurred around 2010, coinciding with
landmark reviews by Child et al.’ (329 citations) and Fife et al.?
(223 citations), followed by further high-impact contributions
from Forner-Cordero et al.® (237 citations) and Kruppa et al.”
(187 citations). Growth accelerated further from 2017, concur-
rent with the publication of formal clinical practice guidelines
in the United States® and Europe’.

Leading researchers

A total of 2,942 unique authors contributed to the corpus after
name normalization. Karen Lynn Herbst (USA) was the most
influential by all metrics: 46 publications, 1,586 citations, and
an h-index of 20 within the lipedema corpus, accounting for
11.6% of all citations. Table 1 shows the top eight researchers
by corpus h-index, illustrating the concentration of citation

Figure 1. Annual publication output in lipedema research, 2000 to 2025. Bars represent the number of unique publications per year
across all five databases after deduplication and are color-coded by era (2000 to 2009, 2010 to 2016, and 2017 to 2025) to highlight the
successive phases of accelerating output; this era key is shown at the top of the panel. The dashed curve shows the fitted exponential
trend (ordinary least-squares regression on log-transformed counts, 2010 to 2024; doubling time 3.6 years; R?=0.90; p<0.001). Total corpus:
942 publications (1940 to 2025); 13,688 total citations; field h-index=60. Search conducted May 2026.

Table 1. Top researchers by corpus-specific h-index within the lipedema literature (1940-2025). h-index values are computed within the

lipedema corpus only and do not reflect career-level h-indices.

Karen Lynn Herbst 1,586
2 Uwe Wollina Germany 21 644 12
3 Gy6z6 Szolnoky Hungary 23 1,093 10
4 Rachael L. Crescenzi USA 19 486 10
5 Alexandre C. M. Amato Brazil 28 279 9
6 Lajos Kemény Hungary 18 639 8
7 Wolfgang Schmeller Germany 9 566 8
8 Stefan Rapprich Germany 9 448 8

*Corpus-specific h-index (see table title). Ties in h-index are broken by total citations within the corpus. Career-level h-indices are not reported, as
they are not uniformly available across all databases for all authors and would introduce an inconsistent metric. Data as of May 2026.
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impact relative to publication volume. Paula Michelle Donahue
(USA), who led a landmark national survey of patient symp-
toms in 707 women'’, ranks among the top contributors by
h-index. Alexandre Campos Moraes Amato (Brazil), with 28
publications, is the most productive Brazilian contributor. Mean
authorship per article was 3.6 (median 3); single-author papers
comprised 27.0% of the corpus.

Geographic distribution

The United States (58 publications), Germany (56), and Brazil
(54) were the most productive countries, followed by Italy (31),
Hungary (21), and Spain (12). An observational study of 1,044
Italian patients with lipedema further illustrates the geographic
breadth of clinical research activity''. Citation cohesion (the
proportion of a country’s articles that cite at least one domestic
article within the corpus, computed using the same first-author
attribution as the productivity counts) was highest for Germany
(88%), followed by Italy (79%), the United States (74%), and
Brazil (74%). These estimates rest on small numbers of analyz-
able articles per country (14 to 38) and should be interpreted
cautiously. We initially hypothesized that a lower cohesion in
Brazil might reflect temporal lag, as the mean publication year
of Brazilian articles was 2022 versus 2018 for Germany; how-
ever, under consistent attribution, Brazil does not stand out
as uniquely low, and we found no reliable association between
a country’s mean publication year and its cohesion. Temporal
lag, therefore, remains an unconfirmed hypothesis, and the
observed differences are more likely multifactorial, reflecting
the language of publication, journal accessibility and indexing,
the maturity and size of each national literature, and patterns
of international versus domestic collaboration.

Specialty landscape

Of the 942 publications, 69.3% were classified as Multdisciplinary/
Other. Lymphology and phlebology together formed the dom-
inant classifiable domain (17.1% of all publications), followed
by Endocrinology/Metabolism (5.2%), Plastic/Aesthetic Surgery
(4.5%), and Dermatology (3.9%). Mean citation counts were
highest for Dermatology-classified articles (47.6 per article),
suggesting that dermatological contributions address top-
ics of broad cross-specialty interest. To characterize the large
Multidisciplinary/Other category, we re-queried OpenAlex
concept and topic tags for its articles carrying a DOI (320 of
335 matched). At the top level, 88.1% were tagged “Medicine,”
with the remainder distributed across Biology (7.2%) and
Psychology (3.8%); the most frequent finer-grained concepts
were Internal medicine (23.8%), Surgery (22.5%), Physical
therapy (16.9%), Pathology (12.8%), Endocrinology (11.2%),
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Dermatology (10.0%), Radiology (6.9%), and Gynecology
(6.9%). This distribution confirms that the category comprises
genuinely cross-specialty clinical and translational research
rather than off-topic publications, reinforcing our interpretation

of specialty fragmentation as a structural feature of the field.

Emerging immunological trend

Publications with immunological content totaled 30 (3.2% of
the corpus); this figure represents all immunological articles
identified in the corpus, of which only key anchor studies are
annotated in Figure 2. This proportion was essentially zero before
2019 (under 1 article per year on average) and grew to 4.8%
of annual output in 2025 (Figure 2). Immunological articles
received higher mean citations than non-immunological articles
(16.6 vs. 14.5), despite being predominantly recent publications.
The most cited immunological publication, Al-Ghadban et al.
(169 citations)'?, documented markedly elevated macrophage
density, dilated lymphatic microvessels, and angiogenesis in
lipedema adipose tissue, providing the first direct histological

evidence of an immune component in the disease.

DISCUSSION

Exponential growth of a neglected field

This 3.6-year doubling time is roughly two to three times faster
than the growth of the overall biomedical literature, which has
historically doubled about every 9 years'?, and it reflects a gen-
uine epistemic transition from an isolated specialist topic to a
mainstream clinical concern. This benchmark is derived from
data through the early 2010s, and contemporary biomedical
growth may differ; nonetheless, the gap is large enough that
the qualitative conclusion is robust. The 2021 publication of
the Standards of Care for lipedema in the United States® and
the 2024 S2k guideline in Germany® were both products and
accelerants of this process. Remarkably, 59.3% of all publica-
tions in the field’s 85-year history appeared in just the most
recent six years (2020 to 2025), underscoring the recency and
speed of this shift. This concentration has a practical corollary:
the clinical guidelines, therapeutic trials, and mechanistic stud-
ies that now shape practice were nearly all produced within a
single recent window, so the evidence base is simultaneously
expanding and immature, and current recommendations rest
on a literature that is still consolidating. The composition of
authorship reflects this transitional stage: single-author papers
still comprised 27.0% of the corpus alongside a mean of 3.6
authors per article, consistent with a field moving from indi-
vidual clinical reports toward multidisciplinary team science.
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Figure 2. Emerging immunological trend in lipedema research, 2015 to 2025. Stacked bars represent annual publication volume: light blue,
non-immunological publications; dark red, publications with immunological content (identified by regular-expression pattern matching
of article titles against a predefined term list including inflamm, macrophage, fibrosis, cytokine, mast cell,immun, T cell, interleukin,
and NF-kB). The red line (right axis) shows the percentage of immunological content per year; the label at each point gives the absolute
number of immunological publications in that year (from n=1in 2018 to n=7 in 2025), which is also encoded by the height of the dark-red
bar segments. Only the key publications that anchored the immunological turn are annotated (Al-Ghadban et al.'’; Wolf et al.'®;and Kruppa
et al.”); these annotations mark landmark studies and are not an exhaustive list of the 30 immunological articles. Total immunological

publications: 30 (3.2% of corpus); 4.8% of 2025 output.

Geographic leadership

The United States’ dominance reflects the foundational Mayo
Clinic contributions of Allen, Hines, and Wold?*' and the sin-
gular research program of Karen Lynn Herbst, whose 11.6%
share of total citations is extraordinary in a corpus of 942 pub-
lications. Germany’s leading position reflects its lymphology
infrastructure and early adoption of liposuction as a therapeu-
tic modality®. Brazil’s emergence as the third most productive
country, largely since 2018, demonstrates rapid growth out-
side traditional centers, supported by national prevalence data
showing approximately 12.3% prevalence in Brazilian women'

and a formal consensus statement on diagnosis and treatment

published in 2025'.

Specialty fragmentation

The 69.3% multidisciplinary classification rate is a structural
feature of the field, not a methodological artifact. Patients
with lipedema are encountered by lymphologists, phlebol-
ogists, endocrinologists, plastic surgeons, dermatologists,
and general practitioners, and the literature reflects this
fragmentation. Among classifiable publications, lymphol-

ogy and phlebology hold the largest share (17.1%) and the
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longest historical claim, encompassing the original diag-
nostic framework and the mainstay conservative treatment.
The growth of collaborative authorship groups in the con-
temporary period suggests a shift toward multidisciplinary
team-based management.

Immunology as an emerging paradigm

The acceleration of immunological publications, combined
with higher citation impact despite shorter accrual time, is
consistent with paradigm formation. Al-Ghadban et al.'?
provided the first direct tissue-level evidence of an immune
component, documenting macrophage infiltration and dilated
lymphatic microvessels in lipedema adipose tissue. Subsequent
histological studies have confirmed that adipocyte hypertro-
phy is accompanied by progressive subcutaneous fibrosis'’
and that a distinct M2 (alternatively activated) macrophage
infiltrate decisively influences adipocyte differentiation in
lipedema's. Elevated vascular endothelial growth factor C
(VEGE-C) levels and macrophage infiltration have been doc-
umented even in cases without overt clinical lymphedema®,
suggesting that immune activation precedes rather than fol-
lows lymphatic failure. Comparative molecular analyses
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further reveal distinct transcriptomic and histological sig-
natures differentiating lipedema from lipohypertrophy and
secondary lymphedema®. Lymphatic imaging in early stage
disease has demonstrated functional abnormalities preced-
ing structural changes®, consistent with the hypothesis that
perilymphatic immune infiltration drives lymphatic dysfunc-
tion as a downstream consequence. The hormonal dimension
of this immune activation is supported by molecular studies
showing estrogen-dependent upregulation of adipogenic and
inflammatory pathways in lipedema adipose-derived stem
cells?. Collectively, these converging findings support chronic
low-grade adipose tissue inflammation, driven by macrophage
infiltration and immune-lymphatic interaction, as the uni-
fying pathophysiological framework that may connect the
specialty-specific manifestations of lipedema and define the

therapeutic frontier for the coming decade®?.

Limitations

Title-based deduplication may occasionally fail to merge dis-
tinct-titled versions of the same publication or to separate
articles with highly similar titles. Country attribution relied
on a curated mapping that covered a subset of the corpus;
countries with lower mapping coverage may be underrepre-
sented. Specialty classification by journal-name keyword is an
approximation and does not capture multi-specialty journals
accurately. Because our thematic search interrogated article
titles, immunological content identification may miss studies
addressing immunological pathways only in the abstract or
full text; reported immunological proportions are therefore
a conservative lower bound. Author-name normalization,
although curated, cannot fully eliminate residual merging
or splitting of identities, particularly for common surnames.
Citation counts represent a snapshot from May 2026 and
will continue to accrue; because publications from 2023 to
2025 have had substantially less time to accumulate cita-
tions, citation-based metrics are subject to citation-lag bias
that conservatively biases downward the ranking of the most
recent authors and articles, and reinforces that the emerging
immunological signal, already showing higher mean citations
despite shorter accrual time, is likely underestimated rather
than inflated. Although five databases were interrogated, no
single source is exhaustive (for example, Google Scholar does
not index every Scopus-listed journal), so some coverage bias
may remain. First author (ACMA) and one co-author (DAB)
appear in the author rankings; their data are reported using
the same methodology applied to all researchers, but readers
should be aware of this potential bias.
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CONCLUSION

This bibliometric analysis of 942 lipedema publications
(1940 to 2025) documents rapid exponential growth (dou-
bling time 3.6 years; R?=0.90), with the United States,
Germany, and Brazil as the leading contributors and Karen
Lynn Herbst (46 publications; h-index 20; 1,586 citations)
as the most influential researcher by all metrics. More than
half the entire lipedema literature was published in the
most recent 6 years (2020 to 2025), confirming the field’s
current momentum. The specialty landscape is inherently
multidisciplinary, with lymphology as the dominant classifi-
able tradition. The most notable finding is the accelerating
emergence of immunological research, growing from essen-
tially zero before 2019 to 4.8% of annual output in 2025,
with consistently higher citation impact. Chronic adipose
tissue inflammation, mediated by macrophage infiltration
and immune—lymphatic interaction, may represent the uni-
fying pathophysiological framework for the next generation
of lipedema research.
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Night eating syndrome in women with gestational diabetes mellitus:
a comparative cross-sectional study

Esra Keles'™ @, Leyla Kaya? ©®, Cansu Ergenc szas3 , Zahide Kaya*

SUMMARY

OBJECTIVE: The aim of this study was to determine the prevalence of night eating syndrome among women with gestational diabetes mellitus
compared with healthy pregnant controls, and to evaluate its associations with sleep quality, healthy lifestyle behaviors, fatigue severity, physical
activity, perceived social support, and neonatal outcomes.

METHODS: This single-center, comparative cross-sectional study enrolled 615 pregnant women at a tertiary hospital. Night eating syndrome
was identified using the Night Eating Questionnaire >25. Sleep quality, lifestyle behaviors, fatigue, physical activity, and perceived social support
were assessed with the Pittsburgh Sleep Quality Index, Healthy Lifestyle Behaviors Scale, Fatigue Severity Scale, International Physical Activity
Questionnaire, and Multidimensional Scale of Perceived Social Support. Group comparisons, and multivariable logistic regression with Benjamini-
Hochberg correction were performed.

RESULTS: Night eating syndrome prevalence was higher in women with gestational diabetes mellitus than in controls (p<0.001). The gestational
diabetes mellitus group exhibited worse sleep (Pittsburgh Sleep Quality Index 17.244.0 vs. 8.3%5.7), lower Healthy Lifestyle Behaviors Scale scores,
greater fatigue, and reduced social support (all p<0.001). Higher Healthy Lifestyle Behaviors Scale and physical activity were protective against night
eating syndrome. Night eating syndrome was independently associated with a nearly fourfold increase in neonatal intensive care unit admission
(adjusted odds ratio 3.82; 95%Cl 1.68-8.71; p=0.001) after adjustment for gestational diabetes mellitus, body mass index, sleep, fatigue, lifestyle,
gestational age at birth, and maternal age.

CONCLUSION: Night eating syndrome is highly prevalent among women with gestational diabetes mellitus, clustering with poor sleep, severe fatigue,
sedentariness, and reduced social support, and independently associated with adverse neonatal outcomes.

KEYWORDS: Diabetes. Gestational. Feeding and eating disorders. Sleep quality. Fatigue. Night eating syndrome.

INTRODUCTION

NES is classified within the Diagnostic and Statistical Manual

Gestational diabetes mellitus (GDM) is among the most common
metabolic complications of pregnancy, with a global prevalence
ranging from 5 to 20% depending on diagnostic thresholds and
population characteristics'. Its clinical burden extends beyond
maternal hyperglycemia and encompasses preeclampsia, mac-
rosomia, neonatal hypoglycemia, birth trauma, and increased
neonatal intensive care unit (NICU) admission*?. Although
current guidelines emphasize medical nutrition therapy, struc-
tured physical activity, glucose self-monitoring, and pharma-
cotherapy when indicated, the behavioral and psychosocial
dimensions of GDM remain comparatively underexplored*.
Night eating syndrome (NES) is a circadian-related eat-
ing disorder characterized by evening hyperphagia, nocturnal

ingestion, morning anorexia, and concurrent sleep disturbance’.

of Mental Disorders, Fifth Edition (DSM-5) category of “Other
Specified Feeding or Eating Disorders,” and the Night Eating
Questionnaire (NEQ) is the most widely validated screening
instrument®. While general-population prevalence is 1.5-5%,
rates rise to 6-16% in obesity and exceed 25% among bariat-
ric surgery candidates”®. Proposed mechanisms include cir-
cadian misalignment, hypothalamic—pituitary—adrenal axis
dysregulation, and altered melatonin—leptin—ghrelin signal-
ing—pathways that plausibly intersect with the metabolic
disturbances of GDM*°.

Despite this biological plausibility, NES in GDM has received
limited systematic attention. Existing research on disordered
eating in pregnancy has focused predominantly on binge eat-

ing and bulimia nervosa'"'?, leaving the prevalence, behavioral
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Night eating syndrome in gestational diabetes

clustering, and neonatal implications of NES in GDM largely
undefined. Furthermore, whether NES contributes independently
to neonatal morbidity—beyond conventional GDM-related
risk pathways has not been adequately examined'>!.
Accordingly, this study aimed to (i) compare NES prevalence
between women with GDM and healthy pregnant controls; (ii)
characterize the psychobehavioral and clinical profile associated
with NES; and (iii) identify independent predictors of NES.

METHODS

Study design

A single-center, comparative cross-sectional study was conducted
ata tertiary obstetric referral center. The investigation conformed
to the Declaration of Helsinki and was reported in accordance
with the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement.

Participants

Women diagnosed with GDM by the International Association
of Diabetes and Pregnancy Study Groups criteria and healthy
pregnant controls were consecutively enrolled during routine

antenatal visits.

Inclusion and exclusion criteria

Inclusion criteria were singleton pregnancy, maternal age
218 years, gestational age 224 weeks, and ability to complete
self-report instruments in the study language. Exclusion cri-
teria included pre-existing type 1 or type 2 diabetes mellitus,
multiple gestations, psychiatric disorders requiring pharmaco-
therapy, and major fetal anomalies. The final sample comprised
615 women (271 GDM; 344 healthy controls).

Measurements and scales
Sociodemographic, obstetric, and anthropometric data (mater-
nal age, gravidity, parity, planning status, gestational age at
assessment, pre-pregnancy and current weight, body mass index
[BMI], gestational weight gain) were retrieved from medical
records and verified by structured interview.

NES was assessed using the 14-item NEQ (range 0-52);
a score 225 defined clinically significant NES'. Sleep quality
was measured using the Pittsburgh Sleep Quality Index (PSQI;
range 0-21), with scores>5 indicating poor sleep'®. Fatigue was
evaluated by the Fatigue Severity Scale (FSS; range 1-7), with
a mean score 24 defining severe fatigue'’. Health-promoting
behaviors were measured by the Healthy Lifestyle Behaviors
Scale (HLBS; range 29-145)'8. Perceived social support was
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assessed by the Multidimensional Scale of Perceived Social
Support (MSPSS; range 12-60)", and habitual physical
activity by the International Physical Activity Questionnaire
(IPAQ)?. Gestational age at birth, birth weight, 1- and 5-min
Apgar scores, NICU admission, and respiratory support were

extracted from delivery and neonatal records.

Statistical analysis

Distributions were tested by the Shapiro-Wilk test. Continuous
variables were expressed as meantstandard deviation and compared
using the Mann-Whitney U test owing to non-normal distribu-
tions; categorical variables were compared using the chi-square
test. Effect sizes were reported as Cohen’s d for continuous vari-
ables and Cramér’s V (@) for categorical variables. Two multivari-
able binary logistic regression models were constructed: Model
A predicting NES (NEQ>25) and Model B predicting NICU
admission. Covariates were selected a priori based on clinical rel-
evance and bivariate associations. Model performance was evalu-
ated by the Hosmer-Lemeshow goodness-of-fit test, Nagelkerke
pseudo-R?, and classification accuracy. The Benjamini-Hochberg
false discovery rate correction was applied across the behavioral
cluster (q<0.05). Two-sided p<0.05 was considered statistically
significant. Analyses were performed using Statistical Package
for the Social Sciences v26.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Baseline characteristics

Women with GDM were significantly older, of higher gra-
vidity, and had greater pre-pregnancy and current pregnancy
weight than controls (all p<0.001; Table 1). They were also
assessed earlier in gestation (38.1£1.9 vs. 38.9%1.7 weeks;
p<0.001). Gestational age at birth was lower in the GDM
group (38.1£1.9 vs. 39.9+1.8 weeks; p<0.001; d=0.97), birth
weight was higher (p=0.015), and 1- and 5-min Apgar scores
were lower (p<0.001). NICU admission was more frequent in
the GDM cohort (18.8 vs. 10.2%; p=0.003; ¢9=0.12).

Prevalence of night eating syndrome and group
differences in psychobehavioral profile

NES (NEQ>25) was identified in 83/615 (13.5%) of the over-
all cohort. Among women with GDM, 78/271 (28.8%) met
NES criteria compared with 5/344 (1.5%) of controls (p<0.001;
¢=0.49). Women with GDM demonstrated significantly poorer
sleep quality (PSQI 17.24+4.0 vs. 8.3%5.7), lower HLBS scores
(105.747.2 vs. 128.1143.7), greater fatigue (FSS 4.26£1.32 vs.
2.28%1.11), and reduced social support (all p<0.001).
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Psychobehavioral and neonatal profiles by night
eating syndrome status
NES-positive women did not differ from NES-negative

women in maternal age but had higher pre-pregnancy weight
(76.5£15.1 vs. 70.2£13.4 kg; p<0.001) and BMI (28.9£5.9 vs.

27.3%5.5 kg/m?; p=0.018; Table 2). PSQI scores were markedly
higher among NES-positive women (18.5%4.1 vs. 11.816.3;
d=1.16), and all NES-positive participants exceeded the poor-
sleep threshold (PSQI>5: 100 vs. 75.8%; p<0.001). The largest
behavioral effect size was observed for fatigue (FSS 4.92+1.18

Table 1. Baseline sociodemographic, obstetric, anthropometric, and neonatal characteristics of women with gestational diabetes mellitus

versus healthy pregnant controls (n=615).

Characteristic GDM (n=271) Controls (n=344)

Maternal age (years) 31.645.8 28.2+4.9 <0.001
Gravidity 2.8+£1.6 21£1.3 <0.001
Gestational age at assessment (weeks) 38.1£1.9 38.9£1.7 <0.001
Pre-pregnancy weight (kg) 72.0+14.1 64.1+11.4 <0.001
Current pregnancy weight (kg) 83.8+£13.6 78.8£11.4 <0.001
PSQl total score 17.2+4.0 8.315.7 <0.001
HLBS total score 105.7£7.2 128.143.7 <0.001
FSS mean score 4.26%1.32 2.28+£1.11 <0.001
Gestational age at birth (weeks) 38.141.9 39.9+1.8 <0.001
Birth weight (g) 33251538 32584490 0.015
Apgar 1-min 7.28+1.03 7.60+0.74 <0.001
Apgar 5-min 8.68+0.62 8.83+0.49 <0.001
NICU admission, n (%) 51(18.8) 35(10.2) 0.003

tMann-Whitney U for continuous;y?for categorical. Data are mean£SD unless otherwise indicated. FSS: Fatigue Severity Scale; GDM: gestational diabetes
mellitus; HLBS: Healthy Lifestyle Behaviors Scale; NICU: neonatal intensive care unit; PSQl: Pittsburgh Sleep Quality Index; SD: standard deviation.

Table 2. Behavioral, psychosocial, and neonatal profiles stratified by night eating syndrome status (n=615).

NES+ (NEQ225) (n=83) _| _NES- (NEQ<25) (n=532)

GDM, n (%) 78 (94.0) 193 (36.3) <0.001
Maternal age (years) 31.246.4 31.615.5 0.627
Pre-pregnancy weight (kg) 76.5+15.1 70.2+13.4 <0.001
Pre-pregnancy BMI (kg/m?) 28.945.9 27.3+5.5 0.018
Gestational weight gain (kg) 13.846.5 13.3+6.0 0.420
NEQ total (0-52) 29.1+4.2 12.446.9 <0.001
PSQl total (0-21) 18.5%4.1 11.846.3 <0.001
Poor sleep (PSQI>5), n (%) 83 (100.0) 403 (75.8) <0.001
HLBS total (29-145) 104.14£6.5 116.8+£14.7 <0.001
FSS mean (1-7) 4924118 2.86+1.36 <0.001
Severe fatigue (FSS>4), n (%) 68 (81.9) 111 (20.9) <0.001
IPAQ score 22.6£14.8 28.4£16.2 0.003
MSPSS (12-60) 46.7£12.0 54.9+12.3 <0.001
Gestational age at birth (weeks) 37.9+2.2 38.241.7 0.231
Birth weight (g) 3417647 32881484 0.081
Apgar 1-min 7.10+1.00 7.35%1.04 0.026
Apgar 5-min 8.64+0.60 8.70+0.62 0.276
NICU admission, n (%) 26 (31.3) 60 (11.3) <0.001
Respiratory support, n (%) 26 (31.3) 60 (11.3) <0.001

tMann-Whitney U/x? Reported p-values are unadjusted; Benjamini-Hochberg FDR correction applied across the behavioral cluster (q<0.05 for all
significant findings). BMI: body mass index; FSS: Fatigue Severity Scale; GDM: gestational diabetes mellitus; HLBS: Healthy Lifestyle Behaviors Scale;
IPAQ: International Physical Activity Questionnaire; MSPSS: Multidimensional Scale of Perceived Social Support; NEQ: Night Eating Questionnaire;
NES: night eating syndrome; NICU: neonatal intensive care unit; PSQI: Pittsburgh Sleep Quality Index.
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vs. 2.861+1.36; d=1.55), with severe fatigue (FS§>4) present in
81.9 vs. 20.9% (p<0.001). HLBS (d=0.97), physical activity
(d=0.36), and MSPSS (d=0.67) scores were significantly lower
in the NES-positive group.

Neonates of NES-positive mothers had lower 1-min Apgar
scores (7.10£1.00 vs. 7.35£1.04; p=0.026), although gestational
age at birth, birth weight, and 5-min Apgar scores did not dif-
fer. NICU admission was nearly threefold more common in
the NES-positive group (31.3 vs. 11.3%; p<0.001; ¢=0.21).

Multivariable analyses

In Model A (Table 3), GDM was the strongest independent
predictor of NES (adjusted odds ratio [AOR] 6.42; 95%CI
3.10-13.30; p<0.001). Fatigue (AOR 1.42), pre-pregnancy
BMI (AOR 1.08), PSQI (AOR 1.07), and unplanned preg-
nancy (AOR 1.69) were also independently associated with
NES, whereas higher HLBS (AOR 0.96) and physical activity
(AOR 0.98) scores were protective. Model calibration (Hosmer-
Lemeshow p=0.45) and discrimination (Nagelkerke R?=0.31;
classification accuracy 78.4%) were adequate.

In Model B, NES was independently associated with
NICU admission (AOR 3.82; 95%CI 1.68-8.71; p=0.001)
after adjustment for GDM status, BMI, sleep quality, fatigue,
lifestyle behaviors, gestational age at birth, and maternal age.
GDM (AOR 1.94; p=0.009) and gestational age at birth
(AOR 0.71 per week; p<0.001) were also significant predic-
tors. Model fit was acceptable (Nagelkerke R*=0.22; Hosmer-
Lemeshow p=0.38).

DISCUSSION

This study demonstrates an elevated prevalence of NES among
women with GDM (28.8%) compared with healthy pregnant
controls (1.5%). NES clustered with poor sleep, severe fatigue,
suboptimal lifestyle behaviors, lower physical activity, and
reduced social support. To the best of our knowledge, this is
among the first studies to concurrently characterize NES prev-
alence and its psychobehavioral correlates in a GDM cohort.

The 28.8% NES prevalence observed in our GDM cohort
substantially exceeds the 2-6% commonly reported in general

Table 3. Multivariable logistic regression: independent predictors of (A) night eating syndrome and (B) neonatal intensive care unit admission.

Predictor AOR 95%Cl p-value
GDM status (vs. control) 6.42 3.10-13.30 <0.001
Pre-pregnancy BMI (per kg/m?) 1.08 1.02-1.14 0.008
PSQl score (per point) 1.07 1.01-114 0.028
FSS score (per point) 1.42 118-1.71 <0.001
HLBS score (per point) 0.96 0.93-0.99 0.009
IPAQ score (per point) 0.98 0.96-1.00 0.034
Unplanned pregnancy (vs. planned) 1.69 1.01-2.82 0.045
Maternal age (per year) 1.02 0.96-1.08 0.535

Model fit: Nagelkerke R?=0.31; Hosmer-Lemeshow p=0.45; accuracy=78.4%

Model B—Outcome: NICU admission

NES (NEQ=25) 3.82 1.68-8.71 0.001
GDM status (vs. control) 1.94 118-3.18 0.009
Pre-pregnancy BMI (per kg/m?) 1.05 1.00-1.10 0.062
PSQl score (per point) 1.08 0.99-1.07 0.140
FSS score (per point) 112 0.94-1.34 0.205
HLBS score (per point) 1.01 0.98-1.04 0.512
Gestational age at birth (per week) 0.71 0.60-0.84 <0.001
Maternal age (per year) 0.99 0.94-1.04 0.621

Model fit: events=86; Nagelkerke R?=0.22; Hosmer-Lemeshow p=0.38; LR %?=38.6, p<0.001

AOR: adjusted odds ratio; BMI: body mass index; Cl:confidence interval; FSS: Fatigue Severity Scale; GDM: gestational diabetes mellitus; HLBS: Healthy
Lifestyle Behaviors Scale; IPAQ: International Physical Activity Questionnaire; LR: likelihood ratio; NEQ: Night Eating Questionnaire; NES: night eating
syndrome; NICU: neonatal intensive care unit; PSQl: Pittsburgh Sleep Quality Index.
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pregnant populations and approximates the high estimates
documented among bariatric and severely obese cohorts’.
Importantly, the increase in NES odds conferred by GDM
persisted after adjustment for BMI, sleep, fatigue, and lifestyle
factors, suggesting that GDM exerts an independent contri-
bution beyond shared adiposity-related risk. This association
may reflect circadian misalignment: altered glucose rhythms in
GDM, combined with pregnancy-related shifts in melatonin
secretion, cortisol patterning, and appetite-regulatory pep-
tides, may amplify pre-existing vulnerabilities to disordered
nocturnal eating”!®. The psychological burden of a GDM
diagnosis—dietary restriction, glucose self-monitoring, and
fetal-wellbeing anxiety—may further precipitate compensa-
tory nocturnal intake''.

The magnitude of psychobehavioral impairment in NES-
positive women is noteworthy. Effect sizes for fatigue, sleep
quality, and lifestyle behaviors were large by conventional
criteria?!, indicating that NES rarely occurs in behavioral
isolation. This pattern is consistent with the biobehavioral
model proposed by Stunkard et al.?, in which NES rep-
resents a circadian-linked disruption of sleep—wake and
feeding—fasting cycles with downstream consequences for
energy regulation, mood, and adaptive health behavior.
The universally poor sleep quality and the higher rate of
severe fatigue in NES-positive women plausibly compro-
mise GDM self-management, including dietary adherence
and glucose monitoring®.

Higher HLBS and physical activity scores were independently
protective against NES. These findings suggest that clinically
meaningful behavioral improvements could translate into sub-
stantial reductions in NES risk. This observation is consistent
with prior evidence that structured lifestyle interventions miti-
gate disordered eating and improve metabolic outcomes®, sup-
porting the integration of multidomain behavioral assessment
into routine antenatal GDM care.

The independent association between NES and NICU
admission represents one of the most clinically relevant find-
ings. This relationship remained significant after adjustment for
maternal covariates, suggesting that NES contributes to neo-
natal morbidity through pathways not fully explained by con-
ventional metabolic risk factors. Possible mechanisms include
impaired maternal glycemic control related to nocturnal caloric
intake and circadian feeding misalignment’, reduced treatment
adherence potentially linked to fatigue and poor sleep’, and
altered placental nutrient transfer from caloric redistribution
to nighttime hours—a possibility indirectly supported by the
somewhat lower 1-min Apgar scores. Notably, gestational age
at birth did not differ significantly between groups, suggesting

5

that the higher rate of NICU admissions may reflect maternal
behavioral and metabolic factors affecting neonatal transitional
physiology rather than prematurity alone.

Strengths and limitations

Strengths include a relatively large sample with a defined
control group, and comprehensive validated psychometric
assessment. To the best of our knowledge, this is among the
first studies to concurrently characterize NES prevalence, its
psychobehavioral correlates, and its independent association
with neonatal outcomes in a well-defined GDM cohort. Several
limitations warrant acknowledgment. First, the cross-sectional
design precludes causal inference, and reverse causation can-
not be excluded. Second, NES was ascertained by self-re-
port rather than structured clinical interview, although the
NEQ has well-established psychometric properties®. Third,
the single-center setting may limit generalizability. Finally,
data regarding HbAlc and continuous glucose monitoring
parameters, detailed macronutrient intake, depressive symp-
tomatology, and obstetric complications were unavailable,

which may have influenced findings.

CONCLUSION

NES affected nearly one in three women with GDM compared
with only 1.5% of healthy pregnant controls, and GDM was
independently associated with an increased likelihood of NES.
NES clustered with universally poor sleep, severe fatigue, sub-
optimal lifestyle behaviors, reduced physical activity, and lower
social support, and independently predicted an increased risk
of neonatal morbidity. Healthy lifestyle behaviors and physical
activity emerged as modifiable protective factors. These find-
ings suggest that routine NEQ-based screening deserves further
prospective evaluation to determine its utility in identifying
NES as a candidate target for behavioral interventions aimed

at improving maternal and neonatal outcomes.
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Rational Drug Use Support System: design, artificial intelligence
integration, and pilot feasibility trial

Mustafa Kahraman' ®, Meris Esra Bozkurt?* @, Soner Kotan® ®, Buse Nur Ozturk* @,
Rana Aydin* @, Saim Hatipoglu® ©, Hasan Ali Eris® ©, Mehmet Ali Erturk’ @,
Muhammed Ali Aydin® @, Mehmet Akif Karan®

SUMMARY

OBJECTIVE: The Rational Drug Use Support System was developed to assist patients in using the right drug, at the right time and at the right dose
according totheir treatment protocols. The aim of this study was to evaluate the performance of an artificial intelligence-enhanced mobile application
designed to support rational drug use and to assess its feasibility and usability through a pilot trial.

METHODS: The system includes an artificial intelligence -powered mobile application and a web-based interface integrating convolutional neural
networks and object detection algorithms for human activity recognition. To build an image library, real patient videos were recorded in a hospital
setting under physician supervision. A total of 357 original medication-intake videos were collected from 31 patients, which were then segmented
into 1,626 short clips to train the artificial intelligence model. The system was first tested under controlled laboratory conditions and then evaluated
for feasibility in a hospital pilot trial involving eight participants over 15 days.

RESULTS: The proposed artificial intelligence model achieved 94% accuracy in recognizing medication intake activities in the test set, suggesting
promising performance that warrants further evaluation. Exploratory analyses of the 36-Item Short Form Health Survey Questionnaire administered
to patients who utilized the mobile application for 15 days revealed improvements in the domains of social functioning, vitality, and mental health.
CONCLUSION: The findings suggest that the “Rational Drug Use Support System” appears feasible for implementation in telemedicine and clinical
settings to support rational drug use and patient engagement in chronic disease management. However, larger controlled studies are warranted to
confirm these preliminary findings.

KEYWORDS: Digital health. Drug adherence. Telemedicine. Artificial intelligence. Mobile health.

medicines as prescribed®. Poor adherence can reduce treatment
INTRODUCTION

Chronic diseases remain a major global health challenge and

effectiveness, increase preventable complications and hospital-

izations, and, particularly in antimicrobial use, contribute to

are responsible for a substantial share of mortality, years of life
lost, and long-term morbidity worldwide!?. A major barrier
to effective chronic disease management is rational drug use
and deviation from prescribed treatment protocols. The World
Health Organization has long emphasized that medication-re-
lated problems are common and that many patients do not take

drug resistance. In practice, inappropriate drug use may include
missed doses, delays, or self-directed changes in dose or treat-
ment duration, all of which can lead to substantial clinical and
economic consequences.

Digital health interventions, particularly mobile health
(mHealth) applications, have therefore gained attention as
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Rational Drug Use Support System

scalable tools to support self-management, especially in set-
tings where smartphone use is widespread®. In this context,
digitally supported care models such as telehealth and tele-
medicine have become increasingly relevant for maintaining
continuity of care, supporting rational drug use, and reducing
avoidable healthcare use>®.

In this study, we developed an artificialintelligence (AI)-
driven Rational Drug Use Support System to support patients
in taking the right medication at the right time and dose.
The system was developed and evaluated in a real hospital set-
ting under clinical supervision. The study aimed to assess the
performance of the Al-enabled system in objectively verifying
medication intake activities and to evaluate its feasibility and

usability in routine clinical practice through a pilot trial.

METHODS

Study design and participants

This study used a multi-stage design to develop and clinically
evaluate a Rational Drug Use Support System. The clinical
component was designed as a feasibility pilot study rather than
an efficacy trial. A preliminary survey of 300 patients was con-
ducted to examine factors related to rational drug use and tech-
nology use among individuals with chronic diseases’. Of these,
31 volunteered to contribute to image library development,
and eight were subsequently selected by computer-generated
randomization for inclusion in the hospital-based pilot trial.
Eligible participants were adults aged 18 years or older who
were receiving continuous medication, able to swallow and
self-administer medication independently, capable of provid-
ing written informed consent, and had basic technological lit-
eracy. Individuals with cognitive impairment, severe sensory or
functional limitations affecting independent drug use, severe
visual impairment, life expectancy under two years, pregnancy
or breastfeeding, or inability to self-administer medication
were excluded.

Image library development and artificial
intelligence model training

Video data were collected in the inpatient unit of a university
internal medicine department, under physician supervision
and in accordance with privacy safeguards. Before recording,
demographic characteristics, prescribed medication count, and
general health status were documented, and body mass index
(BMI) was calculated as weight in kilograms divided by height
in meters squared®. To increase variability in the training data,
participants were recorded while sitting, standing, and lying in
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bed. Videos were captured using three smartphones mounted
on tripods and positioned to provide a clear view of the face
and upper body. Each recording followed a two-step procedure
in which the participant first showed the medication package
or blister pack to the camera and then completed the medi-
cation-taking action. For each participant, 1014 recordings
were obtained under varying hand-use, lighting, and back-
ground conditions. Individual recordings lasted 2—6 s, yielding
357 original videos from 31 participants. All videos were ano-
nymized and securely transferred for Al model development.

For model development, the 357 original recordings were
randomly partitioned into training, validation, and test sets ata
ratio of 60:20:20. The training set was used for model parame-
ter optimization, the validation set was used for hyperparameter
tuning and early stopping to prevent overfitting, and the test
set was reserved exclusively for final performance evaluation.

From these 357 recordings, 1,626 short clips of 2—6 s were
generated to capture different stages of medication intake and
increase within-class variability. To improve generalizability and
reduce confusion with visually similar actions, the dataset was
expanded with additional eating clips from publicly available
sources and the UCF101 (A Dataset of 101 Human Action
Classes From Videos in the Wild) Human Activity Recognition
dataset, together with clips from 11 unrelated activities used
as negative examples.

Medication-intake actions were detected using the
Personalized Human Activity Recognition (PHAR) framework’,
which combines object detection with human activity recognition
(HAR) to focus on regions most relevant to the target behav-
ior. Two PHAR-based architectures were implemented in line
with previous HAR studies: a Convolutional Neural Network
Long Short-Term Memory (CNN-LSTM) model and a 3D
convolutional neural network (3D-CNN)7*10!1 These were
developed as two model variants, Two-Dimensional Motion
Feature Maps (MFM2D) and Three-Dimensional Motion
Feature Maps (MFM3D), which shared the same input structure
and preprocessing pipeline but differed in temporal modelling.

The PHAR input consisted of 16 temporally ordered frames,
referred to as the Main Frame sequence (MFRM). Because
medication-taking and drinking actions mainly involve coor-
dinated movements of the face, hands, and upper body, object
detection was used to generate three additional focus views for
each frame: Face Frame (FFRM), Hands Frame (HFRM), and
Person Frame (PFRM).

The validation set was used to monitor training and limit
overfitting, whereas the test set was reserved for final perfor-
mance evaluation. Because the dataset contained a substantial
number of negative examples, model performance was assessed
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not only by accuracy but also by precision, recall, and F1-score
for the three target classes: Taking Medicine, Drinking Water,
and Eating. The F1-score was considered the primary balanced

performance metric.

System architecture and functionality

The Rational Drug Use Support System was implemented as
a client—server architecture comprising a physician-facing web
platform, a patient-facing mobile application, and a central
server hosting the trained PHAR model. After authentication,
it synchronized the patient’s medication schedule, delivered
reminders at predefined times, and prompted the user to record
ashort video of the medication intake process. These data were
securely transmitted to the server, where the PHAR model clas-

sified the action and generated a medication intake outcome.

Pilot feasibility study

Feasibility evaluation was conducted through a prospective
observational pilot study involving eight participants selected
from the video dataset group. The study period was 15 days.
The primary focus of this pilot was to assess feasibility, usabil-
ity, and user acceptance rather than clinical efficacy. Key fea-
sibility outcomes included successful video uploads, system
usability, application adherence, and medication verification
success rates. At baseline, all participants received standard-
ized training on application use and alert messages. Physicians
created user accounts through the web platform and entered
the prescribed treatment schedules, which were then synchro-
nized to participants’ smartphones. Secondary exploratory
outcomes were assessed using the 36-Item Short Form Health
Survey (SF-36) Short Form Health Survey at baseline (day 0)
and post-intervention (day 15), together with a study-specific

patient satisfaction questionnaire!!4.

Statistical analysis

All data were recorded and analyzed using Statistical Package
for the Social Sciences (SPSS) Statistics (version 25.0; IBM/
SPSS). Analyses were performed separately for the video data-
set group and the clinical pilot group. Normality of continu-
ous variables was assessed using the Kolmogorov-Smirnov test.
Normally distributed variables are presented as meantstandard
deviation, and non-normally distributed variables as median
(min-max). Associations between categorical variables were
examined using the chi-square test. For the pilot study, SF-36
scores at baseline and day 15 were compared using paired anal-
yses, with the paired t-test applied for normally distributed
differences and the Wilcoxon signed-rank test used otherwise.
Statistical significance was set at a two-sided p<0.05.

3

RESULTS

Participant characteristics

The image library cohort comprised 31 participants with a mean
age of 44+18 years, of whom 67.7% were female. Polypharmacy,
defined as the use of four or more medications, was observed
in 6.5% of participants. Demographic and clinical character-
istics of this cohort are presented in Table 1.

The pilot study included eight participants with a mean age
of 38 years (range: 30-53) and a mean BMI of 25.3%3.3 kg/
m?. Several indicators pointed to a need for medication intake
support: 50% reported frequently forgetting medication intake,
25% reported receiving assistance for drug use, and 87.5%
reported both discarding 1-3 boxes of medication annually due
to expiry and keeping unfinished medication boxes at home.
Before using the system, 75% indicated that they expected
the application to be beneficial. Participant characteristics for
the pilot group are summarized in Table 2. Within this small
sample, gender differences were observed for BMI (p=0.002)
and living situation (p=0.028).

Artificial intelligence model performance

‘The proposed Al model achieved 94% accuracy on the test set in
recognizing medication intake activities. The MFM3D variant
demonstrated superior performance compared to the MFM2D
variant, particularly for the “Taking Medicine” activity class.
Precision, recall, and F1-scores for the target classes were consis-
tently high (>0.90), indicating robust classification performance.

Pilot feasibility outcomes

With regard to feasibility outcomes, all eight participants suc-
cessfully completed the 15-day study period. The application
adherence rate was high, with participants recording videos
for the majority of their scheduled medication intake times.
Successful video upload rates exceeded 90%, and the system
demonstrated reliable medication verification. System usabil-
ity was rated favorably by participants.

Exploratory health-related quality of

life outcomes

Health-related quality of life was assessed using the SF-36 at
baseline and after 15 days of application use. General health
scores did not change significantly (70.6£17.4 vs. 71.8+12.5;
p=0.104). Exploratory analyses revealed statistically significant
improvements in vitality/energy (p=0.001), mental health/emo-
tional well-being (p=0.031), and social functioning (p=0.019),
whereas no significant differences were found in the remaining
domains (Table 2).
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Table 1. Basic data of participants who used to mobile application by gender.

| Male(n=337.5% |Female(n=5)62.5%| Total(n=8) 100%

Age (year)* 23 (20-53) 20 (20-49) 28 (20-53) 0.341
BMI (kg/m?) 28.8+0.9 22.9+1.7 ZONIERCES 0.002°
Marital status (n, %)
Married 1(33.3%) 1(20.0%) 2 (25.0%) 0.673
Single 2 (66.7%) 5(80.0%) 6 (75.0%)
Living situation (n, %)
Family 0(0.0%) 2 (40.0%) 5 (62.5%) 0.028°
Alone 3(100%) 3(60.0%) 3(37.5%)
Education (n, %)
High school 0(0.0%) 1(20.0%) 1(12.5%) 0.408
College-faculty 3(100%) 4 (80.0%) 6 (87.5%)
Profession (n, %)
Housewife 0(0.0%) 1(20.0%) 6 (75.0%)
Studen t 2 (66.7%) 4 (80.0%) 1(12.5%) 0815
Teacher 1(33.3%) 0(0.0%) 1(12.5%)
Income level (n, %)
Minimum wage 0(0%) 0 (0%) 1(12.5%)
Between minimum wage and twice 2 (66.7%) 1(20%) 6 (75.0%) 0.315
Minimum wage is between 2 and 4 times 1(33.3%) 4 (80%) 1(12.5%)
Chronic medication using status (n, %) 2 (66.7%) 1(20%) 3(37.5%) 0.187
Time to take medication
Morning 1(33.3%) 4 (80.0%) 5(62.5%)
Evening 1(33.3%) 0(0.0%) 1(12.5%) 0.293
Noon 1(33.3%) 1(20.0%) 2 (25.0%)
The state of forgetting the medication time (n, %) 2 (66.7%) 3(60.0%) 5(62.5%) 0.850
Frequency of forgetting the medication time (n, %)
Often 2 (66.7%) 2 (40.0%) 4 (50.0%)
Sometimes 0(0.0%) 1(20.0%) 1(12.5%) 0.641
Never 1(33.3%) 2 (40.0%) 3(37.5%)
The state of forgetting the medication according to the hungry or full state (n, %)
Often 0(0.0%) 1(20.0%) 1(12.5%) 0.408
Never 3(100%) 4 (80.0%) 0(0.0%)
E;iiig‘;ﬁf;:'st:igﬁg do‘(cno,";c)ard'”g meeliesition 3 (100%) 4 (80.0%) 7 (87.5%) 0.408
Number of boxes of drugs discarded because the expiration date has passed (n, %)
0 box 0(0.0%) 1(20.0%) 0(0.0%)
1-3 boxes 3(100%) 4 (80.0%) 7 (87.5%) 0.408
4—7 boxes 0(0.0%) 0(0.0%) 0(0.0%)
Presence of unfinished medication in home (n, %) 3(100%) 4 (80%) 7 (87.5%) 0.408
Number of unfinished medicine boxes at home (n, %)
0 box 0(0.0%) 1(20.0%) 0(0.0%)
1-3 boxes 1(33.3%) 3 (60.0%) 4 (50.0%) 0.376
4—7 boxes 2 (66.7%) 1(20.0%) 3(37.5%)
(Sni:u:/lz)a)tion of getting help with medication using 1(33.3%) 1(20.0%) 2 (25.0%) 0673
Knowing the “e- nabiz” application (n, %) 2 (66.7%) 5 (100%) 7 (87.5%) 0.168
Opinion about the “e-nabiz” application (n, %)
Usefu l 2 (66.7%) 4 (80.0%) 6 (75.0%) 0673
Undecided 1(33.3%) 1(20.0%) 2 (25.0%)
Opinion about the rational drug use support system mobile application (n, %)
Useful 1(33.3%) 5 (100%) 6 (75.0%) 0.035°
Undecided 2 (66.7%) 0(0.0%) 2 (25.0%)

m: meter; kg: kilogram; BMI: body mass index. Data are given as meantstandard deviation, median (interquartile range) or number (percentage) as
applicable. *Given data as median (interquartile range). °Significant p-values.
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User satisfaction

At the end of the pilot, participants reported high satisfaction
with the system. Overall, 75% stated that the application sup-
ported rational drug use of their medication regimen, while
87.5% reported that reminders were effective and that the system
helped them manage drug use independently. Interoperability
was also identified as a key priority, with 87.5% indicating that
integration with public and private hospitals, pharmacies, and

the national e-Nabiz ® personal health system would be use-

ful (Table 3).

DISCUSSION

This study describes the development and preliminary feasi-
bility evaluation of an Al-enabled Rational Drug Use Support
System that integrates a PHAR pipeline for the objective verifi-
cation of medication intake. The primary aim was to assess the
performance of the Al system and evaluate its feasibility and
usability in a clinical setting, rather than to establish clinical

effectiveness. Two main findings emerged. First, the proposed

PHAR variants (MFM2D and MFM3D) outperformed the
baseline architectures used in this study, particularly for the
“Taking Medicine” activity. Second, in the short hospital-based
pilot, participants demonstrated high engagement with the sys-
tem and reported favorable usability, together with exploratory
improvements in selected SF-36 domains.

Previous studies on medication intake monitoring have
reported a wide range of classification performance across
image- and sensor-based systems. Scoping evidence suggests that
accuracies often remain below the mid-90% range', although
some multimodal approaches have achieved higher values under
specific conditions'®. The performance observed in the present
study is broadly consistent with this literature and supports
the feasibility of vision-based approaches for objective intake
verification in controlled settings. Importantly, reducing false
positives is likely to be critical for sustained use, as frequent
incorrect alerts or non-adherence flags may increase user bur-
den and contribute to disengagement over time". From this
perspective, combining personalized attention to relevant body
regions with temporal modelling may improve the reliability

Table 2. Comparison of the general quality of life of the participants using the mobile application, evaluated by the 36-item Short Form

Health Survey scale before and after the application using.

SF-36 scale before using

SF-36 scale after using

1

application application

1. Physical functioning (%) 938.7£11.5 93.749.1

2. Role limitations due to physical health (%) 84.3+£29.6 90.6+26.5 0.32
3. Role limitations due to emotional problems (%) 29.1433.3 54.1450.2 0.08
4. Energy/fatigue (%) 44.3+24.9 51.2422.3 0.001*
5. Emotional well-being (%) 61.0£18.9 67.0£16.2 0.03*
6. Social functioning (%) 7811247 81.2+£25.0 0.02*
7.Pain (%) 83.7£15.6 80.9£16.3 0.46
8. General health (%) 70.6x£17.4 71.8£12.5 0.10

SF-36:The 36-item Short Form Health Survey. Data are given as meantstandard deviation, median (interquartile range) or number (percentage) as

applicable. The **’ symbol represents significant p-values.

Table 3. Satisfaction survey of users of the Rational Drug Use Support System mobile application regarding the pilot trial.

Opinion useful Opinion non
group useful group

Did the mobile application help you comply by the medication treatment protocol? 6 (75.0%) 2 (25.0%)
Did the mobile application successfully perform your medication time reminders? 7 (87.5%) 1(12.5%)
Did the mobile application successfully perform fasting/satiety reminders for medication use? 6 (75.0%) 2 (25.0%)
Werg you aple tq use your medicines without any help from anyone with the support of the 7 (87.5%) 1(12.5%)
mobile application?

Did your medication using regulated in your daily life thanks to the use of the mobile application? 6 (75.0%) 2 (25.0%)
Are you satisfied with using the mobile app? 6 (75.0%) 2 (25.0%)
Would you like the mobile application to work integrated with all public/private hospitals? 7 (87.5%) 1(12.5%)
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of Al-driven monitoring, particularly when activities are visu-
ally confusable.

Although the pilot was not designed to establish clinical
efficacy, participant-reported outcomes showed exploratory
improvements over the 15-day period in vitality, mental health,
and social functioning. The direction of change observed in
this pilot is also consistent with broader evidence suggesting
that mHealth interventions can support self-management and
may improve patient-reported outcomes in chronic illness'.
However, given the exploratory design of the study, the absence
of a control group, and the small sample size, these findings
should be interpreted as preliminary and hypothesis-generating
rather than as evidence of clinical effectiveness. It is possible
that the observed improvements reflect regression to the mean,
placebo effects, or increased attention from study participation
rather than the intervention itself. These findings require con-
firmation in larger and more rigorous evaluations with control
groups and longer follow-up periods.

User feedback also supported the feasibility of the system.
Most participants reported that reminders were helpful and
that the system enabled them to manage drug use more inde-
pendently, in line with earlier findings on Al-assisted medi-
cation management tools'. Participants also emphasized the
importance of interoperability, particularly integration with
hospitals, pharmacies, and the national personal health record
platform, e-Nabiz ®%. Such integration could simplify medica-
tion scheduling, reduce manual data entry, and support conti-
nuity across care settings, although it would also require careful
attention to governance, authentication, and data protection.

A major strength of this study is the end-to-end develop-
ment and evaluation of an integrated medication intake sup-
port system using real patient videos collected in a clinical
environment. This setting enhances the ecological validity of
both the model-development pipeline and the usability assess-
ment. In addition, combining patient-reported Health-Related
Quality of Life (HRQoL) (SF-36) with satisfaction feedback
provides a broader perspective on both experiential and out-
come-related dimensions.

Several limitations should be acknowledged. The pilot
included a small sample (n=8) and a short follow-up period
of 15 days, which limits generalizability and precludes firm
conclusions about clinical effectiveness. The absence of a con-
trol group further limits the interpretation of the observed
SE-36 changes. In addition, the study population was relatively
young, and the proportion of participants with polypharmacy
was low, which may limit the applicability of the findings to
older adults and patients with cognitive impairment who are
at highest risk for medication-related problems. The HRQoL
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changes observed should therefore be regarded as exploratory
and hypothesis-generating.

Future research should include larger, controlled trials with
longer follow-up periods to evaluate the clinical effectiveness
of the system. Studies should also specifically target older adult
populations and patients with polypharmacy, who stand to
benefit most from such interventions. Additionally, objective
measures of medication adherence should be incorporated
alongside patient-reported outcomes to provide a more com-

prehensive assessment of the system’s impact.

CONCLUSION

This study introduced and preliminarily evaluated an Al-enabled
Rational Drug Use Support System designed to support rational
drug use via automated activity recognition within a mobile,
patient-facing workflow. The findings suggest that the system
appears feasible for implementation in clinical settings, with
high AT classification accuracy and favorable user satisfac-
tion reported in a small pilot sample. However, the observed
improvements in HRQoL domains should be interpreted as
exploratory, and larger controlled studies are needed to con-
firm these preliminary findings and establish clinical effective-
ness. Overall, the findings support the feasibility of combining
mobile health delivery with Al-based verification as a comple-

mentary approach to conventional chronic disease management.
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ORIGINAL ARTICLE

Association of Vascular Endothelial Growth Factor A-2549 1/D
polymorphism with polycystic ovary syndrome susceptibility in
Turkish women

Recai Aci'™ @, Mehmet Can Nacar? @, Serbulent Yigit® ©, Husniye Rustemoglu* @, Eda Nacar®

SUMMARY

OBJECTIVE: The aim of this case-control study was to evaluate whether the Vascular Endothelial Growth Factor A promoter rs35569394 (-2549
insertion/deletion) polymorphism is associated with polycystic ovary syndrome risk and related clinical-metabolic features.

METHODS: The study included 104 women with polycystic ovary syndrome diagnosed according to Rotterdam criteria and 128 controls. Clinical,
hormonal, and metabolic variables were recorded, homeostatic model assessment of insulin resistance was calculated, and Vascular Endothelial Growth
Factor A-2549 insertion/deletion genotypes were determined by direct polymerase chain reaction. Hardy-Weinberg equilibrium was assessed in
controls. Benjamini-Hochberg false-discovery-rate-adjusted p-values were calculated for the 11 clinical comparisons, while prespecified Bonferroni-
adjusted p-values were retained for genotype and family-history contrasts.

RESULTS: Body mass index, prolactin, homeostatic model assessment of insulin resistance, insulin, follicle stimulating hormone, luteinizing harmone,
and total testosterone were higher in the polycystic ovary syndrome group. Overall genotype distribution differed between groups (Cramer’s V=0.20;
chi-square=8.87, p=0.012). The detection/deletion genotype was more frequent in polycystic ovary syndrome patients than controls (30.77% vs.
15.63%; Cohen's h=0.36; raw p=0.007; Bonferroni-adjusted p=0.028; OR 2.40, 95%Cl| 1.28-4.51). The family-history detection/deletion comparison
did not remain significant after adjustment (raw p=0.018; adjusted p=0.072). Hardy-Weinberg equilibrium analysis in controls yielded an exact p-value
of 0.050 and a Pearson p-value of 0.037.

CONCLUSION: In this Turkish case-control sample, the Vascular Endothelial Growth Factor A-2549 insertion/deletion detection/deletion genotype
was more frequent among women with polycystic ovary syndrome than among controls. This observed association does not establish causality, a
functional effect, phenotype-specific relevance, or clinical utility. Deviation from Hardy-Weinberg equilibrium in controls, residual confounding from
incomplete matching, limited power, and lack of functional validation make the finding preliminary. Independent validation in larger, well-matched
cohorts with prespecified genotyping quality control, phenotype stratification, and functional studies is required.

KEYWORDS: Polycystic ovary syndrome. Vascular Endothelial Growth Factor A. Polymorphism, genetic. Insulin resistance.Genotype.

INTRODUCTION

Polycystic ovary syndrome (PCOS) is a common endocrine-met-
abolic disorder characterized by ovulatory dysfunction, hyperan-
drogenism and/or polycystic ovarian morphology'. Its hetero-
geneous expression is influenced by adiposity, insulin resistance,
gonadotropin imbalance and genetic background. Prevalence
varies by diagnostic criteria and ethnicity, supporting the study
of population-specific genetic markers®. The contribution of
angiogenesis-related variants remains incompletely defined.
The promoter variant rs35569394 (-2549 insertion/deletion
(I/D)) is an 18-bp insertion/deletion located in the VEGFA

promoter and has been hypothesized to influence transcrip-
tional regulation; however, its functional direction and mag-
nitude in ovarian tissue remain uncertain.

Associations between VEGFA polymorphisms and PCOS
vary across populations, possibly because of ethnic, linkage-dis-
equilibrium and environmental differences®'?. Evidence regard-
ing rs35569394 in PCOS remains limited and population
dependent, and the variant has not been adequately charac-
terized in Turkish women with PCOS. Familial aggregation
makes family history a clinically relevant, although imprecise,
marker of inherited susceptibility. We therefore hypothesized
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that rs35569394 might be associated with PCOS status and
explored whether genotype patterns differed according to
self-reported family history and metabolic features. Any pos-
itive result was considered hypothesis-generating rather than

immediately clinically actionable.

METHODS

Study population and design

This prospective case-control study was conducted at the
Department of Obstetrics and Gynecology, Faculty of Medicine,
Adiyaman University. The case group included 104 women diag-
nosed with PCOS according to the Rotterdam criteria, and the
control group included 128 healthy women with regular men-
strual cycles and no clinical, biochemical or ultrasonographic
evidence of PCOS. Controls were recruited pragmatically from
eligible women available during the study period. Individual
matching, a fixed matching ratio, and matching calipers were
not prespecified. Recruitment aimed to approximate the age and
body mass index (BMI) distributions at group level, but BMI
remained higher in the PCOS group. Written informed consent
was obtained from all participants. The study was approved by
the Adiyaman University Ethics Committee (decision date: 24
May 2022; meeting no. 5; decision no. 2022/5/19) and con-
ducted in accordance with the Declaration of Helsinki.

Sample size and power analysis

An a priori sample-size calculation was performed using G*Power
software (version 3.1.9.4). For a chi-square test comparing the
2x3 genotype distribution between the PCOS and control
groups, an effect size of Cohen’s w=0.215 was assumed based
on previously reported rs35569394 genotype distributions in
PCOS¢. With alpha=0.05 and 80% statistical power, the mini-
mum required total sample size was 209. Allowing for approx-
imately 10% incomplete or unusable data, the recruitment
target was set at 230 participants. The final sample comprised
232 women (104 with PCOS and 128 controls), exceeding
the planned total. Subgroup and multiplicity-adjusted anal-
yses nevertheless had lower effective power and were inter-

preted cautiously.

Eligibility and family history

PCOS was defined by the presence of at least two Rotterdam
criteria: oligo-anovulation, clinical and/or biochemical hyper-
androgenism, and polycystic ovarian morphology. Controls
had regular 21-35-day cycles, normal ovarian morphology,
and no evidence of hyperandrogenism. Although all cases met
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Rotterdam criteria, the four component-defined phenotypes
were not recorded in a form permitting reliable retrospective
A-D dlassification. The pooled analysis may therefore conceal
phenotype-specific genetic and metabolic associations. Exclusion
criteria were pregnancy, lactation, hormonal contraceptive or
insulin-sensitizing drug use within the preceding 3 months,
hyperprolactinemia, thyroid dysfunction, Cushing syndrome,
congenital adrenal hyperplasia, chronic systemic disease, hepatic
or renal failure and malignancy.

A positive family history was defined as a previous diag-
nosis of PCOS in the participant’s mother or sister. Family-
history information was obtained through structured personal
interviews and was not independently verified from relatives’
medical records. Family-history analyses were therefore con-
sidered exploratory and susceptible to recall and classification
bias. Controls were not excluded based on a family history of
PCOS, as routine verification of relatives’ diagnoses was not
feasible; this is acknowledged as a limitation that may attenu-
ate the genetic contrast between groups.

Clinical and biochemical assessment
Fasting venous blood samples were collected in the early follic-
ular phase (cycle days 2—5). Serum was separated by centrifuga-
tion and stored at -80°C until analysis. Follicle stimulating hor-
mone (FSH) (Elecsys FSH), LH (Elecsys LH), estradiol (Elecsys
Estradiol III), prolactin (Elecsys Prolactin II), thyroid-stimulat-
ing hormone (TSH) (Elecsys TSH), total testosterone (Elecsys
Testosterone II), and fasting insulin (Elecsys Insulin) were mea-
sured by electrochemiluminescence immunoassay on a Roche
cobas €801 analyzer (Roche Diagnostics, Mannheim, Germany).
Manufacturer-stated analytical measuring ranges (LoD;
LoQ) were as follows: FSH, 0.3-200 mIU/mL (0.3; 1.0 mIU/
mL); LH, 0.3-200 mIU/mL (0.3; 1.0 mIU/mL); estradiol,
5-3,000 pg/mL (5; 25 pg/mL); prolactin, 0.094—470 ng/mL
(0.094; 0.940 ng/mL); TSH, 0.005-100 uIU/mL (0.005; 0.005
WU/mL); insulin, 0.4-1,000 pU/mL (0.4; 1.0 pU/mL); and
total testosterone, 0.087-52.0 nmol/L (0.087; 0.416 nmol/L).
Representative manufacturer precision [repeatability/interme-
diate-precision coeflicient of variation (CV)] ranges were FSH,
0.8-2.1%/3.2-3.8%; LH, 0.9-2.2%/1.1-2.3%; estradiol, 1.2—
8.4%/1.8-12.3%; prolactin, 1.8-3.1%/2.7-3.8%; TSH, 0.7—
3.4%/1.8—11.2%; insulin, 0.8—4.3%/1.4—5.3%; and total tes-
tosterone, 1.8-11.1%/3.5-16.8%, depending on concentration.
Corresponding manufacturer reference intervals used for
contextual interpretation were FSH 3.5-12.5 mIU/mL and LH
2.4-12.6 mIU/mL in the follicular phase, estradiol 20.5-62.8 pg/
mL in the early follicular phase, prolactin 4.79-23.3 ng/mL in
nonpregnant women, TSH 0.270—4.20 ulU/mL, fasting insulin
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2.6-24.9 pU/mL, and total testosterone 0.291-1.668 nmol/L
in apparently healthy women aged 2049 years. Total testoster-
one values were converted from ng/mL to nmol/L using 1 ng/
mL=3.467 nmol/L for reporting. Fasting glucose was measured
by the hexokinase method on a Beckman Coulter AU5800 ana-
lyzer. Insulin resistance was estimated using HOMA-IR: fasting

insulin (WU/mL)xfasting glucose (mg/dL)/405".

Genetic analysis

Genomic DNA was isolated from ethylenediaminetetraacetic
acid (EDTA)-anticoagulated peripheral blood using a DNeasy kit
(Qiagen, Hilden, Germany) according to the manufacturer’s instruc-
tions. DNA concentration and purity were assessed by NanoDrop
spectrophotometry, and samples with adequate A260/A280 ratios
were used for genotyping. The 18-bp insertion/deletion polymor-
phism at position -2549 in the VEGFA promoter (rs35569394)
was genotyped by direct polymerase chain reaction (PCR), based on
the previously published Turkish VEGFA protocol®. The forward
primer was 5-GCTGAGAGTGGGGCTGACTAGGTA-3'and the
reverse primer was 5-GTTTCTGACCTGGCTATTTCCAGG-3'.
PCR was performed in a final volume of 25 UL containing approx-
imately 100 ng genomic DNA, 1xPCR buffer, 2.0 mM MgCl2,
0.2 mM of each dNTB, 20 pmol of each primer, and 1 U Taq
DNA polymerase. Amplification consisted of initial denaturation
at 95°C for 10 min; 35 cycles at 95°C for 45 s, 60°C for 45 s, and
72°C for 45 s; and final extension at 72°C for 10 min. PCR prod-
ucts were separated on a 2.5% agarose gel and visualized using a
Bio-Rad ChemiDoc system. The 229-bp fragment represented
the insertion allele and the 211-bp fragment represented the dele-
tion allele; II, detection/deletion (DD), and ID genotypes were
identified by the 229-bp band, the 211-bp band, or both bands,
respectively. To assess reproducibility, 20% of randomly selected

samples were reanalysed, with complete genotype concordance.

Statistical analysis

Analyses were performed using International Business Machines
Statistical Package for the Social Sciences (IBM SPSS Statistics),
version 26.0 (IBM Corp., Armonk, NY, USA). Normality was
evaluated using the Shapiro-Wilk test. Continuous variables are
presented as mean +/- standard deviation and categorical variables
as n (%). Group comparisons used independent-samples t-tests
or chi-square tests, as appropriate. The overall 2x3 genotype dis-
tribution was evaluated before genotype-specific comparisons.
Genotype and allele distributions were compared between groups,
and odds ratios (ORs) with 95%CIs were calculated. Effect sizes
were summarized using Cramer’s V for the overall 2x3 genotype
comparison and Cohen’s h for the DD genotype comparison.
HWE in controls was evaluated using both the asymptotic Pearson
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chi-square test and an exact test because results near the conven-
tional 0.05 threshold can differ owing to the discrete genotype
distribution and the approximation used by the Pearson proce-
dure. Benjamini-Hochberg false-discovery-rate (FDR)-adjusted
p-values are reported for the 11 clinical comparisons. The pre-
specified Bonferroni-adjusted values are retained for genotype
and family-history contrasts. A single global correction across all
clinical, genotype, and family-history tests was not performed
because the a priori statistical plan specified domain-based cor-
rections (FDR for clinical variables, Bonferroni for genetic and
family-history contrasts) to control error rates within distinct
biological families of tests. Because individual-level data were not
retained for post hoc revision, a BMI-adjusted logistic regres-
sion model could not be reconstructed, which is acknowledged
as a limitation. Although the final sample exceeded the a priori
recruitment target, negative subgroup and multiplicity-adjusted

findings may still reflect limited power.

RESULTS

Clinical and biochemical comparisons are summarized in Table 1.
After Benjamini-Hochberg FDR correction for 11 clinical com-
parisons, BMI, prolactin, HOMA-IR, insulin, FSH, LH and
total testosterone remained statistically higher in the PCOS
group than in controls (all FDR-adjusted p<0.005). Total tes-
tosterone was 3.16 +/- 0.45 nmol/L in women with PCOS and
2.08 +/- 1.25 nmol/L in controls (raw p<0.001; FDR-adjusted
p=0.002). Glucose, estradiol, TSH, and age at menarche did
not differ significantly after FDR correction (FDR-adjusted
p=0.165, 0.219, 0.113, and 0.627, respectively).

The overall genotype distribution differed between groups
(Cramer’s V=0.20; chi-square=8.87, df=2, p=0.012). The DD
genotype was more frequent among PCOS patients (30.77 vs.
15.63%; Cohen’s h=0.36; raw p=0.007; adjusted p=0.028; OR
2.40, 95%CI 1.28-4.51) and was the only genotype-specific
comparison that remained significant after Bonferroni correc-
tion. The lower ID frequency was nominally significant but did
not remain significant after correction (raw p=0.017; adjusted
p=0.068). The II genotype and D-allele comparisons were not
significant (adjusted p=1.000 and 0.456, respectively). The gen-
otype distribution in controls was at the HWE boundary by the
exact test and below it by the Pearson test (DD/ID/11=20/75/33;
Pearson chi-square=4.34, p=0.037; exact p=0.050) (Table 2).

Family-history subgroup findings are shown in Table 3.
No genotype or allele comparison remained significant after
Bonferroni correction. The DD comparison between familial
PCOS and controls was nominally significant (raw p=0.018)
but not after adjustment (p=0.072).
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Table 1. Clinical and laboratory findings.

Patients (n=104), mean | Controls (n=128), mean T
Characteristics +/-SD +/-SD FDR-adjusted p

BMI (kg/m?) 27.325+3.587 25.23+4.271 <0.001 0.002
Age at menarche (year) 12.2740.601 12.36%1.72 0.627 0.627
Prolactin (ng/mL) 13.418.934 9.63%6.06 0.003 0.005
HOMA-IR 2.3£2.13 1.55+1.6 0.001 0.004
Glucose (mg/dL) 85.2+12.63 87.63+9.31 L1815 0.165
Insulin (uU/mL) 10.5£6.13 7.67+6.06 0.001 0.004
E2 (Estradiol) (pg/mL) 78.95+62.38 90.31471.23 0.199 0.219
FSH (mIU/mL) 9.31£3.65 7.85%3.41 0.003 0.005
LH (mIU/mL) 10.2749.36 7.6£5.35 0.002 0.004
TSH (mIU/L) 1.80£2.13 1.23£3.62 0.082 0113
TT (hmol/L) 3.16+0.45 2.08+1.25 <0.001 0.002

Values are presented as mean +/- standard deviation. Between-group comparisons used independent-samples t-tests. FDR-adjusted p-values were
calculated by the Benjamini-Hochberg procedure for 11 clinical comparisons. Total testosterone is reported in nmol/L after conversion from ng/mL
using 1 ng/mL=3.467 nmol/L.BMI:body mass index; HOMA-IR:homeostatic model assessment of insulin resistance; FSH: follicle-stimulating hormone;
LH: luteinizing hormone; TSH: thyroid-stimulating hormone; E2: estradiol; TT: total testosterone; SD: standard deviation; FDR: false-discovery-rate.

Table 2. Genotype and allele frequencies of the Vascular Endothelial Growth Factor A-2549 I/D polymorphism.

Genotype/allele Patients % Controls % m Adjusted p OR (95%ClI)

30.77 15.63 7.241 0.007 0.028 2.40(1.28-4.51)
ID 44 42.31 75 58.59 5.650 0.017 0.068 0.52(0.31-0.87)
Il 28 26.92 33 25.78 0.022 0.881 1.000 1.06 (0.59-1.90)
Total (genotype) 104 100 128 100
Dallele 108 51.92 115 4492 2.510 0114 0.456 1.35(0.94-1.95)
lallele 100 48.08 141 55.08
Total (allele) 208 100 256 100

Overall genotype comparison:chi-square=8.87,df=2,p=0.012. Adjusted p-values use Bonferroni correction for four genotype/allele contrasts. Control
HWE: Pearson chi-square=4.34, p=0.037; exact p=0.050. OR: odds ratio; Cl: confidence interval.

Table 3. Vascular Endothelial Growth Factor A-2549 |/D genotype and allele frequencies according to family history.

Famlly hlstory Family history | Controls, P1 raw o P2 raw o
Genotype/allele 2 ), n=58 n=128 (adjusted) OR (95%Cl) (adjusted) OR (95%Cl)

0.831(1.000) | 1.17(0.51-2.67) | 0.018(0.072) 2.61(1.21-5.66)
ID 21 23 75 0.556 (1.000) | 1.28 (0.59-2.78) | 0.167 (0.668) 0.59 (0.30-1.16)
Il 10 18 33 0.374(1.000) | 0.62(0.25-1.50) | 0.692 (1.000) 0.80(0.36-1.78)
Total (genotype) 46 58 128
Dallele 511 57 115
lallele 41 59 141 0.403 (1.000) | 1.29(0.75-2.22) | 0.090(0.360) | 1.53(0.95-2.46)
Total (allele) 108 100 256

P1 compares PCOS patients with and without self-reported family history; P2 compares PCOS patients with positive family history and controls.
Values in parentheses are Bonferroni-adjusted p-values across four contrasts. OR: odds ratio; Cl: confidence interval.

DISCUSSION was not significant. The overall genotype distribution also dif-
In this Turkish case-control cohort, the DD genotype of fered between groups. These findings support a possible geno-
VEGFA -2549 1/D was more frequent among women with type-specific association but do not establish causality. Because

PCOS than among controls, whereas the allele-level comparison 1535569394 is located in the VEGFA promoter, it has been
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hypothesized to modify transcriptional regulation; however,
VEGFA expression, circulating protein concentration, ovar-
ian tissue activity, and promoter function were not measured
in this study. The mechanistic interpretation therefore remains
biologically plausible but unconfirmed.

The clinical profile of the PCOS group was characterized
by higher BMI, insulin, HOMA-IR, LH, and total testoster-
one, consistent with the endocrine-metabolic heterogeneity of
PCOS'**, Hyperinsulinemia may intensify ovarian androgen
production and reduce hepatic sex hormone-binding globu-
lin (SHBG), while adiposity can further modify gonadotropin
and metabolic patterns. Total testosterone was higher in PCOS
than in controls (3.16 +/- 0.45 vs. 2.08 +/- 1.25 nmol/L; FDR-
adjusted p=0.002), supporting a group-level hyperandrogenic
difference. Although the mean total testosterone in the control
group slightly exceeded the manufacturer’s general reference
interval, it was significantly lower than in the PCOS group
and remained within the expected physiological spectrum for
reproductive-aged women in our laboratory setting. FSH was
also modestly higher in cases. Because increased FSH is not a
defining PCOS feature, this observation may reflect phenotype
composition, cycle timing, assay characteristics, adiposity, or
sampling variation?'. The absence of free testosterone, SHBG,
repeated measurements, and phenotype-specific hormonal pro-
files limits more detailed endocrine interpretation.

VEGFA is biologically relevant to PCOS because follic-
ular development, ovulation, and corpus luteum formation
depend on tightly regulated angiogenesis. Excessive or mistimed
VEGFA signalling could contribute to increased stromal vascu-
larity, vascular permeability, altered follicular maturation, and
an exaggerated ovarian response. Contemporary granulosa-cell
and ovarian-stimulation studies show that angiogenesis-related
gene expression and VEGF-mediated vascular responses vary
according to cellular and treatment context**?. These obser-
vations support the ovarian relevance of the pathway but do
not demonstrate that rs35569394 produces the same effects
in PCOS. Associations involving circulating VEGF or other

612, sug-

VEGFA variants have also varied among populations
gesting that ancestry, linkage disequilibrium, clinical pheno-
type, adiposity, and analytical methods may influence observed
genetic effects.

The control-group HWE deviation remains an import-
ant methodological limitation. The exact test was borderline
(p=0.050), whereas the Pearson test was below 0.05 (p=0.037).
Complete concordance in the 20% repeat-genotyping subset
reduces concern about random technical error but does not
exclude systematic misclassification, population stratification,
cryptic relatedness, or selection effects. The control genotype
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distribution may therefore not represent the underlying pop-
ulation frequencies, and the observed odds ratio should be
interpreted cautiously.

The D-allele frequency was 51.9% among cases and 44.9%
among controls in the present cohort. By comparison, Fernandes
et al. reported a D-allele frequency of 0.64 in both Brazilian
cases and controls and found no association with PCOS’. Their
control group also departed from HWE. Differences in allele
distribution and genotype structure between the Brazilian and
Turkish cohorts illustrate the importance of ancestry, recruit-
ment, and sampling framework in interpreting rs35569394. The
present DD association, despite a non-significant allele com-
parison, may be compatible with a recessive or genotype-spe-
cific pattern; alternatively, it may result from limited power,
control selection, residual confounding, or HWE deviation.
Accordingly, replication should test prespecified dominant,
recessive, and additive genetic models rather than focusing
only on isolated genotype contrasts.

An important interpretive issue is residual confounding
by adiposity. Although the groups were broadly similar in
age, BMI was significantly higher in the PCOS group. BMI
may influence both PCOS status and metabolic or angio-
genic phenotypes; therefore, the observed DD association
cannot be interpreted as independent of adiposity because
an individual-level covariate-adjusted model was not avail-
able for revision. Future studies should use BMI-matched
recruitment or multivariable logistic regression to estimate
the independent genetic effect.

Family history was more common among women with
PCOS, but the DD comparison in the familial subgroup did
not remain significant after multiplicity correction. Familial
aggregation is consistent with the complex genetic architec-
ture of PCOS, yet self-reported history is an imprecise proxy
for inherited susceptibility because relatives” diagnoses were
not verified and shared environmental factors cannot be sepa-
rated from genetic effects. The family-history analysis should
therefore be viewed as exploratory rather than evidence that
1s35569394 explains familial PCOS.

Taken together, the results identify rs35569394 as a can-
didate marker warranting further investigation in Turkish
women rather than as a diagnostic or predictive test. A clin-
ically useful marker would require reproducible effects across
independent cohorts, stability after adjustment for adiposity
and ancestry, consistency across Rotterdam phenotypes, and
evidence linking genotype to VEGFA expression or ovar-
ian function. The present study provides an initial popula-
tion-specific signal but does not meet those requirements for

clinical translation.
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Limitations

The main limitations were the control-group HWE deviation,
incomplete BMI matching without an available covariate-ad-
justed model, domain-based rather than global multiplicity
correction, and limited power for subgroup and multiplici-
ty-adjusted analyses. These factors increase the possibility of
genotyping, selection, confounding, or type I/II error despite
repeat-genotyping concordance.

Rotterdam A-D phenotypes could not be reconstructed
reliably, family history was self-reported, and no VEGFA
expression or functional assays were performed. The pooled
association should therefore be considered preliminary and
not extrapolated to a particular phenotype or to clinical util-

2

ity
control, ancestry assessment, phenotype stratification, unified

42 Larger, well-matched studies with prespecified quality

multiplicity correction, and functional validation are needed.

CONCLUSION

In this Turkish case-control sample, the VEGFA -2549 I/D DD
genotype was more frequent among women with PCOS than
among controls. This study shows an observed association; it
does not establish causality, functional effects, phenotype-spe-
cific relevance, or clinical utility. Control-group HWE devia-
tion, residual confounding from incomplete matching, limited
power, non-global multiplicity correction, absence of phenotype
stratification, and lack of functional validation make the finding
preliminary. Independent replication in larger, well-matched
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Weight loss-independent associations of body composition
changes with device-derived metabolic age during Mediterranean
diet follow-up

Ahmet Emre Hatir'* @, Mustafa Onmaz' ©, Reyhan Vildan Acar?

SUMMARY

OBJECTIVE: The aim of this study was to investigate whether changes in body composition over 6 months of Mediterranean diet follow-up were
associated with corresponding changes in device-derived metabolic age after adjustment for weight change.

METHODS: This retrospective observational study analyzed body composition records of 414 adults who completed routine 6-month follow-up
after Mediterranean diet counseling between June 2024 and June 2025. Metabolic age and body composition parameters were assessed using the
Tanita MC-580 body composition analyzer at baseline and after 6 months. Hierarchical multiple linear regression analysis was used to evaluate the
associations between changes in body composition parameters and metabolic age change after adjustment for weight change, age, sex, and baseline
metabolic age.

RESULTS: Tanita-derived metabolic age decreased by 0.94 years (p<0.001). Changes in muscle-fat ratio (B=-0.585), visceral fat (3=-0.556), and
protein mass (B=-0.339) were significantly associated with metabolic age change after adjustment, whereas weight-adjusted waist index was not
significantly associated with metabolic age change in the adjusted model. Inclusion of body composition variables increased the explained variance
of the model from 20.4 to 45.7% (adjusted R? from 0.196 to 0.446).

CONCLUSION: Favorable changes in Tanita-derived metabolic age were observed during follow-up. The associated body composition changes may
partly reflect shared components of the device algorithm because metabolic age is a composite surrogate rather than a direct measure of biological

aging. Given the retrospective uncontrolled design, causal effects of the Mediterranean diet cannot be established.
KEYWORDS: Body composition. Electric impedance. Mediterranean diet. Visceral fat.

INTRODUCTION

Metabolic age is often used as a simple indicator of overall
physical and metabolic condition. It is estimated by comparing
an individual’s basal metabolic rate (BMR) with the expected
BMR for people of the same chronological age. In general, a
lower metabolic age is thought to be associated with a more
favorable cardiometabolic profile. However, this measure should
be interpreted cautiously, as it is a device-derived estimate
shaped by body composition and related physiological features
rather than a direct biological marker. Factors such as genetics,
muscle and fat mass, physical activity, and dietary habits may
all influence metabolic age'*. Among dietary approaches, the
Mediterranean diet has received particular attention because
of its associations with improvements in body weight, lipid
profile, blood pressure, and insulin sensitivity®. Accordingly,
changes in this device-derived estimate during dietary fol-
low-up may coincide with both weight change and changes

in body composition.

Body composition, especially the balance between fat mass
and lean tissue, plays an important role in metabolic health.
Visceral fat is closely linked to insulin resistance, dyslipidemia,
and higher cardiovascular risk, even in individuals without
marked excess body weight. In contrast, a greater proportion
of lean mass is generally associated with better metabolic reg-
ulation and physical performance. Evidence from recent stud-
ies suggests that dietary interventions can improve metabolic
outcomes by reducing harmful fat depots, particularly visceral
fat, even when total weight loss is relatively modest®*. Beyond
these major body compartments, body water compartments
are also measured by bioelectrical impedance analysis (BIA)
and may vary with tissue composition and fluid distribution>®.

Although metabolic age is increasingly used as a simple
device-derived indicator in body composition assessment, its clin-
ical interpretation after dietary follow-up remains insufficiently
defined. In routine practice, dietary response is often evaluated
primarily through body weight, body mass index (BMI), and
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Body composition changes and metabolic age

waist circumference, whereas these parameters may not fully
capture qualitative changes in body composition. Importantly,
because device-derived metabolic age is calculated using BMR
and body-composition-related inputs, associations between this
estimate and BIA-derived variables may partly reflect shared
algorithmic components. Nevertheless, examining these adjusted
associations may help clarify how the device-derived estimate
behaves during routine follow-up. Therefore, the present study
aimed to examine the associations between changes in body
composition parameters and changes in Tanita-derived meta-
bolic age during 6-month Mediterranean diet follow-up after
accounting for weight change and baseline covariates.

METHODS

This retrospective observational study was based on the analy-
sis of body composition records from individuals who partici-
pated in a Mediterranean diet follow-up between June 2024 and
June 2025. Measurements obtained at baseline (month 0) and
at 6 months were analyzed. Participants were not prospectively
randomized or allocated by the investigators for research pur-
poses; rather, routinely collected records of individuals who had
attended a dietitian-led Mediterranean diet follow-up program
were analyzed. During the study period, all available records of
individuals attending the Mediterranean diet follow-up were
screened sequentially. Of 465 baseline records screened, 51 were
excluded because of missing 6-month measurements, missing or
erroneous data, or predefined exclusion criteria. The final com-
plete-case cohort included 414 participants, representing 89.0%
of the screened baseline records. Because this was a retrospective
study based on routinely collected records, no a priori sample
size calculation was performed. Instead, all eligible participants
with complete baseline and 6-month measurements during the
predefined study period were included. Participants followed
a nutritional program based on Mediterranean diet principles
under the guidance of a registered dietitian. Dietary counseling
emphasized increased consumption of vegetables, fruits, legumes,
whole grains, olive oil, nuts, and fish, together with reduced
intake of refined carbohydrates, processed foods, sugar-sweet-
ened products, red and processed meats, and saturated fat-rich
foods. Adherence was assessed during routine dietitian-led fol-
low-up visits based on the dietary information documented in
the clinical records; no validated Mediterranean diet adherence
scale, dietary recall, food diary, food-frequency questionnaire,
or objective nutritional biomarker was used. Changes in par-
ticipants’ physical activity habits and medication use were not
systematically monitored. Chronic disease status and laboratory
test results were not incorporated into the analyses. Participants
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were eligible if they were aged 18 years or older, had undergone
multi-frequency BIA at both time points, had documented fol-
low-up for 6 months, and met the pre-measurement fasting
requirement of 8-12 h. Individuals were excluded if they had
a history of acute infection, malignancy, renal or hepatic fail-
ure, or other systemic diseases; were pregnant or breastfeeding;
had pacemakers or metallic implants; had severe edema or fluid
imbalance; had incomplete or erroneous follow-up records; or
were younger than 18 years of age.

Body composition was measured using a segmental bioelec-
trical impedance analyzer (Tanita MC-580; Tanita Corporation,
Tokyo, Japan), which employs an eight-electrode hand-to-
foot system and dual-frequency BIA (6.25 and 50 kHz)"”.
All measurements were taken in the morning after fasting for
8 to 12 h. Participants were asked to avoid vigorous physi-
cal activity in the past 24 h, empty their bladder, and remove
metallic accessories prior to the test. Room temperature was
maintained between 22 and 24°C. Age, height, and sex were
entered into the device before measurement. The analyzer was
calibrated according to the manufacturer’s instructions, and all
measurements were performed by the same operator. BMI was
computed as weight in kilograms divided by height in meters
squared. Weight-adjusted waist index (WWI) was computed by
dividing waist circumference in centimeters by the square root
of body weight in kilograms. Muscle-to-fat ratio (MFR) was
defined as skeletal muscle mass divided by fat mass. Metabolic
age is a proprietary composite surrogate estimate derived by the
device from BMR and body-composition-related parameters,
including fat-free mass and body fluid distribution. It should
therefore be interpreted as a device-derived output rather than
as a direct measure of biological or epigenetic aging processes’.

The study was conducted in accordance with the Declaration
of Helsinki and the national ethical standards of Turkey, fol-
lowing ethical approval from the Ethics Committee for Non-
Interventional Clinical Research at KTO Karatay University,
Faculty of Medicine (Approval No: 2026/032, protocol num-
ber 132293, date: 26 February 2026).

Statistical analysis

Data were analyzed using International Business Machines
Statistical Package for the Social Sciences Statistics for Windows,
version 27.0 (IBM Corp., Armonk, NY, USA). Figure 1 was gen-
erated using Python (version 3.10). Even though normality tests
were statistically significant, skewness and kurtosis were within
acceptable limits; parametric analyses were therefore considered
robust. Continuous variables were presented as meantstandard
deviation. The primary outcome was metabolic age change,
calculated as the 6-month value minus the baseline value (A).
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Paired comparisons were performed using the paired samples
t-test. Hierarchical multiple linear regression analysis was used
with metabolic age change as the dependent variable. For each
regression model, unstandardized coeflicients (B), standard errors
(SEs), standardized coeficients (), 95%Cls, p-values, and vari-
ance inflation factor (VIF) values were reported. Multicollinearity
was assessed using VIF values. In the base model, weight change,
age, sex, and baseline metabolic age were included. In Model
2, changes in protein mass, MFR, WWI, and visceral fat were
added to evaluate their associations beyond weight change and
baseline covariates. Candidate variables were selected based

Figure 1. Incremental explained variance across hierarchical
regression models. Explained variance across hierarchical regression
models for change in device-derived metabolic age. Model 1 included
baseline covariates and weight change. Model 2 additionally
incorporated body composition variables, increasing the explained
variance from R2=0.204 to R?=0.457 (AR?=0.253).

on clinical and physiological relevance, avoiding overfitting
and multicollinearity'. A sensitivity power analysis was con-
ducted using G*Power version 3.1 to determine the minimum
incremental effect size detectable with the available sample in
the hierarchical multiple regression analysis. With 414 partici-
pants, an alpha level of 0.05, four tested predictors, eight total
predictors, and 80% statistical power, the minimum detectable
incremental effect size was £2=0.029, corresponding to a small
effect. The significance level was set at p<0.05.

RESULTS
A total of 414 individuals were included. Participants had a
mean age of 40.78+10.86 years (range 19-70). The study pop-
ulation comprised 342 women (82.6%) and 72 men (17.4%).
Significant changes were observed in metabolic age and
most body composition parameters during follow-up. Metabolic
age decreased significantly (-0.94 years, p<0.001). Substantial
reductions were noted in body weight (-2.60 kg, p<0.001) and
BMI (-1.02 kg/m?, p<0.001). Waist circumference, fat mass,
visceral fat, and muscle mass indicators also changed signifi-
cantly during follow-up (all p<0.001). MFR improved signifi-
cantly, reflecting a more favorable lean-to-fat balance (p<0.001).
WWI decreased significantly from 10.9020.79 to 10.760.80
(A=-0.14, p<0.001), indicating an improvement in weight-ad-
justed central adiposity. Total body water showed a modest but
significant decrease (p<0.001) (Table 1).

Table 1. Changes in anthropometric and body composition parameters during Mediterranean diet follow-up.

£ | i s
Metabolic age (years) 47.81£11.69 46.86+11.93 -0.94 <0.001
Weight (kg) 83.25+17.21 80.65+16.65 -2.60 <0.001
BMI (kg/m?) 32.49+6.08 31.4615.94 -1.02 <0.001
Waist circumference (cm) 99.52+17.04 96.69+16.72 -2.83 <0.001
Fat mass (kg) 31.29£11.07 29.39£10.92 -1.90 <0.001
Muscle mass (kg) 49.26+7.80 48.59+7.62 -0.67 <0.001
Skeletal muscle mass (kg) 29.42+4.68 29.02+4.57 -0.40 <0.001
Protein mass (kg) 12.01£2.93 11.95+2.80 -0.06 0.267
Mineral mass (kg) 3.65+0.63 3.60£0.61 -0.05 <0.001
Muscle—-fat ratio 1.02+0.30 1.09+0.35 +0.07 <0.001
Weight-adjusted waist index 10.90+0.79 10.76%0.80 -0.14 <0.001
Visceral fat 8.64%4.13 8.02+4.02 -0.62 <0.001
Total body water (kg) 36.31+5.64 35.7245.57 -0.59 <0.001

Changesin anthropometric and body composition parameters during 6-month Mediterranean diet follow-up.Values are presented as meantstandard
deviation (SD). Mean change (A) represents the difference between Month 6 and baseline measurements. p-values were obtained using paired

statistical tests. BMI: body mass index.
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Hierarchical multiple linear regression analysis was per-
formed to evaluate factors associated with metabolic age change
after accounting for weight change and baseline covariates.
In the base model (Model 1), which included weight change,
age, sex, and baseline metabolic age, the model explained 20.4%
of the variance in metabolic age change (adjusted R?=0.196,
p<0.001). Weight change ($=0.459, p<0.001) and baseline
metabolic age ($=0.269, p=0.032) showed statistically sig-
nificant associations with metabolic age change. When body
composition markers were added in Model 2, the explained
variance increased from 20.4 to 45.7% (adjusted R*=0.446;
AR?=0.253, p<0.001). Changes in muscle—fat ratio ($=-0.585,
p<0.001), visceral fat (B=-0.556, p<0.001), and protein mass
(B=-0.339, p<0.001) remained significantly associated with
metabolic age change after adjustment. AWWI was not sta-
tistically significant ($=-0.135, p=0.124) (Table 2). The incre-
mental explained variance across hierarchical regression mod-

els is illustrated in Figure 1.

DISCUSSION

During 6 months of Mediterranean diet follow-up, changes
in MFR, visceral fat, and protein mass remained significantly
associated with changes in Tanita-derived metabolic age
after adjustment for weight change and baseline covariates.
These findings are consistent with previous studies report-
ing favorable changes in body composition, fat distribution,
and metabolic risk profiles during Mediterranean diet inter-

4,11

ventions®!!. Broader literature shows that adherence to a

Mediterranean diet is associated with reduced central adiposity,

improved metabolic syndrome markers, and lower cardio-
vascular risk'"""”’, and that combined lifestyle interventions
including the Mediterranean diet improve visceral adiposity
while preserving lean mass®. Importantly, the associations
between BIA-derived body composition variables and changes
in Tanita-derived metabolic age may partly reflect shared mea-
surement and algorithmic components. The regression find-
ings should therefore be interpreted as adjusted associations
or correlates of change in the device-derived estimate, rather
than as evidence that these variables independently determine
metabolic or biological aging.

MFR change showed the largest standardized association
with metabolic age change among the body composition vari-
ables included in Model 2. This is physiologically plausible
because skeletal muscle plays a central role in glucose uti-
lization, insulin sensitivity, and resting energy expenditure,
whereas excess adiposity is associated with chronic low-grade
inflammation'®". Nevertheless, because MFR and metabolic
age were both derived from the same BIA assessment, this
association should be interpreted cautiously and may partly
reflect shared algorithmic components. The adjusted associ-
ation between visceral fat change and metabolic age change
is another noteworthy finding. Visceral adiposity is associ-
ated with insulin resistance, dyslipidemia, fatty liver, and
inflammation'”!®. A previous intervention study reported
reductions in visceral adiposity during Mediterranean diet
follow-up, including in the presence of moderate weight
loss®. Our findings that visceral fat reduction and improved
muscle—fat ratio were associated with changes in device-de-

rived metabolic age are consistent with observations from

Table 2. Hierarchical multiple linear regression analysis of factors associated with Ametabolic age.

S e 1 e o] | we | agn

AWeight 0.321 0.032 0.459 0.259-0.384 <0.001 1.060
Model 1 Age -0.029 0.021 -0175 -0.069-0.012 0161 7.964
Base model
(weight change Sex 0.120 0.212 0.025 -0.297-0.537 0.572 1.033 0196
controlled) : :
Base“”zgeetabo“c 0.041 0.019 0.269 0.004-0.079 0.032 8.063
AProtein -0.522 0.099 -0.339 071710 <0.001 3.096
-0.327
Model 2 AMuscle—-fat ratio -7.544 0.959 -0.585 _?542250 <0.001 4123
(+body _ _ 0.446
composition) | AWeight-adjusted | oo 0.621 -0135 -2178100.264 | 0124 5.729
waist index
AVisceralfat | -0935 | 0121 -0.556 e <0.001 3.843

B represents the unstandardized regression coefficient; B represents the standardized coefficient. SE: standard error; Cl: confidence interval; VIF:
variance inflation factor. Model 1 included weight change, age, sex, and baseline metabolic age. Model 2 additionally included changes in protein
mass, muscle-fat ratio, weight-adjusted waist index, and visceral fat. LL: lower limit; UL: upper limit.
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other metabolic populations. For example, Soares-Jr et al.
reported differences in type 2 diabetes risk across polycys-
tic ovary syndrome phenotypes despite similar BMI values,
highlighting that metabolic risk may vary across phenotypic
subgroups®. This supports the broader concept that metabolic
risk assessment should consider phenotype-related charac-
teristics beyond body weight alone.

Regarding WW1, this analysis showed a significant decrease
during follow-up, suggesting an improvement in weight-ad-
justed central adiposity. WW1 has been proposed as an anthro-
pometric index that reflects central adiposity adjusted for body
weight and has been associated with cardiometabolic outcomes
in previous studies®. However, in the adjusted regression
model, AWWI was not significantly associated with metabolic
age change after accounting for weight change and other body
composition parameters. Therefore, although WWT improved
at the group level, its association with metabolic age change
was attenuated when visceral fat, MFR, and protein mass were
considered together.

Although mean protein mass did not change significantly
at the group level, interindividual changes in BIA-derived
protein mass were associated with metabolic age change
in Model 2. Because both variables were estimated using
the same BIA device, shared measurement or algorithmic
components may partly account for this association. More
broadly, Mediterranean dietary patterns, which emphasize
unsaturated fats and plant-based protein sources, have been
associated with favorable metabolic and body composition
outcomes'?!.

Several limitations should be acknowledged. The retro-
spective observational design and absence of a control group
preclude causal inference; therefore, the observed changes in
metabolic age and body composition cannot be attributed
definitively to the Mediterranean diet. The observed changes
may also have been influenced by regression to the mean,
concurrent lifestyle changes, natural temporal variation,
or other unmeasured factors. Dietary adherence was not
assessed using a validated Mediterranean diet adherence
scale, dietary recall, food-frequency questionnaire, or objec-
tive nutritional biomarker. In addition, changes in physical
activity and medication use were not systematically moni-
tored, and chronic disease status was not incorporated into
the analyses. These unmeasured or incompletely measured
factors may have confounded the observed associations
between changes in body composition and metabolic age.
Furthermore, the shared device-derived nature of the outcome

and several explanatory variables creates a risk of conceptual

5

and statistical circularity, which limits the interpretation
of the observed associations. Biochemical markers such as
insulin resistance indices, lipid parameters, inflammatory
markers, or hormonal variables were not available, limit-
ing mechanistic interpretation. Several body composition
variables were physiologically interrelated, which may have
increased multicollinearity. Moreover, because women con-
stituted 82.6% of the sample, the findings may have limited
generalizability to men and to populations with a more bal-
anced sex distribution. Finally, the device-specific nature of
metabolic age may also limit generalizability across different
BIA devices or biological aging measures. Future prospective
controlled studies should use validated or objective measures
of Mediterranean diet adherence, systematically monitor
physical activity and medication changes, and incorporate
biochemical or biological aging markers that are indepen-
dent of the body composition device.

In this retrospective cohort, favorable changes in body
composition and Tanita-derived metabolic age were observed
during 6-month Mediterranean diet follow-up. Changes
in MFR, visceral fat, and protein mass were associated
with metabolic age change after adjustment for weight
change and baseline covariates, whereas WWI was not
significantly associated in the adjusted model. These find-
ings should be interpreted as correlates of a composite
device-derived surrogate estimate rather than as evidence
that body composition variables independently determine
biological aging. Given the uncontrolled design, poten-
tial unmeasured confounding, and overlap with the device
algorithm, causal conclusions regarding the Mediterranean
diet cannot be drawn.
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Fundus camera and artificial intelligence for diabetic retinopathy
screening in a Sao Paulo shelter
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SUMMARY

OBJECTIVE: The aim of this study was to evaluate the applicability of a smartphone-based portable fundus camera for diabetic retinopathy screeningin
elderly residents of a specialized shelter in Sdo Paulo, Brazil, considering image acquisition by non-ophthalmologist professionals and remote case classification.
METHODS: Prospective pilot interventional study at the Centro de Acolhida Especial para Idosos Morada Sao Joao. Thirty-eight participants (76
eyes) underwent retinal imaging using the Eyer® portable fundus camera (Phelcom Technologies, Brazil) by trained non-ophthalmologist professionals.
Images were remotely evaluated by a retinal specialist and compared to the EyerMaps® artificial intelligence system.

RESULTS: Meanagewas 71.6+7.0years; 78.9% male. Fifteen participants (39.5%) had confirmed diabetes mellitus. The specialist identified abnormalities
in 70 of 76 eyes (92.1%), most frequently glaucoma suspicion, media opacity suggestive of cataract, chorioretinal changes, and age-related macular
degeneration signs; no diabetic retinopathy was identified. Against the specialist’'s assessment of any ocular abnormality as the reference standard,
the artificial intelligence system classified 22 eyes as abnormal, yielding sensitivity 25.7% (95%Cl| 16.9-37.0), specificity 33.3% (95%Cl| 9.7-70.0),
positive predictive value 81.8% (95%Cl 61.5-92.7), negative predictive value 3.7% (95%Cl 1.0-12.5), and overall accuracy 26.3% (95%CI| 17.7-37.2).
CONCLUSION: The Eyer®device demonstrated operational feasibility for ocular screening by trained non-ophthalmologists. The high prevalence of
media opacities and non-diabetic retinopathy conditions compromised artificial intelligence performance, highlighting the need for broader screening
strategies in elderly and socially vulnerable populations.

KEYWORDS: Diabetic retinopathy. Photography. Screening. Artificial intelligence. Telemedicine.

Diabetic retinopathy is a progressive retinal complication

INTRODUCTION

Diabetes mellitus is one of the most significant public health
challenges of our time, with chronic complications directly
impacting morbidity, quality of life, and healthcare costs world-
wide. Among these, diabetic retinopathy stands out as a lead-
ing cause of preventable blindness, affecting over 100 million
people globally'2.

In Latin America, prevalence ranges from 15.0% in Costa
Rica to 32.7% in Brazil—the highest among countries assessed—
reflecting disparities in diabetes prevalence and healthcare sys-
tem inequalities’. In Brazil, this is compounded by the uneven
distribution of ophthalmological services concentrated in urban

referral centers, with limited primary care screening capacity.

of chronic hyperglycemia, classified as non-proliferative (mild,
moderate, and severe) and proliferative, with diabetic macu-
lar edema possible at any stage. Early stages feature microan-
eurysms, hemorrhages, and hard exudates; advanced ischemia
leads to neovascularization, vitreous hemorrhage, and tractional
retinal detachment*’. Despite this severity, visual loss is pre-
ventable with adequate screening and timely treatment—yet
many patients remain asymptomatic until advanced disease™”.

Portable fundus cameras and smartphone-based devices
enable retinal imaging outside traditional settings, including
primary care units and long-term care facilities (LTCFs) for
the elderly, and artificial intelligence (AI) systems may reduce

dependence on specialist evaluation®®. Barriers are especially
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Fundus camera and artificial intelligence for retinal screening

pronounced in elderly and vulnerable populations—functional
limitations, comorbidities, and transportation difficulties con-
tribute to underdiagnosis. On-site retinal imaging may over-
come these barriers*®”.

This study evaluates the feasibility of the Eyer® portable
fundus camera (Phelcom Technologies, Sao Carlos, Brazil) for
diabetic retinopathy screening in elderly residents of the Centro
de Acolhida Especial para Idosos Morada Sio Joao, with images
obtained by trained non-ophthalmologists. Secondarily, it inves-
tigates the diagnostic performance of EyerMaps® Al compared
to a retinal specialist.

METHODS

Study design and population

A prospective pilot interventional study was conducted at the
Centro de Acolhida Especial para Idosos Morada Sio Jodo,
central Sao Paulo, Brazil, between April and September 2025.
The study was approved by the Research Ethics Committee of
Irmandade da Santa Casa de Sdo Paulo on 30 January 2025
(Opinion No. 7.351.391; CAAE 85488024.7.0000.5479).
All study procedures were performed after ethics approval:
chart and demographic data were extracted from institutional
records from 3 April 2025, and retinal image acquisition was
carried out between July and September 2025. Participants were
enrolled as a convenience series: all residents aged >18 years
with a prior diagnosis of diabetes mellitus and/or systemic arte-
rial hypertension—the latter included as a shared cardiovascu-
lar risk factor—who were present at the institution during the
study period and agreed to sign the Informed Consent Form
(ICF) were considered eligible. The aim was to assess imaging
feasibility across residents at cardiometabolic risk rather than
in diabetic residents exclusively. Individuals under 18 years or
who did not consent were excluded. Of 209 residents present
during the study period, 38 (18.2%) were enrolled. No a priori
sample size calculation was performed given the exploratory

nature of the study.

Procedures and image acquisition

After informed consent, participants were assessed for demo-
graphic, clinical, and biochemical data from institutional
records. Anterior segment and fundus images of both eyes
were acquired using the Eyer® device by non-ophthalmolo-
gist professionals (nursing staff, medical students, and physi-
cians without prior ophthalmological experience), all trained
by an ophthalmologist. All images were acquired without
pharmacological mydriasis (non-mydriatic imaging). Images

2

were uploaded to the EyerCloud® cloud platform (Phelcom
Technologies), compliant with the Brazilian General Data
Protection Law (Lei Geral de Protecio de Dados Pessoais
[LGPD]; Law No. 13,709/2018).

Image evaluation and classification

A retinal specialist remotely classified images as gradable or
non-gradable. For gradable images, diabetic retinopathy was
categorized as non-referable (absent or mild-to-moderate
non-proliferative without maculopathy) or referable (severe
non-proliferative, proliferative, or diabetic macular edema).
Non-gradable cases had anterior segment images reviewed for
media opacities. The specialist performed the evaluation blinded
to the EyerMaps® output; conversely, the Al system processed
images without access to participants’ clinical information.
Specialist findings were subsequently compared to EyerMaps®

automated analysis.

Statistical analysis

Categorical variables were presented as absolute and relative
frequencies; continuous variables as meantstandard deviation
or median (interquartile range). Al diagnostic performance was
assessed by sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and overall accuracy, using
the specialist’s assessment as the reference standard. Ninety-five
percent confidence intervals (95%Cls) for each metric were
calculated using the Wilson score method.

RESULTS

Demographic and clinical characteristics

The flow of participants is illustrated in Figure 1. Thirty-eight
participants (76 eyes) were included, predominantly male
(78.9%), aged 60 to 90 years (mean 71.617.0). Fifteen (39.5%)
had confirmed diabetes mellitus, 20 (52.6%) denied it, and 3
(7.9%) were unable to provide information. Table 1 summa-

rizes the main sample characteristics.

Specialist findings

No adverse events were recorded during image acquisition.
Ocular abnormalities were identified in 70 of 76 eyes (92.1%);
only 6 eyes (7.9%) from two participants had no abnormal
findings. No diabetic retinopathy (referable or non-referable)
was identified among gradable eyes; 22 eyes were non-gradable
owing to media opacity. Abnormalities were heterogeneous and
predominantly unrelated to diabetic retinopathy: glaucoma sus-

picion or increased cup-to-disc ratio (31.6%), media opacity
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suggestive of cataract limiting fundus assessment (28.9%), tes-
sellated and atrophic changes (13.2%), chorioretinal atrophy
and scars (10.5%), age-related macular degeneration (AMD)
signs (7.9%), disc pallor and peripapillary atrophy (10.5%),
and tilted disc or pathological myopia (7.9%). Table 2 details
the findings.

Atrtificial intelligence system performance

Retinal images were evaluated by the specialist approximately
1 month after acquisition. Using the specialist’s assessment of
any ocular abnormality as the reference standard, EyerMaps®
classified 22 eyes as abnormal and 54 as normal. Among the
70 eyes classified as abnormal by the specialist, the Al correctly

Figure 1. Flow of participants, from eligibility assessment to comparative analysis of specialist versus artificial intelligence classification.
ICF: Informed Consent Form; DM: diabetes mellitus; SAH: systemic arterial hypertension; Al: artificial intelligence. [First author: Dias

JGS—Figure 1].
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Table 1. Demographic and clinical characteristics of participants
(n=38).

Characteristic I

Male sex 30 78.9
Age range (years) 60-90 =
Mean age (years) 71.6£7.0 -
Diabetes mellitus
Confirmed 15 9.5
Denied 20 52.6
Unknown 3 7.9
Comorbidities
Systemic arterial hypertension 30 78.9
Dyslipidemia 12 31.6
Previous cardiovascular disease 4 10.5
Cataract 12 31.6
Glaucoma (prior diagnosis) 3 7.9

All 38 medical records were reviewed; comorbidity data are complete,
and absence of a listed comorbidity denotes documented absence of
that diagnosis. Diabetes status was self-reported and could not be
determined in three participants. HbA1c and diabetes duration were
unavailable owing to the absence of digitized institutional records.

Table 2. Main categories of findings on fundus examination by the
specialist (n=76 eyes).

Category of finding (EZ;Z)

No abnormalities 6 (7.9%)
Glaucoma suspicion/increased cup-to-disc ratio | 24 (31.6%)
Media opacity/cataract (limiting assessment) 22 (28.9%)
Tessellated/senile atrophic changes 10(13.2%)
Chorioretinal atrophy/scars 8(10.5%)
AMD/drusen/RPE changes 6 (7.9%)
Disc pallor/peripapillary atrophy 8(10.5%)
Tilted disc/pathological myopia 6 (7.9%)

AMD: age-related macular degeneration; RPE:retinal pigment epithelium.
One eye may present multiple findings simultaneously.

flagged 18 (true positives) and missed 52 (false negatives);
among the six eyes classified as normal by the specialist, the
Al flagged four (false positives) and correctly classified two
(true negatives). The system demonstrated sensitivity of 25.7%
(95%CI 16.9-37.0), specificity of 33.3% (95%CI 9.7-70.0),
PPV of 81.8% (95%CI 61.5-92.7), NPV of 3.7% (95%CI
1.0-12.5), and overall accuracy of 26.3% (95%CI 17.7-37.2).
These metrics reflect detection of any ocular abnormality racher
than diabetic retinopathy specifically. Despite the very low sen-
sitivity—indicating that the majority of abnormal cases were
missed—the PPV of 81.8% suggests that when the system flags
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an abnormality, the finding is likely genuine, although the wide
ClI for specificity (based on only six normal eyes) indicates this
estimate is imprecise.

DISCUSSION

This study demonstrated that ocular screening using the Eyer®
portable fundus camera by non-ophthalmologist professionals is
operationally feasible in an LTCF setting. Images were obtained
in all recruited participants without transfer, following brief
ophthalmologist-led training, corroborating prior studies val-
idating portable cameras in limited-resource environments®’.

The very high prevalence of ocular abnormalities (92.1%)
was the most striking finding, with glaucoma suspicion, cata-
ract, atrophic chorioretinal changes, and AMD predominat-
ing—conditions unrelated to diabetic retinopathy. This has
relevant clinical implications: a substantial proportion of res-
idents may benefit from ophthalmological evaluation regard-
less of diabetes diagnosis, and LTCF screening strategies
should address a broader spectrum of ocular disease. Media
opacities compromised image quality in some cases, a chal-
lenge inherent to elderly populations and likely accentuated
by non-mydriatic acquisition; systematic mydriasis and inte-
gration with cataract detection programs may mitigate this
in future protocols.

No diabetic retinopathy was identified among gradable
eyes. Among the 15 participants with confirmed diabetes,
this may be consistent with recent diagnosis and/or adequate
metabolic control, in which established retinopathy would
not yet be expected. This interpretation remains tentative, as
glycated hemoglobin and diabetes duration were unavailable;
the small diabetic subgroup, self-reported diabetes status, and
media opacities limiting fundus assessment may also account
for the absence of detected retinopathy.

EyerMaps® sensitivity (25.7%) was substantially lower than
the 80-96% reported in diabetic retinopathy screening vali-
dation studies®. This reflects a key methodological difference:
validation studies were conducted in selected diabetic popula-
tions with a focus on referable diabetic retinopathy, whereas we
compared Al performance against all ocular findings, includ-
ing glaucoma, AMD, and chorioretinal atrophies for which the
algorithm was not trained. These metrics should therefore be
read as the algorithm’s performance for detection of any abnor-
mality, not as a validation for its intended indication; rather,
they illustrate the risk of applying a disease-specific algorithm
as a general screening tool in a population with a high non-di-
abetic pathology burden. Nevertheless, the PPV of 81.8% pre-
serves its utility as a prioritization tool.
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From a public health perspective, these findings suggest
that LTCF screening programs should be designed around the
broad spectrum of age-related ocular disease rather than diabetic
retinopathy alone, paired with structured referral pathways for
cataract and glaucoma. Portable, non-mydriatic imaging with
remote interpretation is compatible with existing Unified Health
System (SUS) primary-care and telehealth workflows, although
formal cost and resource evaluation is needed.

Limitations include the absence of digitized records (pre-
cluding HbA1c and diabetes duration data), the small sample
(38 participants, 76 eyes) with correspondingly wide Cls lim-
iting the precision of diagnostic estimates and generalizabil-
ity, recruitment failures introducing potential selection bias,
self-reported diabetes status, and the methodological limita-
tion of comparing Al performance to all ocular findings rather
than diabetic retinopathy alone. Findings may also differ across
Brazilian regions and LTCF profiles, and socioeconomic factors
likely influence screening uptake. Future studies should include
stratified analyses by finding type, structured recruitment work-
flows, protocols for non-gradable images, and image-quality
strategies for media opacity.

CONCLUSION

The Eyer® portable fundus camera demonstrated operational
feasibility for ocular screening by trained non-ophthalmologist
professionals at an LTCEF, without requiring patient transfer.
The high prevalence of ocular abnormalities—predominantly
unrelated to diabetic retinopathy—and the resultant compro-
mise of Al performance highlight that LTCF screening strate-
gies must go beyond diabetic retinopathy and be supported by
organized referral pathways to specialized care. Portable fundus

photography with remote interpretation is a promising tool for
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SUMMARY

OBJECTIVE: This study aimed to describe the design and linkage procedures of the Career, Autonomy, Rights and Equity among Doctors Brazil
survey coordinated by the Brazilian Medical Association, and to assess the composition and geographic coverage of its analytic sample against
national benchmarks.

METHODS: This national cross-sectional online survey was conducted from January 29 to September 10, 2026. The invitation frame came from
Demografia Médica no Brasil, a census-based investigation of the physician workforce conducted since 2010. Four nonoverlapping random samples
totaling 110,000 physicians were invited; participation was voluntary. Survey records were audited, deduplicated, linked to professional sources
through arestricted key, compared with 2024 national benchmarks, and calibrated for sex, region, and age group.

RESULTS: Of 4,437 submissions, 4,002 physicians formed the analytic sample. Women accounted for 51.6%, mean age was 48.3 years, and 70.9%
had at least one recognized specialty, compared with 49.3%, 44.8 years, and 59.1% in the observed 2024 national benchmark. Calibration weights
ranged from 0.396 to 3.134; the Kish weight-based design effect was 1.259, and the effective sample size was 3,180.

CONCLUSION: Career, Autonomy, Rights and Equity among Doctors Brazil documents a linked physician sample and quantifies differences from
national benchmarks. The low matched participation fraction and voluntary response create substantial potential for selection bias. Random invitations,
linkage, and calibration do not establish population representativeness or remove unmeasured nonresponse bias. The findings primarily characterize
the analytic sample and inform the interpretation of subsequent thematic studies.

KEYWORDS: Physicians. Surveys and questionnaires. Gender equity. Health workforce. Data linkage. Brazil.

These limitations matter for a voluntary online survey.
INTRODUCTION

Women are projected to account for more than half of Brazil’s

Random invitation does not make respondents a probability

sample; response, linkage, and missingness may change each
y

physicians in 2026". This numerical majority does not ensure
equity in pay, working conditions, specialty choice, leadership,
or career progression. Mainardi et al. investigated remunera-
tion; Amaral et al. and Suzuki et al. studied workplace dis-
crimination; Motter et al. examined surgical leadership; and
Marhoffer et al. reviewed gender in academic promotion®*.
Together, these studies do not provide a shared participant base
for comparing several career dimensions under one recruitment

and linkage design.

analytic subset. External census comparisons and calibration
clarify the reach and limits of inference but cannot correct
unmeasured nonresponse. Reporting these steps supports
comparable thematic analyses of gender, work, and income’"".

The methodological gap is how to define and evaluate a
common analytic universe for focused studies with consistent
denominators, linked professional information, and explicit
limits to generalization. Career, Autonomy, Rights and Equity
among Doctors (CARE-DOC) Brazil links measures of work,
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Career, Autonomy, Rights and Equity among Doctors Brazil: Brazilian Medical Association survey

family, autonomy, discrimination, leadership, remunera-
tion, and future expectations to professional information.
This article describes the instrument, recruitment, process-
ing, and linked sample, and empirically assesses deviations
from national benchmarks, geographic coverage, and cali-
bration-weight dispersion. Its contribution is descriptive and
methodological; the potential for future thematic research is

a secondary application.

METHODS

Study design and instrument
CARE-DOC Brazil was a national cross-sectional online survey
coordinated by the Brazilian Medical Association from January
29 to September 10, 2026. The Portuguese questionnaire was
developed through literature review, institutional discussion,
and version review, drawing on Brazilian physician studies?.
It combined single- and multiple-choice, numeric, and five-
point agreement items across work, family, labor rights, dis-
crimination, leadership, gender attitudes, and future plans.
For up to seven regular medical work relationships, the repeat-
able module recorded care setting, financing (public Brazilian
Unified Health System, insurance, or direct payment), con-
tract, leadership, activity, weekly hours, and monthly net-in-
come band. Contracts included employment under Brazilian
labor law (Consolidation of Labor Laws), statutory public ser-
vice, contracting through a legal entity (pessoa juridica, PJ),
independent practice, and residency or fellowship stipends.
Twenty selected Ambivalent Sexism Inventory statements and
four modified work—family conflict statements used five-point
agreement responses'>'?. Their wording and response formats
were not assumed equivalent to the source instruments. Formal
cognitive testing and prefield psychometric validation were not
conducted; any composite score requires separate evaluation.
Reporting followed Consensus-Based Checklist for Reporting
of Survey Studies, Checklist for Reporting Results of Internet
E-Surveys, and Strengthening the Reporting of Observational
Studies in Epidemiology guidance’®!. Figure 1 presents the
audited sample flow.

Recruitment, linkage, and privacy

The invitation frame came from Demografia Médica no Brasil,
a nationwide census-based investigation conducted since 2010'.
Four nonoverlapping random invitation waves of 10,000, 20,000,
30,000, and 50,000 physicians totaled 110,000; participation
was voluntary. The Brazilian Medical Association coordinated
mobilization, not the frame. Among 4,437 submissions, we
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kept the more complete of repeated federative unit-Regional
Council of Medicine registration pair records (most recent if
tied), removing 230. Seven initially had no male/female sex
classification. After a provisional geographic balancing step, 148
women were randomly excluded proportionally across adjust-
ed-state strata from the remaining 4,200 (seed 20260919) to
reduce the female excess, leaving 4,052. We then excluded 33
without a recoverable linkage key and nine repeated individual
linkages. Six of the seven sex-unclassified records were recovered
from administrative data; one remained excluded. Finally, 14
women (12 in Sio Paulo, one each in Minas Gerais and Rio
Grande do Sul) were randomly excluded within provisional
state strata (seed 20260921), yielding 4,002. Of these, 3,939
matched the invitation frame and 63 did not. Before analysis,
we compared excluded and retained self-reported women on
raw questionnaire characteristics.

Deduplication and deterministic linkage used a restricted
key available only to the data-management team. Linked
sources supplied or verified age, graduation, school sector,

Survey submissions received
(n=4,437)
Repeated UF-CRM records
> (n=230)
- 5 Women excluded for sex balancing
(n=148; random draw by state)
No recoverable linkage key
> (n=33)
Repeated individual linkage
> (n=9)
———— Sex not recovered administratively
(n=1)
Final women excluded for balance
(n=14; state-stratified draw)
Final analytic sample
(n=4,002

Figure 1. Formation of the final analytic sample. The flow records
all exclusions from 4,437 submissions to 4,002 participants. Direct
identifiers were excluded from analytic outputs.
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specialty and area-of-practice records, residency, and spe-
cialty-board certification. Registry data corrected the analy-
sis sex classification for 45 records; original self-reports were
retained separately. Direct identifiers were excluded from anal-
ysis. Absence from a title registry was coded as no recorded

specialty or practice area.

Study size and participation

The analytic sample included consenting physicians with a
unique recoverable linkage key and sex; matching the invita-
tion list was not required. As a descriptive precision bench-
mark, the finite-population formula with 597,428 physicians
in 2024, 50% expected prevalence, 95% confidence, and a
two-percentage-point margin under simple random sampling
yielded 2,392 physicians®. This benchmark does not establish
achieved precision, population representativeness, or power
for thematic outcomes. Of 110,000 selected invitees, 3,939
appeared in the analytic sample (3.6%). This matched par-
ticipation fraction is not an American Association for Public
Opinion Research response rate: invitation delivery and eligi-
bility among nonrespondents were unverified'®. The final ana-
lytic sample also included 63 physicians without a match to
the invitation frame. Thus, dividing all 4,002 participants by
110,000 invitees (3.64%) does not estimate participation among
sampled invitees. Neither fraction establishes that respondents

resemble nonrespondents.

Population comparisons and statistical analysis
The principal benchmark was Demografia Médica no Brasil
2025, which describes physicians and active registrations in
2024'. Sex, mean age, and specialty were compared with indi-
vidual-physician estimates. Regional comparisons used partic-
ipants’ original reported state and active registrations, which
may include more than one registration per physician. The pro-
visional balancing file reassigned 103 retained participants to
other state strata; final geography and weights use their original
state. School sector and time since graduation came from the
linked administrative extract dated October 10, 2024. Age and
time since graduation were standardized to December 31, 2024.
For the municipality map, a restricted key linked respondents to
the 2024 physician registry. We selected an exact state-and-reg-
istration match or an unambiguous municipality within the
original state, plotted aggregate counts within Brazilian Institute
of Geography and Statistics (IBGE) municipal boundaries, and
omitted ambiguous addresses. Registry correspondence address
may differ from residence or practice location.

We calculated Wilson 95%Cls for proportions, a t-based
interval for mean age, standardized differences, and state

3

observed-to-expected ratios (original-state survey share divided
by the national active-registration share). Pearson goodness-
of-fit tests assessed sex, five regions, and age groups (<35,
35-44, 45-54, 55—64, and 2065 years). Intervals and p-val-
ues assume simple random sampling and do not account for
voluntary response or post-collection selection. Calibration
weights were estimated by iterative proportional fitting to
2024 sex totals, age groups among physicians with known
age, and regional active-registration totals, using the original
state’. Seven missing ages were assigned the sex-specific sam-
ple median only for calibration; descriptive age used 3,995
observed values. Weights were normalized to mean one.
Descriptive estimates used available cases and variable-specific
denominators. We reported weight range, coefficient of vari-
ation (CV), Kish weight-based design effect (DEFF)=1+CV?,
and effective n=n/DEFF". This DEFF describes weight dis-
persion, not the full sampling variance or nonresponse bias.
The effective sample size is therefore a weight-based informa-
tion benchmark, not evidence of unbiased population esti-
mates. Calibration aligns the selected observed margins but
cannot establish exchangeability between respondents and
nonrespondents or correct selection related to unmeasured
characteristics. Analyses used R version 4.6.1 (R Foundation
for Statistical Computing, Vienna, Austria).

Ethics

The Research Ethics Committee of the University of Sio
Paulo School of Medicine approved the study (Certificate of
Presentation for Ethical Consideration 71626323.8.0000.0068).
Participation was voluntary and electronic informed consent

was obtained before questionnaire completion.

RESULTS

Analytic sample and external comparison

The final sample comprised 4,002 physicians (90.2% of
submissions), including 3,939 matched to the invitation
frame (3.58% of 110,000 invitees) and 63 without a frame
match. Mean questionnaire completeness was 99.0% among
included participants; it does not indicate high participa-
tion among invitees. Women represented 51.6% (95%CI
50.1-53.2). Mean age was 48.3 years (standard deviation
[SD] 14.3; 95%CI 47.9-48.7), 3.5 years above the national
mean. At least one recognized specialty was recorded for
70.9% of participants versus 59.1% nationally. The sample
also contained more public-school graduates and longer-term

graduates (Table 1).
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Table 1. Participant profile and comparison with national physician benchmarks.

Women 2,066/4,002 51.6% 50.1-53.2 49.3% +2.3 pp
Age, mean (SD), years 3,995/4,002 48.3(14.3) 47.9-48.7 44.8(15.7) +3.5 years
Black or brown 653/3,985 16.4% 15.3-17.6 = =
North 130/4,002 3.2% 2.7-3.8 4.8% -1.6 pp
Northeast 568/4,002 14.2% 13.1=18.3 19.3% -5.1 pp
Southeast 2,209/4,002 55.2% 53.7-56.7 51.1% +4.1 pp
South 788/4,002 19.7% 18.56-21.0 15.8% +3.9 pp
Central-West 307/4,002 7.7% 6.9-8.5 9.0% -1.3 pp
Public medical school 2,244/3,887 57.7% 56.2-59.3 53.7% +4.1 pp
No recognized specialty 1,163/4,002 29.1% 27.7-30.5 40.9% -11.8 pp
One recognized specialty 1,858/4,002 46.4% 44.9-48.0 40.9% +5.5 pp
Two recognized specialties 821/4,002 20.5% 19.3-21.8 16.0% +4.5 pp
Three or more specialties 160/4,002 4.0% 3.4-4.7 2.2% +1.8 pp

Cl:confidence interval; DMB: Demografia Médica no Brasil; pp: percentage points; SD: standard deviation. Regional benchmarks use active registrations.

A dash indicates no comparator.

Geographic coverage and calibration

All 27 federative units were represented. The North and
Northeast were underrepresented by 1.6 and 5.1 percentage
points, whereas the Southeast and South were overrepresented
by 4.1 and 3.9 points. Goodness-of-fit tests identified differ-
ences for sex (chi-square[1]=8.65; p=0.003), original-state
region (chi-square[4]=126.84; p<0.001), and age group (chi-
square[4]=799.04; p<0.001). Raking converged in 25 iterations.
Weights had mean 1.000, CV 0.508, range 0.396-3.134, and
1st-99th percentiles 0.396-2.493. The Kish weight-based DEFF
was 1.259 and effective sample size was 3,180. Among 162
excluded versus 2,073 retained self-reported women, 38.3%
versus 36.2% reported at least three jobs, and 20.4% versus
17.3% reported Black/Brown race or color.

For 3,928 of 4,002 participants (98.2%), the correspon-
dence-address municipality could be linked unambiguously
within the original survey state; they represented 648 munici-
palities. The remaining 74 were not mapped (50 registry records
only in another state, 20 without a municipality code, and
four without a registry match). Panel B compares each origi-
nal state’s share of the survey with its share of active physician
registrations in the national benchmark (Figure 2).

DISCUSSION

CARE-DOC Brazil documents the construction and compo-
sition of a linked physician sample and demonstrates measur-

able deviations from national benchmarks. Respondents were

4

older and more frequently specialized, and their regional dis-
tribution differed from the benchmark. The calibration diag-
nostics quantify the dispersion of weights used to align selected
margins. These are descriptive methodological findings about
the observed sample. The linked database may support the-
matic studies, but that future utility is not itself evidence of
substantive findings on working conditions, gender equity, or
health-service outcomes in the present article.

The principal limitation is the very low matched participa-
tion fraction: only 3,939 of 110,000 invited physicians entered
the analytic sample. Random selection strengthens the invitation
framework but does not ensure a representative final sample
when participation is voluntary. Respondents may differ sys-
tematically from nonrespondents in professional engagement,
available time, experiences of discrimination, work—family con-
flict, or interest in the survey topic. These are plausible selec-
tion mechanisms, not differences demonstrated by our data.
Their direction and magnitude cannot be determined from the
available respondent data, and substantial nonresponse selection
bias remains possible'. Mobilization through specialty groups
may also have contributed to the older and more specialized
respondent profile, but this cannot be quantified.

Calibration aligned sex, age-group, and regional margins
with the chosen 2024 benchmarks’. This improves compara-
bility on those observed dimensions but cannot eliminate bias
associated with unmeasured determinants of participation or
outcomes. Regional targets based on active registrations also
differ from individual-physician totals, and the benchmarks
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Figure 2. Geographic distribution of linked participants and state-level relative participation. (A) Aggregate number of linked participants
by municipality of correspondence address in the October 10,2024 physician registry, plotted within 2024 Brazilian Institute of Geography
and Statistics municipal boundaries; 3,928 participants in 648 municipalities. The address does not necessarily indicate residence or
practice location. (B) Observed-to-expected ratios using participants’ original state; values above 1 indicate a larger survey share than the
national share. The color scale is capped at 0.5 and 2.0. State boundaries: IBGE 2024. The Demografia Médica no Brasil 2025 benchmark
reports active registrations in 2024.

precede the survey by two years. The Kish weight-based DEFF selection into that sample. Representation of all states estab-
0f 1.259 describes weight dispersion and does not measure total lishes geographic presence, not representative coverage of phy-
uncertainty or residual selection bias. Thematic studies should sicians within each state. The predominantly descriptive design
present unweighted estimates alongside calibrated sensitivity limits the scientific contribution to documenting sample con-
analyses and report weight dispersion and effective sample size. struction and assessing its observed composition and inferen-
Agreement between weighted and unweighted estimates would tial constraints. It does not estimate causal effects or demon-
show robustness to the specified calibration, not proof of pop- strate future consequences for physicians or health services.
ulation validity. Linkage reduced respondent burden and sup- Population prevalence estimates and associations derived from
ported classification of career attributes, but it can also gener- this resource require explicit qualification because calibration
ate selection and classification error''. Analyses should retain cannot justify unrestricted national inference.

match indicators, document registry rules, and compare linked
and unlinked records when relevant. Adapted multi-item con-

structs require reliability and dimensional assessment before CONCLUSION

composite scores are compared; the survey as a whole is not a CARE-DOC Brazil provides a documented linked analytic
diagnostic or psychometric scale. sample of 4,002 physicians and an empirical assessment of its

Additional limitations include post-collection exclusion of composition, geographic presence, and calibration diagnostics.
162 women to balance sex and state, 63 participants unmatched The low matched participation fraction, voluntary response,
to the invitation frame, differences between 2024 registry data and post-collection selection limit generalizability. Random
and 2026 responses, self-report error, and no formal prefield invitation and administrative linkage do not overcome these
cognitive interviewing. Post-collection exclusions may further limitations, and calibration cannot remove unmeasured nonre-
alter the composition of the sample and thematic estimates. sponse bias. Subsequent thematic studies can use this resource
High questionnaire completeness and audited linkage improve to examine patterns among participants, with calibrated sensi-
data quality among included participants but do not resolve tivity analyses and explicit limits on population interpretation.
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Pain, anxiety, and comfort among women
undergoing medical termination

Seda Karacay Yikar'™ ©, Melike Nur S6nmez? ©, Fikriye Isil Adiguizel®* ®, Evsen Nazik’

SUMMARY

OBJECTIVE: This study aimed to determine pre- and post-procedural anxiety, intra- and post-procedural pain, and post-procedural comfort among
women undergoing medical termination.

METHODS: This descriptive correlational study included 55 women who underwent medical termination. Data were collected between April and
December 2024 using a Personal Information Form, the Visual Analog Scale, the State-Trait Anxiety Inventory, and the Perianesthesia Comfort Scale.
RESULTS: The mean Visual Analog Scale score was 8.96+1.08 during the procedure and 4.81+1.59 after the procedure, with the difference being
statistically significant (p<0.05). The mean pre-procedural Trait Anxiety Inventory score was 47.34+4.99. The mean pre-procedural State Anxiety
Inventory score was 37.85+3.97, whereas the mean post-procedural State Anxiety Inventory score was 36.18+3.42, indicating mild anxiety. The
difference between the pre- and post-procedural State Anxiety Inventory scores was statistically significant. The mean post-procedural Perianesthesia
Comfort Scale score was 92.52+10.41. Multiple linear regression analysis showed that pain, anxiety, indication for termination, and the need for
psychological support collectively explained 34% of the variance in comfort.

CONCLUSION: Women undergoing medical termination experienced anxiety both before and after the procedure, severe intra-procedural pain,
and moderate post-procedural pain. Pain, anxiety, termination indication, and need for psychological support significantly predicted post-procedural
comfort. Medical termination care should adopt a holistic approach integrating effective pain and anxiety management to improve women’'s comfort.
KEYWORDS: Abortion, legal. Anxiety. Pain. Comfort. Nurses.

INTRODUCTION experienced during and after the procedure, directly affect wom-
Pregnancy is generally expected to progress normally and culmi- en’s comfort levels’. Therefore, this study aimed to evaluate pre-
nate in childbirth. However, certain complications arising during and post-procedural anxiety, intra- and post-procedural pain, and
pregnancy may impair the well-being of both the mother and comfort levels among women undergoing medical termination.

the fetus'. Medical termination may be required when mater-
nal life is threatened or serious fetal anomalies are identified®?.
Advances in prenatal screening have increased the detection METHODS
of fetal anomalies. The incidence of fetal anomalies leading to
intrauterine pregnancy loss and medical termination has reached Study design and participants

up to 4-5%". The diagnosis of fetal anomalies often obliges This cross-sectional, descriptive study was conducted between
families to make the difficult decision of whether to terminate April and December 2024 at a city hospital in a province in the
the pregnancy’. Medical termination is often experienced as Mediterranean region of Turkey. The study included women
a life crisis associated with psychological, social, and spiritual aged 18-49 years who were admitted for medical termination,
challenges*®. Recent studies have shown that the medical ter- had a medical indication, had a gestational age of less than 18
mination process causes considerable psychological distress in weeks, and had no communication difficulties, psychiatric dis-
women and significantly increases anxiety levels”®. orders, or psychiatric medication use.

Holistic care addressing women’s comfort improves health- For the sample size calculation, effect sizes reported in pre-
care outcomes and patient satisfaction. Emotional fluctuations vious studies evaluating pain levels associated with medical ter-
experienced during this process, along with fear, anxiety, and pain mination were used as a reference'’. A moderate-to-large effect
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Pain, anxiety, and comfort in medical termination

size (d=0.60) was assumed. With the Type I error probability
set at 0=0.05 and a sample size of 55, the statistical power to

detect changes in pain levels was calculated as 1 - B=0.94.

Data collection tools
The Personal Information Form included eight researcher-de-
veloped questions”?.

The Visual Analog Scale (VAS) consists of a 10-cm line dis-
played horizontally or vertically. One end of the line represents
“no pain,” whereas the other represents “the worst imaginable
pain.” Patients are asked to mark the point on the line that best
reflects the intensity of the pain they experienced. The distance
between the “no pain” anchor and the patient’s mark represents
the individual’s pain intensity!!.

The State-Trait Anxiety Inventory (STAI) is a self-report
instrument consisting of 40 items and two subscales: the State
Anxiety Inventory (SAL items 1-20), which assesses situational
anxiety, and the Trait Anxiety Inventory (TAL; items 21-40),
which measures long-term anxiety tendencies. Scores for each
subscale range from 20 to 80, with higher scores indicating
greater levels of anxiety; scores above 42 indicate high anxiety?.
The Cronbach’s alpha coefficient in this study was 0.88.

The Perianesthesia Comfort Scale (PCS) consists of 24 items
that evaluate individuals’ cognitive processes and self-percep-
tions following invasive procedures. The scale is a six-point
Likert-type instrument (1=strongly disagree, 6=strongly agree).
Total scores range from 24 to 144, with higher scores indicating
greater comfort. The validity and reliability of the scale were
established by Ustiindag and Aslan, who reported a Cronbach’s
alpha coeflicient of 0.89%. The Cronbach’s alpha coeflicient for
the PCS in this study was 0.80.

Data collection

The study was conducted between April and December
2024 among women hospitalized in the obstetrics and perina-
tology service for medical termination. Before the procedure,
participants completed the Personal Information Form and
STAI including the SAI and TAI subscales. VAS was admin-
istered during the procedure and again 15-20 min afterward.
Before discharge, participants completed the SAT and the PCS.
A standard medication protocol for cervical effacement and
dilation standard (Figure 1) and analgesia protocol for pain

management (Figure 2) were implemented for all participants.

Week of Goal / Clinical Misoprostol Route of Misoprostol
Pregnancy Objective Dosage Administration Administration
Interval
Group 1: <12 To relax the cervix | 200 pg BU/ SL/ PV* Misoprostol 800pg
weeks and facilitate (Single Dose) every 3 hours until
(Early Pregnancy) | dilation prior to a expulsion
surgical procedure
(vacuum
aspiration).
Group 2: 13-17 To ensure deep 200 pg BU/ SL/ PV* Misoprostol 400
weeks ripening in order to | (Single Dose) Preferably; PV/ SL | pgevery 3;
(End of the first reduce the risk of 200 pg PV*
trimester / cervical trauma and 200 pg SL
Beginning of the perforation prior to hours until
second trimester) D&E (Dilation and expulsion
Evacuation).

*Buccal (BU) | Sublingual (SL) |Per Vagina (PV)

https://www.figo.org/sites/default/files/2024-01/FIGO-Miso-Chart-11-

2023%20FINAL%20%281%29%20%281%29.pdf

Notes on Table and Clinical Monitoring Parameters

e Clinical Monitoring: Following administration of the medication, patients were closely monitored for

potential side effects of misoprostol, such as cramps, vaginal bleeding and shivering/fever, until the time of

the procedure.

e  Surgical Stage: Once cervical effacement (100 per cent) and dilation (10 cm) were complete in women who

had received misoprostol, they were taken to the examination room for the curettage procedure, where the

surgical procedure was performed.

Figure 1. Misoprostol protocol by gestational week.
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Administration of misoprostol

100% cervical effacement + 10 cm dilation

l

The woman is taken to the examination room

!

Lithotomy position

l

50 mg Ketavel + 500 mL Izolen solution
Start of IV infusion (500 mL/hour)

!

First VAS assessment at 10 minutes

l

Curettage procedure (average 15-20 mins)

!

The woman is transferred to a ward bed

15-20 minutes after being transferred to the bed
second VAS assessment

Figure 2. Clinical procedure, administration of analgesia and pain
assesement procedure.

Data analysis

Data were analyzed using IBM SPSS Statistics Version 21.0.
Normality was assessed using skewness and kurtosis values.
Descriptive statistics, dependent-samples t-test, and multiple
linear regression analysis were performed. Statistical signifi-
cance was set at p<0.05.

Ethical considerations

Ethical approval was obtained from the relevant ethics com-
mittee (Approval number: 135-41; July 14, 2023). Each
patient’s written consent was obtained in accordance with the
Declaration of Helsinki.

RESULTS

The mean age of the women was 29.60+6.68 years, and the
mean gestational age was 12.7822.15 weeks (Table 1).

The mean VAS score was 8.96+1.08 during the procedure
and 4.81+1.59 15 min afterward. This difference was statisti-
cally significant (p<0.05). The mean pre-procedural TAI score
was 47.34+4.99, indicating high anxiety levels. The mean SAI
score was 37.85%3.97 before the procedure and 36.18+3.42
after the procedure, indicating mild anxiety at both time points.
The difference between the pre- and post-procedural SAI scores
was statistically significant (p<0.05). The mean post-procedural
PCS score was 92.52+10.41, indicating a moderate level of
comfort (Table 2).

According to the multiple linear regression analysis, the model
predicting PCS scores was statistically significant (R=0.590,
R?=0.348, Adjusted R*=0.251, F=3.581, p=0.004), and the

3

Table 1. Distribution of the participants’ descriptive characteristics
(n=55).

Characteristics - %

Educational status

Primary 26 47.3

Secondary 13 23.6

Associate degree or higher 16 291
History of curettage/dilation

Yes 20 36.4

No 39 63.6
Emotion experienced after the procedure

Sadness or grief 28 50.9

Guilt, regret, or feelings of sinfulness 10 18.2

Anxiety, stress, or fear 9 16.4

Anger or resentment 5 9.1

Relief 3 5.5
Need for psychological support

Yes 14 25.5

No 41 74.5
Indication for termination

Intrauterine death 27 491

Other indications (hereditary disorders, 8 50.9

developmental abnormalities, etc.) ’

Mean+SD
Age: 29.60+6.68 (min.:18, max.:43)

Total number of pregnancies: 3.07+1.77 (min.:1, max.:9)

Gestational age (weeks): 12.78+2.15 (min.: 8, max.:17)

SD: standard deviation.

Table 2. Distribution of women’s mean Visual Analog Scale, State-
Trait Anxiety Inventory, and Perianesthesia Comfort Scale scores
across procedural phases.

Time Mean+SD | Min-max t p
Intra-procedural
VAS 8.96+1.08 7-10
=) dlural 26.47 | 0.001
ost-procedura ~
VAS 4.81+1.59 1-8
Pre-procedural 47344499 co
TAl
grA?-procedural 3785:3.97 oy
3156 0.003
Post-procedural 3618+3.42 oy
SAl
Post-procedural ~
PCS 92.62+10.41 | 24-144

SD: standard deviation; VAS: Visual Analog Scale; TAl: Trait Anxiety
Inventory; SAl: State Anxiety Inventory; PCS: Perianesthesia Comfort
Scale. Bold values indicate statistically significant results (p<0.05).
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independent variables explained 34% of the variance in com-
fort scores. The analysis revealed that post-procedural pain at
15 min (B=0.489), indication for termination ($=0.251), and
the need for psychological support (=0.291) were significant
predictors of comfort (Table 3).

DISCUSSION

When pregnancy loss occurs due to fetal health problems, it
may lead to psychological difficulties for women. Studies have
shown that women experience feelings of anger, resentment,
guilt, anxiety, hopelessness, and depression following medical
termination®'*">. The findings demonstrated that most women
did not seek psychological help. This may be because they were
unaware of their need for psychological support.

Women experienced severe pain during the procedure, fol-
lowed by a significant reduction in pain intensity after the pro-
cedure. These findings are consistent with previous studies'.
The high level of pain experienced during the procedure may be
attributable to the invasive nature of the intervention, includ-
ing cervical dilation and uterine manipulation. The reduction
in pain following the completion of the termination proce-
dure is physiologically plausible because uterine stimulation
decreases once the intervention has ended. However, post-pro-
cedural pain may have been influenced by the timing of the
assessment, which occurred before the analgesic reached its
maximum effect. In addition, psychological stress may have
heightened women’s pain perception.

The sudden decision to undergo medical termination, uncer-
tainty about the procedure, fear of pain, inadequate information,
concerns about complications, and fetal loss may all contribute
to women’s anxiety'*!”. Pre-procedural anxiety scores were sig-

nificantly higher than post-procedural scores, consistent with

Table 3. Multiple linear regression analysis predicting patient comfort.

previous studies'®?°. Higher pre-procedural anxiety may reflect
uncertainty and fear, whereas the decline after the procedure
likely reflects relief following its completion.

According to the model established in the study, pain, anxi-
ety, indications for termination, and the need for psychological
support were significant factors affecting women’s post-proce-
dural comfort. Women'’s experience of comfort is a complex
and multidimensional phenomenon. The finding that comfort
levels decreased as anxiety increased suggests a strong and clini-
cally meaningful association between these variables. Although
few studies have directly examined comfort following medical
termination, findings from studies involving other patient pop-
ulations have similarly shown that pain and anxiety negatively
affect comfort, supporting the present results?*.

These findings indicate that anxiety is an important clini-
cal determinant of comfort during medical termination, high-
lighting the need for care that addresses both physical and psy-
chological needs. The association between higher anxiety and
lower comfort suggests that interventions should extend beyond
physical symptom management. Although women reported
moderate post-procedural comfort, this does not necessarily
reflect optimal well-being, as comfort is a multidimensional
concept encompassing physical, psychological, environmen-
tal, and sociocultural dimensions. Reduced pain and the res-
olution of uncertainty may have improved physical comfort,
whereas the emotional burden of pregnancy loss likely limited
overall comfort.

Limitations of the study

Conducting the study at a single center was one of the main
limitations of this study. The administration of the scales before
discharge and the absence of repeated measurements may have

limited the evaluation of time-dependent changes in anxiety,

Variable B Std. error Beta t p Tolerance VIF
Constant 105.393 19.645 - 5.365 0.000 - -
Intra-procedural VAS -3.171 1.602 -0.331 -1.979 0.054 0.496 2.017
Post-procedural

VAS (15 min) 3.185 1.083 0.489 2.941 0.005 0.5602 1.993
Post-procedural SAl -0.548 0.385 -0.180 -1.421 0.162 0.863 1.159
Indication for termination 1.297 0.637 0.251 2.037 0.047 0.913 1.096
Gestational age (weeks) -0.015 0.593 -0.003 -.026 0.980 0.920 1.087
Need for psychological 6.903 3134 0.291 2.203 0.033 0.828 1.208
support

o TG 1.300 2612 0.061 0.498 0.621 0.937 1.068

R=0.590, R?=0.348, Adjusted R?=0.251, F=3.5681, p=0.004. VAS: Visual Analog Scale; SAl: State Anxiety Inventory; VIF: variance inflation factor. Bold

values indicate statistically significant results (p<0.05).

Rev Assoc Med Bras. 2026;72(9):20260403

4



Yikar SK et al.

pain, and comfort levels. In addition, collecting the data during
the pre-discharge period may have resulted in responses being
influenced by temporary emotional states, as women were likely
still experiencing the physical and emotional effects of the proce-
dure. Furthermore, the inclusion of women with specific socio-
demographic and clinical characteristics may limit the generaliz-
ability of the findings to other cultural and clinical populations.

Another limitation was the inability to control for poten-
tial confounders, such as the amount of pre-procedural infor-
mation, previous pregnancy loss, and individual coping mech-
anisms. Participants’ emotional distress related to pregnancy
loss may also have influenced pain perception and self-reported
pain scores. In addition, including women with fetal anoma-
lies and intrauterine fetal death in the same sample may have
introduced heterogeneity because these conditions involve
different psychological and clinical processes. Finally, com-
fort was assessed using a scale developed for post-anesthesia
patients, which may not have fully captured comfort specific

to medical termination.

CONCLUSION

This study demonstrated that women undergoing medical ter-
mination experienced anxiety both before and after the pro-
cedure, severe pain during the procedure, and moderate pain
after the procedure. Higher anxiety levels were associated with
lower post-procedural comfort. Therefore, routine assessment
of anxiety before uterine evacuation and the implementation
of targeted interventions to reduce anxiety may help improve
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