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Dear Readers,

It is our pleasure to share the third issue of 2026 with you. This issue brings
together a diverse collection of scholarly contributions focusing on current
topics, emerging challenges, and important developments in primary care and
healthcare delivery. We are pleased to present 13 original research articles
offering perspectives that we hope will be of value to healthcare professionals,
particularly those working in primary care.

As Tirkiye’s leading journal in the field of primary care, we continue our
commitment to providing high-quality, timely, and evidence-based scientific
content. We believe that sharing research and fostering scientific dialogue are
essential to supporting professional development and contributing to the
continuous improvement of healthcare services. We sincerely appreciate the
efforts of our authors, reviewers, readers, and all those who contribute to the
ongoing development of our journal.

We hope that the articles featured in this issue will provide useful insights
for clinical practice, stimulate further discussion and research, and contribute to
the advancement of primary care. The continued interest and engagement of our
readers remain an important source of motivation for us as we work to
strengthen scientific communication and support innovation in healthcare.

We are delighted to share this new issue with you and look forward to

bringing together another selection of valuable contributions in our forthcoming
issue.

Prof. Dr. Ahmet Keskin
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Abstract
Objectives: Consultation-related delays contribute to emergency department (ED)

crowding, especially for internal medicine referrals. The 5C consultation model provides a
structured communication framework that may improve consultation efficiency when
embedded in digital systems.

Materials and Methods: This single-center quasi-experimental pre-post study was
conducted in the ED of a tertiary-care hospital with approximately 450,000 annual visits.
Internal medicine consultations requested from yellow-zone observation units were
compared before (July 1-10, 2023) and after (July 20-30, 2023) implementation of a
structured digital consultation form based on four 5C elements (Contact, Communicate, Core
Question, Closing the Loop) following a 40-minute resident training session. The primary
outcome was consultation-to-decision time.

Results: Fifty-four emergency medicine residents generated 194 pre-intervention and 141
post-intervention consultations. Median consultation-to-decision time decreased from 65
minutes (IQR 40-112) to 44 minutes (IQR 28-69; p<0.001). Consultation response time and
final decision time also decreased significantly (both p<0.001). Total ED LOS remained
unchanged (median, 15 hours in both periods; p=0.772). Repeat consultations were less
frequent after the combined intervention (p=0.035).

Conclusion: The four-component 5C-derived model digital consultation form, combined
with targeted resident training, was associated with shorter consultation-related decision
intervals and fewer repeat internal medicine consultations, without changing overall ED
LOS. These preliminary findings suggest that digitizing structured communication may
improve workflow efficiency, though multicenter randomized trials are required to confirm
these effects.

Keywords: Emergency department, referral and consultation, communication, electronic

health records, patient care management.

Ankara Med J, 2026;(3):319-336 // @ 10.5505/am;j.2026.72929
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Introduction

The emergency department (ED) is one of the hospital settings in which specialist
consultations are requested most frequently.! Consultations initiated from the ED are
generally sought to support key aspects of patient care, including determining the need for
hospital admission, refining diagnostic and therapeutic decision-making, performing

specialized procedures, and coordinating safe follow-up and post-discharge care.12

The duration between the consultant's arrival at the ED, the completion of the consultation,
and final decision-making accounts for approximately 33% of the ED length of stay (LOS) in
discharged patients and 54% in hospitalized patients.? Studies have demonstrated that
prolonged ED LOS is associated with decreased patient satisfaction, increased rates of
hospital admission, and elevated mortality.* Conversely, implementing specific
communication systems has been shown to improve consultation response times and reduce

ED LOS.46

To improve consultation efficiency in emergency settings, Kessler developed the 5C
Consultation Model, which aims to standardize the consultation process. This model
provides a structured framework for comprehensive patient assessment, identification of
optimal treatment options, and coordination of interdepartmental transfers. The 5Cs
represent the following sequential steps: Contact, Communicate, Core Question, Collaborate,

and Closing the Loop.”

Due to the broad scope of internal medicine and the high frequency of comorbid internal
diseases in patients presenting to various specialties, it remains one of the most frequently
consulted departments in emergency medicine.? Previous studies evaluating delays in the
ED have identified consultation-related factors as the third most common cause of delay

among patients requiring internal medicine evaluation.?10

We hypothesized that using a structured digital format based on the 5C model would

significantly reduce consultation decision times compared with standard unstructured

Ankara Med J, 2026;(3):319-336 // @ 10.5505/am;j.2026.72929
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request methods. We aimed to integrate the four-component 5C-derived model into the
hospital digital consultation form and evaluate the effect of internal medicine consultations

requested via this digital format on patient management.

Materials and Methods

Study design and setting

We conducted a single-center quasi-experimental pre-post intervention study in the
Emergency Medicine Department of Ankara Bilkent City Hospital, a tertiary-care center with
an annual ED census of approximately 450,000 visits. The study was carried out from June
1,2023, to September 1, 2023. The ED is organized using a triage-based workflow with eight
observation units: two high-acuity (red) units, four urgent (yellow) units, and two non-
urgent (green) units. Each unit contains 24 stretcher bays. This manuscript was revised with
reference to the TREND statement for the reporting of nonrandomized evaluations of

behavioral and public health interventions.

The study was conducted in accordance with the ethical principles of the Declaration of
Helsinki and was approved by the Ankara Bilkent City Hospital Ethics Committee (approval
no. E1-23-3508; approval date: May 10, 2023). Written informed consent was obtained from
all participating physicians and patients. No formal a priori sample size calculation was
performed because this study was designed as a pilot quasi-experimental study to evaluate
the feasibility and preliminary effect of the structured digital consultation intervention.
Therefore, all eligible consultations during the predefined study periods were included in

the analysis.

Participants

We analyzed internal medicine consultation requests initiated by emergency medicine

resident physicians for patients managed in the ED yellow-zone observation units.

Ankara Med J, 2026;(3):319-336 // @ 10.5505/am;j.2026.72929
321



ANKARA
MEDICAL

Because prior exposure to a structured consultation curriculum can influence consultation
performance, residents who had previously received formal training in the 5C consultation

model were excluded.

For all participating residents, we collected demographic and training characteristics,

including age (years), sex, and residency training duration (months).

Inclusion criteria

The ED was the patient's initial point of care.

The patient was being monitored in a yellow-zone observation unit.

The consultation request was directed to the Department of Internal Medicine.

Exclusion criteria

The time metrics of repeat internal medicine consultations for the same patient encounter
after the initial request. Repeat consultations were not included as separate observations in
the primary time-based analyses; only the first internal medicine consultation for each ED

encounter was considered the index consultation.

Patients initially managed in red or green zones, or transferred to these zones during follow-
up. Incomplete or unfinalized consultations (e.g., no documented consultant response or
decision). Patients who left the ED before treatment or evaluation was completed.
Consultation requests in which the study-specific digital consultation form was not used

during July 20-30, 2023.

Intervention

In the study hospital, consultations are initiated and completed via the Hospital Information

Management System (HIMS). The system records the following timestamps: time of

Ankara Med J, 2026;(3):319-336 // @ 10.5505/am;j.2026.72929
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consultation request, time of the consultant's first evaluation, and time the consultant

completes and records the response.

The original 5C consultation model was developed for verbal consultation requests. Because
real-time verbal collaboration could not be incorporated into the digital workflow, we
developed a four-component 5C-derived digital consultation form containing Contact,
Communicate, Core Question, and Closing the Loop. This digital form, together with the
resident training session, constituted the combined intervention evaluated in this study
(Table 1).

Table 1. Four-component 5C-derived digital consultation form adapted for use in the

emergency department.

Component Template content
Contact Dear Colleague,
Communicate A ...-year-old male/female presented to the emergency department with the chief

complaint of.... Symptoms have been present for ... days and are associated with....
Past Medical History: ...

Current Medications: ...

Pertinent Physical Examination Findings: ...

Vital Signs: Temperature ... °C; Heart rate ... bpm; Blood pressure .../... mmHg; SpO2
..%.

Laboratory Findings: ...

Imaging Findings: ...

Core Question In the emergency department, the patient was started on ... for a working diagnosis
of.... We kindly request your evaluation and recommendations regarding ... at your

earliest convenience.

Closing the Loop Observation unit: ... / Dr. ...

All consultations included in the study were extracted from HIMS during July 2023. The

internal medicine department at the study hospital operates through various subspecialty

Ankara Med J, 2026;(3):319-336 // @ 10.5505/am;j.2026.72929
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units, and emergency consultant physicians rotate monthly across clinics. To standardize the

consultant clinic and minimize variability, data collection was restricted to July 2023.

From July 1-10, 2023, no intervention was made in the routine consultation request process
(pre-intervention). A 40-minute didactic lecture explaining the 5C model and the use of the
digital consultation form was delivered to participating emergency medicine residents via
Zoom on July 15, 2023. On July 20, the digital consultation form was installed on computers
in the observation units. Residents were instructed to use the form when requesting internal
medicine consultations from July 20-30, 2023. Internal medicine consultants and the

researchers conducting the data analysis were blinded to the study intervention.

The 40-minute Zoom-based training session included: (1) the rationale for structured
consultation in the ED, (2) an overview of the original 5C consultation model, (3) the
adaptation of four 5C components to the digital consultation workflow, (4) step-by-step
instruction on completing the electronic consultation form, (5) example consultation
scenarios, and (6) a brief question-and-answer session. During the intervention period, the
study-specific consultation template was installed on observation-unit computers and
residents were instructed to use it for all eligible internal medicine consultations.
Compliance was assessed retrospectively through HIMS records, and consultation requests
that did not use the study-specific digital form during the intervention period were excluded

from analysis.

Measurements and outcomes

Consultation response time (minutes): the interval between the time the consultation

request was entered into HIMS and the time of the consultant's first documented evaluation.

Consultation-to-decision time (minutes): the interval between the time the consultation
request was entered into HIMS and the time the consultant completed and documented the

consultation response in the system.

Ankara Med J, 2026;(3):319-336 // @ 10.5505/am;j.2026.72929
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Final decision time (hours): the interval between the initial consultation request and the

time the final ED disposition decision (hospitalization or discharge) was recorded.

ED length of stay (ED LOS): the interval between the patient's registration or admission to
the ED and physical departure from the ED.

Repeat consultation frequency: The total count of any subsequent internal medicine
consultation requests generated for the same patient following the initial consultation. The

number of included initial index consultations served as the denominator for this outcome.

The primary outcome was consultation-to-decision time. Secondary outcomes were

consultation response time, final decision time, ED LOS, and repeat consultation frequency.

Statistical Analysis

Statistical analyses were performed using SPSS for Windows, Version 20.0. Resident
demographic characteristics were summarized descriptively. Categorical variables were
reported as frequencies and percentages and were compared using the chi-square test or
Fisher's exact test, as appropriate. The distribution of continuous variables was assessed
using the Shapiro-Wilk test. Normally distributed continuous variables were reported as
mean +/- standard deviation (SD), whereas non-normally distributed variables were
reported as median and interquartile range (IQR). The independent samples t-test was used
for normally distributed variables, and the Mann-Whitney U test was used for non-normally
distributed variables. In addition to p-values, absolute between-group differences were
reported to improve clinical interpretability. For non-normally distributed outcomes,
median differences were presented. Effect sizes were also calculated for between-group

comparisons where appropriate. A p-value of <0.05 was considered statistically significant.

Results

Ankara Med J, 2026;(3):319-336 // @ 10.5505/am;j.2026.72929
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Consultations requested by 54 emergency medicine residents were included in the study. Of
the participating residents, 33 (61.1%) were male, and 21 (38.9%) were female. The mean

age was 27 * 2 years, and the mean duration of residency was 10 * 4 months.

Atotal of 194 pre-intervention and 141 post-intervention consultations were included in the
study over the one month. Data regarding excluded consultations are presented in the

flowchart (Figure 1).

Baseline encounter and requesting-physician characteristics before and after
implementation are presented in Table 2. Requesting physician age and residency duration
were similar between the two periods, whereas patient sex distribution and consultation

request time differed significantly.

Table 2. Baseline encounter and requesting-physician characteristics before and after

intervention.
Characteristic Pre-intervention Post-intervention p value
(n=194) (n=141)

Patient sex, male/female,n 115/79 63/78 0.011

Consultation request time, 0.043

n (%)
00:00-08:00 57 (29.4) 34 (24.1) 0.043
08:00-16:00 40 (20.6) 18 (12.8) 0.651
16:00-00:00 97 (50.0) 89 (63.1)

Requesting physician age, 27 (26-29) 27 (25-29)

years, median (IQR)

Residency duration, 10 (7-12) 10 (7-12) 0.495

months, median (IQR)
p values were calculated using the chi-square test for categorical variables and the Mann-

Whitney U test for continuous variables. The sex comparison p-value was calculated from

the available counts. IQR, interquartile range.

Ankara Med J, 2026;(3):319-336 // @ 10.5505/am;j.2026.72929
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Figure 1. Flow diagram of included and excluded consultations.
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The median consultation-to-decision time, which was the primary outcome, decreased from
65 minutes (IQR 40-112) in the pre-intervention period to 44 minutes (IQR 28-69) in the
post-intervention period, corresponding to an absolute median reduction of 21 minutes
(p<0.001) (Figure 2). Consultation response time was also significantly shorter in the post-
intervention period, with an absolute reduction of 14 minutes (p<0.001). Final decision time
also decreased significantly, from 8 hours to 5 hours, corresponding to an absolute median
reduction of 3 hours (p<0.001). There was no significant difference in total ED LOS (p=0.772)
(Table 3). Effect-size estimates are presented in Table 3. The largest effect was observed for
consultation response time, while consultation-to-decision time and final decision time
showed moderate effect sizes in favor of the post-intervention period. In contrast, the effect-
size estimate for total ED LOS was negligible, consistent with the absence of a meaningful

difference in overall ED stay between the two periods.

Data regarding secondary endpoints (consultation response time, final decision time, ED
LOS, and repeat consultations) are presented in Figure 2. Repeat consultations were
significantly lower in the post-intervention period. This difference was attributed to the

distribution shown in Figure 3.

Consultation completion time (min)

50 1 i
-
H
-
-
25 1
o -
Pre training After training
Training

Figure 2. Consultation-related time outcomes before and after implementation of the digital

5C form.

Ankara Med J, 2026;(3):319-336 // @ 10.5505/am;j.2026.72929
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Table 3. Main consultation outcomes before and after intervention.

Outcome Pre-intervention Post-intervention Median Effect size P
(n=194) (n=141) difference (95% (95% CI) value
()]
Consultation 23 (12-43) 9 (5-18) -14.0 (-17.73to-  -0.503 (-0.605 <0.001
response time, 10.27) to -0.397)

min, median

(IQR)
Consultation-to- 65 (40-112) 44 (28-69) -20.5(-31.38to-  -0.315(-0.430 <0.001
decision time, 9.62) to -0.200)

min, median

(IQR)

Final decision 8 (5-15) 5(2-9) -3.0 (-4.39 to - -0.348 (-0.465 <0.001
time, h, median 1.61) to -0.235)

(IQR)

ED length of stay, 15 (9-26) 15 (9-24) 0.5(-2.64t03.64) -0.019(-0.143 0.772
h, median (IQR) to 0.111)

Internal 1(0-2) 1(0-2) 0.0 (0.0 to 0.0) -0.130 (-0.251  0.035
medicine to -0.008)
reconsultation

count per

encounter,

median (IQR)

Note: Repeat consultation was defined as any additional internal medicine consultation
request recorded for the same patient during the same ED encounter after the initial

consultation. The denominator was all eligible consultation encounters in each period: 194

Ankara Med J, 2026;(3):319-336 // @ 10.5505/am;j.2026.72929
329



ANKARA
MEDICAL

before and 141 after implementation. Standardized effect sizes were calculated using rank-

biserial correlation.

pre-intervention

post intervention

J==1

o 2 4 S 8
Distribution of reconsultation numbers

Figure 3. Distribution of repeat internal medicine consultations before and after

implementation

Discussion

In this single-center quasi-experimental pre-post study, the combined intervention
consisting of a four-component 5C-derived digital consultation form and targeted resident
training was associated with shorter internal medicine consultation-related intervals.
Median consultation-to-decision time decreased from 65 to 44 minutes, consultation
response time decreased by 14 minutes, and final decision time decreased from 8 to 5 hours.
Repeat consultations were also less frequent after the intervention. However, overall ED LOS
remained unchanged. These findings suggest that the combined intervention may support
consultation-related process efficiency, although causal conclusions cannot be drawn from

the present study design.

Ankara Med J, 2026;(3):319-336 // @ 10.5505/am;j.2026.72929
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The primary outcome of this study was the significant reduction in median consultation-to-
decision time, which decreased from 65 minutes to 44 minutes following implementation of
the four-component 5C-derived model. This approximately 32% improvement represents a
clinically meaningful gain in ED efficiency. Our results are consistent with a recent
systematic review by Beckerleg et al., which analyzed nine studies and concluded that
workflow interventions-ranging from SMS messaging to process restructuring-consistently
reduce consultation-to-decision times.!! Specifically, our digital intervention aligns with
findings by Ravi et al., who demonstrated that integrating consult orders directly into the
electronic health record reduced consult response time by 15 minutes.12 The 5C model was
originally developed by Kessler et al. to optimize verbal communication; our findings suggest
that a digital form derived from the 5C framework, when combined with resident training,
may support more timely consultation processes.3> However, because the digital form and
resident training were implemented together, their individual contributions to the observed
associations could not be determined. By embedding the 5C framework into a structured
digital consultation template, we created a forcing function that promoted clear articulation
of the core question at the earliest point of contact, reducing delays caused by back-and-forth

clarification.

Beyond speed, the reduction in repeat consultations (p=0.035) suggests a potential
improvement in communication clarity, likely by reducing the need for back-and-forth
questioning. Previous educational interventions, such as those by Turner et al., failed to
show significant improvements in consultation quality, suggesting that training alone may
not change complex behaviors.13 In contrast, our study mandated the structured entry of
critical information, including Contact and Core Question elements. This supports the view
of Baylis et al. that standardization mitigates ambiguity.1* By digitally enforcing these
parameters, our model minimized the information asymmetry that often leads to redundant
re-evaluations and callbacks. Interestingly, despite shorter consultation and decision-
making intervals, total ED LOS remained unchanged (median, 15 hours in both periods;
p=0.772). This finding contrasts with Ravi et al., who reported a 52-minute reduction in ED

LOS following implementation of an integrated consultation order.** More recent studies
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have also reported improvements in ED LOS or other time-sensitive care intervals after
implementing digital consultation and EHR-based consultation workflows.**>*¢ The absence
of a significant ED LOS difference in our study suggests that shorter consultation-related
intervals may not translate into earlier physical departure when downstream factors, such
as inpatient bed availability, boarding, and institutional admission or discharge processes,
remain unchanged. Consultation delay represents only one component of the multifactorial

process underlying ED crowding.®

Educational interventions may be affected by reliance on memory and possible skill decay.
Previous studies involving medical students demonstrated the educational value of the
original 5C consultation model.?”>'® In the present study, resident training was combined
with a four-component 5C-derived digital consultation form embedded in HIMS. This
combined approach may provide point-of-care prompts for structured consultation
requests; however, its long-term sustainability and independent effects require further
evaluation. From a family medicine perspective, a structured digital consultation form may
support clearer documentation of acute interventions and follow-up needs during
transitions from the ED to outpatient care. For family medicine residents undergoing ED
rotations, a four-component 5C-derived digital consultation form combined with

consultation training may also help standardize interdepartmental referral communication.
Limitations

Our study has several limitations inherent to its design. First, it was conducted in a single
tertiary-care center and included only internal medicine consultations, which limits the
generalizability of our findings to other ED settings and specialties. Second, the study used a
nonrandomized pre-post intervention design rather than a randomized controlled trial.
Because participants were not randomly assigned to intervention and control conditions,
causal inference should be made cautiously, and unmeasured confounders may have
influenced the observed associations. Therefore, several potential sources of bias should be
considered when interpreting the results. A learning effect may have contributed to
improved consultation performance after the training session, independent of the digital
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form itself. In addition, a Hawthorne effect is possible, as residents who were aware of the
intervention may have modified their consultation behavior during the post-intervention
period. The pre-post design is also vulnerable to temporal bias, including differences in
patient case mix, workload, staffing patterns, consultant availability, and inpatient bed
capacity across the study periods. Furthermore, because the study primarily focused on
consultation process metrics and physician workflow, only a limited set of patient-level
baseline characteristics was available. Although patient sex was recorded, data on patient
age, presenting diagnosis, comorbidities, clinical severity, and physiological parameters
were not collected. Therefore, residual differences in patient case mix or complexity between
the pre- and post-intervention periods cannot be excluded. Although we restricted data
collection to a single month (July) to reduce seasonal variation, consultant rotation-related
variability, and the potential effects of resident maturation, residual confounding cannot be
excluded. Third, although repeat consultation frequency differed between the two periods,
this variable was an indirect process measure, and we did not qualitatively assess
consultation content, verbal interactions, or communication quality. Finally, our primary
outcomes were process-based time measures, and we did not assess the direct impact of the
intervention on patient-centered clinical outcomes such as mortality, readmission, or other

downstream measures of care quality.

Conclusion

The combined intervention consisting of a four-component 5C-derived digital consultation
form and targeted resident training was associated with shorter consultation-related
intervals and may support consultation workflow efficiency in the ED. However, it was not
associated with a significant improvement in overall ED LOS, indicating that optimizing
consultation-related processes alone may be insufficient to address ED overcrowding.
Multicenter studies, preferably using randomized or controlled designs, are needed to
evaluate the independent and combined effects of such interventions on consultation

processes and patient-centered clinical outcomes.
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Abstract
Objectives: Post-viral alopecia is a prevalent sequela of SARS-CoV-2 infection, yet its

biochemical correlates remain poorly defined. This study aimed to elucidate the
hematological and metabolic parameters associated with hair loss in patients with a history
of COVID-19 compared to unexposed controls.

Materials and Methods: This retrospective case-control study included 366 adult
outpatients presenting with alopecia (101 with prior SARS-CoV-2 infection; 265 without).
Comprehensive clinical and laboratory data, encompassing blood counts, biochemical
panels, and thyroid indices, were evaluated. Data were subjected to univariate and
multivariable logistic regression models. A stringent Bonferroni correction was applied.
Results: Univariate comparisons revealed significantly elevated serum iron, AST, and MCV
levels, alongside altered thyroid profiles in the COVID-19 (+) cohort (p < 0.05). However,
following multivariable adjustment for baseline confounders, notably a paradoxically higher
chronic comorbidity burden in the control group, the initial significance of these parameters
was attenuated. Serum iron remained a robust, strictly hypothesis-generating, associative
marker (p < 0.001), whereas TSH showed a marginal trend (p = 0.058).

Conclusion: The biochemical footprint of post-COVID-19 hair loss highlights altered iron
homeostasis rather than sustained, broad-spectrum systemic inflammation. While our
findings are hypothesis-generating rather than mechanically definitive due to the
retrospective design, they underscore the clinical utility of targeted metabolic screening in
primary care to optimize post-viral alopecia management.

Keywords: Post-COVID-19, hair loss, telogen effluvium, biomarkers, iron, TSH.
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Introduction

The COVID-19 pandemic has generated a broad spectrum of lingering sequelae, with non-

scarring hair loss (HL), predominantly telogen effluvium (TE)

emerging as a frequent complication. Although the precise pathophysiology linking SARS-
CoV-2 to HL remains to be fully elucidated, stress, systemic inflammation, hormonal
dysregulation, and metabolic shifts are hypothesized as main factors.2 Non-scarring
alopecias include alopecia areata, androgenetic alopecia, traction alopecia, tinea capitis,
anagen effluvium, and telogen effluvium (TE), are those that do not cause permanent damage

to the hair follicle.3

Despite the surge in recent literature, the mechanisms underlying the persistence of post-
COVID-19 alopecia remain partially defined.3* While hematological alterations have been
documented in acute COVID-19, the role of pre-existing systemic factors in exacerbating
post-viral hair loss lacks thorough investigation.> This study addresses this gap by evaluating
specific biomarkers to elucidate the biological stressors involved, potentially informing

more targeted clinical management strategies.

The biomarkers evaluated in this analysis serum iron, aspartate aminotransferase (AST),
and thyroid hormones were selected based on their established associations with follicular
homeostasis. While iron is fundamental for hair growth, aberrant elevations may reflect
systemic oxidative stress, which is hypothesized to impair follicular function.® Furthermore,
AST was included as a potential surrogate for systemic or hepatic stress—states frequently
documented in SARS-CoV-2 infection, which may indirectly correlate with hair health.3
Similarly, thyroid-stimulating hormone (TSH) and thyroxine (T4) were monitored to
evaluate the impact of thyroid dysregulation, a recognized physiological trigger for hair cycle

disruption.2

This study evaluates these biomarkers in a cohort of hair loss patients with a prior history

of SARS-CoV-2 infection, compared to a control group of HL without such exposure. By
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examining these parameters, we aim to elucidate the biological associations between prior
infection and subsequent hair loss dynamics, potentially informing future clinical

interventions and patient care.

Materials and Methods

Study participants

The study was conducted with data from patients who presented to the dermatology

outpatient clinics with complaints of HL, esp. TE between April 1, 2020, and August 31, 2022.

Study population

Assuming a moderate effect size (Cohen’s d = 0.6), a 5% significance level (two-tailed), and
80% power, with a 1:2 case-to-control ratio, a minimum of 38 cases and 76 controls (total n
= 114) was required for adequate statistical power using the Mann-Whitney U test. Our final
sample included 101 cases and 265 controls (total n = 366), and the final sample (n = 366)

exceeded this requirement.

The study population comprised patients aged 18 years and older who presented to the
dermatology outpatient clinics with primary complaints of HL between April 1, 2020, and

August 31, 2022. Participants were categorized into two groups:

1. Case Group: Individuals with a documented history of SARS-CoV-2 infection, confirmed
either by a positive PCR test or clinical diagnosis (ICD-10 codes U07.1, U07.2) within the six

months preceding their dermatological consultation.

2. Control Group: Individuals presenting with HL who had no documented history of SARS-

CoV-2 infection.

Comparative analysis of the study cohorts demonstrated no statistically significant

differences regarding age, sex, or alopecia subtype (p > 0.05). Notably, the prevalence of
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chronic comorbidities was marginally higher in the control group (p = 0.046) (Table 1).
Exclusion criteria comprised age under 18 years, incomplete medical records, history of
chemotherapy or radiotherapy within the preceding year, diagnosis of acute tinea capitis,
and concurrent treatment for alopecia at the time of enrollment. The systematic flowchart

detailing the patient selection process is presented in Figure 1.

Adult patients presenting to the dermatology outpatient
clinic with alopecia complaints (April 2020 — August 2022)
(n=6,352)

Patients requiring laboratory evaluation | i *Excluded (n=2,581): No requirement for further
(n=3,771) ! laboratory evaluation*

I S .

. . i *Excluded (n=3,405):
Patients assess(ed for ;tudy eligibility | ____ »! - Incomplete medical records (n=3,354)
n=366

| - Age <18 years (n=48)
l | - Diagnosis of Alopecia Areata (n=1) or Universalis (n=2)*

Total Patients Included (n=366)

7 ;

Case Group Control Group
(Confirmed prior SARS-CoV-2 infection; n=101) (No prior SARS-CoV-2 infection; n=265)

Figure 1. Systematic patient selection flowchart according to study criteria

Study design and Measurements

This study was designed as a single-center, retrospective case-control study to assess the
association between prior SARS-CoV-2 infection and various HL etiologies, focusing on
telogen effluvium. Reporting followed the STROBE (Strengthening the Reporting of

Observational Studies in Epidemiology) guidelines for case-control studies.

The outcome of interest was standardized by categorizing HL based on ICD-10 codes (L65.0,
L63, L64), primarily focusing on Telogen Effluvium, which is the expected post-viral
manifestation. Demographic information, comorbidities, and laboratory variables were
extracted from the hospital’s electronic health records and cross-referenced with national

health databases. The recorded data included hemogram parameters (WBC, HGB, HCT, MCV,
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RDW, PLT, MPV, NEU, LYM) and biochemical markers (urea, creatinine, AST, ALT, TSH, fT4,
vitamin B12, folate, ferritin, iron, and total-binding iron capacity). All laboratory parameters
were evaluated according to the standard reference intervals established by our institutional
central laboratory. Specifically, the reference ranges were defined as follows: serum iron
(60-170 pg/dL), AST (0-35 U/L), TSH (0.4-4.0 mIU/L), and MCV (80-100 fL). In the case
group, blood samples were generally obtained within 1-6 months following COVID-19
diagnosis. The onset of HL was typically reported within 2-12 weeks prior to the
dermatology visit, consistent with the expected latency period of telogen effluvium HL onset,
and blood sampling varied among patients. To reduce variability, the laboratory data closest

to the initial dermatological consultation were prioritized for analysis.

Ethical Approval and Informed Consent

The study was approved by the University of Health Sciences Ankara Diskapi Yildirim
Beyazit Training and Research Hospital ethics committee (Protocol No 140/34,20.06.2022)
and conducted in accordance with the 1964 Helsinki Declaration and its subsequent
amendments. Written informed consent was obtained from all participants before their

enrollment.

Statistical analysis

Statistical analyses were performed using the IBM SPSS 20.0 statistical software package.
Data normality was assessed via the Shapiro-Wilk normality test and Q-Q plots; group
variance homogeneity was checked via Levene's homogeneity test. Power analysis
(calculated using G*Power) indicated that a total sample of 114 participants (1:2 ratio) was
required to detect a moderate effect size (Cohen’s d = 0.6) with 80% power at alpha = 0.05.
Continuous variables are presented as mean * standard deviation or median (interquartile
range [IQR]) based on normality; categorical variables are expressed as frequencies and
percentages. Missing values for TSH (n=1), B12 (n=1), folate (n=6), and ferritin (n=1) within
the 366-patient cohort were addressed via median imputation to preserve statistical power

and mitigate outlier influence in multivariate modeling. Furthermore, laboratory parameters
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were standardized to ensure analytical consistency. A p-value less than 0.05 was considered
statistically significant. For univariate comparisons, the Mann-Whitney U test and Chi-
square test were utilized. Predictors of prior SARS-CoV-2 infection were assessed across 22
clinical and laboratory parameters using univariate logistic regression. To counteract Type
[ error inflation from multiple comparisons, a Bonferroni correction was applied,
establishing a strictly adjusted significance threshold of p < 0.00227 (0.05/22). To ensure
comprehensive adjustment for potential confounders within the multivariate logistic
regression framework, variable selection was guided by the Hosmer-Lemeshow criterion.
Specifically, candidate predictors that demonstrated a potential association in the
preliminary univariate analysis at a liberal significance threshold of p < 0.25 were selected
for inclusion. Consequently, age, serum iron, and TSH were incorporated into the final

multivariate model.

Results

A total of 366 participants (101 cases and 265 controls) were included in the study. The
descriptive analysis is outlined in Table 1. Preliminary univariate analysis (Table 1) revealed
no statistically significant differences between the case and control groups regarding gender,
age distribution, or specific HL subtypes (p > 0.05 for all), except for chronic diseases in the
case group (x2: 3.984; p = 0.046). To rigorously address the potential confounding
introduced by different alopecia phenotypes, a dedicated subgroup analysis was restricted
to patients explicitly diagnosed with Telogen Effluvium (L65, n=296). Within this
homogeneous TE cohort, serum iron levels remained robustly and significantly elevated in
the prior SARS-CoV-2 infection group (n=81) compared to the uninfected controls (n=215)
[p <0.001 (Mann-Whitney U test), confirming that this biochemical alteration is intrinsically

linked to the post-viral TE presentation rather than diagnostic heterogeneity.
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Table 1. Baseline Demographic and Clinical Characteristics of the Study Population

Control Group Case Group (COVID- 2 —value
(COVID-19 Negative) 19 Positive) X P
Variables n % n %
Female 207 71,6 82 28,4
Sex 0,252 0,616
Male 58 75,3 19 24,7
<25 102 75,0 34 25,0
Age group 26-35 77 72,6 29 27,4 1,039 0,595
> 35 86 69,4 38 30,6
Yes 62 64,6 34 35,4
Comorbidities 3,984 0,046
No 203 75,2 67 24,8
L63* 35 71,4 14 28,6
Alopecia L64* 14 700 6 30,0 0,097 0,953
Subtype
L65* 216 72,7 81 27,3

*L63: Alopecia Areata, L64: Androgenetic Alopecia, L65: Non-Scarring Hair Loss, x2: Chi-

square, p<0.05 is considered statistically significant.

A prior diagnosis of COVID-19 was significantly associated with higher levels of AST and TSH,
as well as lower levels of T4 (p < 0.05 for each). Additionally, the study discovered that serum
iron measurements were notably higher in HL patients who had experienced COVID-19 (p <
0.001). A comparative analysis of biochemical and hematological markers is detailed in

Tables 2 and 3.
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Table 2. Comparison of Laboratory Parameters Between COVID-19 (+) and Control Groups

Control  Group Case Group
(CoviD-19 (CovID-19 x2 p
Parameter n % Negative) Positive)
n % n %
Urea (17 - 43 Low 37 10,1 29 78,4 8 21,6 1,947 0,378
mg/dL)
Normal 320 87,4 231 72,2 89 27,8
High 9 2,5 5 55,6 4 44,4
Creatinine (0.5-  Low 14 3,8 11 78,6 3 21,4 0,423 0,809
1.2 mg/dL)
Normal 343 93,7 247 72,0 96 28,0
High 9 2,5 7 77,8 2 22,2
AST (0-35U/L) Low - - - - - - 5403 0,020
Normal 356 97,3 261 73,3 95 26,7
High 10 2,7 4 40,0 6 60,0
ALT(0-35U/L) Low - - - - - - 0,060 0,806
Normal 339 92,6 246 72,6 93 27,4
High 27 7,4 19 70,4 8 29,6
TSH (0.4-4.0 Low 1 0,3 0 0,0 1 100,0 6,215 0,045
mlU/L)
Normal 349 95,4 247 74,0 87 26,0
High 5 1,4 18 58,1 13 41,9
fT4 (0.93 - 1.70 Low 12 3,3 4 33,3 8 66,7 9,579 0,008
ng/dL)
Normal 349 95,4 257 73,6 92 26,4
High 5 1,4 4 80,0 1 20,0
Vitamin B12 (197 Low 24 6,6 20 83,3 4 16,7 1,542 0,463
- 771 pg/mL)
Normal 331 90,4 237 71,6 94 28,4
High 11 3,0 8 72,7 3 27,3
Folate (3.1-17.5 Low 11 3,0 6 54,5 5 45,5 2,704 0,259
ng/mL)
Normal 348 95,1 255 73,3 93 26,7
High 7 1,9 4 57,1 3 42,9

*AST: Aspartate Aminotransferase Test, ALT: Alanine Aminotransferase Test, TSH: Thyroid-stimulating

hormone, x2: Chi-square, p<0.05 is considered statistically significant
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Regarding hematological indices, although the median MCV was similar between the case
group (86.9, IQR: 83.3-89.7) and the control group (86.6, IQR: 83.9-88.9) (p = 0.554).
However, a categorical analysis of MCV (low, normal, high) revealed significant differences

between groups (x2=11.080, p=0.004)(Table 3).

Table 3. Comparison of Laboratory Parameters Between COVID-19 (+) and Control Groups-2

Control Group Case Group
(COVID-19 (COVID-19
Parameters n % Negative) Positive) x2 p
n % n %
Low 107 29,2 78 72,9 29 27,1
Ferritin (13-400 Normal 250 683 181 72,4 69 27,6 0,161 0,923
ng/mL)
High 9 2,5 6 66,7 3 33,3
Low 202 55,2 168 83,2 34 16,8
Serum Iron (60-
170 pg/dL) Normal 164 44,8 97 59,1 67 40,9 26,141 <0.001
High - - - - - -
Low 3 0,8 2 66,7 1 33,3

Total Iron-Binding
Capacity (TIBC) Normal 290 79,2 212 73,1 78 26,9 0,356 0,837
(250-450 pg/dL)

High 73 19,9 51 69,9 22 30,1
Low - - - - - -
WBC (4.5-11.0x Normal 354 967 259 73,2 95 26,8 3,177 0,077
10°/uL)
High 12 33 6 50,0 6 50,0
Low 28 7,7 22 78,6 6 21,4
HGB (12.0-16.0 Normal 322 88,0 232 72,0 90 28,0 0,660 0,719
g/dL)
High 16 44 11 68,8 5 31,2
Low 13 36 10 76,9 3 23,1
HTC (36-46%) Normal 312 85,2 223 71,5 89 28,5 0,922 0,631
High 41 11,2 32 18,0 9 22,0
Low 8 2,2 5 62,5 3 37,5
MCV (80-100 fL) Normal 354 967 260 73,4 94 26,6 11,080 0,004
High 4 1,1 0 0,0 4 100,0
Low 66 18,0 46 69,7 20 30,3 0,312 0,856
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RDW (115 - Normal 292 79,8 213 72,9 79 271
14.5%) High 8 2,2 6 75,0 2 25,0
Low - . . . - -
PLT (150-
400x10%/uL) Normal 335 915 244 728 91 27,2 0,368 0,544
High 31 8,5 21 67,7 10 32,3
Low - - - - - -
MPV (7.4-104fL)  Normal 338 923 245 72,5 93 27,5 0,014 0,904
High 28 7,7 20 714 8 28,6
Low - . . . - -
NEU (2.0-7.0 .
Y10%/L) Normal 358 97,8 261 72,9 97 271 0,224
High 8 2,2 4 50,0 4 50,0
Low - . . . - -
LYM (1.0-4.0 Normal 300 82,0 218 727 82 27,3 0,008 0,930
x10°/uL)
High 66 18,0 47 71,2 19 18,8
Total (n) 366 1000 265 72,4 101 276

*Fisher’s Exact Test, y2: Chi-square, p<0.05 is considered statistically significant.
WBC: White Blood Cell, HGB: Hemoglobin, HTC: Hematocrit, MCV: Mean Corpuscular Volume,
RDW: Red Cell Distribution Width, PLT: Platelet, MPV: Mean Platelet Volume, NEU: Neutrophil,
LYM: Lymphocyte

Univariate analysis revealed that serum iron was the sole parameter significantly associated
with prior SARS-CoV-2 infection. Notably, this association retained its significance even after
the application of the highly conservative Bonferroni correction (p=0.000054), thereby

demonstrating the profound statistical robustness of this relationship. (Table 4)
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Table 4. Univariate Logistic Regression Analysis of Selected Parameters Associated with

Prior SARS-CoV-2 Infection

Variable 0Odds Ratio (OR) 95% CI p-value
Serum Iron 1.001 1.0005 - 1.0015 <0.001*
TSH 1.158 0.9914 - 1.3529 0.064
Age 1.011 0.9927 - 1.0313 0.224
AST 1.015 0.9880 - 1.0442 0.267
Urea 1.017 0.9834 - 1.0527 0.317
Sex (Male) 0.826 0.4640 - 1.4736 0.519
Ferritin 1.001 0.9970 - 1.0053 0.577

OR: Odds Ratio; CI: Confidence Interval; TSH: Thyroid-Stimulating Hormone; AST: Aspartate

Aminotransferase; p < 0.05 is considered statistically significant.

*Indicates the variable that retained statistical significance following Bonferroni correction
(adjusted threshold: p < 0.00227). All other hematological and biochemical indices failed to
reach statistical significance (p > 0.50)

The independent biomarkers demonstrating clinical and statistical relevance based on prior

SARS-CoV-2 infection were illustrated in Figure 2.

In the multivariable logistic regression model, serum iron remained independently
associated with prior SARS-CoV-2 infection after adjusting for age and TSH (aOR = 1.001;
95% CI, 1.0005-1.0015; p < 0.001). TSH exhibited a trend toward marginal significance (p =
0.058). Although the odds ratio for serum iron reflects a per-unit increment, it signifies a
clinically relevant cumulative effect, as a 50-unit discrepancy corresponds to an approximate

5% shift in relative risk.
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(A) Distribution of Serum Iron Levels (B) Distribution of TSH Levels
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Figure 2. Box-and-strip plots of laboratory parameters demonstrating clinical and statistical relevance based
on prior SARS-CoV-2 infection. Red horizontal bars represent median values, while box boundaries denote the
interquartile range (IQR; 25th and 75th percentiles). (A) Serum iron levels were significantly elevated in the
COVID-19 (+) participants (B) TSH measurements exhibited a marginal trend toward differentiation between

the groups

Discussion

This study aimed to investigate the relationship between COVID-19 infection and HL. The
present study suggests that serum iron levels may serve as an independent biochemical
correlate in HL patients with a prior history of SARS-CoV-2 infection. This observed
association demonstrated notable statistical robustness, persisting not only through
stringent Bonferroni correction for multiple comparisons but also remaining significant

within multivariable models adjusted for potential confounders such as age and TSH.

Hair loss following COVID-19 is a widely reported phenomenon that encompasses a
heterogeneous spectrum of clinical diagnoses. While it frequently presents with features
consistent with TE, the viral prodrome has also been linked to the exacerbation of
androgenetic alopecia and the relapse of alopecia areata.2’8 Diffuse HL and especially TE is
typically observed within weeks to months following the infectious episode in this

context.?10 Given this diagnostic heterogeneity, post-viral alopecia is more accurately
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conceptualized as a broad clinical manifestation rather than a singular, uniformly driven
entity.”8 The inclusion of diverse phenotypes, such as Alopecia Areata (L63) and
Androgenetic Alopecia (L64) alongside Telogen Effluvium (L65), mirrors the inherently
heterogeneous nature of post-viral alopecia. SARS-CoV-2-precipitated systemic
inflammation and metabolic stress do not merely induce acute TE; they can also exacerbate
alternative hair loss modalities via immune dysregulation and follicular microinflammation.
Consequently, investigating this expansive spectrum provides a more comprehensive

framework for capturing the real-world clinical landscape encountered in primary care.

Consequently, any accompanying biochemical or hematological alterations may largely
reflect transient, generalized physiological responses to the preceding infection, rather than

functioning as independent, causative drivers of the HL process.

Serum higher iron measurements were demonstrated to have a significant correlation with
prior SARS-CoV-2 infection. A notable limitation of our study design is the utilization of a
control group consisting of individuals with pre-existing alopecia rather than healthy, non-
alopecic subjects. Because the biomarkers under investigation, such as iron and thyroid
indices, are intrinsically linked to follicular dysregulation, accurately discerning the specific
pathogenetic impact of the virus is inherently complex. Despite this confounding baseline,
the associative risks identified within our logistic regression framework underscore a
potential virus-driven metabolic shift that warrants careful clinical consideration. Rather
than indicating improved iron status, these elevations likely reflect inflammation-induced
dysregulation, where pro-inflammatory cytokines impair iron sequestration. This shift may
trigger a premature transition of hair follicles into the telogen phase.1011 However, since
laboratory assessments in our cohort were conducted at highly variable intervals (1 to 6
months) post-infection, biological inferences regarding iron metabolism must be interpreted
with caution. Serum iron is profoundly time-dependent and heavily influenced by fluctuating
acute-phase responses during post-infectious recovery.l2 While previous studies have

reported an association with iron deficiency and HL in COVID-19.1314 consequently, the
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observed elevations may largely represent transient acute-phase reactions rather than a

persistent or direct mechanistic driver of follicular disruption.

Another notable finding was the elevated TSH levels observed in patients with a prior SARS-
CoV-2 infection. This aligns with literature suggesting that thyroid dysfunction may develop
following COVID-19 due to immune-mediated thyroid inflammation.2 Nevertheless, the
interpretation of thyroid panel alterations is intrinsically limited by our study's temporal
heterogeneity. Thyroid hormones are sensitive to non-thyroidal illness syndrome and
undergo significant fluctuations during acute and convalescent phases. Given the variable
timeline between viral clearance and blood sampling, the observed TSH elevations might
reflect disparate stages of post-viral endocrine recovery rather than a uniform

pathophysiological trigger for premature telogen transition. 17.18

Post-viral sequelae, systemic inflammation, and oxidative stress have been hypothesized to
influence proteoglycan metabolism, which plays a supportive role in maintaining the anagen
phase of the hair cycle. It is plausible that such metabolic disturbances may indirectly
contribute to the prolonged HL observed following SARS-CoV-2 infection.1® Concurrently,
the marginal TSH elevation observed in the multivariable model warrants cautious
interpretation. Given the heterogeneous timing of laboratory assessments, this subtle
endocrine fluctuation likely reflects transient post-infectious systemic stress rather than a
direct mechanistic trigger for HL. Consequently, this relationship remains strictly associative

and necessitates prospective investigation within the long COVID-19 framework.!

Elevated AST levels in the case group, while not directly attributable to HL in extant
literature, suggest possible liver dysfunction or systemic inflammation. AST is a marker of
liver stress, which has been reported in COVID-19 patients due to widespread inflammatory
damage.2021 Nonetheless, AST is a highly dynamic enzyme with a time-dependent serum
half-life. Given the broad window of laboratory assessment relative to the onset of SARS-
CoV-2 infection and subsequent HL, these elevated levels might represent recovering acute
hepatic injury from the viral prodrome.21 Therefore, projecting a definitive mechanistic link
between transient transaminitis and delayed HL remains methodologically challenging.22.23
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Although serum iron demonstrated a robust independent association and TSH exhibited a
marginal trend in our models, these retrospective observations remain strictly hypothesis-
generating and necessitate prospective validation. Furthermore, our cohort was
predominantly composed of mild-to-moderate COVID-19 cases, a clinical demographic in
which profound hematological dysregulation is intrinsically less frequent.24# This milder
disease trajectory, coupled with the previously discussed temporal heterogeneity in
laboratory sampling, likely accounts for the absence of significant variations in established
systemic inflammatory indices, such as the neutrophil-to-lymphocyte (NLR) and platelet-to-

lymphocyte (PLR) ratios.2>

Another notable methodological constraint is the wide temporal variability (1 to 6 months)
concerning laboratory sampling following the initial SARS-CoV-2 infection. Because
biomarkers such as serum iron and thyroid indices are highly dynamic and exquisitely
sensitive to the resolving phases of systemic inflammation (e.g., convalescent acute-phase
responses or non-thyroidal illness syndrome), this lack of temporal standardization
precludes the establishment of definitive causality. The observed biochemical fluctuations
may therefore represent disparate stages of post-viral physiological recovery rather than a

stable, uniform pathogenic trigger for alopecia.

Additionally, a nominal elevation in mean corpuscular volume (MCV) was observed among
patients with a history of SARS-CoV-2. Rather than indicating a persistent hematological
defect, this observation might reflect transient, inflammation-induced alterations in
erythropoiesis.2¢ In a parallel context, systemic immune activation following vaccination has
also been implicated in episodes of HL.%10 Although the literature suggests that infection-
induced alopecia is generally more severe than its vaccine-induced counterpart, presumably
mirroring a more intense inflammatory cascade, we could not adjust for this variable. Since
our data collection predated widespread immunization initiatives, vaccination status

constitutes an unassessed confounder in the present analysis.

Furthermore, the absence of significant differences across the remaining biochemical

parameters is likely a direct consequence of the aforementioned temporal heterogeneity in
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laboratory sampling. Because these systemic markers are inherently time-dependent and
highly sensitive to varying stages of post-infectious recovery, future investigations must
strictly standardize evaluation timelines while robustly controlling for confounding
variables, including specific pharmacotherapies (e.g., corticosteroids, antivirals), baseline

comorbidities, and psychosocial stress.

Importantly, the multivariate logistic regression model, adjusted for age, sex, and chronic
comorbidities, demonstrated that no clinical or biochemical variables remained as
independent predictors of previous SARS-CoV-2 infection. While initial univariate analyses
highlighted significant intergroup differences across several biochemical parameters, the
complete attenuation of these associations in the multivariate model is a critical
methodological finding. It strongly suggests that the laboratory abnormalities observed
univariately were predominantly driven by confounding demographic and clinical factors.
Consequently, our results preclude any definitive causal conclusions. The initial univariate
variations should not be interpreted as specific mechanistic drivers of conditions such as
post-COVID-19 telogen effluvium; rather, they are strictly hypothesis-generating. These
laboratory deviations might merely reflect a non-specific surrogate for broader
physiological perturbations, potentially suggesting a loose association with generalized

systemic inflammation or metabolic stress rather than a direct etiologic pathway.

Regarding the baseline characteristics of our study population, a paradoxical imbalance was
observed. Chronic comorbidities were more prevalent in the control group, introducing
potential confounding for markers like AST and TSH. However, this baseline imbalance
underscores the robustness of our findings. Since pre-existing conditions typically elevate
these stress biomarkers, their significant differentiation in the COVID-19 (+) cohort suggests
the post-viral impact supersedes baseline metabolic stressors. Nonetheless, this clinical

heterogeneity warrants cautious interpretation.

Consequently, while these biochemical and hematological deviations cannot be
independently attributed to a specific post-COVID-19 etiology, their recognition holds
substantial value in everyday clinical practice. The data tentatively support the broader
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concept that a milieu of systemic inflammation and generalized stress may parallel episodes
of HL. In the realm of family medicine, proactively monitoring iron stores, thyroid indices,
and liver enzymes in affected individuals is highly advisable. Such assessments serve not to
establish a definitive causal link to prior infection, but rather to ensure a well-rounded,

multidimensional approach to patient evaluation and overall management.

Limitations

Limitations of this study include its retrospective, single-center design, and the lack of
adjustment for unmeasured confounders, such as disease severity, dietary shifts, acute
COVID-19 pharmacotherapies, and psychosocial stressors, which may independently alter
hair cycle dynamics. A core methodological constraint is the utilization of a control group
consisting of individuals with pre-existing alopecia rather than healthy, non-alopecic
subjects; because the biomarkers under investigation are intrinsically linked to baseline
follicular dysregulation, isolating the virus-specific pathogenetic impact is inherently
complex. Furthermore, the significant timing heterogeneity among SARS-CoV-2 infection,
the clinical onset of hair loss, and the subsequent laboratory evaluations fundamentally
constrains biological interpretability. Since key biomarkers (e.g., serum iron, ferritin, AST,
and thyroid hormones) are strictly time-dependent and highly susceptible to post-infectious
recovery dynamics, this temporal variability precludes the establishment of a definitive
pathogenetic timeline. Consequently, although a stringent Bonferroni correction mitigated
Type I error inflation during univariate analyses, the complete attenuation of independent
predictors within the multivariable framework necessitates a cautious, strictly hypothesis-

generating interpretation of the findings.

Conclusion

In conclusion, this retrospective analysis identifies notable univariate associations between
prior SARS-CoV-2 infection and specific hematological and biochemical alterations,
particularly serum iron and TSH dynamics, in patients presenting with alopecia.

Nevertheless, the lack of independent predictors within the multivariate logistic regression
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framework underscores the complex, confounding interplay of pre-existing comorbidities
and baseline physiological variations. Therefore, rather than establishing definitive
mechanistic pathways, our findings are strictly hypothesis-generating. The subtly altered
biochemical footprint delineated here suggests a potential post-viral metabolic shift that
warrants further investigation. From a Family Medicine perspective, primary care serves as
the crucial gateway for the early detection and longitudinal management of such post-viral
sequelae. Since alopecia frequently prompts the initial clinical visit, family physicians hold a
pivotal role in the holistic evaluation and triage of these patients. Integrating targeted
metabolic assessments into first-line evaluations can optimize early intervention and
alleviate the diagnostic burden. Ultimately, future prospective, multicenter studies with
rigorous control for temporal and demographic confounders are warranted to fully elucidate

the specific dynamics of post-viral alopecia and refine clinical management strategies.

Ethical Considerations: Approval was received from the Ethics Committee of the University
of Health Sciences Diskapi Yildirim Beyazit Training and Research Hospital (Protocol No
140/34, 20.06.2022) and conducted in accordance with the 1964 Helsinki Declaration and

its subsequent amendments.

Conflict of Interest: The authors declare no conflict of interest.

Acknowledgements: We would like to thank our clinical training coordinators of Family

Medicine and Dermatology for supporting the study.

Ankara Med J, 2026;(3):337-357 // @ 10.5505/amj.2026.01033
354



ANKARA
MEDICAL

References

1. SuS,Zhao, Zeng N, et al. Epidemiology, clinical presentation, pathophysiology, and
management of long COVID: an update. Mol Psychiatry. 2023;28(10):4056-69.
https://doi.org/10.1038/s41380-023-02171-3

2. Popescu M, Berteanu M, Beiu C, et al. Complementary Strategies to Promote Hair
Regrowth in Post-COVID-19 Telogen Effluvium. Clin Cosmet Investig Dermatol.
2022;15:735-43. https://doi.org/10.2147/CCID.S359052

3. Gadzhigoroeva A, Guzman-Sanchez D, Firooz A, et al. COVID-19 can exacerbate
pattern hair loss and trigger telogen effluvium: the role of proteoglycan replacement
therapy with Nourkrin® in clinical treatment of COVID-19 associated hair loss. ]
Dermatol Res Ther. 2021;7:103. https://doi.org/10.23937/2469-5750/1510103

4. Abushukur Y, Mansour M, Rehman R, et al. A systematic review of hair loss as a
consequence of COVID-19 infection. Int ] Dermatol. 2023;62(8):e436-39.
https://doi.org/10.1111/ijd.16542

5. Shreewastav RK, Singh G, Jha KK, et al. Study on status of serum biochemical and
hematological parameters in COVID-19 positive patients attending a tertiary care
hospital. Kathmandu Univ Med J. 2022;20(79):295-300.
https://doi.org/10.3126 /kumj.v20i3.53934

6. Holzer I, Ott], Beitl K, et al. Iron status in women with infertility and controls: a case-
control study. Front Endocrinol (Lausanne). 2023;14:1173100.
https://doi.org/10.3389 /fendo.2023.1173100

7. Abrantes T, Artounian K, Falsey RR, et al. Time of onset and duration of post-COVID-
19 acute telogen effluvium. ] Am Acad Dermatol. 2021;85(4):975-76.
https://doi.org/10.1016/j.jaad.2021.07.021

8. Yildirim SK, Erbaga E, Ogiit ND. Evaluation of patients with telogen effluvium during
the pandemic: May the monocytes be responsible for post COVID-19 telogen
effluvium? J Cosmet Dermatol. 2022;21(4):1339-44.
https://doi.org/10.1111/jocd.14883

Ankara Med J, 2026;(3):337-357 // @ 10.5505/amj.2026.01033
355


https://doi.org/10.1038/s41380-023-02171-3
https://doi.org/10.2147/CCID.S359052
https://doi.org/10.23937/2469-5750/1510103
https://doi.org/10.1111/ijd.16542
https://doi.org/10.3126/kumj.v20i3.53934
https://doi.org/10.3389/fendo.2023.1173100
https://doi.org/10.1016/j.jaad.2021.07.021
https://doi.org/10.1111/jocd.14883

ANKARA
MEDICAL

9. Alharbi M. Telogen effluvium after COVID-19 vaccination among public in Saudi
Arabia. J Family Med Prim Care. 2022;11(10):6056-60.
https://doi.org/10.4103/jfmpc.jffmpc 377 22

10. Ramya Sree A, Sethumadhavan K, Pullakanam SPT, et al. Evaluation of COVID-19

infection among vaccinated and unvaccinated individuals using biochemical markers.

Bioinformation. 2024;20(3):223-28. https://doi.org/10.6026/973206300200223

11. Aryanian Z, Balighi K, Hatami P, et al. The role of SARS-CoV-2 infection and its vaccines
in various types of hair loss. Dermatol Ther. 2022;35(6):e15433.
https://doi.org/10.1111/dth.15433

12. Henry BM, de Oliveira MHS, Benoit S, et al. Hematologic, biochemical and immune
biomarker abnormalities associated with severe illness and mortality in COVID-19: a
meta-analysis. Clin Chem Lab Med. 2020;58(7):1021-28.
https://doi.org/10.1515/cclm-2020-0369

13. Park SY, Na SY, Kim JH, et al. Iron Plays a Certain Role in Patterned Hair Loss. ] Korean
Med Sci. 2013;28(6):934-38. https://doi.org/10.3346/jkms.2013.28.6.934

14. Edeas M, Saleh ], Peyssonnaux C. Iron: Innocent bystander or vicious culpritin COVID-
19 pathogenesis? Int | Infect Dis. 2020;97:303-5.
https://doi.org/10.1016/].ijid.2020.05.110

15. Ali SY, Fatima U. Serum ferritin levels and Diffuse hair loss—A correlation. IP Indian

J Clin Exp Dermatol. 2020;6(3):212-14. https://doi.org/10.18231 /j.ijced.2020.055

16. Guarnieri G, Marchi LBD, Marcon A, et al. Relationship between hair shedding and
systemic inflammation in COVID-19 pneumonia. Ann Med. 2022;54(1):904-10.
https://doi.org/10.1080/07853890.2022.2054026

17.Gao W, Guo W, Guo Y, et al. Thyroid hormone concentrations in severely or critically
ill patients with COVID-19. ] Endocrinol Invest. 2021;44(7):1031-40.
https://doi.org/10.1007/s40618-020-01460-w

Ankara Med J, 2026;(3):337-357 // @ 10.5505/amj.2026.01033
356


https://doi.org/10.4103/jfmpc.jfmpc_377_22
https://doi.org/10.6026/973206300200223
https://doi.org/10.1111/dth.15433
https://doi.org/10.1515/cclm-2020-0369
https://doi.org/10.3346/jkms.2013.28.6.934
https://doi.org/10.1016/j.ijid.2020.05.110
https://doi.org/10.18231/j.ijced.2020.055
https://doi.org/10.1080/07853890.2022.2054026
https://doi.org/10.1007/s40618-020-01460-w

ANKARA
MEDICAL

18. Wang W, Su X, Ding Y, et al. Thyroid function abnormalities in COVID-19 patients.
Front Endocrinol (Lausanne). 2020;11:623792.
https://doi.org/10.3389 /fendo.2020.623792

19.Khalid A, Jaffar MA, Khan T, et al. Hematological and biochemical parameters as
diagnostic and prognostic markers in SARS-CoV-2 infected patients of Pakistan: a
retrospective comparative analysis. Hematology. 2021;26(1):529-42.
https://doi.org/10.1080/16078454.2021.1950898

20. Effenberger M, Grander C, Grabherr F, et al. Systemic inflammation as fuel for acute
liver  injury in COVID-109. Dig Liver Dis. 2021;53(2):158-65.
https://doi.org/10.1016/j.d1d.2020.08.004

21.Bertolini A, van de Peppel IP, Bodewes F, et al. Abnormal liver function tests in
patients with COVID-19: relevance and potential pathogenesis. Hepatology.
2020;72(5):1864-72. https://doi.org/10.1002 /hep.31480

22.Farias JP, Codes L, Vinhaes D et al. Impact of baseline abnormal liver enzymes in the
outcome of COVID-19 infection. Transl Gastroenterol Hepatol. 2021;8:41.
https://doi.org/10.21037 /tgh-22-41

23.Liakina V, Stundiené I, Milaknyté G, et al. Effects of COVID-19 on the liver: the
experience of a single center. World ] Gastroenterol. 2022;28(39):5735-49.
https://doi.org/10.3748/wjg.v28.i39.5735

24.Shahcheraghi S, Hamidfar M, Heidari F, et al. Albumin, WBC, RBC, hemoglobin,

platelet, MCV and MCH levels in COVID-19 patients with mucormycosis opportunistic
infection. ] Med Res. 2022;8(3):115-19.

25. Pujani M, Raychaudhuri S, Singh M, et al. An analysis of hematological, coagulation
and biochemical markers in COVID-19 disease and their association with clinical
severity and mortality: an Indian outlook. Am ] Blood Res. 2021;11(6):580-91.

26.Berzuini A, Bianco C, Paccapelo C, et al. Red cell distribution width and mean
corpuscular volume: a simple parameter with a complex significance in COVID-19
patients. Blood Adv. 2020;4(7):2040-42.
https://doi.org/10.1182 /bloodadvances.2020002657

Ankara Med J, 2026;(3):337-357 // @ 10.5505/amj.2026.01033
357


https://doi.org/10.3389/fendo.2020.623792
https://doi.org/10.1080/16078454.2021.1950898
https://doi.org/10.1016/j.dld.2020.08.004
https://doi.org/10.1002/hep.31480
https://doi.org/10.21037/tgh-22-41
https://doi.org/10.3748/wjg.v28.i39.5735
https://doi.org/10.1182/bloodadvances.2020002657

ANKARA
MEDICAL

Research Article
Ankara Med ], 2026;(3):358-380 // @ 10.5505/am;j.2026.74271

VACCINATION OF HIGH-RISK CHILDREN FROM THE
PERSPECTIVE OF PEDIATRIC SUBSPECIALISTS: A
QUALITATIVE STUDY

® Ayse Esra Tapal, ® izzet Fidanci?
1Department of Pediatrics, University of Health Sciences Ankara Training and Education Hospital,
Ankara, Tlrkiye
2Department of Family Medicine, Hacettepe University, Faculty of Medicine, Ankara, Tlrkiye

Correspondence:
Izzet Fidanci (e-mail: izzetfidanci@hacettepe.edu.tr)

Submitted: 29.03.2026// Accepted: 19.07.2026

Ankara Yildirim Beyazit University Faculty of Medicine
Department of Family Medicine


https://orcid.org/0000-0003-3932-1883
https://orcid.org/0000-0001-9848-8697

ANKARA
MEDICA
JOURNA

Abstract
Objectives: This study aimed to examine pediatric subspecialists' experiences, perceptions,

and clinical decision-making processes regarding the vaccination of high-risk children using
a qualitative approach, thereby identifying the individual and systemic factors influencing
this process.

Materials and Methods: In this qualitative study, semi-structured in-depth interviews
were conducted with physicians from different pediatric subspecialties working at a tertiary
education and research hospital in Ankara, Tiirkiye. The interviews were audio-recorded,
transcribed, and the data were analyzed using thematic analysis methods.

Results: Seventeen pediatric subspecialists were included in this study. The analysis
identified seven main themes: (1) risk group vaccination perception and clinical framework,
(2) vaccine prioritization and clinical priorities, (3) clinical decision-making process and
uncertainties, (4) institutional structures and systemic functioning, (5) communication with
families and vaccine hesitancy, (6) access, reimbursement, and logistical issues, and (7)
training needs and development recommendations. Participants defined the risk group as a
dynamic and specialty-specific concept and emphasized influenza, pneumococcal, and
meningococcal vaccines as vital priorities. Differences between guidelines and patient-based
clinical variability create significant uncertainties in decision-making.

Conclusion: The results reveal that the vaccination of at-risk children should not be left to
individual physician initiative; rather, a structured healthcare system approach is necessary,
coordinated by units specializing in preventive healthcare services, such as social pediatrics,
and supported by standard algorithms, free access policies, and integrated electronic record
systems.

Keywords: High-risk children, vaccination, pediatric subspecialists, clinical decision-

making, health system barriers.
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Introduction

Vaccination is one of the most effective and cost-effective interventions in preventing
infectious diseases in children's health. However, children in risk groups are at a higher risk
of vaccine-preventable diseases than the general pediatric population and require additional
and specific vaccination strategies beyond standard vaccination schedules. Vaccination
decisions, particularly for children with chronic diseases and those receiving
immunosuppressive therapy, require a multidisciplinary and individualized approach owing
to factors such as vaccine timing, efficacy, and safety.! Immunization programs promoting
vaccination of these patient groups have been implemented worldwide because of the
increased risk of morbidity and mortality associated with vaccine-preventable diseases in
individuals with chronic conditions, such as cardiovascular, metabolic, and neoplastic
diseases.?* Immunization strategies, vaccination coverage, and the timely administration of
vaccines for these individuals must be monitored.> Although high national vaccination
coverage rates have been reported for healthy infants and children, definitive and up-to-date
data on vaccination rates among infants and children with chronic diseases are limited, both
in Turkey and worldwide.®” However, vaccination rates among these children are lower
than those in the general population.68 This situation poses an additional risk to this
vulnerable population, which is already more susceptible to infection. Therefore, it is
recommended that children in special risk groups receive not only the vaccines
recommended for healthy children, but also additional vaccines based on disease-specific
indications.” In this context, physicians' clinical experience, risk perceptions, and
opportunities offered by institutional structures play a decisive role in shaping vaccination
decisions.® While the literature contains quantitative studies focusing on vaccination rates
among children in risk groups, barriers to vaccine access, and parental attitudes®?,
qualitative studies that examine in depth how pediatric subspecialists experience this
process, the reasons behind their decisions, and the difficulties they encounter are limited.
However, pediatric subspecialists hold a key position in the vaccination process, both
clinically and ethically, as they are responsible for the long-term follow-up of this patient

group. To date, most studies in this field have focused on vaccination coverage, parental
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attitudes, vaccine hesitancy, or adherence to immunization recommendations. However,
little is known about how pediatric subspecialists make vaccination decisions in everyday
clinical practice, how they interpret uncertainty, and how institutional and health system
factors influence these decisions. Exploring these perspectives is particularly important in
the Turkish healthcare context, where the coordination of vaccination services for high-risk

children involves multiple clinical disciplines and levels of care.

This study aimed to examine pediatric subspecialists' experiences, risk perceptions, and
clinical decision-making processes regarding the vaccination of children in risk groups using
a qualitative approach, thereby revealing the individual and systemic determinants that
shape this process. This study aims to contribute to a better understanding of the clinical and
structural difficulties encountered in vaccinating high-risk groups and the development of

more effective, standardized, and accessible immunization policies.

Materials and Methods

This study was designed within an interpretive qualitative research paradigm to explore
how pediatric subspecialists construct meaning around vaccination decision-making in
children belonging to risk groups. A qualitative approach was chosen because the research
question focuses on understanding complex clinical decision-making processes, which are
shaped by contextual, experiential, and systemic factors that cannot be adequately captured

through quantitative methods.

The interpretive approach enables an in-depth exploration of physicians’ perceptions,
reasoning, and experiences, acknowledging that clinical decisions are not solely based on
objective guidelines but are influenced by individual judgment and contextual realities.
Semi-structured in-depth interviews were preferred as the data collection method to allow
flexibility in exploring participants’ perspectives while ensuring consistency across key

thematic domains.
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This qualitative study was conducted to thoroughly examine the experiences, perceptions,
and decision-making processes of pediatric subspecialists regarding the vaccination of
children in risk groups. The research was designed based on an interpretive paradigm, and
data were collected through semi-structured in-depth individual interviews. This study was
reported based on the Consolidated Criteria for Reporting Qualitative Research (COREQ) and
Standards for Reporting Qualitative Research (SRQR) guidelines.10-11

The study was conducted at a teaching and research hospital in Ankara, Tiirkiye, which
provides tertiary care services. All physicians participating in the study were actively
working in pediatric subspecialties and were directly involved in the follow-up and

treatment processes of children in the risk group.

The study sample consisted of 17 physicians working in different pediatric subspecialties
(pediatric neurology, hematology, cardiology, nephrology, gastroenterology, endocrinology,
rheumatology, and allergy-immunology). Participants were selected using purposive
sampling, and experience in monitoring children in the risk group was the basic inclusion
criterion. Care was taken to ensure diversity in terms of clinical experience and academic
title. Interviews were terminated when data saturation was achieved. Participants were
assigned anonymous identifiers (P1-P17) to ensure confidentiality. These identifiers were
used solely for anonymization purposes and did not reflect participants’ professional rank
or academic position. The sample size (n=17) was considered adequate for achieving depth
and thematic richness, which are primary goals in qualitative research rather than statistical
generalizability. Participants were selected using purposive sampling to ensure inclusion of
information-rich cases with direct experience in managing children in risk groups. Maximum
variation was sought across pediatric subspecialties and levels of professional experience to
capture diverse perspectives. Participants were selected using purposive sampling to ensure
inclusion of information-rich cases with direct experience in managing children in risk
groups. Maximum variation sampling was employed across pediatric subspecialties and

levels of professional experience to capture diverse perspectives on vaccination practices.
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Data collection and analysis were conducted concurrently. After each interview, transcripts
were reviewed, and preliminary coding was performed. Emerging codes and themes were
continuously compared with data obtained from subsequent interviews. Data saturation was
considered achieved when no new codes, themes, or conceptual insights emerged and when
additional interviews yielded repetitive information without contributing further thematic
development. During the final three interviews, no novel concepts were identified, and
existing themes were consistently reinforced, indicating sufficient thematic depth and

information power.

Although the sample consisted of 17 pediatric subspecialists, qualitative research prioritizes
thematic richness and depth rather than statistical representativeness. Given the focused
research question, the specialized expertise of participants, the diversity of subspecialties
represented, and the achievement of data saturation, the sample size was considered
adequate to provide a comprehensive understanding of the phenomenon under

investigation.

All interviews were conducted face-to-face in a quiet and private room within the hospital
setting to ensure confidentiality and minimize external interruptions. Each interview lasted
approximately 25-40 minutes, depending on the depth of the discussion and participant
engagement. The interviews were conducted by a researcher experienced in qualitative
research methods and familiar with the clinical context of pediatric care. This facilitated
effective communication with participants and enabled in-depth exploration of their
perspectives. Field notes were taken during and immediately after the interviews to capture

contextual details and non-verbal cues.

Data were collected using a semi-structured interview form developed by researchers. The
interview questions covered topics such as risk group definition, vaccine prioritization,
clinical decision-making process, guideline use, institutional practices, communication with
families, access and reimbursement issues, and training needs. Interviews were conducted
face-to-face, audio recordings were made with the informed consent of the participants, data
were transcribed verbatim after the interviews were completed, and the audio recordings
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were securely destroyed within 24 h. The interviews were conducted by a family physician
and associate professor with previous experience in qualitative research and interview-
based studies. The interviewer was familiar with the clinical context of pediatric care but
had no supervisory, evaluative, or hierarchical relationship with the participants. No prior
researcher-participant relationship existed that could influence participants’ responses. To
enhance reflexivity and reduce potential researcher bias, field notes were maintained
throughout the study and analytical decisions were discussed regularly within the research
team. Data coding and theme development were conducted independently by two
researchers, and discrepancies were resolved through consensus. Investigator triangulation
and the use of verbatim quotations were employed to ensure that the findings remained

grounded in participants’ accounts.

Data analysis was conducted in accordance with Braun and Clarke's thematic analysis
approach.12 Two researchers independently reviewed the transcripts and generated initial
inductive codes from meaningful segments of text. A preliminary codebook was developed
and refined throughout the analysis. Conceptually related codes were grouped into
categories and subsequently organized into themes. Discrepancies in coding and theme
allocation were resolved through discussion and consensus. Data were managed manually
without the use of qualitative data analysis software because the dataset was of a

manageable size.

Data analysis began with the researchers thoroughly reviewing the interview recordings to
gain a deep understanding of the data collected. During this process, meaningful units of
expression were identified, and preliminary codes were developed based on these units. The
codes created were grouped according to their conceptual similarities to form thematic
structures, and these themes were re-evaluated in terms of their compatibility with the
dataset. In the final stage, the themes were defined in a clear and understandable manner,

and the findings were presented systematically and coherently.

The coding process was conducted independently by two researchers, and differences

between codes and themes were discussed until a consensus was reached. The final analysis
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identified seven main themes reflecting the participants' narratives, along with major and
minor themes related to them. To enhance reflexivity and minimize potential researcher
bias, coding and theme development were performed independently by two researchers.
Differences were discussed until consensus was achieved. Investigator triangulation, regular
analytical discussions, and the use of verbatim quotations were employed to ensure that

findings reflected participants’ perspectives rather than researchers’ assumptions.

The reliability and validity of the study were ensured in accordance with the strategies
recommended in qualitative research. Data and researcher diversity, the use of direct
participant quotations, inter-researcher comparison in the coding process, and continuous
review of the consistency of themes with the data were applied. Participant characteristics

were presented in detail to increase the findings’ transferability.

Ethical Considerations

The study was approved by the Non-Interventional Clinical Research Ethics Committee of
the relevant university (Ethics Committee Meeting Date: 01/2026, Decision No: E-25-732).
Informed consent was obtained from all physicians participating in the study prior to their
interviews. Participant confidentiality was maintained, interviews were coded to ensure
anonymity, and the data were used solely for research purposes. The study was conducted
in accordance with the principles outlined in the ethics committee application and approval

documents.

Reflexivity was considered throughout the research process. The interviewer was a family
physician and academic researcher with experience in qualitative health research and an
interest in vaccination practices. Recognizing that professional experience could influence
data interpretation, reflexive field notes, independent coding by two researchers,
investigator triangulation, and regular analytical discussions were used to minimize

potential bias and ensure that themes remained grounded in participants’ perspectives.
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Results

This study examined pediatric subspecialists' experiences, decision-making approaches, and
challenges related to vaccinating children in high-risk groups multidimensionally. The
participants' narratives revealed that vaccinating high-risk groups is not only a practice
based on clinical knowledge; it is also a complex process shaped by uncertainty, institutional
structure, shared responsibility, interaction with families, and limitations related to the
healthcare system. Seventeen pediatric subspecialists from eight pediatric subspecialties
participated in the study. Participants represented a range of professional roles and levels of
clinical experience, including clinical fellows, specialists, and academic faculty members.
This heterogeneity enabled the inclusion of diverse perspectives regarding the vaccination
of high-risk children and strengthened the breadth of the findings. The demographic and
professional characteristics of the pediatric subspecialists participating in the study and
their general behavioral profiles regarding vaccination decisions in risky situations are

shown in Table 1.

Table 1. Demographic and professional characteristics of the participants and their

vaccination decision-making approaches in risky situations.

Participant No. (Position) Years Speciality* Primary Vaccination Approach
P-1 (Associate Professor) 13 Neurology Referral to social pediatrics

P-2 (Specialist Physician) 6 Neurology Cautious, patient-based

P-3 (Specialist Physician) 5 Nephrology Delegated responsibility

P-4 (Professor) 24 Hematology Guideline-driven

P-5 (Specialist Physician) 6 Cardiology Indication-focused

P-6 (Specialist Physician) 6 Nephrology Responsibility excluded

P-7 (Specialist Physician) 4 Rheumatology Safety-oriented

P-8 (Associate Professor) 13 Cardiology Routine vaccination advocate
P-9 (Associate Professor) 6 Rheumatology Treatment-prioritized

P-10 (Specialist Physician) 8 Gastroenterology Shared decision-making

P-11 (Specialist Physician) 7 Endocrinology Consultation-oriented

P-12 (Specialist Physician) 6 Neurology Accessibility-sensitive

P-13 (Specialist Physician) 7 Gastroenterology Ethical counselling

P-14 (Associate Professor) 6 Allergy and Immunology Risk-benefit assessment

P-15 (Associate Professor) 10 Cardiology Team-based decision-making
P-16 (Specialist Physician) 4 Endocrinology Context-sensitive routine practice
P-17 (Specialist Physician) 4 Allergy and Immunology Vaccine advocacy

P: Participant. *All participants were employed at the same type of institution, a tertiary care

training and research hospital, and were working in Ankara, Tiirkiye.
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Participants with varying clinical experiences and working in different departments showed

diversity in their approaches to the vaccination of high-risk children. The thematic analysis

of the interview data identified seven main themes explaining these individual approaches.

These themes were grouped under the following headings: perception of risk group

vaccination and clinical framework, vaccine prioritization and clinical priorities, clinical

decision-making process and uncertainties,

institutional structures and systemic

functioning, communication with families and vaccine hesitancy, access, reimbursement and

logistical issues, and training needs and development recommendations (Table 2).

Table 2. Theme Structure Related to Pediatric Subspecialty Physicians' Risk Group
Vaccination Practices

Main Theme

Major Theme

Minor Themes

Risk Group
Vaccination
Perception and
Clinical Framework

Definition of the risk group

Chronic diseases; Immunodeficiencies; Use of
immunosuppressive/biological agents; Organ
transplantation/asplenia; Prematurity

Specialty-specific risk
perception

Neurological; Cardiac; Hematological-oncological; Renal;
Metabolic/endocrine diseases

Vaccine
Prioritization and
Clinical Priorities

Vaccines universally
considered critical

Influenza; Pneumococcus; Meningococcus; Hepatitis A/B

Priority vaccines specific to
the branch

Palivizumab; Meningococcal (eculizumab/complement deficiency);
Completion of live vaccines prior to transplantation; HPV

Clinical Decision-
Making Process
and Uncertainties

Use of guidelines

National guidelines; International guidelines (WHO/CDC/ACIP); Lack
of guidelines; Difficulty accessing current information

Guideline-based decision-

Patient-based decision; Approach based on clinical experience;

making Preference for the safest option
Dealing with conflicting Postponing vaccination; Prioritizing treatment; Consultation within
recommendations the specialty.
Institutional Protocols and flow charts Written protocol exists; No written protocol; Application based on
structures and association guidelines
systemic Area of responsibility Referral to social pediatrics; Healthy child clinic; Responsibility
functioning perceived as outside the specialty
Recording and monitoring No follow-up in the hospital information system; Follow-up via
systems Personal Health Record System; Manual registration
Communication General attitude of families High acceptance in chronic diseases; Rarely encounter vaccine refusal

with Families and
Vaccine Hesitancy

Communication strategies

Emphasis on risk; Negative examples; "If it were my child" approach;
Leaving the decision to the family

Written information and
consent

No written material; Pre-medication information forms; No standard
vaccine consent form

Access, Vaccine supply Lack of influenza vaccine; Seasonal supply issues
reimbursement, Reimbursement issues Non-reimbursed vaccines despite being in a risk group; Financial
and logistical constraints; Perception of unfairness

issues

Training Requirements for Clear algorithms; Up-to-date guideline summaries; Online training
Requirementsand  physicians

Development System-level Free vaccines for high-risk groups; National standard algorithm;
Recommendations  recommendations Electronic record integration

Public awareness

Media campaigns; Ministry of Health announcements; Accurate
information on social media
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1. Risk Group Vaccination Perception and Clinical Framework

Participants defined the concept of risk group as a dynamic framework that includes all
clinical and treatment-related factors that increase a child's vulnerability to infections,
rather than a narrow classification based on diagnosis. This approach reflects the
understanding that the risk group is not a fixed category; it can vary depending on the stage
of the disease, medications used, and accompanying conditions. Immunosuppressive
treatments, a history of organ transplantation, and prematurity were central to the

participants' risk definitions.

"When [ hear 'risk group,' immunosuppressed patients immediately come to mind. They

cannot be assessed using a standard schedule." (P-4)

“Whether they are premature, have a neurological condition, or are on long-term medication,

they are all more susceptible to infection.” (P-1)

“In children with chronic kidney disease, infections tend to be much more severe.” (P-3)

The fact that risk perception is shaped by specialty indicates that there is no common
definition of risk. Physicians assess risk based on the complications they frequently
encounter in their clinical practice, leading to heterogeneity across specialties in risk group

vaccination rates.

2. Vaccine Prioritization and Clinical Priorities

Participants' narratives revealed that not all vaccines are considered equally important for
children in the risk group, with some vaccines being positioned as vital and indispensable.
The influenza vaccine was the most emphasized vaccine because of its prevalence and
potential to cause severe infections. Pneumococcal and meningococcal vaccines are

generally associated with the risk of fatal complications.
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“We have seen very severe cases when the flu vaccine was not administered.” (P-12)

“When pneumococcal and meningococcal vaccines are not administered, irreversible

outcomes occur.” (P-15)

“For high-risk groups, influenza vaccination is truly lifesaving.” (P-8)

However, the importance of some vaccines varies depending on the specialty. In cardiology,
palivizumab administration stands out; in immunology and rheumatology, meningococcal
vaccines; and in patients undergoing transplantation, the timing of live vaccines is important.
This situation shows that vaccine prioritization is determined by clinical context rather than

universal principles.

3. Clinical Decision-Making Process and Uncertainties

While acknowledging the existence of national and international guidelines, participants
stated that these guidelines cannot always be directly applied to daily clinical practice
settings. Differences between guidelines, frequent updates, and patient-specific clinical
conditions create uncertainty in the decision-making process. This uncertainty leads

physicians to approach the guidelines critically and selectively.

“Guidelines exist, but there is no clear algorithm that fits every patient.” (P-7)
“The national guideline says one thing, the CDC says another.” (P-10)
“I often have to interpret the guidelines.” (P-11)

“When the patient's condition becomes more complicated, the guidelines are no longer

sufficient on their own. We often have to make decisions based on clinical judgment.” (P-14)

In uncertain situations, physicians often make patient- and experience-based decisions. The
"safest course" approach can lead to postponing vaccination, especially during periods of
intensive treatment. This situation shows that physicians constantly reevaluate the risk-

benefit balance.
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4. Institutional Structures and Systemic Functioning

Most participants stated that there was no standard protocol or flowchart for risk group
vaccination at their institutions. It was observed that practices were often based on
individual experiences and clinical habits. This makes it difficult to ensure consistency in

practice within the institution.

"We don't have a written vaccination protocol at our clinic." (P-6)

“Everyone proceeds based on their own experience.” (P-3)

“This task relies somewhat on personal effort.” (P-15)

“I usually refer these patients to social pediatrics because there is no clearly defined

responsibility within our clinic.” (P-2)

The uncertainty surrounding vaccination responsibilities often leads subspecialists to
perceive themselves as non-decision-makers. The vaccination process is frequently referred
to as social pediatrics or well-child units. However, a small number of participants (n=3)
positioned decisions regarding the vaccination of at-risk groups outside their own clinical

responsibilities and consciously referred this process to other units.

5. Communication with Families and Vaccine Hesitancy

Participants emphasized that vaccine acceptance was generally high among families of
children with chronic illnesses. The severity of illness and past negative experiences
positively influenced families' attitudes toward vaccination. While vaccine refusal is rare,

physicians typically use persuasive and experience-based communication strategies.

“These families are already open to vaccination because they have been through so much.”
(P-13)

“Vaccine refusal is very rare in our group.” (P-11)
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“Fear of illness convinces families.” (P-8)

“Families are often reassured when we explain what we would recommend for our own

patients or children.” (P-6)

Healthcare providers sharing their personal opinions and experiences has emerged as a key

factor in strengthening trust.

6. Access, Reimbursement, and Logistical Issues

Participants identified vaccine supply and reimbursement issues as significant barriers to
vaccinating at-risk groups. Difficulties in obtaining influenza vaccines and the fact that some

vaccines are not covered by reimbursement directly affect clinical decision-making.

“Asking for the flu vaccine when it's not available is just theoretical.” (P-12)
“Some vaccines are not covered by reimbursement despite being part of the risk group.” (P-
17)

“Even if the family wants it, they cannot afford it financially.” (P-9)

“Itis frustrating to recommend a vaccine that we know is necessary but that families cannot

access because of cost.” (P-7)

This situation creates a clear sense of injustice among physicians and highlights the need for

systemic reforms.

7. Education Requirements and Development Recommendations

Participants emphasized that systemic and structural reforms, rather than individual
knowledge, are needed to increase the effectiveness of group at-risk vaccination. Creating
clear, simple, and up-to-date algorithms, making risk group vaccines available free of charge,
and strengthening electronic record systems were among the most frequently mentioned

recommendations.
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“If there were a clear national algorithm, everyone would feel at ease.” (P-4)
“We need short and up-to-date guideline summaries.” (P-11)

“Risk group vaccines should be free.” (P-15)

Discussion

This qualitative study revealed that pediatric subspecialists' decision-making processes
regarding the vaccination of children in risk groups are based not only on medical knowledge
but also on multidimensional factors such as uncertainty, institutional structure, perception
of responsibility, interaction with families, and health system constraints. The findings
indicate that risk group vaccination is not a mechanical process carried out according to
standard protocols but rather a context-sensitive clinical practice largely based on physician
initiative. By focusing on pediatric subspecialists working within a tertiary care setting in
Tirkiye, the study provides context-specific insights into the clinical and organizational
challenges that may not be captured through quantitative surveys or vaccination coverage

data alone.

Unlike previous studies that primarily focused on vaccination coverage rates, parental
attitudes, or guideline adherence, this study provides an in-depth exploration of how
pediatric subspecialists experience vaccination decision-making in high-risk children. The
findings demonstrate that vaccination practices are shaped not only by clinical evidence but
also by uncertainty management, institutional responsibility, reimbursement policies, and
interdisciplinary communication. This broader perspective contributes to understanding
why gaps between recommendations and clinical practice may persist despite the

availability of guidelines.

Theme 1: Perception of Risk Group Vaccination and Clinical Framework

This study found that physicians do not define the risk group as a fixed and homogeneous
category but as a dynamic framework that constantly changes based on the child's clinical

condition, treatment process, and functional status of the immune system. In the literature,
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children in the risk group are defined as individuals who show increased susceptibility to
vaccine-preventable diseases owing to underlying chronic diseases, immunodeficiencies, or
immunosuppressive treatments.113 Premature infants, organ transplant recipients, patients
with asplenia, those using biological agents, and children with chronic cardiac, pulmonary,
renal, neurological, hematological, and immune-compromising diseases are particularly
evaluated as "special risk groups” in many studies.>13 However, current reviews and field
studies emphasize that there is no single, universal definition of a risk group; the level of risk
can change over time depending on factors such as disease severity, treatments used, and
immune response.l* This approach demonstrates that the risk group is not a fixed clinical
category but a context-sensitive concept that requires regular reassessment, consistent with
our finding that participants' risk perception was shaped in a discipline-specific and variable
manner. The variation in risk perception among healthcare workers highlights the absence
of a common and standardized definition of risk, creating a significant area of heterogeneity
that could lead to different vaccination approaches for children with similar clinical

conditions.

Theme 2. Vaccine Prioritization and Clinical Priorities

The literature reports that not all vaccines have equal clinical importance in children at risk,
with influenza, pneumococcal, and meningococcal vaccines being considered priority and
critical vaccines for these groups. The CDC/ACIP guidelines define the influenza vaccine as a
basic protective intervention for children with chronic diseases or immunodeficiency.
Pneumococcal and meningococcal vaccines are classified as high-priority vaccines because
of the risk of invasive and life-threatening infections?>. Indeed, influenza infection has been
shown to significantly increase the need for hospitalization and intensive care in at-risk
children, while pneumococcal and meningococcal infections are associated with higher
mortality and risk of permanent sequelae in this populationl¢-17. However, vaccine
prioritization is not independent of the specific clinical context of the specialty; for example,

in cardiology practice, palivizumab stands out; in immunology and rheumatology,
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meningococcal vaccines are prominent; and in the transplantation process, the timing of live

vaccines is emphasized.

Theme 3: Clinical Decision-Making Process and Uncertainties

In the literature, the clinical decision-making process is defined as a dynamic process that
inevitably involves uncertainty, particularly in situations involving complex and multiple
risk factors. Clinical uncertainty is considered a fundamental factor that makes it difficult for
physicians to make decisions based on a single, definitive truth owing to insufficient
evidence, inconsistencies between guidelines, and variable clinical conditions on a patient-
by-patient basis.18-1° Indeed, the fact that vaccine guidelines are presented with different
content and priorities by different institutions (e.g., national authorities, WHO, and
CDC/ACIP) makes it difficult to develop clear algorithms that can be directly translated into
clinical practice, especially for children in risk groups. In this context, physicians adopting
the "safest course" approach by interpreting guidelines based on their own clinical
experience and the patient's specific risk profile, rather than applying them verbatim, is
consistent with experience-based and risk-averse clinical decision models defined in the
literature.2? This situation provides a theoretical framework for explaining participants'
tendencies to delay vaccination, prioritize treatment, or make individualized decisions in our
study, and shows that decision-making processes in risk group vaccination depend not only

on guidelines but also on professional judgment based on uncertainty management.

Theme 4: Institutional Structures and Systemic Functioning

The literature indicates that the effective delivery of preventive health services depends not
only on clinical knowledge but also on institutional structures with clearly defined areas of
responsibility. The World Health Organization defines the coordination of immunization
services, carried out in a comprehensive manner through monitoring and registration
processes and organized by centralized and specialized units, as a fundamental component
of health system effectiveness?21. In this context, it is recommended in many countries that

the vaccination of children in special risk groups be coordinated by units focused on the
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preventive aspect of child health, with clinical subspecialties contributing to this process in
an advisory and guiding role.22-23 [n our study, the fact that most participants directed
vaccination responsibility to social pediatrics or well-child units indicates that central
planning by a specialized unit, such as social pediatrics, may be a more functional and
sustainable model than conducting risk group vaccination under the individual
responsibility of subspecialty clinics. This approach could reduce the clinical burden and
strengthen consistency in practice by ensuring that the immunization processes of children
in risk groups are carried out in a standardized, traceable, and coordinated manner. An
important finding of this study is that responsibility for vaccination of high-risk children is
often fragmented across subspecialty services. This highlights the potential coordinating
role of primary care and family medicine, which are uniquely positioned to provide
continuity of care, monitor vaccination status, and facilitate communication between tertiary
care services and families. Strengthening collaboration between subspecialists and primary
care providers may help reduce missed vaccination opportunities and improve the

consistency of vaccination practices across healthcare settings.

Theme 5: Communication with Families and Vaccine Hesitancy

The literature indicates that attitudes toward vaccination among parents of children with
chronic diseases are heterogeneous, with some studies reporting that vaccine hesitancy may
be higher in this group than in the general population. In a study conducted by Napolitano et
al. with parents of children with chronic diseases in Italy, hesitancy toward vaccines was
found in a significant proportion of parents, and concerns about the possible side effects of
vaccines were shown to be a determining factor.2# Similarly, a recent study conducted in
Turkey reported that vaccine hesitancy rates among parents of children with chronic
diseases were higher than those among parents of healthy children; this trend was more
pronounced in certain disease groups, such as type 1 diabetes and autism spectrum
disorder.2> These findings suggest that chronic illness alone is not a factor that increases
vaccine acceptance; on the contrary, uncertainty and risk perception in some clinical groups

may reinforce vaccine hesitancy. In our study, the fact that participants rarely encountered
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vaccine refusal can be explained by the physicians interviewed working primarily with
patient groups at high risk for congenital, immunological, and infectious diseases and
families having long-term contact with the healthcare system. This situation reveals that
vaccine hesitancy is shaped not so much by the presence of chronic disease as by the type of

disease, families' sources of information, and the trust established with physicians.

Theme 6. Access, Reimbursement, and Logistical Issues

In the literature, access to vaccines and financial barriers are among the most important
systemic factors limiting immunization rates in at-risk populations. The World Health
Organization emphasizes that the availability and free provision of vaccines, especially for
vulnerable groups, are critical determinants of the effectiveness of immunization programs,
noting that disruptions in vaccine access deepen health inequities2. Similarly, the non-
reimbursement of vaccines or the existence of additional costs that families must cover is
identified as a significant barrier that directly affects vaccination decisions for children in
risk groups.?6 Indeed, multicenter studies have shown that supply problems and cost
barriers in the provision of seasonal vaccines, such as influenza vaccines, render physicians'
clinical recommendations impractical and significantly reduce vaccination rates.2” In this
context, the fact that physicians in our study identified vaccine shortages and
reimbursement issues as key barriers highlights that vaccinating at-risk groups is not only a
clinical issue but also a structural problem directly related to the health system's dimensions

of equity, financing, and resource management.

Theme 7. Training Needs and Development Recommendations

Literature emphasizes that structured and sustainable mechanisms at the system level,
rather than individual physician knowledge, are decisive in increasing the effectiveness of
vaccination programs for high-risk children. The World Health Organization defines clear
clinical algorithms, standard guidelines, and the integration of electronic record systems as
fundamental health system components for improving the quality of immunization

services2l. Similarly, clinical decision support systems and up-to-date guideline summaries
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have been shown to reduce physicians' decision burden and strengthen the consistency of
practice, particularly in complex patient groups.28 The integration of electronic health
records with immunization systems increases continuity in patient follow-up and
contributes to reducing missed vaccination opportunities.?? In this context, the
recommendations of the participants in our study regarding national standard algorithms,
free vaccinations for risk groups, and strengthening electronic record systems reveal that
the vaccination of risk groups should be transformed from an individual effort-based clinical

practice into a structured and traceable healthcare service model.

One of the most important strengths of this study is that it examines the experiences of
physicians working in different pediatric subspecialties in depth, revealing the decision-
making processes regarding the vaccination of children in risk groups from a qualitative
perspective. The participants’ diverse clinical backgrounds ensured that the findings were

multidimensional and rich in content.

This study has several limitations that should be considered when interpreting the findings.
First, the study was conducted in a single tertiary care center, which may limit the
transferability of the findings to other healthcare settings with different institutional
structures and patient populations. Second, although the sample size (n=17) is appropriate
for qualitative research aiming at depth and thematic richness, it may still be considered
limited in terms of capturing the full spectrum of perspectives across all pediatric
subspecialties. Third, the study focused exclusively on pediatric subspecialists and did not
include other key stakeholders involved in the vaccination process, such as families, primary
care physicians, or public health professionals. The absence of these perspectives may limit
a comprehensive understanding of the multi-level dynamics influencing vaccination
practices in risk groups. However, despite these limitations, the study provides in-depth
insights into the clinical decision-making processes of pediatric subspecialists, a group that
plays a central and often underexplored role in the management of high-risk pediatric
populations. Qualitative design enabled a detailed exploration of contextual and experiential

factors that are not easily captured through quantitative approaches.

Ankara Med J, 2026;(3):358-380 // @ 10.5505/amj.2026.74271
376



ANKARA
MEDICAL

The findings of this study have direct clinical implications. Variability in decision-making
across subspecialties indicates the need for clear and standardized vaccination algorithms
for high-risk children. Implementing institutional protocols and integrating vaccination
pathways into hospital systems may improve coordination and consistency. Strengthening
clinical decision support and interdisciplinary consultation can reduce uncertainty and
prevent unnecessary delays in vaccination. In addition, ensuring vaccine availability and
reimbursement for high-risk groups is essential to translate recommendations into practice.
Targeted training and concise guideline tools may further support physicians in managing
complex vaccination decisions. From a Family Medicine perspective, the findings highlight
the central role of primary care in coordinating vaccination processes for children in risk
groups. Family physicians are uniquely positioned to ensure continuity of care, monitor
vaccination status, and bridge communication between subspecialists and families.
Strengthening collaboration between tertiary care and primary care, along with integrating
vaccination follow-up into primary care systems, may improve coverage, timeliness, and

consistency of vaccination practices in high-risk pediatric populations.

Conclusion

This qualitative study suggests that pediatric subspecialists’ decision-making regarding the
vaccination of high-risk children is influenced not only by clinical considerations but also by
institutional structures, guideline-related uncertainties, and health system factors. The
findings highlight potential areas for improvement in the organization and coordination of
vaccination services for high-risk children, including clearer clinical guidance, enhanced
interdisciplinary collaboration, and strengthened support systems. Given the single-center
qualitative design, further studies involving different healthcare settings and stakeholder

groups are needed to explore the transferability of these findings.
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Abstract
Objectives: Environmental trace element exposure has been proposed as a modifiable risk

factor for type 2 diabetes mellitus (DM), but findings are inconsistent. We examined
associations between urinary and blood trace elements and DM, and their sensitivity to
model specification.

Materials and Methods: We analysed 1,486 adults aged 20 years or older from the 2013-
2014 NHANES cycle. DM was defined by American Diabetes Association criteria. Seventeen
urinary and five blood elements were measured by mass spectrometry. Groups were
compared using Mann-Whitney U and chi-square tests with Benjamini-Hochberg
correction. Log-transformed concentrations were entered into logistic regression models
adjusted for age, sex, body mass index, race/ethnicity, socioeconomic position, smoking,
hypertension, and kidney disease, fitted with and without complex survey weights. Odds
ratios (OR) are reported per interquartile-range increase.

Results: DM prevalence was 13.7%. In adjusted models (n=1,388), urinary arsenous acid
was inversely associated with DM (OR 0.55, 95% CI 0.36-0.86, p=0.008); this persisted
under the survey design (OR 0.47, 0.30-0.72, p<0.001) and after creatinine adjustment.
Urinary cadmium, strongly associated when age was omitted (OR 1.56, 1.17-2.07, p=0.002),
showed no association after adjustment for age (OR 0.89, 0.65-1.23, p=0.481). Blood
selenium was associated in the unweighted analysis (OR 1.26, p=0.020) but not in the
weighted analysis; urinary tin and molybdenum were only associated under the survey
design.

Conclusion: The cadmium-DM association was fully attributable to age confounding, and
arsenous acid showed an inverse rather than positive association. Such associations are
highly sensitive to model specification; adequate age adjustment and use of the complex
survey design are essential in NHANES-based analyses.

Keywords: Trace elements, environmental exposure, diabetes mellitus, nutrition surveys,

confounding factors, epidemiologic.
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Introduction

Environmental exposure to heavy metals and trace elements has become a prominent
concern in the study of metabolic disease.! Type 2 diabetes mellitus (DM) continues to
increase in prevalence despite advances in clinical management, prompting interest in
contributors to metabolic risk that are modifiable at the population level through
environmental regulation, occupational protection and tobacco control. Unlike individual
behavioural risk factors, exposure to toxic metals is distributed unevenly across populations

and is amenable to structural rather than purely clinical intervention.

Trace elements occupy a dual position in human physiology. Selenium (Se) is required for
antioxidant defence through its incorporation into selenoproteins, yet its therapeutic

window is narrow.?2

Evidence from the Selenium and Vitamin E Cancer Prevention Trial and from subsequent
population studies has suggested a U-shaped or positive association between
supranutritional Se status and DM risk, commonly described as the "selenium paradox".3-5
The strength and direction of this relationship nevertheless vary across populations and

exposure ranges, and estimates are sensitive to the extent of confounder adjustment.

Cadmium (Cd), by contrast, is a non-essential toxic metal present in cigarette smoke,
industrial emissions and contaminated food crops, with a biological half-life of 10-30 years.®
Experimental work has implicated Cd in pancreatic beta-cell dysfunction and insulin
resistance, and toxic metals have been shown to accumulate in metabolically active tissues
following long-term exposure.”8 Epidemiological findings are markedly inconsistent,
however: systematic reviews report associations ranging from strongly positive to null, and
NHANES analyses have described positive, null and even inverse associations depending on
the biomarker matrix and covariate set applied.®.11 This heterogeneity has a structural
explanation. Urinary Cd reflects cumulative lifetime burden and rises steeply with age, while

age is simultaneously the strongest determinant of DM prevalence; where age adjustment is
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incomplete, this configuration can generate associations that do not survive fuller

specification.

Similar considerations apply to arsenic. Arsenous acid, the most reactive trivalent inorganic
species, is a recognised endocrine disruptor that impairs insulin-stimulated glucose uptake
and interferes with GLUT4 translocation in experimental systems, and high chronic exposure
through drinking water is associated with elevated diabetes prevalence.l?-14 At the low
exposure levels typical of the general US population, the evidence is considerably weaker,
and its interpretation is complicated by two features: a substantial proportion of
measurements falls below the analytical limit of detection, and concentrations in spot urine
depend heavily on urinary dilution, which differs between individuals with and without
diabetes because of osmotic diuresis. The metabolic significance of other elements remains
less well characterised; reports on tin conflict, and molybdenum has shown inconsistent
relationships with glucose homeostasis despite insulin-mimetic effects in experimental

models.15-20

The National Health and Nutrition Examination Survey (NHANES) permits simultaneous
measurement of a broad element panel alongside detailed demographic and clinical data in
a nationally representative sample, but realising that advantage requires attention to the
complex sampling design and to the confounding structure described above.21.22 This study
had two aims: to describe associations between urinary and blood trace elements and DM
among US adults, applying correction for multiple comparisons across the full panel rather
than reporting selected elements in isolation; and to evaluate how robust these associations
are to model specification, specifically to adjustment for age and socioeconomic position and
to incorporation of the survey design. Given the cross-sectional design, all findings are

presented as associations and no causal inference is intended.
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Materials and Methods

Study design and population

This was a cross-sectional analysis of the 2013-2014 cycle of the National Health and
Nutrition Examination Survey (NHANES), a continuous programme conducted by the
National Center for Health Statistics using a stratified, multistage probability sampling
design to characterise the civilian, non-institutionalised US population. This cycle was
selected because it is the most recent in which the full panel of urinary trace elements
examined here, including speciated urinary arsenic, was measured concurrently with the

blood panel in the same subsample, permitting mutual adjustment within a single model.

Of the 10,175 participants, 5,769 were aged 20 years or older and 5,588 completed the
Mobile Examination Centre (MEC) examination. Urinary trace elements were measured in a
randomly selected one-third subsample; 1,858 examined adults were selected, of whom
1,811 had a complete urinary panel. After exclusion of participants with missing HbAlc,
blood trace element, or covariate data, the descriptive sample comprised 1,486 adults.
Multivariable models were restricted to participants with complete data on the family
income-to-poverty ratio and urinary creatinine, yielding 1,388 participants with 192

diabetes cases. No imputation was performed. Participant flow is shown in Figure 1.
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Figure 1. Participant flow diagram
Ascertainment of diabetes

Diabetes was defined according to American Diabetes Association criteria as HbAlc 26.5%,
a physician diagnosis reported by the participant, or current use of insulin or oral glucose-
lowering agents. Definition by HbAlc alone would misclassify pharmacologically treated
participants with controlled glycaemia as non-diabetic, and the composite definition was

therefore applied throughout.
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Laboratory measurements

HbA1c was measured by high-performance liquid chromatography, and urinary creatinine
enzymatically. Trace elements in whole blood and urine were quantified by inductively
coupled plasma dynamic reaction cell mass spectrometry, with urinary arsenic species
separated chromatographically before detection. Concentrations below the limit of detection
(LOD) were retained at the LOD/V/2 value assigned by NHANES; for urinary arsenous acid,
this applied to 32.3% of measurements. Serum vitamin B12 and 25-hydroxyvitamin D are
reported as descriptive characteristics only and were not entered into regression models.
Body mass index was derived from MEC measurements, and smoking status from

standardised questionnaires.
Statistical analysis

Analyses were performed in Python 3.11 using statsmodels 0.14. Because element
concentrations were right-skewed, continuous variables were summarised as medians with
interquartile ranges and compared using the Mann-Whitney U test, and categorical variables
using the chi-square test. Because 22 trace elements were compared, the Benjamini-
Hochberg false discovery rate procedure was applied across this set of exposure
comparisons, and adjusted q values are reported alongside unadjusted p values; no
correction was applied to demographic or clinical characteristics, which were not treated as

exposure hypotheses.

Associations between element concentrations and diabetes were examined using logistic
regression. Element concentrations were natural log-transformed and entered as
continuous variables, and odds ratios are reported per interquartile-range increase to
render estimates interpretable on the observed exposure scale. Covariates were specified a
priori on the basis of established associations with both diabetes and metal exposure, and
comprised age, sex, body mass index, race/ethnicity, education, family income-to-poverty
ratio, smoking, hypertension, and self-reported kidney disease. Race/ethnicity was dummy

coded with non-Hispanic White as reference. Odds ratios with 95% confidence intervals are
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reported for every variable entered, including non-significant ones. Variance inflation

factors were all below 2.

Two models are presented. Model 1 was unweighted. Model 2 accounted for the complex
survey design; in accordance with NHANES analytic guidelines, the weight appropriate to
the variable collected on the smallest number of respondents was applied, and because
urinary elements were measured in a one-third subsample, this was the subsample weight
rather than the MEC examination weight.11 Sampling strata and primary sampling units
were incorporated, with variance estimated by Taylor series linearisation and standard

errors clustered on primary sampling unit.

Three sensitivity analyses were prespecified. Because spot urinary concentrations depend
on dilution, which differs between individuals with and without diabetes owing to osmotic
diuresis, both models were refitted with log-transformed urinary creatinine as an additional
covariate (Table S1). Second, models were refitted without age to quantify age confounding
(Table S5), and urinary arsenous acid was additionally modelled as a binary LOD indicator
and in participants with detectable concentrations only (Tables S2a and S2b). Third, models
were refitted using an HbAlc-only case definition (Table S3). An exploratory model

including all remaining elements differing at q<0.10 is presented in Table S4.
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Table S1. Multivariable models additionally adjusted for urinary creatinine.

Variable OR (95% CI) p OR (95% CI) p
Unweighted Weighted

Age (per year) 1.06 (1.04-1.07) <0.001  1.05(1.04-1.07) <0.001
Male sex 1.27 (0.85-1.88) 0.238 1.32 (0.81-2.15) 0.268
BMI (per kg/m?) 1.11 (1.08-1.14) <0.001  1.11 (1.07-1.16) <0.001
Active smoking 1.15 (0.70-1.86) 0.584 0.96 (0.48-1.95) 0.915
Hypertension 0.93 (0.65-1.33) 0.691 1.11 (0.67-1.85) 0.681
Self-reported Kkidney disease 3.61 (1.69-7.73) <0.001  1.98(0.95-4.13) 0.069
Some college or above 0.65 (0.44-0.96) 0.030 0.63 (0.36-1.11) 0.111
Family income-to-poverty ratio 0.99 (0.88-1.12) 0.900 1.02 (0.85-1.22) 0.857
Other Hispanic 2.26 (1.21-4.22) 0.010 1.74 (0.85-3.56) 0.133
Mexican American 2.39 (1.37-4.16) 0.002 1.84 (1.12-3.04) 0.016
Non-Hispanic Black 1.80 (1.10-2.95) 0.019 1.51 (0.79-2.87) 0.208
Non-Hispanic Asian 4.55 (2.42-8.54) <0.001 5.18 (2.81-9.58) <0.001
Other/Multiracial 1.04 (0.24-4.41) 0.962 0.59 (0.14-2.58) 0.485
Arsenous acid, urine (per IQR) 0.59 (0.38-0.93) 0.024 0.48 (0.30-0.76) 0.002
Cadmium, urine (per IQR) 0.99 (0.69-1.41) 0.937 1.14 (0.70-1.84) 0.598
Tin, urine (per IQR) 1.25 (0.97-1.61) 0.085 1.37 (1.18-1.59) <0.001
Molybdenum, urine (per IQR) 1.49 (1.05-2.12) 0.024 1.45 (1.05-2.01) 0.026
Manganese, urine (per IQR) 0.98 (0.87-1.10) 0.694 0.91 (0.78-1.06) 0.206
Selenium, blood (per IQR) 1.25 (1.03-1.52) 0.024 1.05 (0.80-1.37) 0.725
Urinary creatinine (per log unit)  0.75 (0.48-1.18) 0.213 0.91 (0.50-1.67) 0.765

0dds ratios (OR) with 95% confidence intervals (CI) from multivariable logistic regression; diabetes (yes/no) was the
dependent variable. n = 1,388 with 192 events. Trace element odds ratios are expressed per interquartile-range increase
on the log scale. The weighted model incorporates the urinary subsample weight (WTSA2YR), sampling strata, and primary

sampling units. BMI, body mass index; CI, confidence interval; IQR, interquartile range; OR, odds ratio.

Table S2. Alternative handling of values below the limit of detection.

Urinary arsenous acid was below the limit of detection (LOD) in 32.5% of participants,
comprising 31.4% of those without and 39.6% of those with diabetes. Because this

proportion differed between groups, two alternative specifications were examined.
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Table S2a. Arsenous acid modelled as a binary above-versus-below LOD indicator.

Variable OR (95% CI) p

Age (per year) 1.06 (1.04-1.07) <0.001
Male sex 1.11 (0.77-1.60) 0.569
BMI (per kg/m?) 1.10 (1.07-1.13) <0.001
Active smoking 1.18 (0.73-1.91) 0.494
Hypertension 0.95 (0.66-1.36) 0.776
Self-reported kidney disease 3.59 (1.69-7.61) <0.001
Some college or above 0.64 (0.43-0.94) 0.023
Family income-to-poverty ratio 0.99 (0.88-1.11) 0.858
Other Hispanic 2.22 (1.20-4.12) 0.011
Mexican American 2.32 (1.34-4.02) 0.003
Non-Hispanic Black 1.68 (1.03-2.74) 0.036
Non-Hispanic Asian 4.57 (2.50-8.36) <0.001
Other/Multiracial 1.00 (0.24-4.23) 1.000
Cadmium, urine (per IQR) 0.86 (0.63-1.19) 0.362
Tin, urine (per IQR) 1.18 (0.93-1.50) 0.173
Molybdenum, urine (per IQR) 1.28 (0.93-1.75) 0.127
Manganese, urine (per IQR) 0.97 (0.87-1.09) 0.623
Selenium, blood (per IQR) 1.24 (1.03-1.51) 0.027
Arsenous acid above LOD (vs below) 0.73 (0.48-1.11) 0.136

Unweighted multivariable logistic regression; diabetes (yes/no) was the dependent variable; n = 1,388 with 192 events.
Urinary arsenous acid was entered as a binary indicator of detectable versus non-detectable concentration; all other trace
elements were retained as continuous log-transformed variables. BMI, body mass index; CI, confidence interval; IQR,

interquartile range; OR, odds ratio.

Table S2b. Analysis restricted to participants with detectable concentrations.

Variable OR (95% CI) p

Age (per year) 1.06 (1.04-1.08) <0.001
Male sex 1.09 (0.68-1.75) 0.725
BMI (per kg/m?) 1.11 (1.07-1.15) <0.001
Active smoking 1.02 (0.55-1.89) 0.959
Hypertension 0.86 (0.53-1.38) 0.524
Self-reported kidney disease 5.49 (1.82-16.53) 0.002
Some college or above 0.64 (0.39-1.06) 0.081
Family income-to-poverty ratio 0.93 (0.80-1.08) 0.337
Other Hispanic 1.96 (0.84-4.54) 0.118
Mexican American 2.16 (1.08-4.33) 0.031
Non-Hispanic Black 1.90 (1.00-3.63) 0.050
Non-Hispanic Asian 5.87 (2.79-12.37) <0.001
Other/Multiracial 0.58 (0.06-5.37) 0.631
Arsenous acid, urine (per IQR) 0.71 (0.54-0.93) 0.014
Cadmium, urine (per IQR) 0.87 (0.58-1.30) 0.484
Tin, urine (per IQR) 1.20 (0.90-1.59) 0.220
Molybdenum, urine (per IQR) 1.27 (0.87-1.86) 0.221
Manganese, urine (per IQR) 0.93 (0.74-1.16) 0.495
Selenium, blood (per IQR) 1.26 (0.98-1.62) 0.069

Unweighted multivariable logistic regression restricted to participants with urinary arsenous acid above the limit of
detection; n = 937 with 116 events, compared with n = 1,388 and 192 events in the full sample. Trace element odds ratios
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are expressed per interquartile-range increase on the log scale. BMI, body mass index; CI, confidence interval; IQR,

interquartile range; OR, odds ratio.

Table S3. Multivariable models using an HbA1c-only definition of diabetes.

Variable OR (95% CI) p OR (95% CI) p
Unweighted Weighted

Age (per year) 1.06 (1.04-1.07) <0.001  1.06(1.04-1.08) <0.001
Male sex 1.55(1.01-2.39) 0.046 1.35 (0.77-2.39) 0.298
BMI (per kg/m?) 1.10 (1.06-1.13) <0.001  1.12(1.07-1.17) <0.001
Active smoking 1.18 (0.67-2.09) 0.559 1.10 (0.54-2.22) 0.798
Hypertension 1.06 (0.70-1.61) 0.789 1.15 (0.62-2.13) 0.649
Self-reported Kkidney disease 2.57 (1.11-5.94) 0.028 1.71 (0.66-4.38) 0.267
Some college or above 0.81 (0.51-1.28) 0.370 0.97 (0.65-1.46) 0.887
Family income-to-poverty ratio 0.93 (0.81-1.07) 0.295 0.90 (0.75-1.07) 0.244
Other Hispanic 2.58 (1.24-5.36) 0.011 2.14 (0.92-4.99) 0.078
Mexican American 2.72 (1.43-5.20) 0.002 2.23 (1.04-4.75) 0.039
Non-Hispanic Black 1.71 (0.96-3.05) 0.068 1.41 (0.64-3.09) 0.396
Non-Hispanic Asian 5.35 (2.65-10.76) <0.001 7.20 (3.71-13.97) <0.001
Other/Multiracial 0.48 (0.05-4.61) 0.525 0.14 (0.01-2.34) 0.171
Arsenous acid, urine (per IQR) 0.40 (0.24-0.68) <0.001  0.39 (0.24-0.66) <0.001
Cadmium, urine (per IQR) 1.04 (0.71-1.53) 0.822 1.15 (0.74-1.79) 0.526
Tin, urine (per IQR) 0.97 (0.73-1.29) 0.843 1.26 (0.94-1.70) 0.128
Molybdenum, urine (per IQR) 1.59 (1.09-2.32) 0.016 1.56 (1.01-2.42) 0.045
Manganese, urine (per IQR) 0.92 (0.79-1.08) 0.321 0.86 (0.69-1.08) 0.191
Selenium, blood (per IQR) 1.42 (1.13-1.78) 0.002 1.18 (0.90-1.56) 0.237

0dds ratios (OR) with 95% confidence intervals (CI) from multivariable logistic regression; diabetes (yes/no) was the
dependent variable. Diabetes was defined by HbAlc = 6.5% alone; n = 1,388 with 126 events, compared with 192 events
under the American Diabetes Association definition used in the primary analysis. The reduced number of events limits
statistical power in this model. Trace element odds ratios are expressed per interquartile-range increase on the log scale.
The weighted model incorporates the urinary subsample weight (WTSA2YR), sampling strata, and primary sampling units.
BM], body mass index; CI, confidence interval; IQR, interquartile range; OR, odds ratio.
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Table S4. Exploratory multivariable model including the expanded element panel.

Variable OR (95% CI) p OR (95% CI) p
Unweighted Weighted

Age (per year) 1.06 (1.04-1.07) <0.001  1.06 (1.04-1.07) <0.001
Male sex 1.17 (0.81-1.69) 0.406 1.33 (0.79-2.25) 0.282
BMI (per kg/m?) 1.10 (1.07-1.13) <0.001  1.11(1.07-1.16) <0.001
Active smoking 1.20 (0.74-1.96) 0.459 0.97 (0.46-2.04) 0.940
Hypertension 0.91 (0.63-1.31) 0.615 1.06 (0.63-1.80) 0.818
Self-reported Kidney disease 2.77 (1.28-6.01) 0.010 1.64 (0.80-3.37) 0.174
Some college or above 0.65 (0.44-0.95) 0.028 0.62 (0.36-1.10) 0.102
Family income-to-poverty ratio 0.99 (0.88-1.12) 0.915 1.03 (0.86-1.24) 0.751
Other Hispanic 2.20 (1.17-4.14) 0.015 1.63 (0.77-3.44) 0.202
Mexican American 2.08 (1.17-3.70) 0.012 1.57 (0.89-2.79) 0.123
Non-Hispanic Black 1.57 (0.95-2.61) 0.081 1.42 (0.79-2.56) 0.238
Non-Hispanic Asian 4.15 (2.21-7.83) <0.001 4.37 (2.33-8.20) <0.001
Other/Multiracial 0.99 (0.23-4.27) 0.987 0.58 (0.13-2.63) 0.477
Arsenous acid, urine (per IQR) 0.60 (0.37-0.94) 0.028 0.49 (0.31-0.77) 0.002
Cadmium, urine (per IQR) 0.85 (0.61-1.18) 0.327 1.05 (0.71-1.55) 0.814
Tin, urine (per IQR) 1.15 (0.90-1.47) 0.252 1.24 (1.04-1.47) 0.014
Molybdenum, urine (per IQR) 1.43 (1.01-2.04) 0.044 1.44 (0.96-2.15) 0.076
Manganese, urine (per IQR) 0.97 (0.86-1.09) 0.619 0.88 (0.77-1.02) 0.089
Selenium, blood (per IQR) 1.33 (1.09-1.62) 0.005 1.09 (0.82-1.45) 0.550
Uranium, urine (per IQR) 1.51 (1.15-1.98) 0.003 1.70 (1.31-2.22) <0.001
Iodine, urine (per IQR) 0.98 (0.75-1.28) 0.872 0.96 (0.73-1.25) 0.749
Barium, urine (per IQR) 0.79 (0.55-1.13) 0.198 0.80 (0.45-1.42) 0.446
Strontium, urine (per IQR) 0.80 (0.55-1.16) 0.240 0.84 (0.55-1.28) 0.413

0dds ratios (OR) with 95% confidence intervals (CI) from multivariable logistic regression; diabetes (yes/no) was the
dependent variable. n = 1,388 with 192 events. Trace element odds ratios are expressed per interquartile-range increase
on the log scale. BMI, body mass index; CI, confidence interval; IQR, interquartile range; OR, odds ratio.

Ethical considerations

The NHANES protocol was approved by the NCHS Research Ethics Review Board
(Continuation of Protocol #2011-17); this secondary analysis of publicly available, de-

identified data required no further approval.
Results

Participant characteristics

The descriptive sample comprised 1,486 adults, of whom 204 (13.7%) met the criteria for
diabetes; 181 reported a physician diagnosis or used glucose-lowering medication, and 23

were identified by HbAlc alone. Participants with diabetes were older (median 63 vs 44
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years, p<0.001) and had a higher body mass index (31.2 vs 27.3 kg/m?, p<0.001). Diabetes
prevalence rose from 1.2% among participants aged 20-29 years to 25.2% among those
aged 70 years and over. Prevalence did not differ by sex (14.1% in men vs 13.4% in women,
p=0.778) but varied by race/ethnicity (p=0.043), being lowest in non-Hispanic White
(10.8%) and highest in non-Hispanic Asian participants (17.4%). Participants with diabetes
were more likely to have completed no more than high school education (18.7% vs 10.1%,
p<0.001), to have hypertension (19.3% vs 10.6%, p<0.001) and to report kidney disease
(38.3% vs 12.9%, p<0.001), and were less likely to be current smokers (10.4% vs 14.9%,
p=0.036). The family income-to-poverty ratio did not differ significantly (p=0.091, q=0.183).

Characteristics and element concentrations are presented in Table 1.

Table 1. Baseline demographic characteristics and trace element levels of the study

population stratified by diabetes status.

n=1486 Non-diabetic Diabetic (n=204) P q (FDR)
n (%*)

Sex

Female 652 (86.6) 101 (13.4) 0.778

Male 630 (85.9) 103 (14.1)

Ethnicity/Race

Mexican American 186 (83.8) 36 (16.2)

Other Hispanic 111 (83.5) 22 (16.5)

Non-Hispanic White 593 (89.2) 72 (10.8) 0.043

Non-Hispanic Black 226 (83.7) 44 (16.3)

Non-Hispanic Asian 128 (82.6) 27 (17.4)

Other and Multi-Racial 38(92.7) 3(7.3)

Smoking Status

Non-smoker 945 (85.1) 165 (14.9) 0.036

Active smoker 337 (89.6) 39 (10.4)

Hypertension

No 850 (89.4) 101 (10.6) <0.001

Yes 432 (80.7) 103 (19.3)

Kidney disease

No 1253 (87.1) 186 (12.9)
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Yes 29 (61.7) 18 (38.3) <0.001
Education

High school or less 513 (81.3) 118 (18.7) <0.001
Some college or above 769 (89.9) 86 (10.1)

Median (Q1-Q3)
44.00 (32.00-60.75) 63.00 (52.00-71.00) <0.001

Age (years)

Glycohemoglobin (%) 5.40 (5.20-5.70) 6.80 (6.20-7.93) <0.001

BMI (kg/m?) 27.30 (23.90-31.70) 31.20 (27.15-36.35) <0.001

Family income-to-poverty ratio 2.19 (1.06-4.36) 1.93 (1.03-3.79) 0.091

Sedentary activity (min/day) 420.00 (240.00-540.00) 480.00 (300.00-480.00) 0.333

Sleep duration (h) 7.00 (6.00-8.00) 7.00 (6.00-8.00) 0.531

Vitamin B12 (pmol/L) 378.95 (275.30-518.80) 376.75 (280.27-598.70) 0.266
25-hydroxyvitamin D2 + D3 (nmol/L) 63.00 (46.05-80.88) 63.70 (44.38-82.05) 0.799

Arsenous acid, urine (ug/L) 0.48 (0.08-0.73) 0.29 (0.08-0.64) <0.001 0.004
Total arsenic, urine (ug/L) 6.39 (3.12-13.12) 6.75 (3.60-12.78) 0.363 0.419
Uranium, urine (ug/L) 0.00 (0.00-0.01) 0.01 (0.00-0.01) <0.001 <0.001
Tungsten, urine (ug/L) 0.05 (0.02-0.11) 0.06 (0.03-0.11) 0.052 0.119
Thallium, urine (ug/L) 0.15 (0.08-0.24) 0.14 (0.08-0.21) 0.224 0.345
Strontium, urine (ug/L) 87.43 (48.48-146.19) 74.70 (41.57-127.65) 0.008 0.026
Tin, urine (ug/L) 0.37 (0.17-0.81) 0.69 (0.26-1.52) <0.001  <0.001
Antimony, urine (ug/L) 0.04 (0.02-0.07) 0.04 (0.03-0.08) 0.027 0.068
Lead, urine (ug/L) 0.32 (0.17-0.55) 0.37 (0.22-0.56) 0.028 0.068
Manganese, urine (ug/L) 0.09 (0.09-0.13) 0.09 (0.09-0.14) 0.140 0.246
Molybdenum, urine (pg/L) 32.61(17.05-61.77) 37.35(22.99-63.33) 0.061 0.122
Cesium, urine (ug/L) 4.09 (2.40-6.39) 4,02 (2.53-6.30) 0.986 0.986
Cobalt, urine (ug/L) 0.37 (0.22-0.62) 0.38 (0.24-0.67) 0.230 0.345
Cadmium, urine (ug/L) 0.17 (0.08-0.35) 0.23 (0.14-0.45) <0.001 <0.001
Barium, urine (ug/L) 0.96 (0.50-2.01) 0.70 (0.35-1.59) <0.001 <0.001
Mercury, urine (ug/L) 0.26 (0.09-0.56) 0.21 (0.09-0.48) 0.186 0.310

Iodine, urine (ug/L) 115.45 (65.03-216.78) 142.70 (86.00-239.15)  0.004  0.015

167.08 (134.86-209.85) 175.18 (131.22-215.99) 0.346 0.415

Manganese, blood (nmol/L)

Selenium, blood (umol/L) 2.48 (2.31-2.66) 2.49 (2.32-2.71) 0.251 0.325
Mercury, blood (nmol/L) 3.90 (2.10-8.10) 4.20 (2.10-8.55) 0.339 0.415
Cadmium, blood (nmol/L) 2.58 (1.60-5.07) 2.76 (1.85-4.11) 0.509 0.566
Lead, blood (umol/L) 0.05 (0.03-0.07) 0.05 (0.04-0.08) 0.097 0.183

Data are median (25th-75th percentile) or n (%); percentages are calculated within rows.

Continuous variables were compared using the Mann-Whitney U test and categorical variables using
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the chi-square test. The Benjamini-Hochberg false discovery rate procedure was applied across the
22 trace element comparisons, and adjusted q values are shown for these variables only. Urinary
element concentrations are expressed as pg/L and blood elements as pumol/L, except blood
manganese, mercury, and cadmium (nmol/L). Values below the limit of detection were retained at
the LOD/V2 value assigned by NHANES; for urinary arsenous acid, this applied to 32.3% of
measurements. Hypertension was defined as a recorded diagnosis or measured elevated blood
pressure, and kidney disease as a self-reported physician diagnosis. Analyses are unweighted. BM],

body mass index; HbA1c, glycohaemoglobin; 25(0H)D, 25-hydroxyvitamin D; LOD, limit of detection.
Trace element concentrations by diabetes status

Seven of the 22 trace elements examined differed between groups at q<0.05. Participants
with diabetes had higher urinary cadmium (0.23 vs 0.17 pg/L, g<0.001), tin (0.69 vs 0.37
ug/L, q<0.001), uranium (q<0.001) and iodine (142.70 vs 115.45 pg/L, q=0.015), and lower
urinary barium (0.70 vs 0.96 pg/L, q<0.001), strontium (74.70 vs 87.43 pg/L, q=0.026) and
arsenous acid (0.29 vs 0.48 pg/L, q=0.004). Urinary antimony, lead, and molybdenum
differed before but not after correction (q=0.068, 0.068, and 0.122). Blood selenium did not
differ between groups (2.49 vs 2.48 umol/L, p=0.251, q=0.325), nor did total urinary arsenic
(p=0.363), blood cadmium (p=0.509), blood lead (p=0.097), or blood mercury (p=0.339).

Multivariable analyses

Models were fitted in 1,388 participants, of whom 192 had diabetes (Table 2). Age and body
mass index were the strongest correlates in both models (Model 1: OR 1.06 per year, 95% CI
1.04-1.07; OR 1.10 per kg/m?, 1.07-1.13; both p<0.001). Non-Hispanic Asian participants
had markedly higher odds than non-Hispanic White participants (Model 1: OR 5.02, 2.73-
9.26; Model 2: OR 5.36, 3.01-9.55; both p<0.001), as did Mexican American participants in
the weighted model (OR 1.87, 1.13-3.09, p=0.015). The estimate for non-Hispanic Black
participants was readily obtained (Model 1: OR 1.73, 1.07-2.82, p=0.027; 41 of 255 had
diabetes). Self-reported kidney disease was associated with diabetes in the unweighted
model only (OR 3.52, 1.65-7.51, p=0.001; weighted p=0.069). Neither sex, smoking,
hypertension, nor the income-to-poverty ratio was independently associated with diabetes.
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Among trace elements, urinary arsenous acid was inversely associated with diabetes in both
models (Model 1: OR 0.55, 0.36-0.86, p=0.008; Model 2: OR 0.47, 0.30-0.72, p<0.001). Blood
selenium was associated in the unweighted model only (OR 1.26, 1.04-1.53, p=0.020;
weighted OR 1.05, 0.81-1.37, p=0.695), whereas urinary tin and molybdenum were
associated only under the survey design (tin OR 1.35, 1.14-1.60, p<0.001; molybdenum OR
1.41, 1.00-2.00, p=0.049). Urinary cadmium, which differed markedly between groups in
unadjusted analysis, showed no independent association in either model (Model 1: OR 0.89,
0.65-1.23, p=0.481; Model 2: OR 1.10, 0.76-1.58, p=0.614). Urinary manganese was not

associated with diabetes in any specification.
Sensitivity analyses

The null result for urinary cadmium was attributable to age adjustment: omitting age from
an otherwise identical model produced a strong positive association (OR 1.56, 1.17-2.07,
p=0.002), which disappeared when age was included. Urinary tin was similarly age-sensitive
(OR 1.31, 1.04-1.64 without age), whereas the associations for arsenous acid and selenium

persisted in both specifications (Table S5).

Adjustment for log-transformed urinary creatinine modestly attenuated the arsenous acid
association but did not abolish it (unweighted OR 0.59, 0.38-0.93, p=0.024; weighted OR
0.48, 0.30-0.77, p=0.002), and creatinine itself was not independently associated with
diabetes (p=0.213 and p=0.765). Urinary molybdenum became significant in the unweighted
model after dilution adjustment (OR 1.49, 1.05-2.12, p=0.024), and urinary cadmium
remained null throughout (Table S1).
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Table S5. Effect of age adjustment on trace element-diabetes associations.

Variable OR (95% CI) p OR (95% CI) p
Age excluded Age included

Male sex 1.31 (0.92-1.86) 0.133 1.15 (0.80-1.66) 0.445
BMI (per kg/m?) 1.08 (1.06-1.11) <0.001 1.10 (1.07-1.13) <0.001
Active smoking 0.62 (0.40-0.96) 0.033 1.19 (0.73-1.92) 0.486
Hypertension 1.34 (0.95-1.89) 0.091 0.93 (0.65-1.33) 0.679
Self-reported kidney disease 4.26 (2.09-8.65) <0.001 3.52 (1.65-7.51) 0.001
Some college or above 0.54 (0.37-0.78) 0.001 0.64 (0.44-0.95) 0.027
Family income-to-poverty ratio 1.01 (0.90-1.13) 0.865 0.99 (0.88-1.12) 0.883
Other Hispanic 1.73 (0.95-3.18) 0.074 2.32 (1.25-4.32) 0.008
Mexican American 1.75 (1.04-2.95) 0.035 2.46 (1.42-4.28) 0.001
Non-Hispanic Black 1.32 (0.83-2.10) 0.246 1.73 (1.06-2.82) 0.027
Non-Hispanic Asian 3.95 (2.21-7.04) <0.001 5.02 (2.73-9.26) <0.001
Other/Multiracial 0.57 (0.15-2.17) 0.413 1.01 (0.24-4.32) 0.985
Arsenous acid, urine (per IQR) 0.39 (0.26-0.60) <0.001 0.55 (0.35-0.86) 0.008
Cadmium, urine (per IQR) 1.56 (1.17-2.07) 0.002 0.89 (0.65-1.23) 0.481
Tin, urine (per IQR) 1.31 (1.04-1.64) 0.020 1.18 (0.93-1.50) 0.166
Molybdenum, urine (per IQR) 1.08 (0.79-1.47) 0.620 1.37 (0.99-1.89) 0.054
Manganese, urine (per IQR) 1.00 (0.89-1.12) 0.970 0.97 (0.87-1.09) 0.645
Selenium, blood (per IQR) 1.22 (1.01-1.48) 0.042 1.26 (1.04-1.53) 0.020

0dds ratios (OR) with 95% confidence intervals (CI) from unweighted multivariable logistic regression; diabetes (yes/no)
was the dependent variable. n = 1,388 with 192 events. Trace element odds ratios are expressed per interquartile-range

increase on the log scale. BMI, body mass index; CI, confidence interval; IQR, interquartile range; OR, odds ratio.

The inverse association for arsenous acid also persisted when the exposure was modelled as

a binary detection indicator, when analysis was restricted to participants with detectable

concentrations, and when diabetes was defined by HbAlc alone. An exploratory model

including all elements differing at q<0.10 yielded a positive association for urinary uranium.

Full results are provided in Tables S2a, S2b, S3 and S4.
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Table 2. Multivariable associations between trace element concentrations and diabetes

mellitus
Variable Model 1 Unweighted Model 2 Weighted
OR (95% CI) p OR (95% CI) p

Age (per year) 1.058 (1.043-1.073) <0.001 1.053 (1.038-1.069) <0.001
Male sex 1.153 (0.801-1.659) 0.445 1.280 (0.763-2.148) 0.349
BMI (per kg/m?) 1.102 (1.074-1.131) <0.001 1.113 (1.068-1.160) <0.001
Active smoking 1.187 (0.733-1.920) 0.486 0.977 (0.477-2.001) 0.950
Hypertension 0.927 (0.648-1.327) 0.679 1.109 (0.663-1.854) 0.693
Self-reported kidney disease 3.523 (1.653-7.511) 0.001 1.971 (0.947-4.098) 0.069
Some college or above 0.645 (0.438-0.950) 0.027 0.631 (0.357-1.114) 0.112
Income-to-poverty ratio 0.991 (0.880-1.116) 0.883 1.017 (0.850-1.215) 0.857
Other Hispanic 2.322(1.247-4.323) 0.008 1.746 (0.858-3.553) 0.124
Mexican American 2463 (1.417-4.279) 0.001 1.866 (1.128-3.085) 0.015
Non-Hispanic Black 1.734 (1.065-2.823) 0.027 1.492 (0.804-2.769) 0.205
Non-Hispanic Asian 5.024 (2.727-9.257) <0.001 5.359 (3.007-9.551) <0.001
Other/Multiracial 1.014 (0.238-4.321) 0.985 0.590 (0.136-2.550) 0.480
Arsenous acid, urine (per IQR) 0.552 (0.355-0.858) 0.008 0.466 (0.303-0.717) <0.001
Cadmium, urine (per IQR) 0.891 (0.647-1.228) 0.481 1.098 (0.764-1.578) 0.614
Tin, urine (per IQR) 1.183(0.933-1.501) 0.166 1.348 (1.137-1.597) <0.001
Molybdenum, urine (per IQR) 1.370 (0.994-1.887) 0.054 1.414 (1.001-1.998) 0.049
Manganese, urine (per IQR) 0.973 (0.868-1.092) 0.645 0.906 (0.777-1.056) 0.207
Selenium, blood (per IQR) 1.259 (1.037-1.527) 0.020 1.054 (0.812-1.368) 0.695

Odds ratios (OR) with 95% confidence intervals (CI) from multivariable logistic regression; diabetes
(ves/no) was the dependent variable. Analyses include 1,388 participants, of whom 192 had
diabetes. Both models were adjusted for age, sex, body mass index, race/ethnicity, education, family
income-to-poverty ratio, smoking, hypertension, and self-reported kidney disease; all covariates
entered are reported. Model 1 is unweighted; Model 2 accounts for the complex sampling design
using the urinary subsample weight, strata, and primary sampling units, with Taylor series
linearisation and standard errors clustered on primary sampling units. Element concentrations were
natural log-transformed, and odds ratios are expressed per interquartile-range increase on the log
scale, obtained by multiplying the regression coefficient by log(Q3) - log(Q1). The corresponding
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observed concentration ranges (Q1-Q3, with the fold-increase they represent) were: urinary
arsenous acid 0.08-0.72 pg/L (9.0-fold); urinary cadmium 0.08-0.36 pg/L (4.5-fold); urinary tin
0.18-0.90 pg/L (5.0-fold); urinary molybdenum 17.4-61.9 pg/L (3.6-fold); urinary manganese 0.09-
0.13 pg/L (1.4-fold); blood selenium 2.32-2.67 umol/L (1.2-fold). Reference categories: non-
Hispanic White and female. Variance inflation factors were all below 2. BMI, body mass index; CI,

confidence interval; IQR, interquartile range; OR, odds ratio.
Discussion

In this cross-sectional analysis of 1,388 US adults, urinary arsenous acid was inversely
associated with diabetes, blood selenium was associated in unweighted but not design-based
analysis, and urinary tin and molybdenum were associated only when the survey design was
applied. Urinary cadmium, which differed substantially between groups in unadjusted
comparisons, showed no independent association once age was taken into account. These
results indicate that associations between trace element biomarkers and diabetes in cross-
sectional survey data are highly sensitive to model specification, and that the direction and
significance of individual estimates can depend as much on analytical choices as on the

underlying exposure.
Age confounding and the cadmium association

The most consistent finding of this analysis was a negative one. Urinary cadmium was
strongly associated with diabetes when age was omitted from an otherwise identical model,
and showed no association whatever when age was included. The explanation is
straightforward: urinary cadmium reflects cumulative lifetime burden and rises across the
adult lifespan, while diabetes prevalence in this sample increased from 1.2% among
participants in their twenties to over 25% among those aged 70 and above. Any analysis that
does not fully account for age will therefore tend to recover a positive cadmium-diabetes

association irrespective of whether a causal relationship exists.

This may explain the heterogeneity of the published literature, in which estimates for

cadmium and type 2 diabetes span a wide range, and NHANES analyses have variously
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reported positive, null and inverse associations.®%1> Qur findings do not exclude a
contribution of cadmium to metabolic dysfunction, since experimental evidence for beta-cell
toxicity remains substantial, 2324 but they suggest that cross-sectional biomarker studies are

poorly suited to detecting it.
Urinary arsenous acid

Urinary arsenous acid was inversely associated with diabetes across every specification
examined, a direction opposite to that predicted by experimental work and to observations
in populations with high exposure through drinking water.121421 Several explanations
warrant consideration, and we cannot distinguish between them. Spot wurinary
concentrations depend on dilution, and osmotic diuresis in diabetes dilutes urinary analytes;
this is the most obvious candidate for an artefactual inverse association. However,
adjustment for urinary creatinine only modestly attenuated the association; creatinine itself
was not independently associated with diabetes, and urinary tin and molybdenum, subject
to the same dilution pressures, were associated in the opposite direction. A third of
measurements fell below the limit of detection, and although the association persisted
among participants with detectable concentrations, restricted analytical range remains a
source of uncertainty. Reverse causation also cannot be excluded, since dietary sources of
arsenic such as rice and seafood may differ between individuals with and without diagnosed
diabetes. We therefore regard this finding as requiring replication in prospective data with

dietary assessment rather than as evidence of a protective effect.
Selenium, tin and molybdenum

Blood selenium was associated with diabetes in the unweighted model but not after
incorporation of the survey design, and did not differ between groups after correction for
multiple testing. The direction of the adjusted estimate is consistent with reports of
increased diabetes risk at higher selenium status despite its antioxidant function.3525 Qur
models specified a log-linear term and therefore cannot evaluate non-linearity; in

exploratory analyses neither a quadratic term (p=0.528) nor quartile categorisation
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provided evidence of a U-shaped relationship (Table S6). Proposed mechanisms centre on
overexpression of glutathione peroxidase-1, which may deplete the transient hydrogen
peroxide signalling required for inhibition of protein tyrosine phosphatase 1B and thereby
attenuate insulin receptor phosphorylation.2¢ These mechanisms derive from experimental
systems and were not evaluated here; they are potential rather than established pathways.
Given the discrepancy between weighted and unweighted estimates and the narrow
observed selenium range in this population (interquartile range 2.32-2.67 pmol/L, a 1.2-fold

difference), the present data are compatible with, but not confirmatory of, this relationship.

Urinary tin and molybdenum were associated with diabetes under the survey design, and
molybdenum additionally in the unweighted model after adjustment for dilution. A previous
NHANES analysis reported a positive association for tin, which the present findings
support.16 Because these associations were not robust across all specifications, both warrant

further investigation rather than being regarded as established.17.18

Non-Hispanic Asian participants had approximately fivefold higher odds of diabetes after full
adjustment, consistent with documented ethnic differences in risk at a given body mass
index.2227 Element exposure also varies by ethnic group, making ethnicity a potential

confounder here.
Implications and limitations

The evidence base itself, rather than any individual risk factor, is what these findings most
clearly address. Environmental and occupational exposure to toxic metals remains a
legitimate target for population-level prevention through tobacco control, emission
standards and food supply monitoring. Our results nonetheless suggest that cross-sectional
biomarker associations provide a weak foundation for exposure-specific policy claims and
should be reproduced under adequate confounder control and appropriate survey
methodology. We did not evaluate supplement use, screening performance, or clinical utility,
and these data do not support recommendations regarding routine biomonitoring or

selenium supplementation.
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Strengths include a large, nationally representative survey with standardised laboratory
methods, simultaneous measurement of a broad element panel permitting mutual
adjustment, correction for multiple comparisons, use of the appropriate subsample weight
with design-based variance estimation, and systematic evaluation of model specification.
The cross-sectional design nonetheless precludes causal inference and cannot distinguish
exposure preceding disease from its consequences. Spot urine provides a single
measurement that may not represent long-term exposure. Dietary intake, occupational
history, and diabetes duration were unavailable, and residual confounding cannot be
excluded. The analytic sample represents the subset of examined adults with complete data,

and selective missingness may have introduced bias.
Conclusion

In US adults, urinary arsenous acid was inversely associated with diabetes, while blood
selenium, urinary tin, and urinary molybdenum showed associations that varied according
to model specification. The association between urinary cadmium and diabetes was fully
accounted for by age. These findings represent associations rather than causation; the
mechanisms discussed derive from experimental literature. The central implication is
methodological: estimates of the relationship between trace element biomarkers and
diabetes in survey data are sensitive to adjustment for age, to the handling of urinary dilution
and values below the limit of detection, and to incorporation of the sampling design.
Prospective studies are required before the contribution of environmental metal exposure

to diabetes can be established.

Ethical Considerations: The National Health and Nutrition Examination Survey protocol
was approved by the Research Ethics Review Board of the National Center for Health
Statistics (Continuation of Protocol #2011-17, approved 26 October 2010; extended for the
2013-2014 cycle), and written informed consent was obtained from all participants at the
time of the original survey. The present study is a secondary analysis of publicly available,

fully de-identified data and involved no additional contact with participants; it was therefore
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accordance with the Declaration of Helsinki.
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Abstract
Objectives: Pediatric emergencies are relatively uncommon in prehospital care, but they

may cause considerable stress among healthcare providers because of limited exposure, high
perceived clinical risk, and age-specific management requirements. This study aimed to
evaluate perceived stress during pediatric patient care among prehospital healthcare
providers and to examine its relationship with perceived knowledge, clinical self-confidence,
pediatric case exposure, and perceived team support.

Materials and Methods: This cross-sectional questionnaire-based study included
prehospital healthcare providers working in Ankara Provincial Emergency Medical Services.
The online questionnaire was distributed to 312 eligible providers, and 187 participants
were analyzed, yielding a response rate of 59.9%. Data were collected using an anonymous
questionnaire covering sociodemographic and professional characteristics and five Likert-
type subscales. Internal consistency was assessed using Cronbach’s alpha. Since subscale
scores were not normally distributed, Spearman correlation analysis was used to examine
relationships between variables.

Results: The mean perceived stress score was 3.19+1.10, indicating a moderate-to-high
level of stress. Overall, 48.1% of participants had high perceived stress scores. Perceived
stress was negatively correlated with perceived knowledge, clinical self-confidence, and
pediatric case exposure. Team support had the highest mean score among the subscales but
was not directly correlated with perceived stress. More than half of the participants reported
exposure to only 0-5 pediatric cases during the previous year.

Conclusion: Prehospital healthcare providers experience considerable stress when caring
for pediatric patients. Lower perceived knowledge, reduced clinical self-confidence, and
limited pediatric case exposure were associated with higher perceived stress. Targeted
pediatric training and repeated simulation-based practice may improve preparedness in
prehospital pediatric care.

Keywords: Emergency medical services, pediatrics, psychological stress, self-confidence,

health personnel, prehospital care.
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Introduction

Prehospital healthcare is a critical area of healthcare that is carried out in unpredictable
conditions with limited resources and under severe time constraints.1?2 Healthcare workers
providing care under these circumstances face various traumatic and stressful situations
during their careers. Although most of these stressors are related to adult patient
populations, current literature consistently shows that pediatric patients cause unparalleled
and disproportionately high levels of stress for prehospital healthcare providers.13 In the US,
it has been reported that anxiety is the second most common cause threatening patient
safety during interventions involving pediatric patients, and that this anxiety is caused by
cognitive overload, difficulty in decision-making, and communication problems.! Reports
also show that even during simulated pediatric cardiac arrest scenarios, paramedics
experience a 41.3% increase in immediate anxiety levels.2 There are many related
underlying mechanisms for this intense stress caused by pediatric cases in the prehospital
environment. The leading mechanism is the rarity of exposure to pediatric cases.
Epidemiological data consistently show that pediatric patients account for a rather small
proportion of all emergency healthcare calls.#> According to the US national database,
pediatric calls comprise 7.4% of all emergency healthcare calls.# Also in the US, retrospective
analysis of 371,746 emergency healthcare calls revealed that pediatric patients represent
only 5.9% of the total cohort®. This low exposure rate feeds the vicious cycle known as
“paradox of rarity”, where clinical conditions requiring the highest levels of skills provide

very little opportunity for practice.

As a natural consequence of this vicious cycle, gaps in knowledge and low clinical self-
confidence are widely reported in prehospital healthcare providers (PHPs). A national needs
assessment for PHPs has highlighted that pediatric airway management and provider
anxiety experienced during pediatric interventions are defined as priority training
requirements and that there are critical gaps in knowledge due to lack of exposure.? A
qualitative study conducted with 42 PHPs revealed that participants are aware of their own

lack of knowledge and that continuing education programs are insufficient in terms of
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pediatric content.® In a similar study, PHPs clearly report a negative impact on pediatric
airway management caused by lack of rare exposure and insufficient pediatric training and
remark on the necessity of recurrent training programs to prevent skill and knowledge
erosion.” A meta-analysis reported that low self-confidence and perception of self-
sufficiency are associated with low rates of initiating treatment in pediatric patients, and that
this can have adverse effects on quality of care.? This theory suggests that apart from
knowledge, clinical self-confidence may be an independent determinant of stress during

pediatric interventions.

When all this literature is assessed as a whole, it is clear that perceived stress in prehospital
pediatric care is multidimensional and cannot be explained by a single factor. The
relationship between stress and potential protective factors such as knowledge level, clinical
self-confidence, exposure to pediatric cases, and team support must be assessed through a
holistic approach. However, in current literature, there are no studies assessing all four of
these variables concurrently, particularly none that review PHPs and pediatric cases in the
Ankara Provincial Emergency Healthcare Services. This study aims to bridge this gap by
assessing the perceived stress levels of PHPs during pediatric interventions and examining
the relationship between this stress and level of knowledge, clinical self-confidence,

exposure to pediatric cases, and perceived team support.

Materials and Methods

Study design and participants

This study is a single-center, cross-sectional, descriptive, and analytical questionnaire study
designed to evaluate the perceived stress levels of the prehospital healthcare providers
(PHPs) working in the Ankara Provincial Emergency Healthcare Services (EHS) and the
relationship between this stress and level of knowledge, clinical self-confidence, exposure to
pediatric cases, and perceived team support. The study was approved by the Ankara
Provincial Health Directorate Ethics Committee (Decision No: 2026-01-5, Date:

28/01/2026). The study was conducted in accordance with the principles of the Helsinki
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Declaration. Informed consent was acquired from the PHPs actively working in the Ankara
Provincial EHS between March 2026 and April 2026, who agreed to participate in the study,
through the information sheet at the beginning of the questionnaire, prior to participation.
PHPs actively working in the Ankara Provincial Emergency Healthcare Services who were
18 years of age or older and volunteered to participate in the study were included.
Participants who did not complete the study, who wanted to withdraw during the data
collection phase, or left more than 50% of the questionnaire incomplete were excluded from

the study.

The online questionnaire was distributed to 312 eligible prehospital healthcare providers
working in Ankara Provincial Emergency Medical Services during the study period. A total
of 187 participants completed the questionnaire and met the inclusion criteria. No
participant was excluded from the final study sample because of incomplete responses or
withdrawal. Therefore, the final analytical sample consisted of 187 participants, and the
overall response rate was 59.9% (187/312). One participant entered an invalid age value;
therefore, age-related analyses were performed using data from 186 participants, while all

other analyses were conducted with the full sample of 187 participants.

Data collection tools

Data were collected using a structured questionnaire developed by the researchers based on
a review of the literature on pediatric prehospital care, provider stress, clinical confidence,
pediatric case exposure, and team-based care.13-8 [tems addressing perceived stress were
informed by reports of heightened provider anxiety during pediatric callsl?; items on
perceived knowledge and clinical self-confidence by studies documenting pediatric
knowledge gaps and low provider confidence 368; items on pediatric case exposure by data
on the rarity of pediatric calls and the resulting skill decay 4>7; and items on perceived team
support by qualitative reports of communication and teamwork difficulties during pediatric
prehospital calls.1¢ Since there was no single validated instrument specifically addressing
perceived stress and preparedness-related factors during pediatric prehospital
interventions in the local emergency medical services setting, an item pool was created to
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cover five conceptual domains: perceived stress, perceived knowledge, clinical self-

confidence, pediatric case exposure and experience, and perceived team support.

The questionnaire consisted of two parts. The first part included questions on
sociodemographic and professional characteristics: age, gender, professional title, total
duration of professional experience, duration of prehospital work experience, and the
number of pediatric cases managed in the previous year. Professional title was categorized
as paramedic, emergency medical technician (EMT), physician, nurse, or other. Total
professional experience and prehospital work experience were categorized as 0-2 years, 3-
5 years, 6-10 years, and 211 years. The number of pediatric cases managed in the previous

year was categorized as 0-5, 6-10, 11-20, and >20.

The second partincluded 25 Likert-type items grouped into five subscales, with five items in
each subscale: perceived stress, perceived knowledge, clinical self-confidence, pediatric case
exposure and experience, and perceived team support. Each item was scored on a 5-point
Likert scale ranging from 1 (“strongly disagree”) to 5 (“strongly agree”). Higher scores
indicated a higher level of the relevant construct. Sample items were as follows: “Treating
pediatric patients causes more stress than treating adult patients” for perceived stress; “I
have sufficient theoretical knowledge about pediatric emergencies” for perceived
knowledge; “I can safely perform the initial assessment of a pediatric patient” for clinical self-
confidence; “I feel that my stress level decreases as [ gain more experience with pediatric
cases” for pediatric case exposure and experience; and “I believe that cooperation within the

team facilitates the intervention process in pediatric cases” for perceived team support.

One reverse-coded item was included in the clinical self-confidence subscale, and one
reverse-coded item was included in the pediatric case exposure and experience subscale.
Reverse-coded items were recoded as 6 minus the original score before calculating subscale
scores. Each subscale score was calculated as the mean of the relevant items. Subscale scores

ranged from 1.00 to 5.00.
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Before data collection, the draft questionnaire was reviewed by three experts with
experience in emergency medicine, pediatric emergency care, and prehospital emergency
medical services. The experts evaluated the items in terms of relevance, clarity,
comprehensibility, and domain appropriateness. Based on their feedback, minor linguistic
revisions were made to improve clarity, while the five-domain structure of the questionnaire

was preserved.

A pilot test was conducted with 30 prehospital healthcare providers who were not included
in the final analysis. The pilot test aimed to assess item clarity, approximate completion time,
and the technical functionality of the online form. No major structural changes were required

after the pilot test; however, minor wording revisions were made to improve readability.

Internal consistency reliability was assessed using Cronbach's alpha coefficient for each
subscale. No exploratory or confirmatory factor analysis was performed; therefore, the
subscale structure reflects the conceptual domains defined by the research team rather than

an empirically verified factor structure.

The complete item list of the questionnaire is provided as a supplementary file. The
questionnaire was administered anonymously via Google Forms and did not collect
personally identifiable information. The aim of the study was explained to the participants
at the beginning of the form. Participants were informed that their responses would be used
only for research purposes and that no individual performance assessment would be
conducted. Electronic informed consent was obtained before participation. Participants

were able to leave any question unanswered and withdraw from the study at any time.

Statistical analysis

All statistical analyses were performed using IBM SPSS Statistics (IBM Corp., Armonk, NY,
USA). For descriptive statistics, continuous variables were calculated as mean, standard
deviation, median, minimum, and maximum values; categorical variables as frequency and

percentage distribution. The internal consistency reliability of subscales was assessed using
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the Cronbach alpha coefficient. The normality of the data was examined using the Shapiro-
Wilk test; based on the results obtained, the subscale scores did not follow a normal
distribution, so non-parametric statistical methods were chosen. Mann-Whitney U test was
used for the comparison of two independent groups, and the Kruskal-Wallis H test was used
for comparing more than two independent groups. For Kruskal-Wallis results found to be
significant, multiple comparisons were performed using a Bonferroni-corrected Mann-

Whitney U test.

Multiple linear regression analysis was performed to identify independent factors associated
with perceived stress during pediatric patient care. The perceived stress subscale score was
entered as the dependent variable. Perceived knowledge, clinical self-confidence, pediatric
case exposure, and perceived team support scores were included as independent variables.
All predictors were entered into the model simultaneously using the enter method.
Regression results were reported as standardized beta coefficients () and p-values.
Multicollinearity was assessed using tolerance and variance inflation factor (VIF) values. To
assess the relationship between variables, Spearman’s rank correlation analysis was

performed. In all analyses, p< 0.05 was considered to be statistically significant.

Results

Of the 312 eligible prehospital healthcare providers invited to participate, 187 completed
the questionnaire and were included in the final analysis, yielding a response rate of 59.9%.
No participant was excluded from the final study sample due to incomplete responses or
withdrawal. Age data were valid for 186 participants because one participant entered an
invalid age value. The mean age of the participants was 34.24 + 5.78 years, and 59.9%
(n=112) were male. More than half the participants were paramedics (50.8%, n=95), and
42.8% (n=80) were EMTs. In terms of professional experience, most (72.7%, n=136) had 11
years or more of professional experience. When the number of pediatric cases attended to

in the past year was assessed, 58.8% (n=110) of participants had seen only 0-5 pediatric

Ankara Med J, 2026;(3):406-422 // @ 10.5505/amj.2026.40035
412



ANKARA
MEDICAL

cases. The sociodemographic and professional characteristics of the participants are shown

in Table 1.

Table 1. Sociodemographic and professional characteristics of the participants (n=187)

Variable Category n % Mean * SD
Age (year) - 186* - 34.24 +5.78
Gender Male 112 59.9 -
Female 75 40.1 -
Professional title Paramedic 95 50.8 -
EMT 80 42.8 -
Physician 7 3.7 -
Nurse 4 2.1 -
Other 1 0.5 -
Total professional 0-2 years 3 1.6 -
experience
3-5 years 21 11.2 -
6-10 years 27 14.4 -
=211 years 136 72.7 -
Years working in prehospital 0-2 years 13 7.0 -
3-5 years 31 16.6 -
6-10 years 39 20.9 -
>11 years 104 55.6 -
Number of pediatric cases 0-5 110 58.8 -
attended in the past year
6-10 17 9.1 -
11-20 20 10.7 -
>20 40 21.4 -

* The age of 1 participant was entered incorrectly
Data is presented as mean * SD or n (%)
SD: Standard deviation; n: number; EMT: Emergency medical technician
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Perceived level of stress was calculated as 3.19 + 1.10; this value corresponds to a medium-
high level of stress on the 5-point Likert scale. While 48.1% (n=90) of participants reported
high stress levels (> 3.50), 33.7% (n=63) reported medium (2.01-3.50) and 18.2% (n=34)
reported low levels (< 2.00). An item-based analysis showed that the “Treating pediatric
patients causes more stress than treating adult patients” item received the highest stress
score (3.53 £ 1.22), and the “I feel that my stress levels affect my performance” item received
the lowest (2.94 * 1.23). The mean score of perceived level of knowledge was 3.64 + 0.80,
and the highest self-confidence score (3.88 + 0.86) was obtained from the “I can safely
perform initial assessment of a pediatric patient” item. The descriptive analysis, internal
consistency reliability coefficient (Cronbach's alpha), and results of the normality test

relating to the five sub-scales used in the study are shown in Table 2.

Table 2. Descriptive statistics, reliability and normality test results of the sub-scales

Sub-scale n Mean * SD Med Min Max o S-Wp
Perceived Stress 187 3.19+£1.10 3.20 1.00 5.00 0931 <0.001
Perceived 187 3.64 £ 0.80 3.60 1.00 5.00 0913 <0.001
Knowledge
Clinical Self- 187 3.67 £0.68 3.60 1.60 5.00 0.778 0.002
confidence
Exposure to Cases 187 3.45 +0.60 3.40 1.60 5.00 0.704 0.013
Team Support 187 3.88 +0.85 4.00 1.00 5.00 0.945 <0.001

n: number; a: Cronbach's alpha, internal consistency coefficient; S-W: Shapiro-Wilk
normality test; Med: Median; SD: Standard deviation

Correlation analysis revealed a negative correlation between perceived stress levels and
perceived knowledge levels (p < 0.001), and between perceived stress and clinical self-
confidence (p < 0.001). A similar negative correlation was observed between perceived
stress levels and exposure to pediatric cases (p=0.001). The assessment of the relationship
between independent variables revealed a positive correlation between perceived
knowledge levels and clinical self-confidence, between perceived knowledge levels and

exposure to pediatric cases, and between clinical self-confidence and exposure to pediatric
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cases (p< 0.001). Results of the correlation analysis and multiple linear regression results

are shown in Table 3.

Table 3. Spearman correlation matrix and multiple linear regression results

Variable 1 2 3 4 5 B
(Regression)

Perceived Stress 1.000 -
Perceived - 1.000 -0.095
Knowledge 0.249%**x*
Clinical Self- - 0.644***  1.000 -0.101
confidence 0.263***
Exposure to cases -0.237** 0.548*** 0.570**  1.000 -0.219*
Team Support -0.007  0.350*** 0.340*** 0.360*** 1.000 0.206**

Correlation coefficients are Spearman rho values. The regression column shows
standardized beta coefficients obtained from multiple linear regression analysis.
*p<0.05; **p<0.01; ***p<0.001.

Discussion

Providing care during critical incidents is the most common known cause of stress, anxiety,
and even post-traumatic stress disorder (PTSD) among hospital workers.? It has been
reported that the prevalence of stress and anxiety among prehospital healthcare providers
(PHPs) is 10% worldwide.?1° In the less-controlled prehospital environment where
outpatient care is provided to acutely ill patients, it can be expected that this stress will
similarly increase when caring for pediatric patients.1! In our study, we also found that PHPs
perceive medium-high levels of stress (mean 3.19 * 1.10) when providing care for pediatric
patients, and that almost half the participants (48.1%) were in the high stress group. At the
item level, the highest-scoring statement was the one expressing that pediatric patients
cause more stress than adult patients. Since adult encounters were not assessed in this study,

this reflects the participants' own comparative perception rather than a measured difference
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between the two patient groups; nevertheless, it indicates that pediatric cases are perceived

as a distinct source of stress by PHPs.

The large-scale study by Guise et al., conducted in 44 states in the US with 753 PHPs, revealed
that provider anxiety is the second most common factor affecting pediatric patient safety
and that this anxiety can cause cognitive overload, difficulty in decision-making, and
communication problems.! Similarly, a multi-centered randomized controlled study
conducted by Lacour et al. with 150 high-level paramedics from 14 different EHS’ showed a
41,3% increase in the anxiety levels of the control group during simulated pediatric cardiac
arrest scenarios.2 McGahern et al.,, studying the effects of outcome letters delivered to 470
paramedics in Canada, reported that pediatric cases cause long-term emotional distress for
providers and outcome notifications relieve this distress.1?2 Therefore, the high stress levels
found in our study are not unique to our country and reflect the universal challenges of

pediatric care.

In our study, we identified a negative correlation between level of pediatric knowledge and
stress. This finding is consistent with other evidence indicating that gaps in knowledge
increase anxiety. Hansen et al. conducted the national Delphi study with 737 emergency
medical professionals and found that pediatric airway management and anxiety experienced
while attending to children are priority training needs and that there are critical gaps in
knowledge due to lack of exposure.3 In their focus group study with 42 emergency healthcare
professionals from urban, suburban, and rural areas, Brown et al. revealed that participants
were aware of their own lack of knowledge and knew that current continuing training
programs were insufficient in terms of pediatric content.® Lyng et al. clearly expressed that
pediatric management skills of PHPs were adversely affected by rare clinical exposure and
insufficient pediatric training and that repeat training programs were necessary to prevent
loss of skill and knowledge.” After conducting a simulation curriculum on 187 PHPs through
5 academic centers in Massachusetts, Farrell et al. reported a 9.8% increase in knowledge

levels and a 93% increase in the self-confidence of participants.!® The common indication of
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these studies is that pediatric knowledge is both a variable that can be directly influenced by

training and also, that it has a defining role in reducing perceived stress levels.

Clinical self-confidence showed the strongest inverse association with perceived stress
among the preparedness-related variables in our bivariate analysis (rho = -0.263). This is in
line with the scoping review by Fowler et al., which reported that pediatric cases frequently
evoke anxiety and low confidence among paramedics across different countries,
independently of the health system in which they work.® It is also notable that in the
simulation curriculum reported by Farrell et al., self-confidence increased by 93% while
knowledge increased by only 9.8%,13 suggesting that self-confidence may respond more
rapidly to structured practice than knowledge does. In systems such as ours, where more
than half of the providers encountered five or fewer pediatric cases in a year, simulation-

based repetition may therefore be the more accessible route to reducing perceived stress.

Our study determined that 58.8% of participants have seen only 0-5 pediatric cases in the
pastyear. This rate is consistent with international epidemiological data. Using NEMSIS data,
Diggs et al. revealed that pediatric calls comprised only 7.4% of all emergency health calls in
the US nationwide.# In their retrospective study reviewing 371,746 emergency health calls,
Rampogal et al. determined that pediatric patients accounted for only 5.9% of the total
cohort and that documentation of vital signs was significantly more incomplete in children
compared to adults.> In the national assessment involving 8,166 emergency healthcare
centers, Hewes et al. reported that 80% of the institutions responded to less than 100 cases
annually.’* These low exposure rates reflect a vicious cycle known, in the literature, as the
“paradox of rarity”, where conditions requiring the highest skill levels provide the least
opportunity for practice. The negative correlation between exposure to pediatric cases and

perceived stress established in our study materializes the clinical effects of this paradox.

Maloney et al. reported that the peer-support program, implemented over 20 months,
resulted in no statistically significant difference in the burnout sub-scale scores of PHP’s pre-
or post-program periods!s. Studying the effects of insecure attachments on the stress of
ambulance workers, Halpern et al. found that coping mechanisms and social support do not
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play a mediating role in this relationship and that individual psychological characteristics
are more decisive than team support in acute stress responses.1® We believe that perceived
team support having the highest mean score (3.88 + 0.85) among all sub-scales in our study
is not because team support is experienced, but because acute stress experienced during
pediatric interventions is caused by internal reasons such as perceived individual

competence and lack of experience.

Our finding that the highest-scoring item concerned pediatric patients being more stressful
than adult patients is supported by international data based on within-provider
comparisons. In a German cross-sectional survey of 1,005 EMS providers reporting on
emergencies involving children with life-limiting conditions, 60.4% reported feeling
overwhelmed during pediatric calls, significantly more often than during adult calls, and only
26.9% felt confident about future pediatric calls compared with 75.6% for adult calls.1” The
parallel with our results is notable: in both settings the deficit is concentrated in pediatric-
specific confidence rather than in general professional competence, supporting the
interpretation that perceived stress in this context arises from case-specific unfamiliarity

rather than from general occupational burden.

Although perceived team support was not significantly correlated with perceived stress in
the bivariate analysis, it showed a positive association in the multivariable regression model
after adjustment for perceived knowledge, clinical self-confidence, and pediatric case
exposure. This finding should be interpreted cautiously. One possible explanation is a
suppression effect caused by intercorrelations among the preparedness-related variables.
Another possibility is that personnel who experience higher stress during pediatric cases
may become more aware of the need for team support. Therefore, this result should not be
interpreted as evidence that team support increases stress, but rather as an indication that
the relationship between team dynamics and perceived stress may be more complex than a

direct linear association.

Two features of our data support this interpretation. First, perceived team support received

the highest mean score of all subscales (3.88 * 0.85), with a median of 4.00, indicating that
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most participants perceived their teams as supportive; a protective factor that is already
perceived favorably by the majority offers limited room to differentiate high- and low-stress
providers. Second, team support correlated positively and significantly with perceived
knowledge, clinical self-confidence, and pediatric case exposure (rho = 0.340-0.360), yet
showed essentially no bivariate association with perceived stress (rho = -0.007). This
pattern suggests that team support operates on the preparedness-related domain rather
than directly on the affective stress response, which is consistent with Halpern et al., who
reported that individual psychological characteristics were more decisive than social
support in acute stress reactions among ambulance workers,1¢ and with Maloney et al., who
found no significant change in burnout subscale scores after a 20-month peer support
program.!> Taken together, these findings indicate that team support may be necessary but
not sufficient for reducing pediatric-specific stress, and that interventions targeting

individual competence are likely to be required alongside it.

Considering the negative correlation of both perceived knowledge and clinical self-
confidence with perceived stress, our findings suggest that targeted training has the
potential to reduce stress during pediatric interventions. Lacour et al. showed that the
mobile application for drug doses reduced stress by 27% during simulated pediatric
resuscitation and that this effect was independent of professional experience?. Farrell et al.
reported that after state-wide implementation of a simulated curriculum, knowledge and

self-confidence both increased simultaneously.13

Our study has limitations. Firstly, due to the cross-sectional design, causality between
variables could not be established. Secondly, data collection using self-reporting scales
carries the risk of social desirability bias. Thirdly, the study was conducted in a single EMS
system and included only personnel of the Ankara Provincial Ambulance Service; since
staffing, pediatric call volume, and in-service training differ between provinces and national
EMS systems, our findings reflect one regional service rather than prehospital providers in
general. In addition, the questionnaire was newly developed for this study and has not

undergone a formal validation process; although expert review, pilot testing, and acceptable
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internal consistency support its usability, its construct validity was not established, and the
subscale scores should therefore be regarded as preliminary indicators rather than validated
measures. Furthermore, perceived stress was assessed only in relation to pediatric
encounters, with no parallel measurement for adult encounters; any comparison between
the two patient groups therefore rests on participants' self-reported perception rather than
on measured data. Finally, the use of convenience sampling further limits the generalizability
of the findings. Multicenter studies are needed before these associations can be considered
generalizable. Despite all these limitations, our study is one of the first studies to assess the
stress experienced by prehospital healthcare providers during pediatric interventions in

Tiirkiye from a multi-dimensional perspective.

Conclusion

In this cross-sectional study of 187 PHPs working in the Ankara Provincial EHS, we found
that PHPs perceived medium-high levels of stress (mean 3.19 * 1.10) during pediatric
interventions, and that almost half the participants (48.1%) were in the high stress group.
We think that stress levels of PHPs increase when pediatric knowledge levels are low and
that increasing knowledge through training would be effective in reducing the perception of
stress. For future studies, assessing pre- and post- training stress levels of PHPs during
pediatric interventions and planning multi-centered studies involving PHPs from different

provinces would increase the generalizability of the findings.

Ethical Considerations: Ethical approval for the study was obtained from the Ankara Provincial
Health Directorate Ethics Committee (Decision No: 2026-01-5, Date: January 28, 2026). The
study was conducted in accordance with the Declaration of Helsinki. Informed consent was

obtained electronically from all participants before participation.
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Abstract

Objectives: This study aimed to evaluate family medicine specialty theses in Tiirkiye (2015-2024) in terms
of institutional contribution, author sex distribution, and topic trends.

Materials and Methods: The Council of Higher Education National Thesis Center (YOKTEZ) was searched
using filters “Family Medicine” (department), “Medical Specialty Thesis” (type), and “Permitted” (access)
for 01 Jan 2015-31 Dec 2024. After excluding non-eligible/duplicate/non-accessible records, 4,715 theses
were included. Year, institution type (University of Health Sciences (UHS) vs other universities), author sex
(inferred from names where possible), and topic categories were assigned using a predefined title-based
thematic framework. Chi-square tests were applied; p<0.05 was considered significant.

Results: Overall, 64.2% of theses were authored by females (n=3,024) and 35.8% by males (n=1,691). UHS
accounted for 45.8% (n=2,160) and other universities for 54.2% (n=2,555); sex distribution did not differ
by institution type (p=0.075). The annual number of theses increased from 115 in 2015 to 767 in 2024 and
reached its highest level in 2023 with 839 theses. The UHS share exceeded 50% after 2022, rising from
16.5% in 2015 to 53.0% in 2022, 53.3% in 2023, and 50.2% in 2024. The most common topic was primary
care practice (25.9%, n=1,223), followed by attitudes/perceptions/approaches (9.3%, n=440) and
infectious diseases (8.2%, n=387). Primary care practice remained the leading topic throughout the study
period, although its annual proportion varied significantly from 27.8% in 2015 to 18.9% in 2019 and 29.3%
in 2024 (p<0.001). Significant year-by-year changes were observed for primary care practice (p<0.001),
infectious diseases (p<0.001), and other clinical topics (p<0.001). Infectious diseases showed a pandemic-
period increase, rising from 4.6% in 2020 to 13.7% in 2021 and 13.5% in 2022, before decreasing to 3.8%
in 2024. Knowledge/awareness topics increased from 0.9% in 2015 to 5.4% in 2023 and 3.8% in 2024
(p=0.041). Other clinical topics increased from 0% in 2015-2016 to 5.9% in 2024 (p<0.001). Linear
regression showed a significant increase in annual thesis production ($=84.92, 95% CI=66.07-103.76,
R2=0.931, p<0.001). Infectious disease-related theses were more frequent in the pandemic/post-pandemic
period than in the pre-pandemic period (OR=1.56, 95% CI=1.20-2.02, p<0.001).

Conclusion: Between 2015 and 2024, family medicine thesis production increased, female authorship
remained predominant, UHS contributed increasingly, and topic patterns demonstrated statistically
significant, albeit proportionally modest, shifts—particularly during the pandemic period. These findings
demonstrate both a quantitative expansion in thesis production and significant temporal changes in
institutional and thematic patterns in family medicine specialty theses in Tiirkiye.

Keywords: Family medicine, family medicine specialization education, family medicine theses, thematic

content analysis, descriptive review
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Introduction

Family medicine is a medical discipline that prioritizes continuity, comprehensiveness,
and easy accessibility of primary care services and follows individuals throughout their

lifetime without discrimination by age, sex, or disease status.123

In Ttrkiye, medical specialty residents are required to write a thesis in their specialty field
to complete their training.* During the 2010s, there was a marked increase in the number
of registered theses reported to the Council of Higher Education (YOK) by Ministry of
Health-affiliated training and research hospitals. Indeed, a study examining family
medicine theses between 2000 and 2020 identified 1,628 theses and reported a

substantial increase in annual thesis numbers after 2014.5

Similarly, Mengiilliioglu and Unliioglu, who evaluated family medicine specialty theses
between 2005 and 2015, reported that Istanbul-based training and research hospitals and
a limited number of universities drove production; however, topics were largely
repetitive and survey-based, and publication rates were limited. These findings suggest
that family medicine theses can be used as a mirror of primary care practice in the
country, while also highlighting the need to increase research diversity and

methodological depth.6

A similar pattern is observed in other bibliometric thesis/article studies directly or
indirectly related to family medicine: In medical specialty theses on health literacy, family
medicine and public health departments were predominant; most studies were cross-

sectional; and topics rapidly became more specific after certain years.”

However, a shared limitation of existing studies is that they either stop in the early 2000s
or fail to capture institutional expansion after 2016, when the University of Health
Sciences (UHS) began reporting a large number of family medicine specialty theses to the

YOK system.!
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In particular, the increase in both the total number of theses after 2015 and the growing
share of UHS indicate the need for updated analyses in this field. Moreover, changing
interests over time in a rapidly evolving world may have led to differences by sex and
topic. Therefore, this study aimed to conduct a retrospective descriptive review and title-
based thematic content analysis of family medicine theses produced in recent years to
describe institutional contribution, the sex distribution of authors, and trends in thesis

topics.
Materials and Methods

In this study, we conducted a retrospective descriptive thesis review of theses and title-
based thematic content analysis of medical specialty theses in family medicine completed
between 1 January 2015 and 31 December 2024 and registered with metadata in the
Council of Higher Education National Thesis Center (Y@K National Thesis Center;
YOKTEZ) in Tiirkiye. The online search interface of the YOK National Thesis Center was
used as the data source. Searches were performed via the National Thesis Center
homepage under the Search module using the following filters: Department/Discipline:
“Family Medicine”, Thesis Type: “Medical Specialty”, Permission Status: “Permitted”, and

then filtering by year; retrieved records were merged.

Author sex was determined based on the first names recorded in the YOKTEZ metadata.
Names that are conventionally used as female or male names in Tiirkiye were classified
accordingly. For names with potential ambiguity, spelling variants, or limited sex-specific
use, additional verification was performed using publicly available name-use information
and, when available, contextual information within the thesis record. After this
verification process, all authors were classified as female or male; therefore, no record

was excluded from the analysis because of undetermined sex.

Topic classification was performed using a predefined thematic coding framework
developed by the research team before the final analysis. A total of 11 primary categories

were established. The initial categories were created after reviewing family medicine
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thesis titles, common primary care research areas, and previously published bibliometric
studies on medical specialty theses. Each thesis was assigned to one primary topic
category according to the main focus reflected in its title. When a title included more than
one possible topic, the dominant research focus was prioritized. For example, theses
primarily addressing diabetes, obesity, or thyroid diseases were classified under
“metabolic/endocrine disorders,” whereas studies focusing on vaccination, COVID-19, or
other communicable diseases were classified under “infectious diseases.” Survey-based
studies primarily evaluating knowledge, attitudes, perceptions, awareness, or approaches
were classified according to their dominant construct. Theses focusing on specific clinical
branches other than the main targeted categories (e.g., general surgery, dermatology,
neurology) were classified as 'other clinical topics', whereas non-clinical, purely

administrative, or highly heterogeneous subjects were grouped under 'other topics'.

To improve standardization, the coding rules and category definitions were discussed
before classification. A second researcher independently reviewed a randomly selected
subset comprising approximately 10% of the total theses (n=471) to assess inter-rater
reliability. Disagreements between reviewers were resolved through discussion and
consensus. Inter-rater agreement was evaluated using Cohen’s kappa coefficient. The

inter-rater agreement was excellent, with a Cohen’s kappa value of 0.86.

Theses explicitly indicating the family medicine department/clinic were included directly.
Theses registered under a different institute or department but addressing family
medicine/primary care service delivery in the title or abstract were excluded due to
department mismatch. Theses without access permission, duplicate records, and theses
determined to be unrelated to family medicine were excluded. A total of 6175 theses were
initially identified. After excluding 1460 records (1362 due to being unrelated to family
medicine, 24 duplicates, and 74 lacking access permissions), a final total of 4,715 theses

were included in the study.
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Ethics approval

Ethics approval was not required because this study was based exclusively on publicly
available thesis metadata obtained from the YOKTEZ database. No human participants
were recruited, no intervention was performed, and no personal, sensitive, or identifiable
private data were collected. The analyzed information consisted only of publicly
accessible bibliometric variables such as thesis year, institution, author name as recorded
in the database, and thesis title /topic. Therefore, the study did not involve human subject

research requiring ethics committee approval.
Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics for Windows, Version
27.0. In statistical analyses, descriptive data were presented as numbers (n) and
percentages (%). The Chi-square test was used to compare thesis counts and sex
distribution by year. Sex distribution by institution type was also evaluated using the Chi-

square test.

To increase analytical depth, additional temporal analyses were performed. Linear
regression analysis was used to evaluate the trend in the annual number of theses
between 2015 and 2024. For pre-post pandemic comparisons, the study period was
divided into two intervals: 2015-2019 as the pre-pandemic period and 2020-2024 as the
pandemic/post-pandemic period. Binary logistic regression analyses were performed to
assess whether the pandemic/post-pandemic period was associated with the likelihood
of major topic categories compared with the pre-pandemic period. Results were reported
as odds ratios (ORs), 95% confidence intervals (CIs), and p-values. Institution type was
also compared between the two periods using the Chi-square test, and ORs with 95% Cls

were calculated.
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Results

Atotal of 4,715 medical specialty theses completed in the field of family medicine between
2015 and 2024 were included in the study. Overall, 64.2% (n=3,024) were authored by
female authors and 35.8% (n=1,691) by male authors (Table 1). The proportion of female
authors was higher in each year. Of the theses, 45.8% (n=2,160) were conducted within
UHS and 54.2% (n=2,555) at other universities. The annual number of theses increased
from 1151in 2015 to 767 in 2024 and reached its highest level in 2023 with 839 theses. As
illustrated in Figure 1, despite minor fluctuations, there has been a steady and marked

upward trend in overall thesis production throughout the study period.

Table 1. Distribution of Total Theses by Year, Sex and Institution Type

Sex distribution by year Institution distribution by
Year Male Female Other UHS Total

n (%) n (%) n (%) n (%) n (%)
2015 54 (46.9) 61 (53.1) 96 (83.5) 19 (16.5) 115 (2.4)
2016 70 (35.1) 129 (64.9) 170 (85.4) 29 (14.6) 199 (4.2)
2017 93 (36.7) 160 (63.3) 145 (57.3) 108 (42.7) 253 (5.4)
2018 87 (31.0) 193 (69.0) 169 (60.4) 111 (39.6) 280 (5.9)
2019 131 (33.5) 260 (66.5) 228 (58.3) 163 (41.7) 391 (8.3)
2020 163 (37.6) 270 (62.4) 241 (55.7) 192 (44.3) 433 (9.2)
2021 271 (37.0) 461 (63.0) 400 (54.6) 332 (45.4) 732 (15.5)
2022 274 (38.8) 432 (61.2) 332 (47.0) 374 (53.0) 706 (15.0)
2023 287 (34.2) 552 (65.8) 392 (46.7) 447 (53.3) 839 (17.8)
2024 261 (34.0) 506 (66.0) 382 (49.8) 385 (50.2) 767 (16.3)
Total 1691 (35.8) 3024 (64.2) 2555 (54.2) 2160 (45.8) 4715 (100)

UHS: University of Health Sciences. Row percentages were used, excluding the total column.
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Figure 1. Annual Number of Family Medicine Theses in Tiirkiye (2015-2024)

In the distribution of total thesis counts by university, UHS ranked first with 2,160 theses.
This was followed by Trakya University (n=145), Ondokuz Mayis University (n=128),

Dokuz Eyliil University (n=128), and Izmir Katip Celebi University (n=124) (Table 2).
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Table 2. Top 10 institutions by number and percentages of family medicine theses

Institution Number of theses Percentage (%)
UHS 2160 45.8
Trakya University 145 31
Ondokuz Mayis University 128 2.7
Dokuz Eyliil University 128 2.7
izmir Katip Celebi University 124 2.6
istanbul Medeniyet 93 2.0
University

Aydin Adnan Menderes 88 1.9
University

Atatiirk University 83 1.8
Kocaeli University 80 1.7
Cukurova University 79 1.7

UHS: University of Health Sciences

When thesis counts were examined by institution over time, other universities

predominated in the early years of the study period, whereas the share of UHS exceeded

50% after 2022 (Table 1, Figure 2).
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Figure 2. Distribution of Thesis Counts by Institution Type Across Years

In the distribution by topic, the most frequently studied area was primary care practice
(25.9%; n=1,223). This was followed by attitudes, perceptions, and approaches (9.3%j;
n=440), infectious diseases (8.2%; n=387), and metabolic/endocrine disorders (6.7%;
n=314). The proportion of theses categorized as other clinical topics was 5.0% (n=235),

and other topics were 22.8% (n=1078) (Table 3).
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Table 3. Most frequent thesis topic categories

Topic n %
Primary care practice 1223 25.9
Attitudes, perceptions, and approaches 440 9.3
Infectious diseases 387 8.2
Metabolic/endocrine (Diabetes/obesity/thyroid) 314 6.7
Women's/children’s and reproductive health 248 5.3
Mental health (depression/anxiety, etc.) 243 5.2
Other clinical topics 235 5.0
Nutrition and physical activity 199 4.2
Knowledge level and awareness 182 3.9
Educational and counseling interventions 166 3.5
Other topics 1078 22.8
Total 4715 100

Column percentages were used.

When the distribution of the ten most frequent thesis topics was assessed by year,
primary care practice showed an overall increasing trend despite a decline in 2018 and
2019 (p<0.001, Cramer’s V=0,083). Although attitudes, perceptions, and approaches
demonstrated an increasing trend over the years, this change was not statistically
significant (p=0.763). Infectious diseases increased markedly between 2021 and 2023,
and the year-by-year distribution was statistically significant (p<0.001, Cramer’s
V=0,140). The year-by-year distributions of metabolic/endocrine disorders,
women’s/children’s and reproductive health, mental health, nutrition and physical
activity, and educational and counseling interventions were not statistically significant

(p>0.05). These grouped as other clinical topics increased noticeably year by year after
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2019, and this increase was statistically significant (p<0.001, Cramer’s V=0,096).
Knowledge level and awareness also showed a significant increase over the years

(p=0.041, Cramer’s V=0,061) (Figure 3).

35
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Figure 3. Year-by-Year Distribution of the 10 Most Frequent Thesis Topics

Among the topics showing the greatest increases were infectious diseases and
knowledge level and awareness; among those showing the greatest decreases were
educational and counseling interventions and forensic medicine and violence/abuse

(Figure 4).
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Figure 4. Thesis Topics with the Largest Proportional Increases and Decreases (2015-2019 vs 2020-

2024)
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Binary logistic regression analyses showed that infectious disease-related theses were
significantly more likely to be observed in the pandemic/post-pandemic period than in
the pre-pandemic period (OR=1.56, 95% CI=1.20-2.02, p<0.001). Similarly, the
likelihood of theses categorized as other clinical topics (OR=1.49, 95% CI=1.07-2.07,
p=0.017) and knowledge level and awareness (OR=1.63, 95% CI=1.11-2.40, p=0.011)
was significantly higher in the pandemic/post-pandemic period. In contrast, educational
and counseling interventions were significantly less likely to be observed after 2020
(OR=0.60, 95% CI=0.44-0.83, p=0.002). No statistically significant pre-post pandemic
difference was found for primary care practice, attitudes/perceptions/approaches,
metabolic/endocrine disorders, women’s/children’s and reproductive health, mental
health, or nutrition and physical activity. The distribution of institution type differed
significantly between the pre-pandemic and pandemic/post-pandemic periods. The
proportion of UHS-affiliated theses increased from 34.7% (n=430) before the pandemic
to 49.8% (n=1,730) in the pandemic/post-pandemic period. UHS-affiliated theses were
significantly more likely to be observed in the pandemic/post-pandemic period than in

the pre-pandemic period (OR=1.86, 95% CI=1.63-2.13, p<0.001) (Table 4).
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Table 4. Crude logistic regression analysis of major thesis topics and institutional affiliation according to

the pandemic period

Outcome/Period Crude OR 95% CI p-value

Infectious diseases
Pre-pandemic (2015-2019) Ref. - -

Pandemic/Post-pandemic (2020-2024) 1.56 1.20-2.02 <0.001

Other clinical topics

Pre-pandemic (2015-2019) Ref. - -

Pandemic/Post-pandemic (2020-2024) 1.49 1.07-2.07 0.017
Knowledge/awareness

Pre-pandemic (2015-2019) Ref. - -

Pandemic/Post-pandemic (2020-2024) 1.63 1.11-2.40 0.011

Educational/counseling interventions
Pre-pandemic (2015-2019) Ref. - -

Pandemic/Post-pandemic (2020-2024) 0.60 0.44-0.83 0.002

UHS-affiliated theses
Pre-pandemic (2015-2019) Ref. - -

Pandemic/Post-pandemic (2020-2024) 1.86 1.63-2.13 <0.001

*: All models represent crude (unadjusted) binary logistic regression analyses

Discussion

This study showed a marked increase in the number of family medicine specialty theses
between 2015 and 2024. The increase became more evident after 2020, alongside
changes in institutional structure. The proportion of female authors remained
consistently high throughout the study period. These findings represent a strengthened

continuation of trends reported in previous national bibliometric studies examining the
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2005-2015 and 2000-2020 periods; however, the total number of theses and the relative
contribution of UHS in our series were substantially higher than in those studies.>¢ In
addition, the distribution of topics was analyzed in detail in the present study: increases
were observed in infectious diseases and knowledge level and awareness, whereas a
period-specific decline was noted in primary care practice. The increase in thesis
production after 2015 may be related not only to growing academic interest in family
medicine, but also to Tiirkiye's specialty training structure, where completing and
defending a thesis is a mandatory legal requirement for graduating from medical
residency. Consequently, the expansion of residency quotas in family medicine has

directly translated into a surge in thesis output.

When distributions were examined by year, the increase between 2015 and 2019 was
mainly driven by university-based theses, whereas from 2020 onward, the number of
UHS-affiliated theses was comparable to, and in some years higher than, that of other
universities. This inflection point is consistent with administrative arrangements that
increased the role of clinics/training and research hospitals in family medicine specialty
training in Tiirkiye, and it may also be explained by the entry of institutions that began
reporting theses in bulk to YOK after 2016. The rise in UHS output may additionally be
related to the affiliation of training and research hospitals with UHS in subsequent years.
While the 2000-2020 analysis noted this shift only briefly for the most recent years, our
10-year series shows that it has become a dominant pattern. A similar institutional
concentration has been shown in bibliometric studies of public health theses in Tirkiye.8
Furthermore, it is crucial to recognize that UHS operates as a national umbrella
organization encompassing dozens of training and research hospitals, whereas other
entries represent single-center universities. This aggregation inherently inflates UHS's
total output compared to individual universities, a structural distinction that must be
considered when interpreting institutional supervision structures and output volumes. In
this respect, although sex distribution did not differ by institution type, the shift in the
institutional center of production did not diminish the predominance of female authors;

rather, as volume increased, this predominance persisted. This finding aligns with
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international studies reporting a steady rise in the number of female physicians and
female authorship in primary care/general practice over the past decade, including
settings where women have outnumbered men.? This enduring female predominance
may be attributed to the increasing proportion of female students enrolling in medical
schools in Tiirkiye, alongside the specific appeal of family medicine, which often offers a

more favorable work-life balance compared to surgical specialties.

One of the most striking findings of our study is the asymmetry in topic distribution. The
high proportion of theses on attitudes, perceptions, and approaches suggests that family
medicine research may preferentially focus on areas that are highly accessible, low-cost,
and readily studied through surveys. Mengiilliioglu and Unliioglu reported that a
substantial portion of theses in the 2005-2015 period were survey-based and focused on
attitudes/knowledge.® Our findings indicate that this orientation persisted after 2015 and
did not show a meaningful proportional decline.> This pattern is also consistent with
bibliometric reviews in other medical specialties in Tirkiye, which have attributed topic
choices to easy access to field data, limited statistical requirements, and feasibility within
a short time frame.1° The predominance of primary care practice, attitudes/perceptions,
and knowledge/awareness topics may be explained by the feasibility of these subjects
within residency training. Family medicine residents often conduct their theses while
continuing clinical duties; therefore, cross-sectional, questionnaire-based, and routinely
accessible clinical topics may be preferred. Although several topic categories showed
statistically significant year-by-year differences, the corresponding Cramer’s V values
were small. This indicates that, while temporal changes were statistically detectable in
this large dataset, the magnitude of these changes was generally limited. Therefore, both
statistical significance and effect size should be considered when interpreting the

observed topic trends.

Conversely, the significant year-by-year variation in primary care practice and its decline,
particularly in 2018-2021 suggests that topic selection in family medicine theses is

shaped not only by clinical preferences but also by contemporary needs in field practice.
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It has been reported in many countries that the COVID-19 pandemic beginning in 2020
narrowed the topic spectrum of primary care studies and redirected research toward
specific headings such as infection, immunization, re-organization of service delivery, and
remote follow-up.1112 In our study, the sharp increase in infectious disease theses in 2021
and the statistically significant year-by-year difference likely represent the local reflection
of this global trend. Moreover, international literature has shown that redesign of primary
care services, disruptions in chronic disease follow-up, and changes in immunization
programs during the pandemic shaped primary care research.1314 The increase in
infectious disease topics in our dataset is consistent with this literature. Although
infectious diseases increased, the primary driver appears to have been the classification
of many pandemic-period theses as infectious disease studies in the context of COVID-19.
The increase in infectious disease-related theses during the pandemic/post-pandemic
period probably reflects the central role of family medicine in COVID-19 follow-up,

vaccination counseling, risk communication, and continuity of primary care services.

The absence of a statistically significant year-by-year difference in mental health topics
can be interpreted in two ways. First, although international publications on mental
health increased substantially during the pandemic period, this increase was not reflected
in our thesis dataset to the same extent.1516 This may be because family medicine thesis
topics in mental health shifted internally toward pandemic-related mental health issues.
Second, because the duration and content of mental health rotations in family medicine
training vary across institutions, fluctuations in thesis topic selection are expected. In
contrast, the lack of significant variation over time in chronic disease-related topics
(metabolic/endocrine disorders), nutrition and physical activity, and women’s/children’s
and reproductive health suggests that these core domains retained a stable place in family
medicine training, generating a consistent volume of theses each year. This stability is
compatible with the concept that patient-centered care in primary care has increasingly

integrated chronic disease management over 2010-2024.16
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Our findings also offer an indirect explanation for the frequently reported problem of low
conversion rates of theses into journal publications. International studies examining the
publication of medical specialty theses suggest that theses that are survey-based, cross-
sectional, and service-oriented may face greater difficulty being accepted in peer-
reviewed journals, whereas theses with methodological diversity and mixed
quantitative-qualitative designs are more likely to be published.1%17 Although our study
did not directly assess the methodological quality or the actual thesis-to-publication
conversion rates, the thematic distribution suggests a high reliance on descriptive, single-
center surveys. Such designs typically face greater challenges in being accepted by high-
impact peer-reviewed journals compared to mixed-method or multi-center analytical
studies. While such studies can describe everyday problems of primary care effectively,
they are often single-center, limited in sample size, and strongly influenced by local

service conditions.

These findings also have academic and educational implications for family medicine
residency training in Tiirkiye. The concentration of theses in feasible, cross-sectional, and
survey-based topics suggests that residents may need stronger methodological support
during thesis planning, including training in research design, biostatistics, data
management, and scientific writing. Residency programs may benefit from structured
thesis monitoring systems, multicenter research networks, and mentorship models that
encourage clinically relevant but methodologically stronger studies. Improving thesis
quality may also increase the likelihood of thesis-to-publication conversion, thereby
transforming mandatory residency theses from a graduation requirement into a more

visible contribution to family medicine literature and primary care policy.

A key strength of this study is that, unlike previous Turkish bibliometric thesis and article
examples, it simultaneously demonstrates the post-2015 increase in thesis volume, the

UHS contribution, and the pandemic-related topic shift.

This study has several limitations. First, author sex was inferred from names recorded in

the YOKTEZ metadata rather than self-reported information; therefore, name-based
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classification may be subject to misclassification and does not allow assessment of gender
identity. Second, topic classification was based mainly on thesis titles and a predefined
thematic framework. Although coding rules were standardized, title-based classification
may not fully reflect the detailed content, methodology, or secondary aims of each thesis,
especially for studies addressing more than one topic. Third, the study was limited to
accessible records in the YOK National Thesis Center database. Restricted-access theses,
incomplete metadata, duplicate entries, delayed registrations, or inconsistencies in
department and institution names may have affected the bibliometric counts. Finally,
thesis-to-article conversion and citation performance were beyond the scope of this
study. Therefore, the findings should be interpreted as reflecting accessible YOKTEZ-
based thesis records rather than all family medicine residency research activity in
Tiirkiye. Additionally, because separate logistic regression models were utilized to
explore temporal associations across multiple topics, the potential for Type I error due to
multiple comparisons should be acknowledged. Furthermore, because of the thematic
classification approach used in the study, some theses may potentially overlap across
closely related categories. We acknowledge that this possibility may have resulted in a

degree of subjectivity or misclassification.

In conclusion, family medicine specialty thesis production in Tiirkiye increased
substantially between 2015 and 2024, with a growing contribution of UHS and topic shifts
partly influenced by the pandemic. These findings indicate that residency theses reflect
changes in training capacity, institutional structure, and primary care priorities.
Strengthening methodological support, thesis supervision, biostatistics training, and
scientific writing mentorship may improve thesis quality and increase thesis-to-
publication conversion. At the policy level, national monitoring of thesis topics may help
reduce repetition, encourage multicenter practice-based research, and align thesis
planning with primary care needs. Future studies should evaluate thesis quality,

publication conversion rates, citation impact, and methodological characteristics.
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Abstract

Objectives: Diabetes Mellitus (DM) is a common non-communicable disease globally. Since children spend
a significant amount of time at school, collaboration with school staff is essential for managing both
emergencies and long-term complications related to DM. Therefore, assessing the knowledge level of school
staff about DM is of great importance. This study aimed to develop a Diabetes Mellitus Knowledge Scale
(DM-KS) and to conduct its validity and reliability analysis among teachers.

Materials and Methods: This methodological study was carried out with 379 teachers working under the
Altindag District National Education Directorate during the 2022-2023 academic year. The DM-KS consists
of 23 items. Validity was assessed through content validity, item analysis, exploratory factor analysis (EFA),
confirmatory factor analysis (CFA), and known-groups comparison.

Results: The DM-KS comprises two subscales: “DM General Information and Symptoms” (11 items) and
“DM Treatment and Complication Management” (12 items). Item difficulty indices ranged between 0.37 and
0.84, and discrimination coefficients ranged between 0.40 and 0.91. According to EFA, four items were
excluded due to overlapping factors, and the factor loadings of the remaining items ranged from 0.39 to
0.76. The explained variances of subscales 1 and 2 were 38.2% and 41.4%, respectively. Cronbach’s alpha
values were 0.84-0.87. Participants who had received training scored significantly higher in both subscales.
Conclusions: The DM-KS demonstrated acceptable reliability and preliminary evidence of validity for
assessing diabetes-related knowledge among teachers. Further validation in independent and diverse
samples is warranted.

Keywords: Type 1 diabetes mellitus; diabetes knowledge; diabetes knowledge scale; school health;

psychometrics; validity and reliability.
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Introduction

Type 1 diabetes is one of the most prevalent long-term diseases of childhood globally. It
has major health consequences for individuals and society.1:2 The IDF Diabetes Atlas
(2021) estimates that DM affects 10.5% of adults aged 20-79 years (536.6 million people)
and was associated with approximately 6.7 million deaths worldwide in 2021.3 According
to World Health Organization (WHO) data, there are approximately 9 million individuals
diagnosed with Type 1 DM, the majority of whom are in high-income countries.# In
Tiirkiye, type 1 DM represents a major pediatric burden: approximately 1,700-2,000
children are newly diagnosed each year, and about 30,000 children under 18 live with the
condition, most of them school-age.5>¢ Teachers play a critical role in the daily
management and safety of children with type 1 diabetes mellitus (T1 DM) in school
settings. Inadequate knowledge among school personnel may lead to delayed recognition
of hypoglycemia or hyperglycemia, inappropriate emergency responses, and increased
risk of acute complications, which can negatively affect both health outcomes and
academic performance of students with diabetes. International organizations emphasize
that improving diabetes awareness and preparedness in schools is essential for ensuring
safe educational environments and preventing diabetes-related emergencies among
children. Therefore, assessing teachers’ knowledge levels is an important step in planning
effective educational interventions and school health policies.4¢ At school, children need
prompt recognition of hypoglycemia and ketoacidosis, meal and activity planning,
assistance with glucose monitoring and treatment, and coordinated support from
teachers, staff, and families. Therefore, this study aimed to develop and validate a reliable
and valid scale to assess teachers’ knowledge regarding type 1 diabetes mellitus, including
recognition and management of hypoglycemia and hyperglycemia and emergency
management in school settings, and to introduce the Diabetes Mellitus Knowledge Scale

(DM-KS).
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Materials and Methods

This methodological study was conducted with primary, middle, and high school teachers
serving in Altindag District National Education Directorate during the 2022-2023
academic year. This study was carried out within the scope of the project titled:
"Evaluation of the Knowledge Level of School Teachers about Diabetes Mellitus", and SBU
Dr. Abdurrahman Yurtaslan Ankara Onkoloji Research and Hospital Ethics Committee

approval (2022-10/172) was received to conduct this study.
Development of Diabetes Mellitus Knowledge Scale

An extensive literature review was conducted to develop the DM-KS. A widely accepted
and used DM-KS among teachers could not be found. Therefore, it was decided to develop
the DM-KS. While developing the DM-KS, a question pool consisting of 40 items was
prepared. In line with expert opinions, the questions were reduced to 27 items and
grouped under two subheadings: “Diabetes Mellitus General Information and Symptoms
(Subscale 1)” and “Diabetes Mellitus Treatment and Complication Management (Subscale

2"

n “

In both subscales of DM-KS, correct answers were evaluated as "2", “I don't know”
answers as "1", and incorrect-blank answers were evaluated as "0" points. No correction

formula was applied for chance-based success.

Whether DM-KS measures the desired structure was evaluated with content validity. For
content validity, the opinions of experts, including public health specialists, family
medicine specialists, linguists, internal medicine specialists, and endocrine specialists,
were consulted. The questions were examined by experts, and each question was
evaluated as 'necessary-adequate’, 'necessary but insufficient’, and 'unnecessary'. The
question root and options were changed. Then, expert opinions were transformed into
statistically interpretable quantifiers. The content validity index (CVI) was calculated for

each question. In both subgroups, the CVI was above 0.80 (0.87-0.90).7
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Study group, procedure, and questionnaire form

Our study was conducted with teachers who serve under the Altindag District National
Education Directorate. After obtaining the necessary permissions and informing the
school officials, the schools were visited during working hours. The subject and purpose
of the study were explained. Those who agreed to participate in the study were asked to

complete the questionnaire.

The questionnaire form consists of 2 parts. The first part includes the sociodemographic

characteristics of the teachers, and the second part comprises the DM-KS items (27 items).

According to the records of the Ministry of National Education, 4,418 teachers were
employed in the Altindag district at the time of the study. The sample size recommended
for developing a new assessment tool is generally 5-10 times the number of scale items.8
Since the initial version of the DM-KS consisted of 27 items, the minimum required sample
size was calculated as 270 participants. To ensure representation across educational
levels, schools were randomly selected from among primary, secondary, and high schools
in the district. Reserve schools were also identified in advance to compensate for potential
non-response. Participants were recruited from the selected schools, and all eligible
teachers who were present during the data collection period and consented to participate
were included in the study. Participation was voluntary, and no incentives were offered.
The study was completed with 379 teachers, exceeding the recommended sample size for

scale development studies.

Item Analysis

Item difficulty and difficulty index should be calculated when developing assessment
tools, such as those measuring ability and success that require performance. The item
difficulty index is used to distinguish how difficult or easy an item is, and the item
discrimination coefficient is used to distinguish between those who know and those who

do not. In our study, item difficulty (Pj) and discrimination coefficients (rjx) were
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calculated with the formula P= (H+L/N)*100 and d= (H-L/N/2) formulas (ABBID).
Another method used to determine item validity is to compare the item scores of the
lower and upper 27% groups. It is based on the assumption that people in the upper 27%
group possess the characteristic that the assessment tool aims to measure positively,
while those in the lower 27% group exhibit a negative effect. This assumption is also
expected to emerge among the items. The scores of the lower- and upper-27 % groups
from the evaluation tool are analysed using a significance test to determine the difference
between the two averages in independent samples. It is desirable that there is a statistical
difference between the two averages. The statistical difference between the lower and
upper 27% groups reveals evidence of the validity and distinctiveness of the items in the

assessment tool.”

Construct Validity

The Kaiser-Meyer-Olkin (KMO) value was examined to decide whether the sample size
was suitable for factor analysis. The KMO value ranges from 0 to 1, and it is required to be
close to 1 for factor analysis to be effective. In the Exploratory Factor Analysis (EFA) to be
performed, a KMO coefficient of 0.60 and above is considered sufficient, but it is desired
to be above 0.80. While performing EFA, not all items were analysed at the same time, and

it was checked whether they were collected under the determined dimensions.8

One method used to determine the construct validity of the developed assessment tool is
““known groups comparison”. The intergroup differentiation method assumes that the
groups are different in terms of the area to be measured. In our study, teachers who
received DM training were expected to achieve higher scores on DM-KS and were

compared with those who did not receive training using the Mann-Whitney U test.”

One frequently used method in determining construct validity is Confirmatory Factor
Analysis (CFA). CFA is a method that allows checking the factor structures revealed in
EFA. While the relationships between the items in the evaluation tool are examined with

EFA, the relationships between the factors are evaluated with CFA. CFA is a modelling
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method used to evaluate the latent structure of a measurement tool and to test the fit
between observed variables and latent variables. In this study, the factor structure of the

DM-KS was examined using CFA with the LISREL 8.51 software program.

Internal Consistency

The Cronbach’s alpha coefficient was calculated to test the reliability of DM-KS and to

determine internal consistency.

Scoring DM-KS - Statistical Analysis

Each correct answer given to the DM-KS items was scored as "2", incorrectly marked as
"0", and those marked as "I don't know" were scored as "1". As the score obtained from

each domain increased, the level of knowledge increased.

Data were evaluated using IBM SPSS Statistics for Windows, Version 20.0 (Armonk, NY:
IBM Corp.). Sociodemographic characteristics were presented with descriptive statistical
data (mean, frequency, standard deviation, etc.). The conformity of distribution was
evaluated with the Shapiro-Wilk test. Mann-Whitney U, Kruskal-Wallis test, and

Spearman correlation analysis were used for statistical analysis.

Ethical Considerations

This study was carried out within the scope of the project titled: ‘Evaluation of the
Knowledge Level of School Teachers about Diabetes Mellitus’, and University of Health
Sciences Dr. Abdurrahman Yurtaslan Ankara Oncology Training & Research Hospital

Ethics Committee approval (2022-10/172) was received to conduct this study.
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Results

DM-KS Validity-Reliability Analysis

The DM-KS item difficulty indexes ranged from 0.37 to 0.84, and the discrimination
coefficients ranged from 0.40 to 0.91. According to the item analysis results, no items were

extracted from the developed assessment tool.

As a result of the EFA analysis performed to test the construct validity, four items were
excluded from the assessment tool because they had a factor load of more than 0.40 in
each of the two subscales (overlapping factor) ("item 10: The main effect of insulin
hormone is to raise blood sugar.", "item 11: Insulin therapy is in the form of oral tablets.",
"item 17: In case of low blood sugar, if the child is conscious, he/she can be sent home.",
“Item 21: It is not appropriate for a student with controlled Diabetes Mellitus to attend

classes that require exercise, such as physical education.”). The item analysis and EFA

results of DM-KS are given in Table 1.
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Table 1. Item analysis results and factor loads of DM-KS.

DM-KS items Pj rjx Factor
Load

Diabetes Mellitus General Information and Symptoms

KMO0:0.870

Bartlett's Test of Sphericity:1117.482; 0.000

Explained Variance:38.20

1- Diabetes mellitus is a disease with high blood sugar that occurs when the 0.78 0.51 0.61

pancreas is unable to produce enough insulin or the body is unable to use

insulin effectively.

2- The blood sugar level of an individual without diabetes should not exceed 0.47 0.70 0.59

100 mg/dLin fastingand 140 mg/dL in satiety (2 hours after starting the meal).

3- The two most common types of diabetes mellitus are Type 1 and Type 2 0.53 0.83 0.69

diabetes.

4- The disease, characterised by an increase in blood sugar due to absolute 0.37 0.78 0.63

insulin deficiency, is called “Type 1 diabetes mellitus”.

5- Type 1 is the most common type of diabetes mellitus in childhood. 0.40 0.78 0.64

6- Diabetes mellitus is one of the leading chronic diseases worldwide. 0.73 0.53 0.56

7- Findings such as constant thirst/dry mouth, drinking more water than usual, 0.84  0.42 0.60

and frequent and copious urination (polyuria) are among the most common

findings of diabetes mellitus.

13- Ablood sugar level lower than 70 mg/dL is considered hypoglycaemia (low 0.48 0.91 0.70

blood sugar).

14- Symptoms such as hand and foot tremors, pale colour, and cold sweating 0.75 0.55 0.60

may indicate low blood sugar.

18- Symptoms such as a feeling of thirst, acetone odour in the mouth, and 0.55 0.80 0.65

sleepiness may indicate high blood sugar.

22- Diabetes is a lifelong disease. 0.63 0.55 0.50

Diabetes Mellitus Treatment and Complication Management
KMO0:0.893

Bartlett's Test of Sphericity:1549.145; <0.001

Explained Variance:41.42
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8- Insulin therapy is used in the treatment of type 1 diabetes mellitus. 0.46 0.70 0.51
9- The pancreas is the main organ in which the insulin hormone is secreted. 0.63 0.75 0.65
12- Insulins are drugs subject to the cold chain. 0.39 0.50 0.39

15- In case of low blood sugar, sugar cubes/fruit juice should be given if the 0.65 0.72 0.65

child is conscious.

16- In case of low blood sugar, emergency health services should be notified if 0.84 0.40 0.56

the child is unconscious.

19- Exercise programs are part of the treatment of diabetes mellitus. 0.60 0.73 0.63

20- In situations that cause anxiety, such as exams, the blood sugar balance may 0.70 0.66 0.68

deteriorate.
23- Exercise programs are effective in lowering blood sugar. 0.60 0.80 0.71
24- Failure to control blood sugar creates long-term health problems. 0.83 0.52 0.68

25- If blood sugar is not kept under control in diabetes mellitus, eye damage 0.65 0.80 0.74

(blindness, etc.) may occur.

26- If blood sugar is not kept under control in diabetes mellitus, severe kidney 0.70 0.70 0.76

disease may develop that may require dialysis and/or kidney transplantation.

27- If blood sugar is not kept under control in diabetes mellitus, diseases such  0.53 0.81 0.69
as heart attack and stroke, which may result in death, may develop due to

damage to the heart and brain vessels.

Total Explained Variance: 40%, Pj: item difficulty index; rjx: item discrimination coefficients.

In the reliability analysis, the Cronbach's alpha coefficient for subscale-1 was 0.84, and
the item-total correlation coefficient ranged between 0.394 and 0.604; the Cronbach's
alpha coefficient for subscale-2 was 0.87, and the item-total correlation coefficient
ranged between 0.330 and 0.674. Cronbach's alpha coefficient did not increase when
any item was removed in both subscales. The reliability analyses of the study are given

in Table 2.
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Table 2. DM-KS Reliability Analysis Results

DM-KS items Corrected Cronbach’s
item-total alpha if
correlation item

deleted

Diabetes Mellitus General Information and Symptoms

Cronbach’s alpha coefficient: 0.836

1- Diabetes mellitus is a disease with high blood sugar that occurs when the 0.507 0.823

pancreas is unable to produce enough insulin or the body is unable to use insulin

effectively.

2- The blood sugar level of an individual without diabetes should not exceed 100 0.481 0.825
mg/dL in fasting and 140 mg/dL in satiety (2 hours after starting the meal).

3- The two most common types of diabetes mellitus are Type 1 and Type 2 diabetes. 0.592 0.815
4- The disease, characterised by an increase in blood sugar due to absolute insulin 0.529 0.820

deficiency, is called “Type 1 diabetes mellitus”.

5- Type 1 is the most common type of diabetes mellitus in childhood. 0.540 0.819
6- Diabetes mellitus is one of the leading chronic diseases worldwide. 0.452 0.827
7- Findings such as constant thirst/dry mouth, drinking more water than usual, and 0.496 0.824

frequent and copious urination (polyuria) are among the most common findings of

diabetes mellitus.

13- A blood sugar level lower than 70 mg/dL is considered hypoglycaemia (low 0.604 0.813
blood sugar).
14- Symptoms such as hand and foot tremors, pale colour, and cold sweating may 0.491 0.824

indicate low blood sugar.

18- Symptoms such as a feeling of thirst, acetone odour in the mouth, and 0.541 0.819

sleepiness may indicate high blood sugar.

22- Diabetes is a lifelong disease. 0.394 0.832

Diabetes Mellitus Treatment and Complication Management

Cronbach'’s alpha coefficient: 0.865

8- Insulin therapy is used in the treatment of type 1 diabetes mellitus. 0.434 0.863
9- The pancreas is the main organ in which the insulin hormone is secreted. 0.555 0.854
12- Insulins are drugs subject to the cold chain. 0.330 0.865
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15- In case of low blood sugar, sugar cubes/fruit juice should be given if the child 0.566 0.854

is conscious.

16- In case of low blood sugar, emergency health services should be notified if the 0.470 0.860

child is unconscious.

19- Exercise programs are part of the treatment of diabetes mellitus. 0.542 0.855
20- In situations that cause anxiety, such as exams, the blood sugar balance may 0.586 0.852
deteriorate.

23- Exercise programs are effective in lowering blood sugar. 0.628 0.849
24- Failure to control blood sugar creates long-term health problems. 0.574 0.854
25- If blood sugar is not kept under control in diabetes mellitus, eye damage 0.642 0.848

(blindness, etc.) may occur.

26- If blood sugar is not kept under control in diabetes mellitus, severe kidney 0.674 0.847

disease may develop that may require dialysis and/or kidney transplantation.

27- If blood sugar is not kept under control in diabetes mellitus, diseases such as 0.599 0.851
heart attack and stroke, which may result in death, may develop due to damage to

the heart and brain vessels.

Total scale Cronbach’s alpha coefficient:0.891

As another analysis method for DM-KS, the scores of the upper and lower groups (27%)
were compared, and it was determined that the scores of the upper group were higher
in all subscales of DM-KS (for each subscale, p<0.05). The comparison of the item scores

of the lower and upper 27% groups is given in Table 3.

Table 3. Comparison of the item scores of the lower and upper 27% groups.

DM-KS Mean (SD) Median (Q1-Q3) Statistical analysis
Zp
Subdomain-1 Group of upper 27% 20.6 (1.5) 20.5 (20.0-22.0) 12.398; <0.001
Group of lower 27% 12.4 (2.5) 12.0 (11.0-14.0)
Subdomain-2 Group of upper 27% 22.4 (1.7) 23.0 (22.0-24.0) 12.284; <0.001
Group of lower 27% 13.2 (3.9) 14.0 (12.0-16.0)

Data are presented as mean (SD) and median (interquartile range). Mann-Whitney U test was used.
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For intergroup differentiation, the DM-KS scores of individuals who had received DM
training were compared with those who had not received training. As predicted, those
who received training beforehand had higher scores in both subscales. Comparisons

between groups are given in Table 4.

Table 4. Comparisons between groups.

DM-KS Mean (SD)  Median (Q1-Q3)  Statistical analysis
Z;p
Subdomain 1 Those who have not received 16.5 (3.7) 17.0 (14.0-19.5)  2.521;0.012

training on DM
Those who received training 17.7 (3.6) 19.0 (16.0-20.0)
on DM

Subdomain 2 Those who have not received 18.2 (4.6) 19.0 (16.0-22.0)  3.189;0.001
training on DM
Those who received training 20.1 (3.7) 21.0 (19.0-23.0)
on DM

Mann-Whitney U test was used. Q1-0Q3: interquartile range (25th-75th percentiles).

In the CFA conducted for DM-KS, although several goodness-of-fit indices did not meet
commonly recommended thresholds, the t-values and factor loadings in the
measurement model were within acceptable limits. The measurement model (T values)
obtained from the CFA is presented in Figure 1, and the fit indices for this model are

listed in Table 5.

Table 5. Fit indices obtained from CFA.

Fit indices Fit values of the measurement model obtained for
the DM-KS

X% /df 6.50

RMSEA 0.12

SRMR 0.08
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CF1 0.89
GFI 0.74
AGFI 0.69

df: degrees of freedom; RMSEA: root mean square error of approximation; SRMR: standardized root mean
square residual; CFI: comparative fit index; GFI: goodness of fit index; AGFI: adjusted goodness of fit index.

Chi-Square=1494.85, df=229, P-value=0.00000, RMSEA=0.121
Figure 1. The measurement model obtained from the CFA

Characteristics of Participants

281 (74.1%) of the participants in the study were female. Their ages ranged from 22 to
62 years, with a mean (SD) of 39.7 (9.3) years. DM-KS scores were not significantly
associated with most sociodemographic characteristics (p > 0.05). However, teachers
with a chronic disease demonstrated significantly higher DM-KS scores compared with

those without a chronic disease (p = 0.008) (Table 6).
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Table 6. Comparison of sociodemographic characteristics of participants and DM-KS.

n (%) DM-KS Statistical
Median Analysis
(Q1-3) Kwiz: p
Age group <35 130 (34.3) 16.0 (12.0-20.0) 5.229; 0.073
35-44 126 (33.2) 17.0 (10.0-22.0)
>45 123 (32.5) 19.0 (13.0-22.0)
Sex Female 281 (74.1) 17.0 (13.0-22.0)
Male 98 (25.9) 16.0 (10.0-21.0) 1.677;0.094
School type Primary school 97 (25.6) 17.0 (13.0-21.0)
Middle school 126 (33.2) 16.5 (11.0-21.0) 2.263;0.323
High school 156 (41.2) 17.5 (11.5-22.0)
Working position Director/Manager 27 (7.1) 20.0 (12.0-23.0) 1.114; 0.265
Teacher 352 (92.9) 17.0 (12.0-21.0)
Perceived income Poor 45 (11.9) 16.0 (10.0-21.0) 2.767; 0.251
level Middle 250 (66.0) 17.0 (12.0-21.0)
Good 84 (22.2) 18.0 (13.5-22.0)
Having a child Yes 271 (71.5) 17.0 (11.0-21.0) 0.532; 0.594
No 108 (28.5) 17.0 (13.0-22.0)
Having a chronic Yes 77 (20.3) 19.0 (14.0-23.0) 2.637; 0.008
disease No 302 (79.7) 16.5 (11.0-21.0)

Kruskal Wallis/ Mann-Whitney U test was used. Q1-Q3: interquartile range (25th-75th percentiles).

Discussion
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DM has become a major public health problem in Tirkiye. According to the IDF,
approximately 9 million individuals were living with DM in Turkiye in 2021, and an
estimated 30,000 children under 18 years have type 1 DM.>6 Because children spend a
substantial proportion of their time at school, early recognition of DM symptoms,
awareness of emergency signs in children with DM, and prevention of acute and long-term
complications are critically dependent on school personnel.? Consequently, teachers must
possess adequate DM knowledge, and our study therefore aimed to develop a Diabetes
Mellitus Knowledge Scale (DM-KS) and to conduct its validity and reliability analysis

among teachers.

In developing a new assessment tool, items should not be excessively easy or difficult and
should discriminate between knowledgeable and non-knowledgeable individuals. For
this purpose, an item discrimination coefficient of 20.20 is generally recommended.10 In
our study, DM-KS item difficulty indices ranged from 0.37 to 0.84, and discrimination
coefficients from 0.40 to 0.91, indicating satisfactory psychometric performance. Item
discrimination was further confirmed by comparing the lower and upper 27% groups,
and all items of the DM-KS were discriminative. In the Diabetes Knowledge Questionnaire
validation study by Hsieh et al, item difficulties ranged from 0.285 to 0.993 and
discriminations from 0.199 to 0.578, while Garcia et al. reported difficulty indices
between 0.14 and 0.96 and discrimination values between 0.27 and 0.37.1112 Qverall, the
item characteristics of DM-KS were comparable or superior to those reported in previous

instruments.

Exploratory factor analysis (EFA) was used to examine the construct validity of DM-KS.
Bartlett’s test of sphericity indicated that the item correlation matrix was suitable for
factor analysis, and the Kaiser-Meyer-0Olkin measure showed adequate sampling. In line
with recommendations in the social sciences, where an explained variance of 40-60% is
considered acceptable,” the two-factor structure of DM-KS accounted for 40% of the total

variance and was considered satisfactory.

Ankara Med J, 2026;(3):445-466 // @ 10.5505/amj.2026.53911
459



ANKARA
MEDICAL

Factor loadings reflect the weights of items on their respective latent constructs and are
typically expected to be 20.30.7 In DM-KS, all item loadings exceeded 0.30, indicating that
each item contributed adequately to its factor. Consistent with our approach, Hsieh et al.
removed items with factor loadings <0.30 in their Taiwanese validation study, and Yavuz
and Erol excluded items with loadings <0.20, with the lowest retained loading being

0.30.1213

Construct validity was also supported by known-groups (intergroup) differentiation. As
hypothesised, teachers who had previously received DM training achieved significantly
higher DM-KS scores than those without such training, demonstrating the scale’s ability
to discriminate between groups with differing knowledge levels. Similarly, Bukhsh et al.
reported higher diabetes knowledge scores among individuals with good glycaemic
control compared with those with poor control, and Al-Qazaz et al. found parallel
associations between knowledge and self-management indicators.141> These convergent

findings further support the construct validity of DM-KS.

Internal consistency is a key component of reliability. A Cronbach’s alpha coefficient of
20.70 is generally regarded as acceptable.” In our study, Cronbach’s alpha values for the
overall DM-KS and for both subscales exceeded 0.80, indicating high internal consistency.
Previous diabetes knowledge scales developed or adapted in different languages have
reported alpha values of 20.70, and our results therefore fall within, or above, the range
reported in the literature.11.16 Differences in scoring formats, sample characteristics, and
scale length across studies may partly account for variability in alpha values, yet the

overall pattern consistently supports adequate reliability.

Confirmatory factor analysis (CFA) was conducted to test the two-factor structure
identified in EFA. CFA evaluates the fit between observed variables and latent constructs
by multiple fit indices; however, there is no universal consensus on optimal cut-off values,
and indices are influenced by factors such as sample size, model complexity, and data
distribution’. In our analysis, all item t-values exceeded 1.96 and all item-factor
correlations were statistically significant, supporting the specified factor structure.
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Although some goodness-of-fit indices did not meet commonly recommended thresholds,
the findings provided preliminary support for the proposed two-factor structure when
considered together with the factor loadings, theoretical coherence, and other
psychometric findings. It is well recognized that model fit indices may be affected by
sample characteristics, model complexity, and item distributions, and strict adherence to
cut-off values alone may lead to incorrect conclusions regarding model adequacy.
Previous methodological literature emphasizes that acceptable model fit should be
interpreted holistically by considering theoretical justification, factor loadings, and
reliability estimates rather than relying solely on numerical thresholds. Therefore, while
the findings support the proposed factor structure, the factorial validity evidence should
be interpreted with caution and considered preliminary. Furthermore, because both EFA
and CFA were conducted using the same sample, future studies involving independent
samples are needed to provide additional evidence regarding the stability and

generalizability of the factor structure.18-20

After finalising DM-KS, we examined its ability to distinguish subgroups defined by
relevant teacher characteristics. Teachers with chronic diseases had higher DM-KS scores
than those without chronic conditions. Comparable observations have been reported in
studies from rural China, where adults with chronic diseases or a positive family history
showed more extensive knowledge of chronic conditions, and among older individuals
with a family history of chronic disease.?1.22 These findings likely reflect increased health-
seeking behaviour and more frequent contact with healthcare professionals, which in turn

may enhance disease-related knowledge.

Strengths and Limitations

This study contributes to the existing literature by providing a psychometrically tested
instrument developed and evaluated among teachers to assess knowledge regarding type
1 diabetes mellitus in school settings. Although several diabetes knowledge scales exist in
the literature, most of them were developed for patients or healthcare professionals and
may not adequately capture the educational and practical needs of school personnel. The
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present scale addresses this gap by focusing on teachers, who play a critical role in
recognizing symptoms, preventing complications, and responding to diabetes-related
emergencies during school hours. In addition, the inclusion of both exploratory and
confirmatory factor analyses provides preliminary evidence regarding the structural
validity of the instrument. Therefore, DM-KS may serve as a useful tool for assessing
educational needs, planning training programs, and evaluating interventions aimed at

improving diabetes management and safety in school environments.

This study has several limitations that should be considered when interpreting the
findings. First, the study was conducted in a single district, and participants were
recruited using a convenience sampling approach, although schools were randomly
selected, which may limit the generalizability of the results to other regions or
populations. Second, data were collected using self-report questionnaires, which may
introduce response bias, including social desirability bias, and may not fully reflect
participants’ actual knowledge levels. Third, although both exploratory and confirmatory
factor analysis were performed, the CFA was conducted on the same sample rather than
an independent validation sample, which may limit the strength of the structural
validation. In addition, some CFA model fit indices did not fully meet the recommended
thresholds, and therefore the factorial validity findings should be interpreted with
caution. Additionally, test-retest reliability was not assessed due to time constraints, and
therefore the temporal stability of the scale could not be evaluated. Future studies
including larger and more diverse samples, independent validation groups, and
longitudinal reliability assessments are recommended to further strengthen the

psychometric properties of the scale.

In conclusion, the Diabetes Mellitus Knowledge Scale (DM-KS) demonstrated acceptable
reliability and preliminary evidence of validity for assessing teachers’ knowledge
regarding type 1 diabetes mellitus and its management in school settings. The findings
suggest that the scale has promising psychometric properties and may serve as a practical

tool for identifying knowledge gaps among teachers and guiding educational

Ankara Med J, 2026;(3):445-466 // @ 10.5505/amj.2026.53911
462



ANKARA
MEDICAL

interventions. Further validation in independent samples is warranted to confirm the

stability and generalizability of its factor structure.

The DM-KS may also be useful for evaluating the effectiveness of training programs and
supporting school health policies aimed at enhancing preparedness for diabetes care in
educational environments. Future research involving larger and more diverse
populations, independent validation samples, and longitudinal studies assessing
temporal stability would provide additional evidence regarding the applicability and

psychometric performance of the scale across different settings.
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Abstract

Objectives: This study aimed to evaluate levels of social media addiction and obesity awareness among
children aged 10-14, examine their relationship, and identify factors affecting both conditions within a primary
care context.

Materials and Methods: An analytical cross-sectional study was conducted with 228 children aged 10-14
years who attended central secondary schools in a district in Tiirkiye. Those who agreed to participate in the
survey were asked to complete a Personal Information Form to record their socio-demographic characteristics,
as well as the Social Media Addiction Scale for Adolescents(SMAS-A) and the Obesity Awareness Scale(OAS).
Approval for the study was obtained from the Ankara City Hospital Ethics Committee (approval number: E1-
22-2566).

Results: Among the participants, 23.2% were overweight, 10.1% were obese, and the mean daily social media
use was 128.88 minutes. Social media addiction levels were low (18.20+7.54), while obesity awareness was
high (56.39+7.76). A weak but statistically significant negative correlation was found between social media
addiction and obesity awareness. In multivariable linear regression analysis, social media addiction scores
remained independently associated with obesity awareness. While no significant association was found
between BMI and social media addiction, a weak negative association was observed between BMI and obesity
awareness. Regular exercise was significantly associated with both scale scores. A positive significant
correlation was detected between daily social media use and addiction scores, whereas a negative significant
correlation was found with obesity awareness.

Conclusion: School-based and primary care-oriented initiatives that promote physical activity and healthy
digital habits may contribute to improving adolescent health, increasing obesity awareness, and preventing
problematic social media use.

Keywords: Social media addiction, obesity, health knowledge, practice, adolescent, primary health care.
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Introduction

In Turkey, 91.3% of children aged 6-15 use the internet, and 66.1% of those use it for social
media.l Social media encompasses online environments where users can communicate,
exchange information, and actively participate in content creation and sharing.2 While these
platforms facilitate the exchange of ideas and information, studies indicate that adolescents
may be more likely than adults to exhibit problematic social media use, which can have
negative effects on social relationships, physical and mental health, and academic

performance.?-3

Although problematic social media use has attracted increasing scientific attention, it has not
yet been recognized as a distinct diagnostic entity in the Statistical Manual of Mental
Disorders-V (DSM-V). Behavioral addictions related to internet use are currently limited to
gaming disorder, resulting in relatively limited investigation of other forms of problematic
online behavior.24 Problematic engagement with digital media has been linked to several
lifestyle-related behaviors, including decreased physical activity, prolonged sedentary time,
unhealthy eating patterns, and sleep-related problems.5-¢ Therefore, social media addiction

may be associated with obesity.

Early adolescence, defined as the age range of 10-14 years, is a critical developmental period
characterized by rapid biological, cognitive, and psychosocial changes.” During this stage,
individuals begin to gain autonomy, peer relationships become more prominent, and long-
term behavioral patterns start to emerge. In addition, immature impulse control may
increase susceptibility to risk-taking behaviors. Problematic social media use during this
period may be attributed to decreased parental control and authority, an increased need for
social interaction, access to information and entertainment, and using social media as a
coping mechanism for emerging emotional difficulties.26-7 These characteristics make early

adolescence a critical period for preventive health interventions.

Health-related risks such as obesity and problematic digital media use may be associated

with lifestyle behaviors established during this developmental period.27 Unhealthy dietary
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patterns, including the consumption of high-calorie fast food, a sedentary lifestyle, and
prolonged screen time, contribute to energy imbalance and are well-established risk factors
for obesity. The rising prevalence of childhood obesity is a major global public health concern

as it increases the burden of chronic non-communicable diseases.8-10

The relationship between social media addiction and obesity is thought to be mediated by
behavioral and lifestyle changes associated with addictive use patterns. While previous
studies have primarily focused on the relationship between physical inactivity and obesity,
adolescents with problematic internet use have also been reported to exhibit behaviors such
as unhealthy eating, reduced physical activity, and impaired social functioning, all of which
may increase the risk of obesity.11 Nevertheless, elucidating the relationship between social
media addiction and obesity awareness from a primary care perspective remains limited.
The focus of previous research has been on obesity outcomes or physical inactivity, with
limited attention to obesity awareness as a behavioral and cognitive dimension.
Nevertheless, obesity awareness may influence how individuals perceive health risks and

adopt healthy lifestyle behaviors.

This study aims to evaluate levels of social media addiction and obesity awareness among
children aged 10-14, examine the relationship between the two, and identify factors

affecting both conditions within a primary care context.
Materials and Methods

This analytical cross-sectional study was conducted between June 6 and June 13, 2022, with
students aged 10-14 attending central secondary schools in the Konya district of Yulak. The
study population consisted of 634 students enrolled in these schools. Using the sample size
formula for known populations, the sample size was calculated as 240, with a 5% margin of
error and a 95% confidence interval. However, due to school absenteeism related to seasonal
agricultural work, as well as limitations in voluntary participation based on informed

consent, the study was ultimately completed with 228 students.
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The inclusion criteria for the study were:
L.being aged 10-14 years
[L.having sufficient cognitive ability to answer the questionnaires
[Il.being enrolled in a secondary school in Konya.

Students who met these criteria and who voluntarily agreed to participate were included in

the study; those who wished to withdraw during the data collection process were excluded.

Ethical approval for the study was obtained from the Clinical Research Ethics Committee of
Ankara City Hospital (approval no: E1-22-2566, date: 1 June, 2022), and institutional
permission was obtained from the provincial directorate of national education (no:
E83688308-605.99-46555979, date: 28 March, 2022). All participants and their
parents/legal guardians were informed about the study and provided written informed
consent. Data were collected by the researchers through face-to-face interviews using a
personal information form and two scales: the SMAS-A and the OAS. The Personal
Information Form included questions on age, gender, height (in m), weight (in kg), number
of siblings, ownership of a personal room and digital devices, physical activity habits, and
duration of daily social media use (minutes/day). The researcher took height and weight
measurements of the participants using calibrated devices and calculated BMI by dividing

weight (kg) by the square of height (m?).

The SMAS-A, developed by Ozgenel et al,, is based on the DSM-V Internet Gaming Disorder
criteria and consists of nine items on a five-point Likert scale. Scores range from 9 to 45, with
higher scores indicating a higher level of social media addiction. The Cronbach's alpha

reliability coefficient of the scale was reported as 0.904.12

The OAS was originally developed by Allen in 2011 and subsequently adapted into Turkish
by Kafkas and Ozen, who examined its psychometric properties. Participants respond using

a four-point Likert-type response format. Scores may vary between 20 and 80, with larger
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values representing greater awareness of obesity-related issues. The Turkish version

demonstrated good internal consistency (Cronbach's a = 0.87).13

A statistical analysis of the data was performed using SPSS software (version 22.0). The
normality of the data distribution was assessed using the Kolmogorov-Smirnov test.
Categorical variables were compared using the chi-squared test or Fisher's exact test. Group
comparisons of continuous variables were performed using an independent samples t-test
or ANOVA for normally distributed data and a Mann-Whitney U test or Kruskal-Wallis test
for non-normally distributed data. Relationships between continuous variables were
examined using Pearson or Spearman's correlation analysis, depending on the distribution
characteristics of the data. Multiple linear regression analysis was performed to identify
factors associated with obesity awareness. A p-value of less than 0.05 was considered

statistically significant.
Results

Of the 228 students who participated in the study, 52.6% (n=120) were female, and 47.4%
(n=108) were male. The mean age of the participants was 12.13%1.15 years. According to
BMI classification, 52.2% of participants were of normal weight, 23.2% were overweight,
14.5% were underweight, and 10.1% were obese. The mean time spent on social media each
day was 128.88+115.70 minutes. The demographic characteristics and anthropometric
measurements of the participants are presented in Table 1, while their personal digital

device ownership and lifestyle characteristics are presented in Table 2.

Participants achieved an average total score of 18.20+7.54 (range 9-43) on the SMAS-A, and
an average total score of 56.39+7.76 (range 23-77) on the OAS (Table 3).

The total SMAS-A and OAS scores were not normally distributed. Spearman's correlation
analysis revealed a statistically significant but weak negative correlation between the two

scores (r=-0.237; p<0.001) (Table 4).
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Table 1. Demographic Characteristics and Body Measurements

Variable Mean Median SD Min Max
Age (years) 12.13 12.00 1.15 10.00 14.00
Number of 2.99 3.00 1.33 1.00 10.00
Height (m) 1.51 1.52 0.09 1.17 1.75
Weight (kg) 46.07 45.00 12.06 22.00 96.00
BMI (kg/m?) 19.67 19.02 3.66 11.72 31.83
Social Media 128.88 90.00 115.70 0.00 720.00

Table 2. Personal Digital Device Ownership and Lifestyle Characteristics

Variable n=228 (%) Yes n (%) No n (%)
Phone 88 (38.6) 140 (61.4)
Tablet-PC 131 (57.5) 97 (42.5)
Own Room 138 (60.5) 90 (39.5)
Exercise 108 (47.4) 120 (52.6)

Table 3. Distribution of Participants' SMAS-A and OAS Scores

Mean Median SD Min Max
SMAS-A Total Score 18.20 17.50 7.542 9 43
0AS Total Score 56.39 57.00 7.761 23 77

Table 4. Correlation Between SMAS-A Total Scores and OAS Total Scores

Spearman's rho correlation 0OAS Total
Score
SMAS-A Total Score Correlation -237*
Coefficient (r)
p <0.001*
n 228
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When OAS scores were compared according to whether participants had their own room,
those with their own room had significantly higher mean OAS scores (57.19+8.01) than
those who did not (p=0.010). No statistically significant difference was found between the
same groups in terms of SMAS-A scores (p=0.758) (Table 5).

Students who engaged in at least 30 minutes of physical activity, on at least three days per
week, had significantly lower mean SMAS-A scores (16.76+5.41) than those who did not
(p=0.011), as well as significantly higher mean OAS scores (58.45+6.68) (p<0.001) (Table 5).

Table 5. Comparison of SMAS-A and OAS Total Scores According to Exercise Status and

Personal Room Ownership

Variable Group n Mean+SD p
SMAS-A Exercise (+) 108 16.76£5.41 0.011*
Exercise (-) 120 20.11+8.76
0OAS Exercise (+) 108 58.45+6.68 <0.001*
Exercise (-) 120 54.54+8.21
Own Room (+) 138 57.19+8.01
Own Room (-) 90 55.18+7.24 0.010%

*Mann-Whitney U test was used. p<0.05 was considered statistically significant.

No statistically significant relationship was found between participants' BMI and their total
SMAS-A scores (p=0.245). However, a weak negative correlation was found between BMI

and OAS scores (r=-0.141, p=0.033) (Table 6).

A moderate positive correlation was found between daily social media usage time and SMAS-
A scores (r=0.544; p<0.001), while a weak negative correlation was found between daily

social media usage time and OAS scores (r =-0.141; p=0.034) (Table 6).
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Table 6. Correlation of SMAS-A and OAS Total Scores with BMI and Social Media Duration

N=228 SMAS-A Total Score OAS Total Score
Correlation p Correlation P
Coefficient (r) Coefficient (r)

BMI 0.077 0.245 -0.141* 0.033*

Social Media p<0.001* -0.141* 0.034*

Duration

*p<0.05 indicates statistical significance

A multivariable linear regression model was constructed to identify independent predictors
of obesity awareness scores. The model was statistically significant (F=6.503, p<0.001) and
explained 17.1% of the variance in OAS scores (R*=0.171). Female sex, having a personal
room, engaging in regular exercise, and lower SMAS-A scores were independently associated
with higher OAS scores. Age, BMI, and daily social media use were not significant predictors.

Regression analysis findings are presented in Table 7.

Table 7. Multivariate Linear Regression Analysis of Factors Associated with OAS Scores

Variable B Beta p %95 Confidence Interval
Lower Bound Upper Bound
Age 0,048 0,428 0,910 -0,795 0,892
Gender 2,107 0,136 0,041* 0,090 4,124
(Reference: Man)

BMI -0,262 -0,124 0,060 -0,535 0,011
Social Media Duration 0,007 0,111 0,146 -0,003 0,017
Own Room (Reference: 2,247 0,142 0,023* 0,316 4,179

No)
Exercise 3,670 0,237 <0,001* 1,665 5,675
(Reference: No)
SMAS-A -0,256 -0,249 0,001* -0,409 -0,102

Constant=60,588 R=0,414 R2=0,171 Durbin-Watson=1,839 F=6,503 p<0,001
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Discussion

As social media use becomes more widespread, it is increasingly important to understand
the effect of digital behaviors on health during early adolescence. Unlike previous studies,
which have primarily focused on BMI, physical inactivity, or obesity-related outcomes, this
study examined the relationship between social media addiction and obesity awareness, a
cognitive and attitudinal health indicator. This approach may contribute to a better
understanding of the potential links between social media use and health-related cognitive
processes. Furthermore, evaluating this relationship from a primary healthcare perspective,
focusing on early adolescence, may contribute to an area that has received limited attention

in the literature.

In this study, a statistically significant but weak, negative correlation was identified between
social media addiction and obesity awareness. Furthermore, multivariable linear regression
analysis demonstrated that social media addiction remained independently associated with
obesity awareness after adjustment for age, sex, BMI, regular exercise, daily social media use,
and ownership of a private room. This finding suggests that the observed association may
not be explained solely by factors such as physical activity, sex, or duration of social media
use. The absence of a robust correlation observed in this study may be attributable to several
factors, including the modest sample size, the cross-sectional design, and the unique
characteristics inherent to early adolescence. These findings may indicate that levels of
social media addiction observed during early adolescence are associated with disparities in
obesity awareness. Although the underlying mechanisms remain unclear, problematic social
media use may be associated with differences in health information processing, health risk

perception, or engagement with healthy lifestyle messages.

Research directly examining the relationship between social media addiction and obesity
awareness remains sparse. Most previous research investigating digital media use has
focused on obesity, BMI, physical inactivity, or lifestyle-related outcomes and has reported

associations between internet or social media use and obesity-related lifestyle factors.>11.14
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These findings offer indirect support for the association observed in this study. The construct
of obesity awareness is multifaceted, reflecting how individuals perceive health risks and
their attitudes towards healthy lifestyle behaviors. Consequently, the evaluation of obesity
awareness during early adolescence may facilitate a more comprehensive understanding of
current weight status, as well as identify cognitive and behavioral tendencies that could

influence future health behaviors.

Mean total SMAS-A scores indicate that participants' social media addiction levels were
generally closer to the low end of the scale, which is consistent with previous studies.1>
However, other studies have found that problematic social media use increases with age.16
This may indicate that problematic social media use remains relatively limited during early

adolescence.

The mean total OAS score indicated a generally good level of obesity awareness. Our findings
are consistent with previous studies that have reported high levels of obesity awareness
among adolescents.17-18- This finding may be related to the influence of health education in
schools, health information disseminated through media channels, and increasing public
awareness regarding obesity. However, it should be noted that high levels of awareness do
not necessarily result in the adoption of healthy behaviors. Consequently, the consideration
of awareness and behavior as discrete yet interconnected constructs may facilitate the

development of more efficacious interventions.

Regular physical activity was associated with both lower social media addiction scores and
higher obesity awareness levels. Similar findings have been reported in high school and
university students, although one study found no significant relationship between physical
activity and obesity awareness, possibly due to differences in age distribution and low
activity prevalence. 19-21 Qverall, existing evidence supports the possibility that physical
activity may be associated with more controlled social media use and higher obesity

awareness.
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Additionally, students with their own room had significantly higher obesity awareness
scores, though no significant difference was observed in social media addiction scores. This
finding may be related to socioeconomic conditions and access to health-related information.
However, the lack of an association between having a private room and social media

addiction may suggest that the physical environment alone may not determine this behavior.

The negative correlation between BMI and obesity awareness scores suggests that
individuals with a higher BMI may be less aware of their obesity. This finding highlights the
importance of interventions that enhance awareness for at-risk individuals. While some
studies have found no significant correlation between BMI and obesity awareness, others
have reported significant differences across BMI categories.1821-22 [n contrast, although
previous studies have reported an association between internet addiction and BMI, no
significant relationship was observed between BMI and social media addiction scores in the
present study. 23 This discrepancy may be related to the fact that our study focused

specifically on individuals in early adolescence (10-14 years).

Finally, consistent with previous studies, daily social media use was correlated with both
SMAS-A and OAS scores, suggesting that the duration of digital media use may be associated
with these variables.24-25 However, in the multivariable analysis, daily social media use was
not identified as an independent predictor of obesity awareness. This finding may indicate

that the observed association is influenced by other individual and environmental factors.

From a primary healthcare perspective, these findings support the importance of assessing
social media usage habits during routine adolescent check-ups and periodic follow-up visits,
alongside providing lifestyle counselling on physical activity and nutrition. In particular,
conducting brief assessments regarding social media use, physical activity levels, and obesity
awareness during routine health checkups can help identify at-risk groups at an early stage,
as well as raise awareness of health risks among children who have not yet developed weight
issues and promote healthy lifestyle behaviors. For adolescents identified as having low
obesity awareness or problematic social media use, brief counseling interventions and
family-based educational approaches can be implemented.
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In conclusion, our findings suggest a potential association between social media addiction
and obesity awareness. This indicates that when evaluating adolescent health, not only
behavioral outcomes should be considered but also health awareness and perceptions that
may influence future health behaviors. Interventions aimed at promoting regular physical
activity, encouraging healthy digital habits, and improving obesity awareness may
contribute to the promotion of adolescent health. In this context, early adolescence
represents an important developmental period that warrants attention within preventive

health strategies.

This study has several limitations. Data collection at the end of the academic year may have
affected participation rates. The inability to recruit the planned number of participants may
have made it more difficult to identify associations of small magnitude. The single-center
design may limit generalizability of the findings. Additionally, while device ownership was

assessed, patterns of use were not examined in detail.

Ethical Considerations: The study was approved by the Clinical Research Ethics Committee

of Ankara City Hospital with approval number: E1-22-2566
Conflict of Interest: The authors declare no conflict of interest.

*This research was presented as an oral presentation at the 18th Family Medicine Autumn

School in the Turkish Republic of Northern Cyprus on September 26, 2024.
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Abstract

Objectives: It is well established that systemic inflammatory responses induced by intermittent hypoxia are
associated with disease severity in obstructive sleep apnea syndrome (OSAS). This study aimed to investigate
the association between the C-reactive protein-to-albumin ratio (CAR), hematological inflammatory markers,
and disease severity in OSAS, and to assess their diagnostic performance for predicting moderate-to-severe
OSAS.

Materials and Methods: We included 230 individuals aged 18-65 years who underwent full-night
polysomnography in our sleep laboratory between June 2025 and December 2025. Participants were classified
as normal, mild, moderate, or severe OSAS according to the apnea-hypopnea index (AHI). Serum C-reactive
protein (CRP) and albumin levels were measured in all participants, and CAR, neutrophil-to-lymphocyte ratio
(NLR), and systemic immune-inflammation index (SII) were calculated. Independent predictors of moderate-
to-severe OSAS were assessed using multivariable logistic regression analyses. The discriminative
performance of inflammatory markers was evaluated using receiver operating characteristic (ROC) curve
analysis.

Results: As OSAS severity increased, CRP, CAR, NLR, and SII levels showed a significant upward trend, whereas
serum albumin levels decreased (all p <0.001). In multivariable analyses, CAR, NLR, and SII were independently
associated with the presence of moderate-to-severe OSAS. ROC analysis demonstrated that CAR had the highest
diagnostic accuracy for distinguishing moderate-to-severe OSAS.

Conclusion: Increasing OSAS severity is associated with a marked elevation in systemic inflammatory burden.
CAR may serve as a supportive inflammatory marker for identifying patients with moderate-to-severe OSAS.

Keywords: Sleep apnea, obstructive, C-reactive protein, albumins, inflammation
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Introduction

Obstructive sleep apnea syndrome (OSAS) is characterized by recurrent collapse or
instability of the upper airway during sleep, leading to intermittent hypoxemia and repeated
arousals that disrupt normal sleep architecture and systemic physiological regulation.!
Epidemiological studies report that the prevalence of OSAS among adults aged 30-60 years
is approximately 24% in men and 9% in women. In addition, the landmark study by
Benjafield et al. demonstrated that nearly one billion individuals worldwide are affected by
0OSAS.2 Obesity, typically assessed by body mass index (BMI), represents the most important
risk factor for OSAS. In addition, advancing age, male sex, alcohol consumption, cigarette
smoking, and upper airway anatomical features also contribute to the development of the

disease.3

Intermittent hypoxia, increased sympathetic activity, and sleep fragmentation—hallmark
features of OSAS pathophysiology—trigger systemic inflammatory responses that
contribute to the development of cardiovascular, metabolic, and neurodegenerative
complications. Experimental and clinical evidence suggests that inflammation is not merely
a consequence of OSAS but may also exacerbate upper airway collapsibility, thereby
perpetuating disease severity and facilitating excessive daytime sleepiness.# In this context,
elevated levels of inflammatory mediators such as C-reactive protein (CRP), tumor necrosis
factor-a, interleukin-6, and interleukin-8 have been consistently reported in patients with

OSAS.5

CRP is a liver-derived positive acute-phase reactant that rapidly increases in response to
inflammation or infection. In contrast, albumin is a negative acute-phase reactant with
antioxidant and anti-inflammatory properties. The C-reactive protein-to-albumin ratio
(CAR) has therefore emerged as a composite index that may more comprehensively reflect
the severity of systemic inflammation and has been suggested to be associated with adverse
clinical outcomes. Previous studies have demonstrated that CAR is linked to prognosis in

various clinical conditions, including stroke, malignancy, and sepsis.®7
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On the other hand, neutrophil activation accompanied by suppression of lymphocyte
responses represents a key component of systemic inflammatory processes. The neutrophil-
to-lymphocyte ratio (NLR), which integrates these two opposing cellular responses, has been
widely used as a prognostic marker in numerous clinical settings, particularly in
malignancies, chronic inflammatory diseases, and cardiovascular disorders.8-10 However,
data regarding the clinical and prognostic value of NLR in patients with OSAS remain limited.
More recently, the systemic immune-inflammation index (SII), calculated as platelet x
neutrophil/lymphocyte, has been proposed as a potentially more sensitive indicator among
peripheral blood inflammatory markers.10 Nevertheless, the clinical significance of SII and

its relationship with disease severity in OSAS have not yet been fully elucidated.

Given that a substantial proportion of patients with undiagnosed OSAS initially present to
primary care settings, simple and accessible inflammatory markers may support early
identification, facilitate risk stratification, and guide appropriate referral for
polysomnography. In this context, this study explores whether CAR and other hematological
inflammatory indices, including NLR and SII, are associated with increasing clinical severity

in patients with OSAS.

Materials and Methods

This retrospective study included newly diagnosed OSAS patients aged 18-65 years who had
not received any previous OSAS-specific treatment, including CPAP therapy, and were
evaluated in our sleep laboratory between June 2025 and December 2025. Patients
diagnosed with mild, moderate, or severe OSAS based on full-night polysomnography (PSG),
as well as individuals with normal PSG findings who met the inclusion criteria, were included
in the analysis. OSAS severity was classified according to the apnea-hypopnea index (AHI).
Participants with an AHI <5 were classified as normal, those with 5 < AHI <15 as mild OSAS,
those with 15 < AHI <30 as moderate OSAS, and those with an AHI > 30 as severe OSAS .11
Ethical approval was obtained from the Kayseri City Hospital Ethics Committee (Approval
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No. 628, November 4, 2025). Given that data were analyzed retrospectively, individual

informed consent was not obtained.

Demographic data, including age, sex, and body mass index (BMI), were recorded for all
participants. Blood samples were obtained on the same day as polysomnography evaluation,
and serum albumin and CRP levels were measured to calculate CAR, NLR, and SII values.
Individuals with a history of malignancy, inflammatory or rheumatologic diseases, chronic
infections, acute infection, chronic obstructive pulmonary disease, chronic liver disease, or

recent antibiotic or anti-inflammatory drug use were excluded from the study.

Statistical Analysis

All statistical procedures were conducted using SPSS software (version 22.0). Sample size
estimation was performed using G*Power software (version 3.1). Based on a one-way
ANOVA model (fixed effects, omnibus test), an alpha level of 0.05, a statistical power of 80%,
and a medium effect size (Cohen’s f = 0.25), the minimum required sample size was
estimated to be approximately 180 participants. This approach was selected during the
study planning stage to estimate the sample size required for comparisons across the four
OSAS severity groups. Because some variables were not normally distributed, non-
parametric methods were subsequently used for group comparisons. The final study
population consisted of 230 participants, exceeding the minimum required sample size and

ensuring adequate statistical power for the planned analyses.

Prior to comparative analyses, the distribution pattern of continuous variables was
evaluated using the Kolmogorov-Smirnov test to determine the appropriate analytical
approach. Variables were summarized in accordance with their distributional

characteristics, whereas categorical data were presented as frequencies and percentages.

Group differences across OSAS severity levels were examined using non-parametric
methods when distributional assumptions were not met and chi-square testing for

categorical variables. Statistical significance was defined as p < 0.05.
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To identify independent determinants of clinically relevant disease (AHI 215 events/hour),
multivariable logistic regression models were constructed. Adjustment was made for age,
sex, and BMI in all models. Given the potential overlap between inflammatory indices, CAR,
NLR, and SII were evaluated separately. Associations are expressed as odds ratios with 95%

confidence intervals. Model fit was assessed using calibration testing.

Discriminative performance was explored using ROC curve methodology, with overall
accuracy quantified by the area under the curve. Cut-off values were selected based on

optimal combined sensitivity and specificity.

Results

A total of 230 participants were included in the study and classified according to OSAS
severity as normal (n = 49), mild (n = 27), moderate (n = 39), or severe OSAS (n=115). There
was no statistically significant difference in age among the groups (45.8 + 12.4,48.0 + 11.1,
46.6 £ 10.6,and 49.7 + 10.0 years, respectively; p = 0.246). Male sex predominated across all
groups, and the proportion of male participants increased significantly with increasing OSAS
severity (normal: 61.2%, mild OSAS: 66.7%, moderate OSAS: 71.8%, severe OSAS: 77.4%; p
<0.001).

Significant differences were observed among the groups in terms of BMI, WBC, neutrophil
count, CRP, albumin, NLR, CAR, and SII (all p <0.001). BMI, CRP, CAR, NLR, and SII values
showed a progressive increase from the normal group to the severe OSAS group, whereas
albumin levels decreased significantly with increasing OSAS severity. In contrast, no
significant differences were observed in lymphocyte or platelet counts among the groups (p

= 0.583 and p = 0.539, respectively) (Table 1).
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Table 1. Distribution and comparison of inflammatory and hematological parameters

according to OSAS severity

Variable Normal Mild Moderate Severe H(x*) p-value
Age 458+ 12.4 48.0+11.1 46.6 £10.6 49.7 £10.0 3.44  0.246

BMI (kg/m?) 27.8(25.4-32.4) 28.1(27.0-30.1) 30.1(27.8-36.0) 34.4(30.1-38.1) 4193 <0.001
WBC (x103/uL) 7.6 (6.4-9.3) 8.1 (6.9-9.7) 9.4 (7.9-10.4) 9.6 (8.1-11.5)  20.63 <0.001
Neutrophil 4.4 (3.5-5.2) 4.5 (3.7-5.9) 5.5 (4.1-6.8) 5.9 (4.6-7.3) 28.37 <0.001
(x103/pL)

CRP (mg/L) 1.2 (0.7-1.8) 2.6 (1.5-4.6) 2.7 (1.9-7.7) 3.6 (2.3-6.8) 7430 <0.001
Albumin (g/L) 46 (44-47) 45 (44.5-46) 45 (43.5-45.5) 44 (43-45) 23.60 <0.001
NLR 1.4 (1.2-1.7) 1.5(1.3-1.9) 1.7 (1.3-2.1) 1.9 (1.6-2.4) 34.08 <0.001
CAR 0.02 (0.01-0.04) 0.05(0.03-0.11) 0.06 (0.04-0.18) 0.08 (0.05-0.16) 76.87 <0.001
SII 384 (289-493)  410(321-546)  435(338-561) 508(388-695) 21.33 <0.001
Lymphocyte 2.9 (2.4-3.3) 2.7 (2.5-3.5) 3.1(2.3-3.9) 2.8 (2.3-3.4) 1.95 0.583

(x10°/uL)

Platelet (x10%/uL) 257 (223-287) 280 (243-317) 262 (237-287) 267 (229-320) 217  0.539

Kruskal-Wallis test statistic; BMI, body mass index; CAR, C-reactive protein-to-albumin ratio; CRP, C-reactive
protein; NLR, neutrophil-to-lymphocyte ratio; OSAS, obstructive sleep apnea syndrome; SII, systemic immune-
inflammation index; WBC, white blood cell count. Data are presented according to their distribution
characteristics. Non-normally distributed variables are expressed as median (interquartile range), whereas
normally distributed variables are presented as mean #* standard deviation. Group comparisons were
performed using the Kruskal-Wallis test for continuous variables and the chi-square test for categorical

variables.
Multivariable logistic regression analyses were performed to identify independent
predictors of moderate-to-severe OSAS. To avoid multicollinearity, CAR, NLR, and SII were

Ankara Med J, 2026;(3):482-499 // @ 10.5505/amj.2026.61257
487



ANKARA
MEDICAL

evaluated in separate regression models adjusted for age, sex, and BMI. In Model 1, CAR
emerged as a strong and independent predictor of moderate-to-severe OSAS (OR = 1.158,
95% CI: 1.068-1.257; p <0.001). In Model 2, increased NLR values were independently
associated with OSAS severity (OR =5.379,95% CI: 2.442-11.848; p <0.001). In Model 3, SII
was also independently associated with the presence of moderate-to-severe OSAS (OR =
1.004, 95% CI: 1.002-1.006; p <0.001). Across all models, older age, male sex, and higher
BMI remained significant predictors of moderate-to-severe OSAS (Table 2). Hosmer-
Lemeshow goodness-of-fit testing demonstrated acceptable calibration for all multivariable

logistic regression models (Model 1: p = 0.18, Model 2: p = 0.41, and Model 3: p = 0.42).

Table 2. Multivariable Logistic Regression Models for Predicting Moderate-to-Severe OSAS

Variable Model 1: CAR Model 2: NLR Model 3: SII

OR (95% CI) p OR (95% CI) p OR (95% CI) p
Age (years) 1.07 (1.04-1.11) <0.001 1.08 (1.04-1.11) <0.001 1.08 (1.04-1.12) <0.001
Male sex 5.44 (2.29-12.92) <0.001 4.90(2.08-11.51) <0.001  6.04 (2.56-14.25) <0.001
BMI (kg/m?) 1.17 (1.08-1.26) <0.001 1.22(1.13-1.31) <0.001 1.20 (1.12-1.29) <0.001

CAR (per 0.01 1.16(1.07-1.26) <0.001 — — — —

increase)

NLR — —  5.38(244-11.85) <0.001 — —

SII — — — — 1.004 (1.002-1.006) <0.001

BM]I, body mass index; CAR, C-reactive protein-to-albumin ratio; CI, confidence interval; NLR, neutrophil-to-
lymphocyte ratio; OR, odds ratio; OSAS, obstructive sleep apnea syndrome; SII, systemic immune-inflammation

index. Independent predictors of moderate-to-severe OSAS (AHI = 15 events/hour) were evaluated using
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multivariable logistic regression analysis. To minimize potential collinearity among inflammatory indices, CAR,

NLR, and SII were analyzed in separate adjusted models.

In ROC curve analyses, CAR demonstrated the highest diagnostic performance for
discriminating moderate-to-severe OSAS, with an AUC of 0.811. CRP showed good
discriminative ability (AUC = 0.807), whereas NLR demonstrated acceptable discriminative
performance (AUC = 0.718). In contrast, neutrophil count (AUC = 0.613), WBC count (AUC =
0.651), and SII (AUC = 0.668) exhibited more limited discriminative capacity. Because serum
albumin levels were inversely associated with OSAS severity, the reciprocal albumin value
(1/albumin) was used in ROC analysis, revealing a moderate discriminative ability for

albumin (AUC = 0.663) (Table 3, Figure 1).

Table 3. ROC Analyses of Inflammatory Markers for Predicting Moderate-to-Severe OSAS

Marker AUC (95% CI) p-value  Optimal Cut-off Sensitivity (%) Specificity (%)
CAR 0.811 (0.747-0.871) <0.001 >0.045 80.5 67.1
CRP (mg/L) 0.807 (0.752-0.862) <0.001 22.0 80.2 65.3
NLR 0.718 (0.649-0.781) <0.001 >1.45 82.7 51.5
Neutrophil (x 0.613 (0.546-0.680) <0.001 >34 75.6 42.5
10°/uL)

WBC 0.651 (0.611-0.751) <0.001 =78 77.4 40.3
(x103/pL)

SII 0.668 (0.595-0.736) <0.001 =340 81 54.2
Albumin 0.663 (0.584-0.744) <0.001 <425 79.2 64.6
(g/L)

AUC, area under the curve; CI, confidence interval; CAR, C-reactive protein-to-albumin ratio; CRP, C-reactive
protein; NLR, neutrophil-to-lymphocyte ratio; OSAS, obstructive sleep apnea syndrome; SII, systemic immune-

inflammation index; WBC, white blood cell count. The discriminatory capacity of each marker was evaluated
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using receiver operating characteristic (ROC) curve analysis. Diagnostic performance was quantified by the

AUC, and optimal cut-off values were determined using the Youden index.

Comparison of ROC Curves for Predicting Moderate-to-Severe OSAS

1.0
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Figure 1. Comparison of ROC curves for systemic inflammatory markers in predicting
moderate-to-severe OSAS.

Among the evaluated inflammatory markers, CAR yielded the highest AUC (0.811), indicating
superior discriminatory performance for identifying moderate-to-severe OSAS. NLR (AUC =
0.718) and SII (AUC = 0.668) demonstrated comparatively lower performance. The diagonal
reference line represents no discrimination (AUC = 0.5). All evaluated indices were

significantly associated with clinically significant OSAS (AHI = 15).

Discussion

This study comprehensively demonstrates the association between OSAS severity and
systemic inflammatory responses using both humoral (CAR) and cellular (NLR, SII)
biomarkers. Our findings indicate that systemic inflammatory burden increases
progressively with advancing OSAS severity and that CAR, NLR, and SII are independently
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associated with the presence of moderate-to-severe OSAS. Notably, the superior diagnostic
accuracy of CAR compared with the other markers (AUC: 0.811) supports the notion that this

ratio reflects the inflammatory processes underlying OSAS in a more integrative manner.

Intermittent hypoxia, a hallmark pathophysiological feature of OSAS, induces a process
resembling recurrent ischemia-reperfusion injury at the tissue level, leading to enhanced
generation of reactive oxygen species.1? This increased oxidative stress burden has been
shown to shift the balance between two major transcriptional pathways in neutrophils—
hypoxia-inducible factor-1a (HIF-1a) and nuclear factor kappa B (NF-kB)—toward a pro-
inflammatory response. Unlike chronic sustained hypoxia, OSAS-specific intermittent
hypoxia appears to induce relatively insufficient HIF-1a-mediated adaptive responses while
selectively activating the NF-kB pathway. Enhanced NF-kB activation, in turn, promotes the
expression of pro-inflammatory cytokines such as TNF-q, IL-6, and IL-8, thereby amplifying
the systemic inflammatory response.13 At the cellular level, intermittent hypoxia has been
associated with delayed neutrophil apoptosis through preservation of antiapoptotic
mechanisms (Bax/Mcl-1 balance), resulting in prolonged neutrophil survival, whereas
lymphocyte responses—particularly at the level of CD4+ T cells—appear to be suppressed,
leading to immune dysfunction.14-1> The elevated NLR and SII values observed in our study
may therefore reflect this cellular imbalance and the hypoxia-driven inflammatory cascade
as manifested in peripheral blood parameters. Moreover, oxidative stress-induced
consumption of antioxidant proteins such as albumin provides a plausible biochemical

explanation for the observed increase in CAR.

Several large-scale studies have reported an association between elevated CRP levels and
severe OSAS.1¢ Lundetrze et al. demonstrated that severe OSAS was an independent predictor
of CRP levels exceeding 3 mg/L.17” However, CRP levels may also be influenced by comorbid
conditions such as diabetes and chronic obstructive pulmonary disease, as well as by obesity,
age, and sex, which limits its ability to reflect inflammatory burden and disease severity
when used in isolation.1® Consequently, interest has increasingly shifted toward composite

biomarkers that allow a more comprehensive assessment of the acute-phase response. In
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this context, the CAR, which integrates a positive acute-phase reactant that increases during
inflammation with a negative acute-phase protein that decreases under inflammatory and
oxidative stress conditions, has emerged as a more balanced and reliable index of systemic
inflammation.1® Recent studies have demonstrated associations between CAR and disease
severity or prognosis in cardiovascular, infectious, and inflammatory conditions.20
Specifically for OSAS, Hizli et al. reported that CAR may be useful in discriminating moderate
and severe disease.?l Consistent with these findings, our multivariable and ROC analyses
indicate that CAR outperforms other inflammatory markers in predicting the presence of

moderate-to-severe OSAS.

The NLR represents a composite marker that simultaneously reflects two opposing cellular
components of the inflammatory response. While neutrophils indicate ongoing nonspecific
inflammation and innate immune activation, lymphocytes reflect adaptive and regulatory
immune responses. Accordingly, NLR is considered a holistic inflammatory biomarker that
captures both cellular inflammation and immune balance.?2 Elevated NLR has been
associated with disease severity, prognosis, and mortality in a wide range of systemic
inflammatory conditions, including cardiovascular disease, chronic kidney disease,
inflammatory bowel disease, and familial Mediterranean fever.23 In OSAS, intermittent
hypoxia, sympathetic activation, and oxidative stress resulting from repetitive apneic-
hypopneic events may enhance neutrophil activation while suppressing lymphocyte
function, leading to increased NLR values. Indeed, previous studies and meta-analyses have
reported a stepwise increase in NLR with increasing OSAS severity, and the greatest

elevations have been reported in patients with severe OSAS. 24-25

Consistent with the existing literature, our results demonstrate increasing neutrophil counts
and decreasing lymphocyte counts with advancing OSAS severity, resulting in significantly
elevated NLR values, particularly in patients with moderate-to-severe OSAS. Importantly,
NLR remained independently associated with moderate-to-severe OSAS even after
adjustment for age, sex, and BMI, supporting its potential role as a marker of OSAS-

associated cellular inflammation.
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The SII is a biomarker that integrates neutrophils, platelets, and lymphocytes into a single
formula, thereby providing a comprehensive assessment of inflammatory and immune
status.26 Neutrophils reflect inflammatory and oxidative stress responses, platelets play
active roles in inflammation, endothelial dysfunction, and thrombosis, and lymphocytes
represent adaptive and regulatory immune responses. The combined evaluation of these
three cellular components renders SII a more inclusive index than individual parameters
alone.2” In OSAS, intermittent hypoxia-induced oxidative stress, sympathetic activation, and
endothelial dysfunction may promote neutrophil activation and platelet reactivity while
suppressing lymphocyte function, suggesting a biological basis for the relevance of SII in this

condition.28

Although previous studies have examined the relationship between OSAS and SII, findings
regarding the association between SII and disease severity have been inconsistent. While
Topuz et al. reported a significant association between OSAS severity and SII, Golen et al.
failed to demonstrate such a relationship.2°-30 In the present study, SII was significantly
associated with OSAS severity after adjustment for potential confounders such as age, sex,
and BMI. Furthermore, the independent association of SII with moderate-to-severe OSAS in
multivariable logistic regression analyses helps reconcile previous discrepancies and
suggests that SII may serve as a clinically meaningful marker of systemic inflammatory
burden in OSAS. Nevertheless, the limited discriminative performance of SII in ROC analyses
indicates that this index may be more appropriate as an indicator of inflammatory load

rather than as a stand-alone diagnostic tool.

Obesity represents one of the strongest risk factors for OSAS and is itself associated with
chronic low-grade systemic inflammation. In the present study, BMI increased progressively
with OSAS severity, raising the possibility that obesity may have contributed to the observed
elevations in inflammatory biomarkers. To address this issue, all multivariable regression
models were adjusted for BMI, which remained a significant predictor of moderate-to-severe

OSAS in all models. Nevertheless, residual confounding related to obesity cannot be
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completely excluded, and the observed associations should be interpreted within this

context.

Several limitations should be acknowledged. The retrospective and single-center design may
limit the generalizability of our findings. In addition, comorbid conditions commonly
associated with OSAS, including hypertension, diabetes mellitus, cardiovascular disease, and
dyslipidemia, were not systematically evaluated in the analyses. As these conditions may
independently influence systemic inflammatory biomarkers, their potential confounding
effects cannot be completely excluded. Furthermore, although OSAS severity was classified
according to the apnea-hypopnea index (AHI), which remains the standard parameter for
disease grading, other polysomnographic variables reflecting nocturnal hypoxemia and
sleep fragmentation, such as the oxygen desaturation index, minimum oxygen saturation,
T90, and arousal index, were not evaluated. Future studies incorporating these parameters
may provide a more comprehensive assessment of the relationship between sleep-
disordered breathing and systemic inflammation. Additionally, the optimal cut-off values
identified for CAR, NLR, and SII were derived from a single retrospective cohort and were
not externally validated. Therefore, these thresholds should be interpreted with caution and
require confirmation in independent prospective cohorts before routine clinical
implementation. Nevertheless, the relatively large sample size and the use of multivariable

models with appropriate adjustments enhance the robustness and reliability of the results.

In summary, this study provides a comprehensive evaluation of the relationship between
OSAS severity and systemic inflammation using both humoral and cellular biomarkers. Our
data demonstrate that increasing OSAS severity is characterized by progressive elevations
in both cellular (NLR, SII) and humoral (CAR) inflammatory burden. The identification of
these markers as independent predictors of moderate-to-severe OSAS, together with the

superior diagnostic performance of CAR, highlights their potential clinical utility.

Collectively, these findings support the concept that OSAS is not merely a mechanical
disorder of upper airway obstruction but a multisystem disease accompanied by systemic
inflammation, oxidative stress, and immune dysregulation. Given that a substantial
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proportion of undiagnosed OSAS patients initially present to primary care settings, easily
obtainable and low-cost inflammatory biomarkers such as CAR, NLR, and SII may provide
supportive information regarding inflammatory burden and disease severity. These markers
may be considered adjunctive biomarkers alongside established clinical and
polysomnographic assessments. Future prospective studies are warranted to clarify their

prognostic value and to determine their potential role in clinical practice.
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Abstract

Objectives: To investigate whether hemogram-derived inflammatory indices differ between patients with

subclinical hypothyroidism and euthyroid controls and whether these indices are associated with thyroid-
stimulating hormone (TSH) levels.

Materials and Methods: In this retrospective cross-sectional study, 300 adults were included: 100 euthyroid
individuals and 200 patients with subclinical hypothyroidism. Neutrophil-to-lymphocyte ratio, platelet-to-
lymphocyte ratio, monocyte-to-lymphocyte ratio, and systemic immune-inflammation index (SII) were
calculated from complete blood count parameters. Correlations between TSH and laboratory variables were
assessed in each group, and multivariable logistic regression identified variables independently associated
with subclinical hypothyroidism.

Results: SII values were significantly higher in the subclinical hypothyroidism group than in the euthyroid
group (p=0.047). However, the between-group difference in SII showed a small effect size (Cohen’s d=0.29). In
the subclinical hypothyroidism group, TSH was positively correlated with neutrophil count (r=0.201, p=0.045),
creatinine (r=0.188, p=0.046), NLR (r=0.310, p=0.002), MLR (r=0.239, p=0.017), and SII (r=0.329, p<0.001).
Older age (OR 1.058,95% CI 1.035-1.082; p<0.001), female sex (OR 1.940, 95% CI 1.125-3.345; p=0.017), and
higher body mass index (OR 1.055, 95% CI 1.006-1.107; p=0.048) were independently associated with
subclinical hypothyroidism, whereas SII was not (OR 1.001, 95% CI 0.999-1.002; p=0.084).

Conclusion: Subclinical hypothyroidism was associated with modestly higher SII values and positive
correlations between TSH and selected hemogram-derived inflammatory indices. However, the small effect
size of SII and its lack of independent significance after adjustment suggest that SII should be interpreted as a
supportive and nonspecific marker of low-grade inflammation rather than an independent indicator of
subclinical hypothyroidism.

Keywords: Subclinical hypothyroidism, thyrotropin, inflammation, blood cell count.
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Introduction

Subclinical hypothyroidism is characterized by an increase in serum thyroid-stimulating
hormone (TSH) concentrations while free thyroxine (fT4) levels remain within the reference
range. It is frequently encountered in primary care settings and is often identified
incidentally, as many affected individuals do not exhibit clear or specific clinical
manifestations.! Although it is generally considered a mild form of thyroid dysfunction,
accumulating evidence indicates that subclinical hypothyroidism may be linked to adverse

metabolic changes, increased cardiovascular risk, and persistent low-grade inflammation.23

Interest in the inflammatory background of subclinical hypothyroidism has increased in
recent years. Therefore, simple and readily obtainable biomarkers of inflammation have
gained attention.*”® These include the neutrophil-to-lymphocyte ratio (NLR; NEU/LYM),
platelet-to-lymphocyte ratio (PLR; PLT/LYM), monocyte-to-lymphocyte ratio (MLR;
MONO/LYM), and systemic immune-inflammation index (SII; [PLT x NEU]/LYM), all of
which are derived from routine complete blood count parameters and have been suggested
as practical surrogate markers of systemic inflammation in endocrine and metabolic

disorders.”°

Previous studies have demonstrated the clinical relevance of these hematological
inflammatory markers in conditions such as diabetes mellitus, overt thyroid disorders, and
various metabolic abnormalities.®>”*® However, their potential role in subclinical
hypothyroidism has not yet been fully clarified. Therefore, this study aimed to determine
whether hemogram-derived inflammatory indices, including NLR, PLR, MLR, and SII, are
altered in patients with subclinical hypothyroidism compared with euthyroid controls and

whether these indices are associated with TSH levels.

Materials and Methods

This study was designed as a retrospective observational study evaluating laboratory data

obtained during routine health check-ups of individuals who attended the Family Medicine

Ankara Med J, 2026;(3):500-514 // @ 10.5505/amj.2026.64933
501



ANKARA
MEDICAL

Outpatient Clinic, Bandirma Training and Research Hospital between January 1, 2025 and

December 31, 2025. Data were extracted from the hospital information management system.
Study population

Participants were assigned to two groups on the basis of thyroid function test results.
According to the recommendations of the Turkish Society of Endocrinology and Metabolism
(TEMD), subclinical hypothyroidism was defined as a serum TSH concentration greater than
4.0 mIU/L with an fT4 value remaining within the laboratory reference interval, whereas
euthyroidism was defined as a TSH level between 0.5 and 4.0 mIU/L accompanied by a
normal fT4 level.® In our laboratory, the reference interval was 0.5-4.0 mIU/L for TSH and
0.80-1.80 ng/dL for fT4. Individuals under 18 years of age were excluded. To limit potential
confounding effects on hemogram-derived inflammatory indices, participants with acute
infection, chronic inflammatory or autoimmune disease, malignancy, hematologic disorder,
pregnancy, ongoing corticosteroid or immunosuppressive therapy, previously diagnosed
overt hypothyroidism or hyperthyroidism, current thyroid-specific treatment, or non-
fasting blood samples were also excluded. Records lacking data required for group allocation
or statistical analyses were omitted, and no imputation procedure was applied. The sample
size was determined based on an a priori power analysis performed using G*Power software
version 3.1.9.7, together with the availability of eligible records during the study period.
Assuming a two-sided alpha level of 0.05, 80% statistical power, a small-to-moderate
between-group effect size, and a 2:1 allocation ratio, a total sample size of 300 participants
was considered sufficient. Accordingly, medical records were reviewed until 200 patients
with subclinical hypothyroidism and 100 euthyroid controls meeting the inclusion and

exclusion criteria were included in the final analysis.
Laboratory parameters and inflammatory indices

Laboratory measurements were obtained retrospectively from the hospital electronic
database. To improve standardization, only fasting blood samples collected during the

morning period (08:00-12:00) were included. Evaluated hematologic parameters
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comprised hemoglobin, hematocrit, mean corpuscular volume, mean corpuscular
hemoglobin, mean corpuscular hemoglobin concentration, mean platelet volume, white
blood cell count, neutrophil count, lymphocyte count, monocyte count, and platelet count.
Biochemical variables included creatinine, total cholesterol, triglycerides, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol, TSH, and fT4. Hemogram-
derived inflammatory indices were calculated as follows: NLR = NEU/LYM, PLR = PLT/LYM,
MLR = MONO/LYM, and SII = (PLT x NEU)/LYM.”"°

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows, version 21.0
(IBM Corp., Armonk, NY, USA). The distribution of continuous variables was assessed using
the Shapiro-Wilk test and visual inspection of histograms. Continuous variables are
presented as mean * standard deviation, whereas categorical variables are summarized as
numbers and percentages. Between-group comparisons were performed using the
independent-samples t test for continuous variables and the chi-square test for categorical
variables. For independent-samples t tests, absolute test statistics (t-values) were reported,
and Cohen’s d was calculated to assess the magnitude of between-group differences—with
a specific focus on the systemic immune-inflammation index (SII)—to support the
interpretation of clinical relevance. Within each group, the associations of TSH with
hematological, biochemical, and hemogram-derived inflammatory variables were evaluated

using Spearman correlation analysis.

A multivariable logistic regression model was constructed to determine whether SII was
independently associated with subclinical hypothyroidism after adjustment for potential
confounders. Age, sex, and body mass index were included in the model as covariates
because they are clinically relevant variables that may influence both thyroid function and
baseline inflammatory status. SII was selected as the specific hemogram-derived
inflammatory index for the regression analysis because it was the only index demonstrating
a significant between-group difference and the strongest correlation with TSH in
preliminary analyses. NLR, PLR, and MLR were deliberately excluded from the multivariable
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model to avoid potential multicollinearity arising from mathematical overlap and shared
hematological components. Odds ratios (ORs) with 95% confidence intervals (CIs) were

calculated, and a two-sided p-value <0.05 was considered statistically significant.

Results

A total of 300 adults were included, comprising 100 euthyroid individuals and 200 patients
with subclinical hypothyroidism. Age (p=0.318), sex distribution (p=0.742), BMI (p=0.067),
systolic blood pressure (p=0.184), and diastolic blood pressure (p=0.713) were similar
between the groups (Table 1).

Table 1. Comparison of baseline demographic and clinical characteristics between

euthyroid and subclinical hypothyroidism groups

Variable Euthyroid Subclinical p-value
Age (years) 50.10 £ 12.05 51.55+£11.40 0.318
Sex, n (%) 0.742
-Female 53 (53.0%) 110 (55.0%)

-Male 47 (47.0%) 90 (45.0%)

BMI (kg/m?) 26.0 3.6 27.0+4.2 0.067
Systolic BP (mmHg) 123.16 + 16.44 12594 +11.74 0.184
Diastolic BP (mmHg) 76.8 £ 9.6 77.2+9.4 0.713

Data are presented as mean # standard deviation or n (%). An independent-samples t-test was used for
continuous variables. Chi-square test was used for categorical variables. BMI, Body Mass Index.

When hematological, biochemical, and inflammatory parameters were compared, TSH levels
were significantly higher in the subclinical hypothyroidism group than in the euthyroid
group (t=20.76, p=0.008). Among the hemogram-derived inflammatory indices, only SII
showed a statistically significant between-group difference, with higher values observed in
the subclinical hypothyroidism group (t=2.36, p=0.047). However, the magnitude of this

difference was small, as indicated by a Cohen’s d value of 0.29 (Table 2).
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Table 2. Comparison of hematological parameters and inflammatory indices between

euthyroid and subclinical hypothyroidism groups

Euthyroid Subclinical hypothyroidism

Variable mean * SD mean * SD t-value p-value
HGB (g/dL) 15.12 £ 0.81 15.05 £ 1.02 0.60 0.645
HCT (%) 45.10 £ 3.85 45.74 + 4.28 1.26 0.214
MCV (fL) 86.70 + 4.80 87.10 + 4.20 1.69 0.092
MCH (pg) 29.60 +1.70 29.50+1.80 1.26 0.210
MCHC (g/dL) 33.10+1.10 32.90 +£1.00 1.44 0.150
MPV (fL) 9.70 + 1.10 9.60 +1.10 1.34 0.180
WBC (103/uL) 7.03+2.18 7.46 +2.26 1.57 0.094
NEU (103/uL) 431+1.84 4.84 +1.92 1.88 0.061
LYM (103/uL) 2.06 +0.47 2.22+0.51 2.63 0.067
MONO (103/uL) 0.47 £0.15 0.58+0.18 5.26 0.074
PLT (103/uL) 266.40 + 88.70 27210 £91.20 0.52 0.212
Creatinine (mg/dL) 0.94 £0.12 0.95+0.13 0.64 0.405
TC (mg/dL) 191.85 + 34.10 198.72 + 36.45 1.57 0.108
TG-C (mg/dL) 158.40 + 54.80 167.72 + 58.60 1.33 0.176
LDL-C (mg/dL) 113.20 + 24.60 118.66 + 27.10 1.70 0.081
HDL-C (mg/dL) 50.42 +11.84 48.36 £ 11.62 1.44 0.149
TSH (mIU/L) 2.18+0.81 5.36+1.42 20.76 0.008
fT4 (ng/dL) 1.15+0.14 1.13+0.15 1.11 0.214
NLR 2.09+0.88 2.18+0.91 0.82 0.082
PLR 129.41+41.76 122.58 +39.84 1.38 0.168
MLR 0.23+0.08 0.26 £ 0.09 2.82 0.058
SII 536.84 + 214.37 603.72 + 238.95 2.36 0.047

Variables were compared using the independent-samples t-test. NLR = NEU / LYM; PLR = PLT / LYM;

MLR = MONO / LYM; SII = (PLT x NEU) / LYM.
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Spearman correlation analysis showed no significant correlations between TSH levels and
the evaluated hematological, biochemical, or inflammatory parameters in the euthyroid
group (all p>0.05). In the subclinical hypothyroidism group, TSH levels were positively
correlated with neutrophil count (r=0.201, p=0.045), creatinine (r=0.188, p=0.046), NLR
(r=0.310, p=0.002), MLR (r=0.239, p=0.017), and SII (r=0.329, p<0.001). (Table 3).

Multivariable logistic regression analysis showed that older age, female sex, and higher BMI
were independently associated with subclinical hypothyroidism, whereas SII did not reach
statistical significance as an independent determinant in the adjusted model (age: OR 1.058,
95% CI 1.035-1.082, p<0.001; female sex: OR 1.940, 95% CI 1.125-3.345, p=0.017; BMI: OR

1.055,95% CI 1.006-1.107, p=0.048; SII: OR 1.001, 95% CI 0.999-1.002, p=0.084) (Table 4).
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Table 3. Correlation of TSH levels with hematological parameters and inflammatory indices

in euthyroid and subclinical hypothyroidism groups

HGB
HCT
MCV
MCH
MCHC
MPV
WBC
NEU
LYM
MONO
PLT
Creatinine
TC

TG -C
LDL-C
HDL-C
NLR
PLR
MLR

SII

Euthyroid Subclinical hypothyroidism
r p r p
0.029 0.778 -0.045 0.528
0.057 0.575 -0.091 0.202
0.035 0.731 -0.069 0.332
-0.012 0.906 0.003 0.968
-0.043 0.674 -0.027 0.709
0.062 0.537 0.099 0.161
0.014 0.849 0.145 0.150
0.010 0.892 0.201 0.045
0.020 0.782 0.098 0.333
0.022 0.762 0.132 0.062
0.118 0.421 0.031 0.663
0.032 0.654 0.188 0.046
0.086 0.395 0.091 0.201
0.080 0.427 0.067 0.346
0.103 0.306 0.100 0.160
-0.001 0.990 -0.021 0.768
-0.053 0.459 0.310 0.002
0.010 0.886 0.186 0.064
-0.006 0.928 0.239 0.017
-0.061 0.392 0.329 <0.001

Correlations were analyzed using Spearman’s correlation test.
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Table 4. Multivariable Logistic Regression Analysis for Subclinical Hypothyroidism

Variables OR (95%CI) p-value
Age 1.058 (1.035-1.082) <0.001
Female sex 1.940 (1.125-3.345) 0.017
BMI 1.055 (1.006-1.107) 0.048
SII 1.001 (0.999-1.002) 0.084

OR, odds ratio; CI, confidence interval; BMI, Body Mass Index.

Discussion

In this study, we aimed to evaluate the levels of hemogram-derived inflammatory indices in
patients with subclinical hypothyroidism and their associations with basic clinical and
biochemical parameters. As expected, the coexistence of elevated TSH and preserved T4
levels in the subclinical hypothyroidism group reflects the biochemical nature of this clinical
condition, supporting the appropriateness of our case classification. The similarity between
the groups in terms of baseline clinical characteristics, such as age, sex distribution, body
mass index (BMI), and blood pressure values, allows the observed differences in
inflammatory indices to be interpreted with reduced concern regarding major baseline

demographic imbalances.

One of the main findings of our study was that the SII was significantly higher in the
subclinical hypothyroidism group than in the euthyroid group and showed a positive
correlation with TSH levels. Previous studies and meta-analytic evidence have similarly
linked hypothyroid states to low-grade systemic inflammation and oxidative stress.***!?
Our findings support this association, suggesting that subclinical hypothyroidism may be
accompanied by a mild inflammatory profile; however, this inflammatory signal appears to

be modest and is not reflected uniformly across all hemogram-derived indices.

This heterogeneous behavior of inflammatory indices is consistent with the complex,

multifactorial nature of subclinical hypothyroidism, which is frequently associated with
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autoimmune thyroiditis and influenced by demographic or metabolic factors.**>** Prior
literature demonstrates that indices like the Neutrophil-to-Lymphocyte Ratio (NLR) and
Platelet-to-Lymphocyte Ratio (PLR) can show highly variable patterns, often reflecting
nonspecific inflammation related to underlying thyroid autoimmunity rather than thyroid
hormone status alone.*~*” Therefore, the absence of statistically significant differences for
NLR, PLR, and Monocyte-to-Lymphocyte Ratio (MLR) in our study does not necessarily
indicate the absence of inflammation; rather, it highlights that these specific markers are

highly sensitive to disease severity, metabolic profiles, and patient-specific characteristics.

Regarding biochemical parameters, creatinine levels showed a weak positive correlation
with TSH levels in the subclinical hypothyroidism group, potentially reflecting subtle
changes in renal hemodynamics associated with mild thyroid dysfunction.'® Similarly, lipid
parameters did not differ significantly between the groups, although LDL-cholesterol levels
tended to be higher in the subclinical hypothyroidism group, indicating a relatively mild and

variable metabolic risk profile in our study population.**

In the multivariable logistic regression analysis, older age, female sex, and higher BMI were
independently associated with subclinical hypothyroidism, whereas SII did not retain
statistical significance after adjustment. These demographic and anthropometric variables
were selected as covariates because they are clinically relevant potential confounders that
may influence both thyroid function and low-grade inflammatory status. SII was included in
the adjusted model because it was the only index showing a significant between-group
difference and the strongest correlation with TSH, while NLR, PLR, and MLR were excluded
to reduce the risk of multicollinearity arising from shared hematological components.
Therefore, the final model was constructed to provide a clinically justified and statistically
cautious assessment, demonstrating that the unadjusted difference observed for SII should

not be interpreted as an independent diagnostic effect.

The small effect size observed for SII (Cohen’s d = 0.29) further supports this cautious
interpretation. From a clinical perspective, SII should be viewed as an adjunctive, nonspecific
inflammatory marker rather than an independent diagnostic indicator. Its practical value is
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limited to providing complementary information regarding the overall inflammatory status
in selected patients, and it should not replace standard thyroid function tests or thyroid

autoimmunity assessments.

Several limitations should be considered when interpreting our findings. First, the
retrospective and cross-sectional design of the study precludes causal inference; thus, we
cannot determine whether subclinical hypothyroidism directly drives systemic
inflammation or vice versa. Second, thyroid autoimmunity markers, including anti-TPO and
anti-Tg, were not available in our dataset. This is a crucial limitation because autoimmune
thyroiditis is a common cause of subclinical hypothyroidism and a well-known contributor
to chronic low-grade inflammation. Consequently, we could not isolate whether the elevated
SII reflected thyroid hormone imbalance, underlying autoimmune activity, or both. Third,
despite strict exclusion criteria for acute infections and overt inflammatory diseases, the
potential effects of unmeasured subclinical metabolic abnormalities or residual confounding

cannot be entirely ruled out.

Nevertheless, the study is strengthened by its relatively large sample size, the inclusion of a
euthyroid comparison group, and the simultaneous evaluation of multiple hemogram-
derived inflammatory indices. The post hoc sensitivity power analysis showed that the final
sample size of 300 participants had 80% power to detect a minimum effect size of Cohen’s d
= 0.34. As the observed effect size for SII was smaller, its borderline statistical significance
should be interpreted cautiously and should not be considered evidence of a strong or

independent clinical effect.

In conclusion, our findings demonstrate that SII is higher in patients with subclinical
hypothyroidism and correlates positively with TSH levels. However, this association is
characterized by a small effect size and loses independent significance after adjustment for
age, sex, and BMI. These results suggest that SII may reflect a mild, low-grade inflammatory
burden accompanying subclinical hypothyroidism, but its utility as an independent clinical
marker is limited. Prospective studies incorporating thyroid autoimmunity markers are
required to further clarify these relationships.
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Abstract

Objectives: The adoption of Large Language Models (LLMs) raises concerns about scientific writing integrity,

affecting clinical guidelines and patient safety. While studies track Al-generated text in English databases,
impacts on bilingual ecosystems remain underexplored. This study investigates the "Linguistic Equalizer"
hypothesis by analyzing lexical shifts in TR Dizin, determining if LLMs are primarily utilized for content
generation or linguistic refinement.

Material and Methods: We conducted a longitudinal bibliometric analysis of 591,819 abstracts (2010-2025),
divided into "General"” and "Medical" datasets. We monitored five LLM marker word groups in English and their
Turkish equivalents. We evaluated statistical significance via a large-sample pooled two-proportion test
(primary analysis, using risk ratios [RR] with 95% CI), a yearly-aggregate Mann-Whitney U test
(secondary/directional), and segmented regression analysis to identify post-2022 trend slopes.

Results: A divergence emerged. In the General Dataset, English markers exhibited a marked increase
("underscore" rose from 0.02% to 1.80% of abstracts; RR=78.73, 95% CI 64.49-96.10), while the Turkish
equivalent ("vurgula") showed a more modest, though substantial, increase (RR=2.54, 95% CI 2.47-2.61). In
the Medical Dataset, English "underscore" rose more sharply (RR=87.98, 95% CI 62.51-123.84), while Turkish
usage showed a moderate increase (RR=2.02, 95% CI 1.90-2.15).

Conclusion: The disproportionate rise in English Al markers alongside comparatively stable Turkish
vocabulary is consistent with the possibility that researchers utilize LLMs primarily as translation or editing
tools. These findings lend empirical support to GenAl's potential role as a 'Linguistic Equalizer,’ consistent with
strategic adaptation to global publishing pressures rather than content fabrication.

Keywords: Research integrity, artificial intelligence, bibliometrics, authorship, linguistic Equity
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Introduction

The public release of ChatGPT in November 2022 transformed scientific writing, offering
new drafting possibilities while raising ethical concerns.1? Large Language Models (LLMs)
also exhibit linguistic patterns, including overrepresented terms such as “delve” and

“underscore.”3-5

This shift impacts non-native English-speaking (NNES) researchers. Al text detectors exhibit
false-positive biases against NNES authors.® LLMs may function as “linguistic equalizers” for

NNES researchers seeking to meet international publication standards.’-10

However, Al integration is not without risk: unverified Al-generated content—such as
hallucinated data or inaccurate clinical narratives—could compromise the reliability of
studies that inform clinical guidelines, warranting editorial scrutiny. Concerns over
homogenized scientific voices, "tortured phrases," and peer review integrity have prompted
publishers to revise authorship guidelines.1112 Al-generated text has infiltrated sensitive
areas, including peer review reports!3 and residency personal statements,# blurring
authentic and synthetic authorship. While global studies have analyzed databases like
PubMed, Web of Science, and Dimensions,31516 there is a scarcity of longitudinal data
focusing on national citation indices in non-Western contexts, where the incentive to use Al

for translation and polishing is stronger.

This study addresses this gap through a bibliometric analysis of TR Dizin, Tiirkiye's national
citation index. Using over 590,000 abstracts from 2010 to 2025, we examined whether five
semantic marker groups reveal a structural lexical shift following LLM adoption, with

medical sciences as a case study.
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Materials and Methods

This study is a bibliometric analysis based on publicly available bibliographic data retrieved
from the TR Dizin database (https://trdizin.gov.tr/) on August 6, 2026. As the research did
not involve human participants, animal subjects, or the use of private or confidential patient

data, ethics committee approval was not required.

Records were retrieved using field-restricted Boolean queries applied to abstracts. Each of
the five marker groups (Table 1) was searched separately in English and Turkish within the
General and Medical datasets. The Medical subset was defined using the “Subject: Medicine”
filter. As the Medical Dataset is a subset of the General Dataset, between-dataset
comparisons are descriptive, not statistically independent. Exact TR Dizin search queries are

reported in Supplementary Table S1.

The study defined two distinct datasets for analysis: a 'General Dataset' encompassing all
academic disciplines (591,819 abstracts, 2010-2025) and a domain-specific 'Medical
Dataset' restricted to health sciences (197,232 abstracts, 2010-2025). Because 2026
indexing was incomplete at data retrieval, 2026 data are presented descriptively but

excluded from primary statistical comparisons.

Five LLM-associated marker groups were examined using English terms and Turkish
equivalents. For each English marker, four commercial LLMs were independently prompted
to provide the most natural Turkish academic-register equivalent. Terms supported by at
least three models formed the primary narrow/consensus set; when agreement was low
(£2/4), the authors selected the most contextually appropriate term from the LLM-
generated pool. A broad sensitivity set comprising the union of all unique terms proposed
by the four models was also constructed to assess whether findings depended on specific
term selection. The five terms with the largest effects were subsequently re-tested in
separate context-free sessions, with all models converging on the same Turkish roots/stems

(Supplementary Table S2).
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Table 1. Classification of LLM Marker Words, Search Queries, and Literature Basis

Marker Group

English terms

Turkish -
Narrow/Consens
us (primary)

Turkish - Broad/All-LLM
(sensitivity)

Rationale and Literature
Findings

The verb “delve” is

Derinlemesine,
Group 1: Deep  Delve, Delves, . : i L " identified as the single
. ) . Derinlemesine Derinlemesine incele*, )
Investigation Delving, Deep dive Mercek tut* strongest signal of LLM
usage post-2023.34
LLMs persistently prefer
G p Underscore, wund p . yP
roup 2: underscore” over
P ) Underscoring, Vurgula* Vurgula*, Altini ¢iz* . .
Emphasis standard alternatives like
Underscores e Lt 1
highlight”.34
Kritik, Hayati, Kilit, Kilit Generative models tend to
Crucial, Pivotal, Kritik, Kilit, v ) -
Group 3: . rol, Zorunlu, Elzem, inflate the significance of
Imperative, Zorunluy, . . . . . ..
Exaggerated . ) Vazgecilmez, En 6nemli, studies using adjectives
Indispensable, Vazgecilmez, En K e . . p o
Importance . i Son derece 6nemli, Biiyiik  like “pivotal” and “crucial”.
Paramount 6nemli .
Onem taslyan 39
Intricate, Adjectives such as
. . Karmagik, Titiz, Kapsamli, . ) ) ”
Group 4: Meticulous, Karmasik, Titiz, - intricate” and
. . Cok yonlii, Cok boyutly, . N
Complexity & Comprehensive, Kapsamly, Cok ; o meticulous” are favored
. s e Incelikli, Niiansli, Ayrintils, .
Scope Multifaceted, yonli, Incelikli . by LLMs to describe
Ince ayrintili .
Nuanced methodologies. 349

Ortaya ¢ikar*, Aciga cikar*,

Unleash, Unlock, Ortaya ¢ikar*, )
) . . Aydinlat*, Potansiyel*, B o .
Potential, Paradigm Potansiyel, . o . , Potential” exhibits one of
. , Paradigma degisimi, Yeni
Group 5: Future  shift, Paradigma o N the largest frequency gaps
. . Lo bir dénem, Cigir agan,
Potential Groundbreaking, degisimi, Cigir . A between human and Al
. . . .. . Cigiracicy, Donustiricd,
Transformative, acan, Dontstiirictu, text. 36

Pave the way.

Yol a¢*

Yol ac*, Zemin hazirla*,
Oniinii ag*

Note: The asterisk (*) denotes a wildcard capturing morphological variants (e.g., "vurgula*" captures

"vurgulamaktadir,” "vurgular"). The Narrow/Consensus column lists terms on which a majority (=23/4) of four
independently queried LLMs agreed and constitutes the primary Turkish query set; derived from majority LLM
agreement (=3/4) or manual author selection from the generated pool in cases of low agreement (<2/4). The
Broad/All-LLM column lists the full union of terms suggested by any of the four models and constitutes the

sensitivity-analysis query set. Reported statistics in Results reflect the full OR-aggregated group for each set.
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Each query returned the number of unique abstracts containing at least one queried term;
duplicate matches within a query were handled natively by TR Dizin. A stratified random
sample of 100 abstracts was manually reviewed, confirming substantive use of the target
terms in all cases (Supplementary Table S3). Abstracts could contribute to multiple marker

groups, with each group independently normalized against the same annual denominator.

TR Dizin conventionally indexes both a Turkish-language and an English-language abstract
for the majority of articles, irrespective of the article's primary language of publication — a
bilingual-abstract convention common to Turkish national journals. Consequently, this
study does not distinguish between English-medium and Turkish-medium articles; rather,
English-language queries were matched against the English abstract field and Turkish-
language queries against the Turkish abstract field of the same underlying corpus, with both
normalized against the same total-article denominator for each year (Section 2.1). As a
result, the English- and Turkish-language marker prevalence estimates are not drawn from
independent article samples but instead reflect two language-field views of an overlapping

set of articles.

Statistical Analysis

Data were processed and analyzed using Python (v3.10) with pandas for data manipulation
and SciPy for statistical testing. To account for the varying number of abstracts published
annually, raw word counts were normalized by the total number of abstracts in the

respective dataset (General or Medical) to calculate annual prevalence:

Prevalence % = (Word Count / Total Abstracts) x 100

The primary Post-LLM period was 2023-2025; 2026 was excluded because of incomplete
indexing and included only in sensitivity analyses. Annual prevalence values were compared
using a one-tailed Mann-Whitney U test, reported as a directional indicator because only

three post-LLM years were available. The primary statistical analysis was a pooled two-
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proportion z-test based on abstract-level counts, leveraging the full corpus. Risk ratios (RRs)
with 95% confidence intervals were the primary effect-size measures, and Holm-Bonferroni
correction was applied across 15 comparisons per dataset. Annual counts, prevalence
estimates, and 95% Wilson confidence intervals are reported in Supplementary Tables S4

and S5.

Linguistic shift was quantified using Fold Change, the ratio of mean prevalence in the Post-
LLM to Pre-LLM era, with significance set at p < 0.05. Given the right-skewed, non-normal
distribution of lexical prevalence across abstracts, the non-parametric Mann-Whitney U test
was used instead of parametric alternatives to avoid inflated Type I error rates. To assess
differences independent of sample size, effect sizes were calculated using the standard
formula r=Z/vVN. In addition, segmented regression analysis was conducted to identify and
isolate the structural break associated with the late-2022 release of ChatGPT, enabling a
comparison of pre-2022 and post-2022 trend slopes (annual percentage change) rather than
assuming a uniform linear trajectory. All results were visualized using Seaborn and

Matplotlib to illustrate longitudinal patterns.

95% confidence intervals for regression slopes are reported where at least three data points
were available per segment; post-2022 slope Cls could be estimated for the primary analysis
(n=3 post-LLM years, one residual degree of freedom), though estimates remain imprecise
given the small sample. As a sensitivity check, all analyses were repeated with 2026 included;
the pooled test was materially unaffected (e.g., Medical 'vurgula': RR=2.02 primary vs.
RR=2.10 with 2026 included), while the yearly-aggregate test was more sensitive to this
choice (e.g., Medical 'vurgula' significance shifted from p=0.095 to p=0.030), further
supporting the pooled test as the primary basis for our conclusions (Supplementary Table
S6a). Additionally, analyses were performed separately for English, narrow Turkish, and
broad Turkish term sets. The broad-to-narrow fold-change ratio was used to assess

sensitivity to Turkish term selection (Supplementary Table S6b).
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Results
General Dataset Trends and Statistical Significance

The General Dataset showed a marked post-ChatGPT shift, predominantly in English
abstracts. During the pre-LLM period (2010-2022), marker prevalence in both languages
was stable or increased only marginally, whereas English markers rose sharply after 2023
(Figure 1). Segmented regression confirmed this structural break, showing substantially
steeper post-2022 slopes for most English marker groups than their Turkish equivalents

(Table 2).

Impact of LLMs on Academic Vocabulary: General Dataset (2010-2026, 2026 provisional)

Group 1: Deep Investigation

Group 2: Emphasis

0.8%— A ., = A -12.0%
sl e 4.0%— % >
ChatGPT Release L .. —40.0% £ a
. . aNov.2022r° ;3 —10.0%
_ i i S P e o . . _
2 0.6% LA kg * | 30.0% % E3.0% g
g s g -8.0% ¢
8 3
$0.4%— % = §
\ | -200% 2.0% -6.0% &
4 \ e Z
Ly 5 ~—10.0% 1.0%— -4.0% "~
e ——a= —8-p-w-"-0 ) i -2.0%
0.0% |- M= -0.0% 0.0% =& z 0%
2010 2012 2014 2016 2018 2020 2022 2024 2026 2010 2012 2014 2016 2018 2020 2022 2024 2026
Group 3: Exaggerated Importance Group 4: Complexity & Scope
7.0%
A
6.0% — iply -10.0%
e ~
5.0% = i -9.0% 3 ’
k s
g 4.0%— -8.0% £
2 5
g -7.0% H
2.0
-6.0%
1.0% -

2010 2012 2014 2016 2018 2020 2022

Group 5: Future Potential

2024 2026

kish prevalence (%)

2010 2012 2014 2016 2018 2020 2022 2024 2026

Figure 1. Longitudinal Trends of LLM Marker Groups in General Dataset Abstracts (2010-2026)

Longitudinal Trends of LLM Marker Groups in General Dataset Abstracts (2010-2026). Prevalence of five

marker groups (see Table 1 for constituent terms) in English (left axis, solid) and Turkish (right axis, dashed)

abstracts. The vertical dashed line indicates the public release of ChatGPT (November 2022). Open markers

and dashed connecting lines for 2026 indicate provisional data, excluded from statistical comparisons due to
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likely incomplete indexing (Section 2). (A) Group 1: Deep Investigation. (B) Group 2: Emphasis. (C) Group 3:

Exaggerated Importance. (D) Group 4: Complexity & Scope. (E) Group 5: Future Potential.

Table 2. Segmented Regression Analysis: Pre-2022 and Post-2022 Trend Slopes for LLM
Marker Words

Dataset Marker Group

Group Term
(Language)

Post-2022 Slope

Pre-2022 Slope (95% CI) (95% CI)

General Group 1: Deep Investigation

Delve (ENG)

0.00 (0.00 to 0.00)

0.03 (-2.96 t0 3.02)

Derinlemesine (TR)

0.06 (0.05 to 0.06)

0.57 (-0.65 to 1.80)

Group 2: Emphasis

Underscore (ENG)

0.00 (0.00 to 0.00)

1.59 (-0.05 to 3.22)

Vurgula (TR)

-0.02 (-0.04 t0 0.01)

3.10 (-3.79 to 10.00)

Group 3: Exaggerated
Importance

Crucial (ENG)

0.06 (0.05 to 0.07)

1.67 (-3.44 t0 6.79)

Kritik (TR)

0.09 (0.06 to 0.12)

1.25 (-5.31 to0 7.82)

Group 4: Complexity & Scope

Intricate (ENG)

0.09 (0.06 to 0.11)

2.24 (2.16 to 2.31)

Karmasik (TR)

0.10 (0.08 to 0.13)

1.95 (-0.92 to 4.82)

Group 5: Future Potential

Potential (ENG)

0.23 (0.20 to 0.26)

3.47 (3.03 to 3.91)

Potansiyel (TR)

0.26 (0.12 to 0.40)

3.30 (-13.65 to 20.24)

Medical

Group 1: Deep Investigation

Delve (ENG)

0.00 (0.00 to 0.00)

0.05 (-0.94 to 1.05)

Derinlemesine (TR)

0.02 (0.01 to 0.03)

0.14 (0.09 to 0.20)

Group 2: Emphasis

Underscore (ENG)

0.00 (0.00 to 0.00)

1.97 (-0.50 to 4.44)

Vurgula (TR)

-0.13 (-0.15 to -0.10)

2.37 (-3.52 to 8.26)

Group 3: Exaggerated
Importance

Crucial (ENG)

0.07 (0.05 to 0.09)

2.03 (-2.90 to 6.97)

Kritik (TR)

-0.03 (-0.08 to 0.02)

0.95 (-5.86 to 7.75)

Group 4: Complexity & Scope

Intricate (ENG)

0.08 (0.05 to 0.11)

1.76 (-0.40 to 3.91)

Karmasik (TR)

0.06 (0.03 to 0.08)

1.34 (-1.07 to 3.75)

Group 5: Future Potential

Potential (ENG)

0.29 (0.23 to 0.34)

4.45 (0.39 t0 8.52)

Potansiyel (TR)

-1.05 (-1.31 to -0.79)

1.95 (-10.06 to 13.97)

Note: Trend slopes represent the annual percentage change in marker prevalence. The structural break for

the segmented regression was set at the release of ChatGPT (late 2022). Post-2022 slopes are calculated

based on the primary analysis period (2023-2025), with 2026 excluded due to incomplete indexing. Turkish

(TR) terms reflect the narrow/consensus set identified by the majority of LLMs. CI = Confidence Interval.
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Group 2 (Emphasis) showed the largest increase: “underscore” rose from 0.02% to 1.80% of
English abstracts (RR=78.73, 95% CI 64.49-96.10, Holm-adjusted p<0.001), compared with
RR=2.54 (95% CI 2.47-2.61) for Turkish “vurgula.” “Similar English-Turkish disparities
occurred for Group 1 (Deep Investigation: “delve,” RR=18.68, 95% CI 15.45-22.58 vs.
“derinlemesine,” RR=2.56, 95% CI 2.43-2.70), Group 4 (Complexity & Scope: RR=3.88, 95%
CI 3.75-4.01 vs. RR=2.23, 95% CI 2.16-2.29), and Group 3 (Exaggerated Importance:
RR=3.06, 95% CI 2.96-3.15 vs. RR=1.27, 95% CI 1.25-1.30). Group 5 (Future Potential)
showed the smallest gap, likely because Turkish “potansiyel” had a high baseline prevalence
(>60%), limiting further increase (English RR=2.50, 95% CI 2.45-2.55; Turkish RR=1.13,
95% CI 1.12-1.14; Holm-adjusted p<0.001). Of the 15 Holm-Bonferroni-corrected
comparisons in the General Dataset, 14 remained significant; only the broad-set Group 5
(Future Potential) comparison did not. Annual counts, prevalence estimates, and 95%

Wilson confidence intervals are reported in Supplementary Table S4.

Translation-sensitivity analyses using the broad Turkish term set produced directionally
consistent results for all groups, although effect magnitudes differed for Groups 1 and 5.
Broad/narrow fold-change ratios were 0.76-1.01 for Groups 2-4, supporting robustness to
term-list breadth. For Group 1, the effect remained significant but was substantially
attenuated (narrow RR=2.56 vs. broad RR=1.18, ratio=0.41). For Group 5, the broad-set
result was not significant (RR=1.00, 95% CI 1.00-1.00, Holm-adjusted p=0.445), consistent

with the near-ceiling prevalence of “potansiyel.”

Medical Dataset Specifics

In the Medical Dataset, English markers showed similarly pronounced post-LLM increases,
led by “underscore” (RR=87.98,95% CI 62.51-123.84) and “delve” (RR=45.75, 95% CI
20.01-104.56); “crucial” (RR=3.73, 95% CI 3.52-3.95) and “intricate” (RR=3.89, 95% CI
3.65-4.15) also increased substantially. All five English comparisons remained significant
after Holm-Bonferroni correction (all p<0.001). Annual counts, prevalence estimates, and

95% Wilson confidence intervals are reported in Supplementary Table S5.
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Turkish medical markers were more heterogeneous. “Derinlemesine” showed the largest
increase (RR=3.15,95% CI 2.67-3.73, adjusted p<0.001), followed by “vurgula” (RR=2.02,
95% CI 1.90-2.15) and “karmasik” (RR=2.07, 95% CI 1.95-2.20); “kritik” increased
modestly (RR=1.13, 95% CI 1.08-1.19), whereas “potansiyel” declined slightly (RR=0.94,
95% CI 0.93-0.96). Of the ten Turkish comparisons (five narrow-set and five broad-set),
seven remained significant after Holm-Bonferroni correction — narrow-set

"derinlemesine," "vurgula," "kritik," and "karmasik," plus broad-set "vurgula" and
"karmasik" (all p<0.001). The remaining three did not reach significance: broad-set
"derinlemesine" and both the narrow- and broad-set "potansiyel” (each Holm-adjusted

p=1.000),

Sensitivity analyses were consistent for most Turkish medical markers (broad/narrow
ratio 0.77-1.01). However, “derinlemesine” was highly sensitive to term-list breadth
(narrow RR=3.15 vs. broad RR=0.96; ratio=0.24), indicating that this finding is not robust

and should be interpreted cautiously.

Discussion

These findings indicate a marked post-2022 lexical shift in Turkish academic abstracts.
Marker prevalence was broadly stable during 2010-2022 but increased from 2023 onward
in both datasets, consistent with global reports of growing LLM-associated vocabulary in

scientific writing.?

A marked discrepancy emerged between English and Turkish abstracts. While English
markers exhibited a marked increase post-2023—exemplified by a risk ratio of 78.73 for
'underscore' within the General Dataset—their Turkish equivalents showed a more
moderate increase (e.g., 'vurgula,’ RR=2.54). In the Medical Dataset, this gap widened
further, with 'delve’ showing a markedly larger relative increase in English (RR=45.75, 95%
CI 20.01-104.56) than in Turkish, where the corresponding rise was more modest and
sensitive to term-list choice (RR=3.15, but not robust to broader term sets; Supplementary

Table S6b). Our data are consistent with the possibility that the core scientific ideas and
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narratives are still being conceived and drafted in the authors' native language (Turkish),
preserving the organic lexical distribution. The footprint may emerge during translation or

polishing.34

The observed decline in some English markers after 2024 (Figures 1A and 2A) was more
pronounced in the General Dataset (Group 1 "delve," peaking near 0.8% of English abstracts
in 2024 before falling to approximately 0.43% in 2025 and 0.15% in 2026) than in the
Medical Dataset. Possible explanations include stylistic saturation or deliberate avoidance of
this well-publicized Al marker due to increased editorial scrutiny, though the present data
cannot distinguish between these. Only 2026 data (Figures 1-2) remain provisional and are

excluded from statistical comparisons.

The present design cannot distinguish whether elevated English marker prevalence reflects
LLM-assisted content generation, LLM-assisted translation or editing of author-drafted text,
or a combination of both; this distinction cannot be resolved through lexical frequency

analysis alone.

One notable exception to this robustness pattern was 'derinlemesine' (Group 1) in the
Medical dataset, where narrow- and broad-set results diverged sharply. This suggests that
the apparent increase in this specific term-context combination is partly an artifact of which
Turkish synonyms are included, rather than a robust lexical shift, and this particular result

should be interpreted with more caution than the other Group 1-4 findings.

While the trend is widespread, the qualitative nature of the shift differs between the two
datasets. The Medical Dataset showed a distinct preference for Group 4 (Complexity and

Scope) markers, with terms like "intricate," "meticulous,” and "comprehensive" nearly
doubling in prevalence. This can be attributed to the specific pressures of medical publishing,
where conveying methodological rigor is paramount. Medical researchers' writing patterns

are consistent with using LLMs to polish the language of their study protocols and scope.16
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Impact of LLMs on Academic Vocabulary: Medical Dataset (2010-2026, 2026 provisional)
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Figure 2. Longitudinal Trends of LLM Marker Groups in Medical Dataset Abstracts (2010-2026)

Longitudinal Trends of LLM Marker Groups in Medical Dataset Abstracts (2010-2026). Prevalence of five
marker groups in English abstracts (left axis, solid line, circle markers) and Turkish abstracts (right axis) under
two Turkish query sets: narrow/consensus (dashed line, square markers; primary analysis) and broad/all-LLM
(dotted line, triangle markers; sensitivity analysis). 2026 data are shown as provisional (open markers) and
excluded from statistical comparisons (Section 2.1). (A) Group 1: Deep Investigation. (B) Group 2: Emphasis.
(C)-(E) Groups 3-5. English markers show larger relative increases than Turkish equivalents across most
groups (Section 3.2); the narrow- and broad-set Turkish lines diverge notably in Panel A, reflecting the term-

list sensitivity noted for "derinlemesine"” in this dataset (Section 4.1, Supplementary Table S6b).

In contrast, the General Dataset showed sharper increases in connective and emphatic terms
(Group 1: Delve and Group 2: Underscore). This may suggest that medical researchers may

use Al to enhance technical description, whereas the broader academic community uses it to
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improve narrative flow and cohesion. This distinction highlights that Al adoption is
consistent with researchers deploying these tools to address domain-dependent writing

challenges.

The word group 'delve’ increased substantially in the post-LLM period (RR=18.68, General;
RR=45.75, Medical). Juzek and Ward identify "delve" as a prime example of lexical
overrepresentation driven by RLHF tuning, where models are incentivized to use
"sophisticated" but often vacuous transition words.# The ubiquity of such terms threatens to
homogenize scientific discourse. If a significant portion of the national literature converges
on the limited stylistic patterns of a single model family (e.g., GPT-3.5/4), we risk losing the

lexical diversity and unique authorial voices that characterize vibrant scientific debate.317

Our comparative data provide additional empirical support for the "Linguistic Equalizer"
hypothesis proposed by Lin et al.” The stability of Turkish vocabulary alongside the
substantial increase in English complexity markers is consistent with NNES researchers
strategically deploying GenAl to bridge the 'native speaker premium' gap. The nearly four-
fold relative increase in complex English adjectives (e.g., 'intricate," RR=3.88, 95% CI 3.75-
4.01) alters perceived sophistication. This represents a survival mechanism in a 'publish or
perish' ecosystem rather than inherent scientific misconduct.¢ However, lacking validated
Turkish excess vocabulary lists, the exact extent of native-language content generation

remains open.

The risk ratios observed in this study suggest a potential long-term structural shift in
academic production, but these markers do not imply scientific misconduct. Unlike the
“tortured phrases” described by Cabanac et al. in predatory journals,12 TR Dizin markers
represent standard, albeit overused, academic English. The concern is therefore not marker
presence itself, but insufficient transparency about Al use. As research integrity depends on
disclosure,8 Al-assisted drafting must balance efficiency with strict ethical oversight,1®
particularly given the risk of a “Bot Delusion,” in which researchers unknowingly propagate

Al-hallucinated concepts.20
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Blanket bans on Al are neither practical nor equitable. Because Al detectors have high false-
positive rates among NNES authors,® studies should not be judged solely on lexical markers.
Instead, journals and national indices such as TR Dizin should adopt COPE-aligned disclosure
standards that distinguish legitimate Al-assisted linguistic editing from Al-generated

content that may compromise research integrity.2311

In clinical research, human-led verification of data and rigorous back-translation following
Al-assisted translation are particularly important to preserve clinical fidelity and patient

safety.

These findings extend beyond bibliometric trends. LLMs can generate fabricated citations
and plausible but erroneous medical information, with risks increasing in specialized
medical contexts,2* while they are also being evaluated for direct clinical applications,
including geriatric deprescribing and polypharmacy management in Family Medicine.2> If
Al-hallucinated data or fabricated clinical narratives enter the peer-reviewed literature, they
may contaminate meta-analyses and evidence-based guidelines used by both clinicians and
future medical Al systems. Rigorous transparency in Al use is therefore not only an issue of

research integrity, but also a clinical safeguard against patient-safety risks.26

This study has several limitations. Lexical markers are probabilistic proxies rather than
definitive evidence of Al use. 2122 This may partly reflect lexical entrainment from
widespread Al exposure.> Although marker-based tracking offers a transparent alternative
to commercial Al detectors, which show high false-positive rates among NNES authors,® they
cannot distinguish Al-assisted translation or language polishing from generative content
creation. Reliance on Western LLM lexicons may also underestimate native-language Al use,
as validated Turkish “excess vocabulary” lists are unavailable. Our 100-abstract manual
review confirmed substantive term usage, but cannot exclude low background false-positive
rates across the full corpus; moreover, candidate Turkish terms lacked independent
professional linguistic validation. Furthermore, English and Turkish marker terms may
differ functionally: vurgula- is relatively neutral in Turkish academic prose, whereas
“underscore” is more marked and LLM-associated. Such rhetorical asymmetry may partly
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explain the differing increases between languages. However, results were robust in nine of
ten group/dataset combinations when analyses used the complete union of equivalents
suggested by four LLMs (Supplementary Table S1 and S6b). The use of a single national index
may introduce TR Dizin-specific translation inconsistencies and indexing delays, potentially
affecting 2024-2026 dataset saturation. In addition, the blurred boundary between
generative Al and advanced neural machine translation means that some observed fluency
gains may reflect translation rather than generative drafting. Finally, because Turkish
abstracts became optional in English-medium journals after September 2015, although
Turkish titles, keywords, and abstracts continued to be encouraged to facilitate access for
national researchers and enhance the visibility and impact of national publications,?”
changes in the Turkish-language denominator may partly contribute to the observed
English-Turkish divergence. Future studies should examine full texts, citation outcomes, and

other non-English academic ecosystems to further test the “equalizer” hypothesis.

In conclusion, this bibliometric analysis provides evidence consistent with Generative Al-
related lexical change in a bilingual national index. The sharper post-2022 increase in
English markers than in Turkish equivalents is consistent with LLMs functioning as
“Linguistic Equalizers,” particularly for translation and language polishing. However, lexical
markers cannot establish Al authorship or scientific misconduct. In medicine, responsible Al
use should therefore combine transparent disclosure with strict human verification of

clinical content to protect research integrity and patient safety.

Ethical Considerations: Ethics committee approval was not required for this study as it
involves the bibliometric analysis of publicly available, non-identifiable data retrieved from

the TR Dizin database and does not involve human participants or animal experiments.
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Abstract

Objectives: Nutritional risk is common among hospitalized patients, and anticholinergic burden may impair

nutritional status. This study aimed to evaluate the association between anticholinergic burden and nutritional
risk among adult patients hospitalized in an internal medicine ward.

Materials and Methods: This retrospective cross-sectional study included 1570 internal medicine inpatients.
Nutritional risk was assessed using the Nutritional Risk Screening 2002 (NRS-2002), with scores 23 indicating
high nutritional risk. Anticholinergic burden was calculated using the Anticholinergic Cognitive Burden (ACB)
Scale and categorized as no burden, low-moderate burden, and high burden. Binary logistic regression
identified factors associated with high nutritional risk.

Results: Among the participants, 51.2% had no anticholinergic burden, 32.3% had low-moderate burden, and
16.5% had high burden. High nutritional risk increased progressively across anticholinergic burden groups,
from 47.3% in the no-burden group to 69.2% in the low-moderate burden group and 88.8% in the high-burden
group (p<0.001). NRS-2002 scores also increased significantly with increasing anticholinergic burden
(2.64+1.81, 3.55+1.82, and 4.25+1.48, respectively; p<0.001). In the adjusted logistic regression model, each
one-point increase in ACB score was independently associated with higher odds of high nutritional risk
(OR=1.96, 95% CI: 1.71-2.34, p<0.001), after controlling for potential confounders. Lower albumin level was
also independently associated with high nutritional risk (OR=0.92; 95% CI: 0.89-0.95; p<0.001).

Conclusion: A higher anticholinergic burden was independently associated with higher odds of nutritional risk
among internal medicine inpatients. These findings suggest that anticholinergic exposure may be a clinically
relevant and modifiable factor in nutritional risk assessment.

Keywords: Anticholinergic burden; nutritional risk; internal medicine; polypharmacy; hospitalized patients.
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Introduction

Nutritional risk is a common health problem that substantially increases morbidity and
mortality, prolongs hospital stay, and raises treatment costs, particularly among hospitalized
individuals. This condition may adversely affect patients’ recovery processes and lead to a
decline in their quality of life.12 In a previous study, the prevalence of nutritional risk among
hospitalized patients in an internal medicine clinic was reported to be 44.2%, increasing to
46.5% among older adults.? Consistent with these findings, a recent study conducted in the
internal medicine ward of a tertiary hospital in Tiirkiye found that 61.4% of patients were at
high risk of nutritional risk.# This condition may directly impair patients’ recovery processes
and lead to a substantial decline in their quality of life.> Therefore, early identification of
nutritional risk is clinically important for improving prognosis in hospitalized patients. The
Nutritional Risk Screening 2002 (NRS-2002) is a clinically valuable screening tool in hospital
settings because it evaluates both nutritional status and disease severity. Previous studies
have shown that higher NRS-2002 scores are associated with adverse short- and long-term

clinical outcomes.®7

In addition, several factors may contribute to an increased nutritional risk among internal
medicine ward patients, including advanced age, polypharmacy, comorbidity burden,
functional dependence, inadequate energy intake, and prolonged hospital stay.8? Among the
factors affecting nutritional risk, medication use plays a critical role, especially in older
adults and individuals with multiple comorbidities. Anticholinergic medications may
compromise nutritional status by limiting food intake and nutrient absorption through
adverse effects such as dry mouth, impaired swallowing function, and gastrointestinal
disturbances.1® Polypharmacy is associated with drug-induced reductions in nutritional
intake and impairment of oral and gustatory functions, particularly among older and
hospitalized individuals.1112 Polypharmacy is commonly defined as the concurrent use of
five or more medications.!? A study reported that 57% of individuals aged 70 and over
receiving home care services were at nutritional risk, and 9.3% were malnourished. The

same study reported a mean number of 7.3 regularly used medications, while 27.8% of
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participants had experienced moderate to severe reductions in food intake and weight loss
during the preceding three months.13 Another study indicated that the prevalence of eating
or swallowing difficulties was 20.9% among older adults with polypharmacy, compared with
6.7% among those without polypharmacy.1# Taken together, these findings suggest that
polypharmacy may adversely affect nutritional status and that anticholinergic medications,
in particular, warrant further consideration in relation to nutritional risk, given their
potential association with adverse effects such as dry mouth, gastrointestinal symptoms, and
swallowing difficulties.1>16 Although previous studies have reported significant associations
between anticholinergic burden and nutritional risk17.18, further evidence is needed to clarify
the extent of this relationship and its interplay with other clinical variables.1” This study
aimed to retrospectively evaluate the association between nutritional risk and
anticholinergic burden in a large cohort of patients hospitalized in an internal medicine

ward.

Materials and Methods

Study design and population

This retrospective cross-sectional study was conducted to evaluate the association between
anticholinergic burden and nutritional risk among adult patients hospitalized in the Internal
Medicine Department of Etlik City Hospital in Ankara, Tiirkiye. Etlik City Hospital is a large
tertiary care public hospital with a high-volume and heterogeneous inpatient population.
The Internal Medicine Department provides care for patients with various acute and chronic

medical conditions, including multimorbidity and complex medication regimens.

The study population consisted of patients aged 18 years and older who were hospitalized
in the Internal Medicine ward between June 1, 2025, and December 31, 2025. Data were
collected retrospectively from the hospital electronic medical records, patient files,
medication records, nutritional screening forms, and routine laboratory results.
Demographic characteristics, clinical information, comorbidities, medication use, laboratory

parameters, hospitalization-related variables, and NRS-2002 scores recorded during
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hospital admission were reviewed (Figure 1). The sample size was determined using an a
priori power analysis performed with G*Power version 3.1. The calculation was based on
the effect size reported in a similar study evaluating nutritional risk defined by NRS-2002.
An odds ratio of 1.23 for anticholinergic burden, a nutritional risk prevalence of 32.6%, a
two-sided a level of 0.05, and 80% statistical power were assumed. Based on a two-tailed
binary logistic regression model, the minimum required sample size was calculated as 848
patients. Considering the possibility of missing or incomplete data, the target sample size

was increased by approximately 10-15%, corresponding to at least 932-975 participants.15

1584 patients hospitalized in the Internal
Medicine ward between
1 June 2025 and 31 December 2025

|

Retrospective review of

hospital records

Excluded (n=14)

& | Incomplete or missing
medication report

1570 patients with complete data included

in the final analysis

Assessment of malnutrition risk and

anticholinergic burden

Figure 1. Flow diagram of participants included in the study

Ankara Med J, 2026;(3):533-554 // @ 10.5505/amj.2026.06777
536



ANKARA
MEDICAL

Patients with incomplete nutritional screening data, missing or unclear medication records,
missing key clinical or laboratory data, day-case admissions, terminal or palliative care
status, severe cognitive impairment, and severe dysphagia that prevented oral intake were
excluded from the analysis. The study was approved by the Etlik City Hospital Ethics
Committee with approval number AESH-BADEK1-2026-360. The study was conducted in
accordance with the principles of the Declaration of Helsinki and was approved by the

relevant ethics committee prior to data collection.

Data collection

In this study, data were collected retrospectively from hospital electronic medical records,
patient files, medication records, nutritional screening forms, and routine laboratory results.
The sociodemographic variables included age, sex, and educational status. The clinical data
included the type of admission for hospitalization (classified using ICD-10 codes),
hospitalization duration in the past year, length of stay in the internal medicine ward,
hospitalization duration after enrolment, 30-day discharge or survival status, Charlson
Comorbidity Index score, total number of medications, and polypharmacy status. Medication
lists recorded at hospital admission were reviewed to calculate the anticholinergic burden.
Nutritional risk data were obtained from the NRS-2002 forms completed during routine
clinical assessment at admission. In addition, anthropometric measurements, including body
weight, height, and body mass index, were recorded from patient files. Routine laboratory
parameters obtained during hospitalization were also collected for analysis, including
albumin (g/L), hemoglobin (g/dL), C-reactive protein (CRP, mg/L), urea (mg/dL), uric acid
(mg/dL), and creatinine (mg/dL). These biochemical parameters were analyzed as

continuous variables without predefined cut-off points.

Nutritional risk assessment
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Nutritional risk was evaluated using the NRS-2002 scale, which is a valid and reliable
screening tool widely used to assess nutritional risk among hospitalized patients. The initial
screening included questions regarding low BM], recent weight loss, reduced dietary intake,
and severe illness. If any item is positive, final screening is performed by scoring the
impaired nutritional status and disease severity from 0 to 3 points each. Following the initial
screening, patients with at least one positive response underwent final screening, in which
impaired nutritional status and disease severity were each scored from 0 to 3 points. An
additional point was added for patients aged 270 years. A total score of =3 indicates
nutritional risk and the need for a nutritional care plan. Therefore, patients were categorized
as having a low nutritional risk when the NRS-2002 score was <3 and a high nutritional risk

when the score was >3.19

Anticholinergic Cognitive Burden (ACB) Scale

Anticholinergic burden was assessed using the Anticholinergic Cognitive Burden (ACB)
Scale. The ACB Scale is a commonly used tool that quantifies anticholinergic exposure by
assigning each medication a score according to its anticholinergic activity. In this scale, each
medication is scored as 0, 1, 2, or 3, and the total ACB score is calculated by summing the
individual scores of all medications used by each patient. Based on the total ACB score,
patients were categorized into three groups: no burden (score = 0), low-moderate burden
(score=1and 2), and high burden (score =3).20 The ACB Scale was used because itis a widely
used and clinically practical tool for estimating anticholinergic burden based on routinely
recorded medication data. Since this study had a retrospective design, the ACB Scale was
considered appropriate because it does not require detailed dose information and can be
applied using medication lists available in hospital records. In addition, the use of the ACB

Scale was consistent with the routine assessment approach used in the study setting. 20

Comorbidity assessment
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The comorbidity burden was assessed using the Charlson Comorbidity Index (CCI), a widely
used scoring system based on 19 predefined chronic conditions. A weighted score was
assigned to each condition, and higher CCI total scores indicated a higher burden of

comorbidities and poorer overall health status.21
Anthropometric Measurements

Anthropometric data, including body weight and height, were obtained from the patients’
records. The body mass index (BMI) was calculated as body weight in kilograms divided by
height in meters squared (kg/m?). For categorical analyses, BMI was classified as
underweight (<18.5 kg/m?), normal weight (18.5-24.9 kg/m?), and overweight/obese
(225.0 kg/m?).22

Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics version 26.0 (IBM Corp.,
Armonk, NY, USA). The normality of continuous variables was assessed using the
Kolmogorov-Smirnov test, visual inspection of histograms, and skewness and kurtosis
values. Variables with skewness and kurtosis values within 1.5 were considered to be
approximately normally distributed.2? Continuous variables were presented as mean *
standard deviation for normally distributed data and median with interquartile range for
non-normally distributed data. Categorical variables were expressed as numbers and
percentages. Patients were categorized into three groups according to anticholinergic
burden: no burden (ACB=0), low-moderate burden (ACB=1 and 2), and high burden (=3).
Categorical variables were compared using Pearson’s chi-square test. For categorical
variables with significant overall differences, Bonferroni-adjusted pairwise comparisons of
column proportions were performed. Continuous variables were compared across
anticholinergic burden groups using one-way ANOVA for normally distributed variables and
the Kruskal-Wallis test for non-normally distributed variables. When significant differences
were detected, Bonferroni post-hoc tests were used for parametric analyses, and Dunn-

Bonferroni post-hoc tests were used for nonparametric analyses. Bivariate correlation
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analyses were conducted to examine the relationships among ACB score, NRS-2002 score,
demographic and anthropometric variables, hospitalization-related variables, and
biochemical parameters. Pearson correlation analysis was used for normally distributed
variables, whereas Spearman correlation analysis was used for non-normally distributed
variables. The results of the bivariate correlation analyses were visualized using a heatmap.
High nutritional risk was defined as an NRS-2002 score =3. Univariable logistic regression
analyses were first conducted to calculate unadjusted odds ratios. Multivariable logistic
regression models were then used to estimate adjusted odds ratios after controlling for
potential confounders, including sex, age, educational status, number of medications, BMI,
CCI, hospitalization in the past year (days), length of stay in the IM ward (days), and
hospitalization duration after enrolment (days). Logistic regression results were presented
as odds ratios (ORs) with 95% confidence intervals (CIs). The adjusted model showed
adequate fit (Hosmer-Lemeshow p=0.078) and explained 27.9% of the variance in high
nutritional risk (Nagelkerke R*=0.279). Age and BMI were included in the main
multivariable model because they are clinically important potential confounders of the
association between anticholinergic burden and nutritional risk. However, because the NRS-
2002 includes BMI-related nutritional impairment and an additional point for patients aged
>70 years, a sensitivity analysis excluding age and BMI was also performed. Patients with
missing data for the variables required for the regression analyses were excluded, and all
regression models were performed using a complete-case approach. No imputation was
applied for missing data. A p-value of <0.05 was considered statistically significant. P values
were reported as exact values where possible, and values below 0.001 were reported as
p<0.001. This retrospective observational study was reported in accordance with the

STROBE guidelines.
Results

The sociodemographic, clinical, anthropometric, and biochemical characteristics of the
patients according to ACB are shown in Table 1. Among the inpatients, 51.2% (n=804) had

no anticholinergic burden, 32.3% (n=507) had low-moderate anticholinergic burden, and
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16.5% (n=259) had high anticholinergic burden. Educational status showed a significant
distributional difference across anticholinergic burden groups (p<0.001). Primary school
graduates represented the largest subgroup overall (45.9%). Post-hoc comparisons
indicated thatilliterate participants were underrepresented in the no-burden group (13.6%)
and overrepresented in the low-moderate burden group (25.0%), whereas participants with
high school or university-level education were more frequently observed in the no-burden
group. Thirty-day clinical status differed significantly according to anticholinergic burden
(p<0.001). Patients without anticholinergic burden had a higher discharge rate (93.0%) and
lower mortality rate (1.6%) than those with low-moderate or high burden. Pairwise
comparisons showed that both burden groups differed significantly from the no-burden
group, while low-moderate and high-burden groups did not differ from each other. High
nutritional risk according to NRS-2002 increased stepwise across anticholinergic burden
groups, from 47.3% in the no-burden group to 69.2% in the low-moderate burden group
and 88.8% in the high-burden group (p<0.001). Pairwise comparisons indicated significant
differences between all burden groups. ICU transfers were significantly more frequent in
both burden groups, whereas outpatient admissions were significantly more frequent in the
no-burden group. Emergency admissions and transfers from other wards did not differ
significantly between groups. BMI category distribution differed significantly across
anticholinergic burden groups (p=0.006). Although overweight/obesity was numerically
most frequent in the high-burden group, post-hoc comparisons indicated that the significant
difference was primarily due to the lower proportion of overweight/obese patients in the

low-moderate burden group (55.6%).
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Table 1. Socio-Demographic characteristics, anthropometric measurements, scale scores,

and biochemical results of participants by anticholinergic burden

No Burden Low-moderate High Burden Total p value
(n=804) Burden (n=507) (n=259) (n=1570)
Socio-Demographic Characteristics
Sex, n(%) 0.130d
Female 417 (52.9) 290 (57.2) 146 (56.4) 853 (54.3)
Male 387 (48.1) 217 (42.8) 113 (43.6) 717 (45.7)
Age (year) + SD 60.08+£18.152 70.36+14.39> 68.68+15.73b 64.82+17.32 <0.001e
Education Status, n(%) <0.001d
Mliterate 109 (13.6) 127 (25.0) 57 (22.0) 293 (18.7)
Literate 56 (7.0) 35(6.9) 13 (5.0) 104 (6.6)
Primary school 364 (45.3) 227 (44.8) 129 (49.8) 720 (45.9)
Middle school 90 (11.2) 41 (8.1) 22 (8.5) 153 (9.7)
High school 115 (14.3) 50(9.9) 21(8.1) 186 (11.8)
University 70 (8.6) 27 (5.3) 17 (6.6) 114 (7.3)
Clinical Characteristic
Hospitalization in past year 3.0 (10.0)2 8.0 (21.0)® 5.0 (15.0)¢ 4.0 (14.0) <0.001f
(days)
Hospitalization in IM ward 7.0 (8.0)a 10.0 (9.5)p 9.0 (9.0)b 9.0 (9.0) <0.001f
(days)
Hospitalization after 8.0 (8.5)2 11.0 (13.0)b 11.0 (11.0)b 10.0 (11.0) <0.001f
enrolment (days)
Number of medications + SD 6.10+3.012 8.21+2.96b 8.2943.19b 7.204£3.21 <0.001e
Polypharmacys, n(%) 467 (66.5) 452 (89.5) 223 (86.8) 1142 (78.0) <0.0014
Survival within 30 days <0.0014
follow-up
Inpatient 43 (5.4) 46 (9.1) 23 (8.9) 112 (7.1)
Discharged 748 (93.0) 435 (85.8) 220 (84.9) 1403 (89.4)
Exitus 13 (1.6) 26 (5.1) 16 (6.2) 55 (3.5)
Admission to the ward, <0.0014
n(%) 487 (60.6) 296 (58.4) 140 (54.1) 923 (58.8)
Emergency 12 (1.5) 6(1.2) 3(1.2) 21(1.3)
Transfer 157 (19.5) 151 (29.8) 84 (324) 392 (25.0)
ICU 148 (18.4) 54 (10.7) 32(124) 234 (14.9)
Outpatient clinic
Anthropometric Measurement
Weight (kg) + SD 74.44+15.99 72.61+17.24 74.21+£16.78 73.81+16.54 0.137¢
BMI (kg/m?) + SD 27.45+9.18 26.98+5.92 27.46x5.90 27.30+7.76 0.522¢
Underweight, n(%) 27 (3.4) 15 (3.0) 14 (5.4) 56 (3.6) 0.0064
Normal, n(%) 273 (34.0) 210 (41.4) 77 (29.7) 560 (35.7)
Overweight and obese, 504 (62.7) 282 (55.6) 168 (64.9) 954 (60.8)

n(%)
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Scale Scores

ACB +SD 0.0+0.0a 1.19+0.39b 3.40+0.76¢ 1.16+1.36 <0.001e

ACB, n(%) 804 (51.2) 507 (32.3) 259 (16.5) 1570 (100.0)

CCI+SD 4.26£2.992 6.11+3.01b 5.82+3.05b 5.11+3.13 <0.001e

NRS-2002 + SD 2.64+1.81a 3.55+1.82b 4.25+1.48¢ 3.20+1.87 <0.001e
Low nutritional risk, n(%) 424 (52.7) 156 (30.8) 29 (11.2) 609 (38.8) <0.0014
High nutritional risk, n(%) 380 (47.3) 351 (69.2) 230 (88.8) 961 (61.2)

Biochemical results

Hemoglobin (g/dL) + SD 11.67+2.77a 10.38+2.47b 10.97+2.57¢ 11.14+2.70 <0.001e

Albumin (g/L) + SD 38.11+5.58a 34.48+5.78b 35.51+6.02b 35.99+5.84 <0.001e

Urea (mg/dL) + SD 50.39+35.87a 76.68+51.54b 66.54+48.26¢ 61.54+45.17 <0.001e

Uric acid (mg/dL) = SD 5.61+2.23a 6.93+2.95b 6.13+2.68¢ 6.12+2.62 <0.001e

CRP (mg/L) 13.49(51.81)a 25.27(59.36)b 22.85(60.68)¢ 19.13(55.45) 0.001f

Creatinine (mg/dL) 0.91 (0.81)a 1.38 (1.24)b 1.11 (1.06)c 1.05 (1.07) <0.001f

Note: Numerical data and categorical variables are presented as mean * SD or median (IQR) and n (%). Abbreviations:
BM], body mass index; ACB, anticholinergic burden; CCI, Charlson Comorbidity Index; CRP, C-reactive protein; ICU,
intensive care unit; IM, internal medicine; NRS-2002, Nutritional Risk Screening; SD, standard deviation. 2b.¢ Different
superscript letters within the same row indicate statistically significant differences between anticholinergic burden
groups. 4 Pearson’s x2 test (Bonferroni-adjusted pairwise comparisons of column proportions). ¢ One-way ANOVA test
(Bonferroni post-hoc test). f Kruskal-Wallis test (Dunn-Bonferroni post-hoc test). & Defined as >5 medication usage
daily. * p < 0.05

Univariable and multivariable logistic regression analysis was used to determine the
predictors of high nutritional risk (Table 2). In the unadjusted analyses, the ACB score was
significantly associated with high nutritional risk (OR=1.873; 95% CI: 1.665-2.106;
p<0.001). Albumin, uric acid, and CRP levels were also significantly associated with the
nutritional risk, whereas hemoglobin, urea, and creatinine levels were not. In the
multivariable logistic regression model, ACB score remained independently associated
with high nutritional risk after adjustment for age, sex, educational status, number of
medications, BMI, CCI, biochemical parameters, and hospitalization-related variables. Each
one-point increase in ACB score was associated with 1.96-fold higher odds of high
nutritional risk (OR=1.956; 95% CI: 1.710-2.237; p<0.001). In the adjusted model, lower
albumin level was also independently associated with high nutritional risk (OR=0.918; 95%
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CI: 0.890-0.947; p<0.001). Age, male sex, number of medications, uric acid, CRP, and
hospitalization in the past year were also significantly associated with high nutritional risk
in the adjusted model.

Bivariate correlation analysis was performed to examine the relationships among ACB
score, NRS-2002 score, demographic and clinical variables, hospitalization-related
parameters, and biochemical markers (Figure 2). The ACB score showed a significant
positive correlation with NRS-2002 score (r=0.315, p<0.001), indicating that a higher
anticholinergic burden was associated with higher nutritional risk. ACB score was also
positively correlated with age (r=0.198, p<0.001), Charlson Comorbidity Index (r=0.197,
p<0.001), number of medications (r=0.299, p<0.001), hospitalization in the past year
(p=0.188, p<0.001), hospitalization in the internal medicine ward (p=0.193, p=0.002), and
hospitalization after enrolment (p=0.203, p<0.001). In contrast, ACB score showed weak
negative correlations with hemoglobin (r=-0.112, p<0.001) and albumin (r=-0.115,
p<0.001). Similarly, NRS-2002 score was positively correlated with age, comorbidity
burden, hospitalization-related variables, CRP, and urea, and negatively correlated with

body weight, BMI, hemoglobin, and albumin.
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Figure 2. Bivariate correlation heatmap of ACB, NRS-2002, and key covariates. Bivariate correlation heatmap showing
the relationships among ACB score, NRS-2002, demographic and anthropometric variables, hospitalization-related
variables, and laboratory parameters. Correlation coefficients are displayed in the lower triangle, and color intensity
represents the magnitude and direction of the correlations (red = positive; blue = negative). Abbreviations: CCI: Charlson
comorbidity index; BMI: body mass index; IM: internal medicine; NRS-2002: The Nutritional Risk Screening 2002; CRP:
C-reactive protein. Pearson and Spearman correlation was used, *p<0.05; **p<0.01

Sensitivity analyses were performed to assess the possible overlap of age and BMI with the
NRS-2002 assessment (Table 3). ACB score remained significantly associated with high
nutritional risk when age, BMI, or both were excluded from the model.

Table 2. Univariable and multivariable logistic regression analysis of factors associated with high
nutritional risk

Nutritional Risk

Unadjusted Model (R2= 0.260)

Adjusted Model (R2= 0.279) ¢

Independent B OR (95% CI) p value B OR (95% CI) p value
Variables

ACB 0.627 1.873 (1.665-2.106) <0.001" 0.671 1.956 (1.710-2.237) <0.001"
Hemoglobin (g/dL) -0.026  0.975(0.929-1.023)  0.302 -0.043 0.958 (0.902-1.018) 0.164
Albumin (g/L) -0.120  0.887 (0.864-0.911) <0.001* -0.085 0.918 (0.890-0.947) <0.001*
Urea (mg/dL) -0.005 1.005 (1.001-1.009)  0.026" 0.004 1.004 (0.998-1.004) 0.161
Uric acid (mg/dL) -0.074 0.928 (0.878-0.982) 0.014* -0.081 0.922 (0.864-0.984) 0.014"
CRP (mg/L) -0.003 0.997 (0.996-0.999) 0.006" -0.003 0.997 (0.995-0.999) 0.006*
Creatinine (mg/dL) -0.053 0.948 (0.816-1.101)  0.484 -0.067 0.935 (0.773-1.130) 0.487
Age (year) _ _ _ 0.018 1.019 (1.007-1.030) <0.001*
Sexa _ _ _ -0.345 0.709 (0.525-0.957) 0.025"
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Educational statusb _ _ _ 0.002 1.002 (0.554-1.812) 0.995
Number of _ _ _ -0.077 0.926 (0.882-0.972) 0.002*
medications (n)

BMI (kg/m?2) _ _ _ -0.019 0.981 (0.959-1.003) 0.092
CCI _ _ _ -0.030 0.971 (0.919-1.025) 0.287
Hospitalization in _ _ _ 0.012 1.012 (1.003-1.020) 0.005*
past year (days)

Hospitalization in _ _ _ -0.018 0.983 (0.955-1.011) 0.227
IM ward (days)

Hospitalization _ _ _ 0.022 1.023 (1.000-1.046) 0.050

after enrolment

(days)

OR: odds ratio; CI: confidence interval; ACB: Anticholinergic Cognitive Burden; BMI: body mass index; CCI:
Charlson Comorbidity Index; CRP: C-reactive protein; R*: Nagelkerke R-squared. a. Reference category: female;
b. Reference category: university. c. The adjusted model was adjusted for sex, age, educational status, number of
medications, BMI, CCI, hospitalization in the past year, in the IM ward, and after enrolment. The adjusted model
included all variables shown in the table. Hosmer-Lemeshow test p=0.078. *p<0.05

Table 3. Sensitivity analyses for the association between ACB score and high nutritional

risk
Nutritional Risk
Model Excluded variable(s) B OR (95% CI) p value
Sensitivity Model 1 Age excluded 0.677 1968 (1.721-2.250) <0.001*
Sensitivity Model 2 BMI excluded 0.672 1959 (1.713-2.241) <0.001"
Sensitivity Model 3 Age and BMI excluded 0.678 1.970 (1.723-2.252) <0.001"

OR: odds ratio; CI: confidence interval; BMI: body mass index; ACB: Anticholinergic Cognitive Burden.
Sensitivity Model 1 excluded age from the final adjusted model; Sensitivity Model 2 excluded BMI from
the final adjusted model; and Sensitivity Model 3 excluded both age and BMI from the final adjusted
model. All models were adjusted for the remaining covariates included in the final model. *p<0.05

Discussion

In this retrospective cross-sectional study of 1570 patients hospitalized in the internal
medicine ward, the anticholinergic burden was significantly associated with nutritional risk.
The nutritional risk increased stepwise across the anticholinergic burden groups, reaching

88.8% among patients with high ACB scores. Similarly, the NRS-2002 scores progressively
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increased with higher ACB. Patients with anticholinergic exposure also had higher
comorbidity burden, higher medication use, longer hospitalization-related indicators, lower
discharge rates, and higher 30-day mortality. A key finding of this study was that the ACB
score remained independently associated with a high nutritional risk after adjustment for
age, sex, educational status, number of medications, BMI, the Charlson Comorbidity Index,
and hospitalization-related variables. These findings suggest that anticholinergic burden
may represent an important and potentially modifiable medication-related factor in the

nutritional risk profile of internal medicine inpatients.

Our findings are consistent with those of previous studies, suggesting that anticholinergic
burden is associated with nutritional risk in older and clinically vulnerable populations.
Previous studies by Naharci et al. and Ates-Bulut et al. identified a significant association
between anticholinergic burden and the presence of malnutrition or nutritional risk in older
adults.1824 Nastri et al. found a significant correlation between ACB and nutritional status in
patients admitted to a geriatric unit and reported that the ACB score was an independent
predictor of nutritional risk.10 Recently, Simsek et al. reported that a high anticholinergic
burden was a positive predictor of nutritional risk according to the GLIM diagnostic criteria,
MNA-SF, and NRS-2002.15 Consistent with previous studies, our study demonstrated a
stepwise increase in high nutritional risk across ACB groups. 1824 Previous studies have
reported that a high anticholinergic burden results in a 1.20-2.21-fold increase in nutritional
risk, as defined by the MNA-SF.15.18.24, Specifically, regarding the NRS-2002 screening tool,
when the risk increase reported by Simsek et al. (OR=1.23, 95% CI: 1.01-1.50) is considered
together with the 1.96-fold risk increase (OR=1.96) identified in our study, the negative
impact of high anticholinergic burden on nutritional risk is consistently and strongly
confirmed with different screening tools. In contrast to numerous prior studies that
predominantly concentrated on geriatric populations, the current study broadens this
evidence by examining a substantial cohort of adult internal medicine inpatients using the

NRS-2002 for assessment of nutritional risk.
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Anticholinergic medication exposure may be associated with higher nutritional risk,
primarily through their peripheral side effects, including xerostomia, decreased
gastrointestinal motility, and appetite loss. These side effects may impair nutrient intake and
absorption, often resulting in reduced food consumption.2>26 Given that decreased food
intake is a critical factor in nutritional screening!?27, the presence of these side effects
underscores the importance of monitoring the nutritional status of individuals prescribed

anticholinergic medications to identify nutritional risk early.

The findings of the present study suggest that higher albumin levels are associated with a
reduced nutritional risk (OR: 0.92), and this relationship is closely linked to patients’ clinical
profile. Notably, patients without an anticholinergic burden exhibited higher albumin levels
and a more favorable overall clinical trajectory (evidenced by a lower CCI and
hospitalization) than the other groups. This observation underscores the strong association
between optimal nutritional status and clinical well-being.28 Furthermore, the overall
clinical status may mitigate the adverse effects of anticholinergic burden by improving
nutritional status and alleviating common anticholinergic burden-related adverse

effects.2529

In the literature, the relationship between inflammation and metabolic changes with
nutritional risk is well-characterized;3? however, the small effect size of CRP and uric acid in
predicting nutritional risk in this study underscores that these parameters have limited
clinical importance and should not be interpreted as strong predictors of nutritional risk on
their own. Nevertheless, the negative correlation of ACB score with albumin and its positive
correlation with CRP and uric acid may reflect the broader clinical and inflammatory burden
of hospitalized patients. Furthermore, the negative association between anticholinergic
burden and albumin levels has been previously confirmed by Ates-Bulut et al.24 The
observed associations of ACB score with albumin, CRP, and uric acid may reflect the greater
clinical complexity, inflammatory burden, and multimorbidity of patients with higher
anticholinergic exposure. However, albumin is influenced by several factors in hospitalized

patients, including inflammation, acute illness, hydration status, and hepatic or renal
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function; therefore, it should not be interpreted as a specific marker of nutritional status.
Although age and BMI may partially overlap with the NRS-2002 assessment, the sensitivity
analyses showed that excluding these variables did not materially change the association

between ACB score and high nutritional risk.

This study had several limitations. The retrospective and cross-sectional design limits the
assessment of reverse causality, thereby constraining the establishment of causal
relationships between the anticholinergic burden and the nutritional risk or malnutrition-
related diseases. Moreover, specific anticholinergic side effects related to nutrition, such as
appetite changes, were not evaluated, restricting our understanding of the direct
mechanisms influencing nutritional status. Additionally, reliance on clinical records may
have introduced information bias, and unmeasured confounding factors could have
influenced our results. Despite these limitations, this large-scale study offers valuable
insights into the association between anticholinergic burden and nutritional risk in an adult
inpatient population. However, it should be noted that different anticholinergic burden
scales may classify medications differently because they vary in their drug lists, scoring
systems, and consideration of dose-related exposure. Therefore, the use of only the ACB

Scale may limit direct comparability with studies using other anticholinergic burden tools.

In conclusion, this study showed that higher anticholinergic burden was significantly
associated with higher nutritional risk among patients hospitalized in internal medicine
wards. These findings suggest that anticholinergic burden may be a clinically relevant and
potentially modifiable medication-related factor to consider in nutritional risk assessment.
Considering clinical parameters such as length of hospital stay and need for intensive care in
future studies to better understand the relationship between anticholinergic burden and
nutritional risk is essential for more accurate risk assessment and targeted interventions.
From a clinical perspective, these findings also have important implications for primary
health care, where anticholinergic medications are frequently prescribed and renewed.
Routine medication reviews and early nutritional risk screening may help identify

nutritional risk in patients before hospitalization. In this context, assessing the
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anticholinergic burden with nutritional assessment, such as recent weight loss, reduced food
intake, loss of appetite, dry mouth, difficulty in swallowing, and gastrointestinal symptoms,

may support timely referral, medication optimization, and nutritional monitoring.

Ethical Considerations: Ethical approval was obtained from the Non-Interventional Clinical
Research Ethics Committee of Etlik City Hospital with decision number AESH-BADEK1-
2026-360 (dated 15/04/2026). All procedures were conducted in accordance with the

principles of the Declaration of Helsinki.
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Abstract

Objectives: In Tiirkiye, no nationally recognized guideline exists for the management of cough in children. The
absence of standardized protocols may lead to heterogeneous clinical approaches. This study aimed to describe
the diagnostic and therapeutic practices of physicians working in pediatric practice and their perceived need
for a common guideline.

Materials and Methods: A cross-sectional digital survey was administered in Tiirkiye between June and
December 2023 using snowball sampling. The 30-item form covered demographic characteristics, clinical
experience, diagnostic approaches, and treatment preferences. Data were analyzed using descriptive statistics,
with exploratory Fisher's exact comparisons.

Results: Sixty-eight physicians working in pediatric practice completed the survey. Most participants (85.29%)
preferred observation before initiating treatment. Among the 55 respondents who selected exactly three
medications, 36 (65.45%) selected antibiotics among their three most frequently used treatments. Definitions
of acute and chronic cough varied widely. Although viral infection was the most reported cause of cough
(92.65%), 96.92% reported some use of chest radiography, mostly in a small proportion of patients. Only
14.71% perceived that a national guideline on pediatric cough existed, and 85.29% reported needing further
education or resources on cough management.

Conclusion: This descriptive study documents variability in the self-reported practices of pediatricians and a
widely reported need for further guidance, in a setting without a national pediatric cough guideline. These
hypothesis-generating findings do not establish that any specific practice is unnecessary or inappropriate. They
may nonetheless be informative for other settings lacking such a guideline and support the development of
standardized, age-specific guidance.

Keywords: Cough, child, practice guidelines as topic, health care surveys, pediatrics.
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Introduction

Cough is a major reason for childhood presentations to health care facilities. The creation of
pediatric cough guidelines is essential for its management. However, because factors such as
the patient's age, pediatric-specific issues, and risk-benefit ratios can affect management,
developing a comprehensive guideline remains challenging.! For this reason, existing

guidelines often define pediatric cough as referring to patients up to 12-18 years of age.2

Clinical guidelines increase patient safety by providing physicians with evidence-based,
standardized approaches to diagnostic and therapeutic processes. In the United States, the
American Academy of Pediatrics (AAP) and the American College of Chest Physicians (ACCP)
have published guidelines focusing on the systematic evaluation and management of chronic
cough in children.34 The UK NICE and Australia's Royal Children's Hospital have also
produced widely used guidelines for childhood cough.>¢ These guidelines guide symptom

assessment, differential diagnosis, treatment, and the need for advanced investigations.

In Tiirkiye, however, there is no nationally accepted clinical guideline specifically focusing
on pediatric cough. Although some guidelines published by the Turkish National Pediatrics
Association include general topics related to respiratory system diseases, there is no
structured clinical algorithm dedicated to cough.” Comparable associations likewise lack a
guideline dedicated to cough.8 Reviews in DergiPark and the TR Index discuss childhood
cough but do not qualify as guidelines.®”11 The Turkish Thoracic Society's adult cough
algorithm has limited applicability to children.12 Furthermore, adapting guidelines

developed for adults directly to children poses both theoretical and practical problems.1314

The absence of a shared guideline may lead to heterogeneity in clinical practice, which can
result in unnecessary investigations and treatments, resource waste, and, in some cases,
diagnostic delay.1> This study aimed to assess whether there is a need for a common clinical
guideline in the management of pediatric cough in Tiirkiye by collecting expert opinions
through a survey. The results may also be relevant to other countries that do not use a shared

guideline.
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Materials and Methods

Study design and duration

This study was designed as a cross-sectional, descriptive survey. Data collection commenced

in June 2023 and prospectively covered six months (June 1, 2023 - December 1, 2023).
Study population and sample

The study population consisted of physicians actively working in pediatric practice in
Tirkiye, including pediatric residents/research assistants and specialists. Snowball
sampling was used: pediatricians in different institutions were directly contacted, invited,
and asked to forward the survey to colleagues. The form was distributed digitally via Google
Forms. No a priori sample size calculation was performed, as the study was an exploratory,
descriptive survey rather than a hypothesis test; the sample reflects the pediatricians who
voluntarily completed the questionnaire (n=68), and the resulting limitation is addressed

below.
Participant criteria

Inclusion criteria were as follows: actively practicing as a pediatrician in Tirkiye; being
engaged in clinical or academic practice; and completing the survey voluntarily and in full.
Exclusion criteria were as follows: physicians working in medical specialties other than
pediatrics; retired or non-practicing pediatricians; and incomplete or invalid survey

responses.
Survey development

The survey form used in this study was adapted from the original survey developed by
Vogelberg et al. to evaluate approaches to cough treatment in pediatric patients.? That
survey was published in an open-access journal under a Creative Commons Attribution 4.0

(CC BY 4.0) license, which permits adaptation with appropriate credit; it was therefore
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adapted with attribution to the original authors, and no separate permission was required.
It was revised for our context, taking into account Tiirkiye's health care system and clinical
practices. The questionnaire was administered in Turkish. Because it was used as a practical
data-collection tool rather than a validated scale, no formal forward-backward translation,
content validity index calculation, or pilot testing was performed; content appropriateness
was assessed qualitatively by three experienced pediatricians. Compared with the original
instrument, several items were reworded for local relevance, and new context-specific items
(for example, on traditional and complementary practices and on national guideline

awareness) were added.

During adaptation, some questions were restructured for cultural and professional
relevance, and additional questions were developed to address local practices and the
research objectives, in line with clinical approaches and diagnostic algorithms in the

literature.

The content validity of the survey form was evaluated by three independent academics, each
with at least 10 years of clinical and academic experience in pediatrics, who were not
included in the study. Expert opinion was sought regarding content appropriateness, and
adjustments were made accordingly before ethical approval was obtained. Because the
instrument was adapted by revising existing items and adding new context-specific
questions rather than administering the original survey unchanged, the psychometric
properties (formal validity and reliability) of the adapted version were not re-established
through a separate validation study. This adaptation was intended to descriptively capture
current practice patterns rather than to produce a formally validated measurement scale,

and the resulting limitation is acknowledged in the Limitations section.

The final 30-item form covered demographics, clinical experience, diagnostic approaches,
treatment preferences, and traditional/complementary practices, using multiple-choice,
Likert-type, proportional, and open-ended items. The survey aimed to describe
pediatricians’ self-reported diagnostic and treatment practices and their perceptions
regarding the availability of and need for national guidance on pediatric cough.
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Data collection

Data were collected using a structured form on Google Forms, shared via e-mail, social media
groups, and professional communication networks. Most items were mandatory, largely
preventing blank responses. E-mail addresses were collected only to restrict submissions to
one per participant and removed before analysis; the dataset contains no identifying
information. No reminders were sent. Because of the snowball distribution, the number of
physicians who received or opened the link could not be determined, and a participation or
completion rate could not be calculated. The study was reported with reference to the

CHERRIES recommendations for web-based surveys where applicable.16
Ethical considerations

The study was conducted in accordance with the ethical principles of the Declaration of
Helsinki. Ethical approval was obtained from the Karabiik University Non-Interventional
Clinical Research Ethics Committee (Decision No: 2023/1411, dated May 16, 2023).

Informed consent was obtained from all participants before their inclusion in the study.
Statistical analysis

The collected data were analyzed using Intellectus Statistics online software. Descriptive
statistics of continuous variables were presented as mean, standard deviation, minimum,
and maximum values. The distribution of categorical variables was reported as frequencies
and percentages (%). There were no blank responses. Unless otherwise specified,
percentages were calculated over the full sample (n=68); diagnostic-test percentages over
the item-specific valid responses (n=63-67), and medication-preference percentages among
the 55 respondents who selected exactly three options. The two open-ended items, on
indications for advanced diagnostic evaluation and criteria for initiating treatment, were
coded into recurring themes by the authors (not independent coders); answers not fitting
these were grouped as “Other / not classified.” For the interval-based diagnostic-test items,

responses containing more than one interval were considered invalid for that specific test
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and excluded item-wise, and interval midpoints were used to estimate median patient
percentages. The item asking for the three most frequently used medications was analyzed
among the 55 respondents who selected exactly three options. Institution names were
grouped into three anonymized categories (state/training and research, university, private);
unclassifiable responses are reported separately. In addition, as an exploratory analysis,
associations between selected practice-related outcomes (self-reported need for further
education or resources; inclusion of antibiotics among the three most frequently used
treatments; and awareness of a guideline) and physician characteristics (years of
experience, dichotomized as <5 vs >5 years; and academic title, dichotomized as
resident/research assistant vs specialist and above) were examined using Fisher's exact test,
given the small sample size. To account for multiple comparisons, p-values were adjusted
using the Benjamini-Hochberg false discovery rate (FDR) procedure. These analyses were
considered exploratory and hypothesis-generating, and adjusted p-values <0.05 were
regarded as statistically significant. The study was reported in accordance with the STROBE

guideline for cross-sectional studies.1”
Results

Sociodemographic characteristics of participants

Analysis: The age distribution of participating physicians showed that 42.65% were aged
30-40 years, 30.88% were 40-50 years, 23.53% were under 30 years, and 2.94% were over
50 years.

The distribution of academic titles was 47.06% specialists, 27.94% residents/research
assistants, 10.29% subspecialists/subspecialty fellows, 7.35% assistant professors, 5.88%
associate professors, and 1.47% professors. Institutions were mainly training and research
hospitals or state hospitals (48.53%) and university hospitals (42.65%); 5.88% were private

practice, and two (2.94%) were unclassifiable.
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Regarding publications in the field of pediatric cough, 92.65% had not published, while
7.35% had published at least one study. The rate of participation in congresses related to
pediatric cough was 57.35%, while 42.65% had not attended. The distribution of years in
pediatrics showed that 35.29% had more than 10 years, 17.65% had 5-10 years, 13.24%
had 3-5 years, 26.47% had 1-3 years, and 7.35% had less than 1 year (Table 1).

Table 1. Sociodemographic characteristics and clinical experience of the participating

pediatricians

Variable Category n (%)

Age distribution Under 30 years 16 (23.53)
30-40 years 29 (42.65)
40-50 vears 21(30.88)
Over 50 years 2 (2.94)

Academic title Specialist 32 (47.06)
Resident/research assistant 19 (27.94)
Subspecialist/subspecialty fellow 7 (10.29)
Assistant professor 5(7.35)
Associate professor 4 (5.88)
Professor 1(1.47)

Institution type State/training and research hospital 33 (48.53)
University hospital 29 (42.65)
Private hospital/clinic 4 (5.88)
Other / not classified 2 (2.94)

Publication on pediatric Yes 5(7.35)
No 63 (92.65)

Attendance at pediatric Yes 39 (57.35)
No 29 (42.65)

Years of experience in Less than 1 year 5(7.35)
1-3 years 18 (26.47)
3-5 years 9(13.24)
5-10 years 12 (17.65)
More than 10 years 24 (35.29)

Data are presented as numbers (percentages). n: number of participants.
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Clinical experience and observations of pediatricians regarding pediatric cough

In the distribution of patients presenting with cough within the past year, 60.29% of
physicians reported having seen more than 300 patients, 14.71% between 100 and 300,
11.76% between 50 and 100, and 13.24% fewer than 50 patients.

For patients under two years of age, 55.88% reported having seen more than 100, 14.71%
between 30 and 60, 13.24% between 60 and 100, and 16.18% fewer than 30 patients. The
most common age group encountered in clinical practice was children aged 2-5 years, at

57.35%.

The most frequent cause of cough was reported as viral infection (92.65%), followed by
allergic responses (5.88%) and asthma (1.47%). A total of 86.76% stated that distinguishing

between wet and dry cough was useful in diagnosis.

Regarding the duration of acute cough, 38.24% considered it shorter than 2 weeks, 26.47%
shorter than 1 week, and 20.59% shorter than 4 weeks. For chronic cough, 47.06% defined

it as longer than 4 weeks, 19.12% longer than 3 weeks, and 14.71% longer than 2 weeks.

The most important criteria for advanced diagnostic evaluation were reported as
accompanying findings (35.29%), duration of cough (30.88%), recurrent or high-risk
conditions (17.65%), lack of treatment response (8.82%), and growth and developmental

delay (7.35%).
Diagnostic methods, treatment approaches, and clinical protocols

Respondents indicated the approximate percentage of cough patients in whom each test was
requested. Responses selecting more than one band were excluded per test (valid n = 63-
67). Among valid responses, the proportion reporting any use (>0% of patients) was: chest
radiography 96.92%, viral panel 86.15%, allergy testing 85.71%, CT 72.73%, serology
73.13%, sputum culture 59.70%, spirometry 53.03%, quadruple test 46.97%, and

bronchoscopy 41.79%. However, the median percentage of patients tested was low for most
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tests (Table 2), indicating that, apart from chest radiography, these investigations were

requested in only a small proportion of patients.

Table 2. Diagnostic and treatment approaches of the participating pediatricians to pediatric

cough

Clinical parameter Response option n (%)

Diagnostic tests, any use (>0% of patients) Chest radiography 63/65 (96.92)
Viral panel 56/65 (86.15)
Serology 49/67 (73.13)
Allergy testing 54/63 (85.71)
Thoracic CT 48/66 (72.73)
Sputum culture 40/67 (59.70)
Spirometry 35/66 (53.03)
Quadruple test 31/66 (46.97)
Bronchoscopy 28/67 (41.79)

Perceived existence of a national guideline  Exists 10 (14.71)
Does not exist 32 (47.06)
Not sure 25 (36.76)
Uses the adult algorithm 1(1.47)

Institutional protocol presence Exists 16 (23.53)
Does not exist 38 (55.88)
Not sure 14 (20.59)

Initial treatment approach Observation first 58 (85.29)
Immediate treatment 7 (10.29)
Other / not classified 3(4.41)

Criteria for starting treatment Accompanying findings 30 (44.12)
Lack of treatment response 18 (26.47)
Quality of life affected 11 (16.18)
Other / not classified 9 (13.24)

Age group receiving direct treatment All ages (still prefer observation) 40 (58.82)

Direct treatment in 0-3 months group 20 (29.41)

Direct treatment in 2-5 years group 3(4.41)

Direct treatment in 0-1 year group 2(2.94)

Direct treatment in 0-6 months group 2 (2.94)
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Clinical parameter Response option n (%)
Direct treatment in 1-2 years group 1(1.47)
Medication use preferences Bronchodilators 37 (67.27)
Antihistamines 33 (60.00)
Antibiotics 36 (65.45)
Nasal/inhaled corticosteroids 28 (50.91)
Antitussives 5(9.09)
Perceived need for further education or Yes 58 (85.29)
resources
No 8 (11.76)
Undecided 2 (2.94)

Data are presented as numbers (percentage), calculated over the full sample (n=68) unless otherwise noted; there were no
blank responses, but non-conforming responses to the interval-based and three-item questions were handled as described
below and in the Statistical Analysis section. For diagnostic tests, respondents reported the approximate percentage of their
cough patients in whom each test was requested; a small number of respondents selected more than one percentage band
for a given test, and these ambiguous responses were excluded on a per-test basis (valid n = 63-67); the figures shown are
the number and proportion of valid respondents reporting any use (use in more than 0% of patients). The median
percentage of patients tested was low for most tests (chest radiography 12.5%, allergy testing 7.5%, viral panel 7.5%,
serology 3.0%, thoracic CT 3.0%, sputum culture 3.0%, spirometry 3.0%, quadruple test 0%, bronchoscopy 0%).
Medication preferences reflect the three most frequently used treatments; this item was analyzed among the 55
respondents who selected exactly three medications, and percentages do not total 100%. For the open-ended item on
criteria for starting treatment, free-text answers were coded into the main themes shown, and answers that did not fit these
themes are reported as “Other / not classified”; for the initial treatment approach and the age group receiving direct
treatment, all response categories are listed so that the relevant single-choice and coded open-ended variables total 68. CT:

computed tomography; n: number of participants.

The item specifically asked whether a national clinical guideline for pediatric cough existed
in the respondent’s country; it did not assess awareness of international guidelines. In
response, 47.06% believed no national guideline existed, 36.76% were unsure, 14.71%
thought one existed, and 1.47% reported using the adult algorithm. As for the presence of a
cough treatment protocol in their institutions, 23.53% reported that one existed, 55.88%

reported that it did not, and 20.59% were unsure.

Regarding the initiation of treatment, 85.29% preferred to observe before starting therapy,
while 10.29% initiated treatment immediately. The main criteria for initiating treatment
were accompanying findings (44.12%), lack of treatment response (26.47%), and effects on
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quality of life (16.18%). Among those who were asked about direct treatment without
observation, 58.82% stated they would still observe in all age groups first, while 29.41%
reported applying direct treatment in the 0-3-month age group.

For the three-most-used-medications item, 13 respondents selected a different number, so
it was analyzed among the 55 compliant respondents. The most commonly selected were
bronchodilators (67.27%), antibiotics (65.45%), and antihistamines (60.00%), followed by
nasal/inhaled corticosteroids (50.91%); antitussives were selected by only 9.09%. In a
separate item, 54.41% reported not using antitussives at all and 27.94% not using

antibiotics.

When participants were asked whether they needed further education or resources
regarding the management of pediatric cough, 85.29% (n=58) answered affirmatively,
11.76% (n=8) answered negatively, and 2.94% (n=2) were undecided (Table 2). Regarding
traditional and complementary approaches, 83.82% (57/68) reported preferring traditional
methods and 91.18% (62/68) reported using nasal irrigation.

Exploratory associations with physician characteristics

In exploratory analyses using Fisher's exact test across six comparisons with Benjamini-
Hochberg correction, three associations remained statistically significant after adjustment.
The self-reported need for further education or resources was more frequent among
physicians with <5 years of experience than among those with >5 years (100% vs 76.5%);
adjusted p=0.022), although it did not differ significantly by academic title (adjusted
p=0.140). The inclusion of antibiotics among the three most frequently used treatments
(n=55) was more frequent among less experienced physicians (82.1% vs 48.1%; adjusted
p=0.022) and among residents/research assistants versus specialists and above (93.3% vs
55.0%; adjusted p=0.022). Awareness of a national guideline was not significantly associated
with experience or title, and no other comparison reached significance after adjustment
(Table 3). Given the small sample size and the exploratory nature of these analyses, these

associations should be interpreted with caution and regarded as hypothesis-generating.
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Table 3. Exploratory associations between physician characteristics and selected practice-
related outcomes (Fisher's exact test)

Outcome/subgroup Outcome present, p Adjusted p
n (%) (FDR)
Need for further education or resources.
<5 years of experience (n=32) 32 (100) 0.005 0.022
>5 years of experience (n=34) 26 (76.5)
Resident/research assistant (n=19) 19 (100) 0.093 0.140
Specialist and above (n=47) 39 (83.0)

Antibiotics among top-3 treatments (n=55)

<5 years of experience (n=28) 23 (82.1) 0.011 0.022
>5 years of experience (n=27) 13 (48.1)

Resident/research assistant (n=15) 14 (93.3) 0.010 0.022
Specialist and above (n=40) 22 (55.0)

Perceived existence of a national guideline

<5 years of experience (n=32) 5(15.6) 1.000 1.000
>5 years of experience (n=36) 5(13.9)

Resident/research assistant (n=19) 2 (10.5) 0.714 0.857
Specialist and above (n=49) 8(16.3)

Percentages refer to the proportion within each physician subgroup. Six comparisons (three outcomes x two physician
characteristics) were tested, and p-values were adjusted for these six comparisons using the Benjamini-Hochberg false
discovery rate procedure. For the outcome “need for further education or resources,” the two undecided responses were
excluded from this binary comparison (both in the specialist-and-above and >5-year groups), giving subgroups of 34 (>5
years) and 47 (specialist and above) for that outcome. The antibiotics outcome was analyzed among the 55 respondents
who selected exactly three medications, as instructed. These analyses are exploratory and hypothesis-generating.
Experience was dichotomized as <5 vs >5 years; academic title as resident/research assistant vs specialist and above

(subspecialty fellows, who have completed pediatric residency, were classified as specialists). FDR: false discovery rate.

Discussion

One of the first stages in the management of pediatric cough is the classification of cough as
acute or chronic. This classification is critically important for differential diagnosis and

treatment planning, as it allows benign causes such as viral infections to be distinguished
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from more serious underlying conditions.18 In the guidelines published by the AAP and the
ACCP, acute cough in children is defined as lasting less than 4 weeks, while chronic cough is
defined as lasting more than 4 weeks, and diagnostic algorithms are structured according to

these thresholds.34

However, our study identified a lack of consensus on these definitions: only 47.06% defined
chronic cough as lasting more than 4 weeks, and only 20.59% stated that acute cough lasted

less than 4 weeks, whereas guidelines provide clear duration-based definitions.3-6

This classification helps avoid unnecessary investigations; imaging is generally
recommended only for chronic cough when clinically indicated.3-¢ In our survey, chest
radiography was the only test that most respondents reported using in a substantial share
of patients (any use 96.92%; median 12.5% of patients). For most other tests, the median
percentage tested was low, suggesting these were reserved for selected patients rather than
applied routinely. These self-reported figures cannot establish over-investigation;
nevertheless, the relatively widespread use of chest radiography, where viral infection was
the most reported cause (92.65%), may reflect diagnostic uncertainty, parental expectations,

or medico-legal concerns rather than guideline-based practice.

Similarly, the clinical practice guidelines prepared by the Royal Children's Hospital in
Australia recommend avoiding unnecessary imaging and laboratory tests.® In children with

sore throat and viral symptoms, throat swabs are unlikely to change treatment.1?

When making treatment decisions, most participants (85.29%) reported preferring
observation before initiating therapy, yet antibiotics were selected among the three most
frequently used treatments by 36 of the 55 compliant respondents (65.45%). The frequent
reporting of antibiotics, where viral infection was the most common reported cause, may
reflect diagnostic uncertainty, parental expectations, or local prescribing habits rather than
guideline-based reasoning. For reference, the AAP and the American Academy of Family
Physicians recommend that antibiotics be reserved for patients with suspected bacterial

infection,#20 the Canadian Paediatric Society notes that antitussives provide no clinically
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meaningful benefit in children and may be harmful,2! and the ACCP guideline does not

recommend their routine use for chronic cough in children.!

Notably, 85.29% of participants reported a need for additional education or resources, more
often among less experienced physicians, who also selected antibiotics more frequently.
Together with the lack of consensus in cough definitions and diagnostic evaluation, these
observations are consistent with the absence of a guideline-based algorithm, though they
cannot establish causation. The European Respiratory Society recommends that treatment
decisions follow algorithms based on symptom duration, accompanying findings, and risk
factors.22 Age-specific, evidence-based guidance may help reduce this variability. The
questionnaire also covered traditional and complementary approaches: a majority reported
preferring traditional methods (57/68) and using nasal irrigation (62/68), as described in
the Results.

Limitations

Several limitations should be noted. The snowball sampling method, based on participant
referrals within their own networks, may have limited the representativeness of the sample,
and the geographic distribution of respondents was not recorded. Because the number of
physicians reached could not be determined, a participation rate could not be calculated, and
selection bias cannot be excluded. As a self-reported survey not linked to prescription or
patient records, the findings reflect stated rather than verified practice. The relatively small
sample (n=68) further restricts precision, and the exploratory subgroup analyses were
limited in statistical power; they should be regarded as hypothesis-generating rather than
confirmatory. A further limitation concerns the instrument itself: because the questionnaire
was adapted by revising existing items and adding new context-specific questions, the
validity and reliability of the adapted version were not formally re-established through a
dedicated validation study, which may have affected how some items were interpreted. For
these reasons, the results should be read as descriptive indicators of self-reported practice,

and it is difficult to claim that they represent all pediatricians in Tirkiye.
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In conclusion, within the constraints of its descriptive design and limited sample, this study
suggests that heterogeneous practices may exist in the management of pediatric cough in
Tiirkiye. The variability observed in the definitions, diagnostic preferences, and treatment
approaches reported by participants may reflect differences in clinical interpretation, local
protocols, case mix, access to diagnostic resources, or varying awareness of existing
recommendations, rather than a single identifiable cause. Because the data are self-reported
and were not linked to prescription records or patient-level outcomes, these findings should
be interpreted as hypothesis-generating rather than confirmatory. Our findings may
nonetheless be informative for other settings that also lack a comprehensive guideline for
pediatric cough. Larger studies with broader participation from different regions are needed
to substantiate these observations. If such studies yield consistent results, academic
organizations, particularly the Turkish National Pediatrics Association, may consider
prioritizing the development of age-specific and evidence-based guidance, which could in

turn inform an internationally structured framework organized according to age groups.
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