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ABSTRACT
Objective: To identify preoperative clinical factors associated with high-risk thyroid cytology (Bethesda 
V–VI) in patients undergoing thyroidectomy and to explore their association with cytological 
reclassification in initially non-high-risk nodules.
Methods: In this single-center retrospective study, 438 consecutive patients undergoing thyroidectomy 
between 2024 and 2025 were evaluated. After excluding Bethesda I cases, 415 patients were included in 
the analysis. High-risk cytology (Bethesda V-VI) was the primary outcome. Age, sex, nodule size, bilateral 
involvement, toxic functional status, and cervical lymphadenopathy (LAP) were evaluated by logistic 
regression analysis. A prespecified sensitivity analysis was restricted to Bethesda V cytology.
Results: High-risk cytology was identified in 151 patients (36.4%). In multivariable analysis, toxic functional 
status [odds ratio (OR), 0.20; 95% confidence interval (CI), 0.07-0.54; p=0.002] and larger nodule size 
(OR, 0.21; 95% CI, 0.15-0.30; p<0.001) were independently associated with lower odds of high-risk 
cytology, whereas LAP was associated with higher odds of high-risk cytology (OR, 4.17; 95% CI, 1.87-
9.31; p<0.001). No independent associations were observed for age, sex, or bilaterality. The associations 
with toxic functional status and nodule size remained consistent in the sensitivity analysis. Among 127 
patients who underwent repeat fine-needle aspiration, 19 (15.0%) were reclassified as having high-risk 
cytology, with consistent findings.
Conclusion: Toxic functional status was associated with a lower likelihood of high-risk thyroid cytology, 
whereas LAP was associated with a higher likelihood of high-risk thyroid cytology. Similar patterns 
among patients undergoing repeat aspiration suggest that these routinely available clinical features 
may inform follow-up decisions for nodules initially classified as non-high-risk. Prospective studies are 
warranted to validate these findings.
Keywords: Thyroid nodule, Bethesda classification, thyroid fine-needle aspiration, high-risk thyroid 
cytology, cervical lymphadenopathy
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INTRODUCTION
Thyroid nodules are among the most common findings 
encountered in adult clinical practice, and their detection 
has increased substantially with the widespread use of high-
resolution imaging modalities.1 In recent years, a marked 
rise in the incidence of thyroid cancer has been reported, 
largely attributable to the increased detection of small and 
clinically indolent papillary carcinomas.2,3 Consequently, 
the appropriate evaluation of thyroid nodules and the 
avoidance of unnecessary surgical interventions have 
become increasingly important in clinical practice.4

Fine-needle aspiration (FNA) cytology is the cornerstone 
of risk stratification for thyroid nodules.4,5 Cytological 
findings are reported according to the Bethesda System for 
Reporting Thyroid Cytopathology, in which each diagnostic 
category is associated with a distinct risk of malignancy.6,7 
Bethesda categories V (suspicious for malignancy) and 
VI (malignant) represent the highest-risk groups and 
warrant surgical management in most cases.6 Current 
clinical guidelines recommend that cytological findings be 
interpreted in conjunction with clinical and radiological 
features.5,8
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Several clinical characteristics, including functional 
status, cervical lymphadenopathy (LAP), nodule size, age, 
and sex, have previously been investigated in relation to 
thyroid malignancy.5,8,9 However, most existing studies 
have focused on histopathological malignancy as the 
primary outcome, whereas clinical factors associated 
specifically with high-risk cytological categories have 
received comparatively limited attention. Yet, in routine 
clinical practice, preoperative cytological classification 
constitutes one of the principal determinants guiding 
surgical decision-making.

Therefore, defining the clinical profile associated with high-
risk thyroid cytology may facilitate treatment planning and 
improve follow-up strategies. Moreover, identifying such a 
profile may provide additional insight into which patients 
with nodules initially classified as non-high-risk cytology 
require closer surveillance during follow-up.

In this study, we aimed to identify preoperative clinical 
factors associated with high-risk thyroid cytology (Bethesda 
categories V-VI) in patients undergoing thyroidectomy. 

In addition, we explored whether these same clinical 
characteristics were associated with cytological 
reclassification to high-risk cytology among nodules that 
were initially classified as non-high-risk and subsequently 
underwent repeat FNA.

METHODS

Study Design and Study Population
In this single-center retrospective study, 438 consecutive 
patients who underwent thyroidectomy between January 
2024 and December 2025 were initially evaluated. After 
excluding 23 patients with Bethesda category I (non-
diagnostic) cytology, the final analysis included 415 patients 
(Figure 1).

Variables and Definitions
Preoperative variables retrieved from the medical records 
included age, sex, nodule size category (<10 mm, 10-19 mm, 
20-39 mm, and ≥40 mm), nodule distribution (unilateral 
or bilobar involvement), functional status (classified 
as toxic or non-toxic based on the presence of clinical 
and biochemical thyrotoxicosis), and LAP identified on 
preoperative ultrasonography.

LAP was defined as lymph nodes reported as pathological 
or suspicious on preoperative ultrasonography, based on 
radiological interpretation documented in the medical 
records.

In patients with multiple thyroid nodules, the index 
nodule was defined as the lesion that underwent FNA 
and exhibited the most suspicious ultrasonographic 

characteristics. Nodule-level variables were derived from 
the index nodule, whereas patient-level variables were 
obtained from the preoperative clinical records. FNA 
cytology results were classified according to the Bethesda 
System for Reporting Thyroid Cytopathology.6

Outcome Definition
The primary outcome of the study was the presence of 
high-risk thyroid cytology, defined as Bethesda categories 
V-VI, with Bethesda categories II-IV serving as the reference 
group. Bethesda categories V and VI were combined into 
a single outcome because of their similarly high-risks of 
malignancy and comparable clinical management, which 
typically involves surgical treatment. In contrast, Bethesda 
categories II-IV are generally managed with surveillance, 
repeat FNA, or surgery in selected cases. This classification 
strategy was adopted to focus on cytological risk categories 
that directly reflect preoperative clinical decision-making 
rather than postoperative histopathological outcomes.

Figure 1. Study flow diagram. Of the 438 consecutive 
patients who underwent thyroidectomy during the study 
period, 23 cases reported as Bethesda category I (non-
diagnostic/unsatisfactory) were excluded. Consequently, 
415 patients were included in the primary analysis. High-
risk cytology was defined as Bethesda categories V-VI, 
with Bethesda categories II-IV serving as the reference 
group
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Statistical Analysis
Continuous variables are presented as mean ± standard 
deviation or median (interquartile range), as appropriate, 
whereas categorical variables are expressed as frequencies 
and percentages. Comparisons between groups were 
performed using the independent-samples t-test, Mann-
Whitney U test, or chi-square test, as appropriate.

Factors associated with high-risk thyroid cytology were 
first evaluated by univariable logistic regression, followed 
by multivariable logistic regression, with age, sex, nodule 
size category, bilateral involvement, functional status, and 
LAP included as covariates. Results are reported as odds 
ratios (ORs) with 95% confidence intervals (CIs).

Nodule size was entered into the regression models as 
an ordinal variable with four categories (<10 mm, 10-19 
mm, 20-39 mm, and ≥40 mm), with the per-step estimate 
representing the change in odds across successively larger 
size categories. Standard logistic regression was used for the 
primary analysis, as the model yielded stable finite estimates 
with bounded CIs and showed no indication of separation.

Model performance was assessed using McFadden’s 
pseudo-R2, the area under the receiver operating 
characteristic curve (AUC), and the Hosmer-Lemeshow 

goodness-of-fit test, whereas multicollinearity was 
evaluated using the variance inflation factor (VIF). The 
trend in the prevalence of high-risk cytology across nodule 
size categories was examined using the Cochran-Armitage 
trend test.10,11

In a prespecified sensitivity analysis, Bethesda VI cases were 
excluded, and the multivariable analysis was repeated to 
compare Bethesda category V with Bethesda categories II-
IV. Because only one patient with toxic functional status 
was present in the Bethesda V group, Firth’s penalized 
logistic regression was also performed to evaluate the 
potential impact of sparse-data bias and quasi-complete 
separation.12,13

Internal model validity was assessed using bootstrap 
resampling and ten-fold cross-validation14 (Supplementary 
Table 1). In addition, a sensitivity analysis excluding LAP 
from the multivariable model was conducted, and the 
AUCs of the two models were compared using the DeLong 
test15 (Supplementary Table 2).

In a secondary exploratory analysis, patients who 
underwent repeat FNA were evaluated. Repeat aspirations 
were performed according to clinical indications and 
were identified retrospectively. Cytological progression 
was defined as reclassification from initially non-high-risk 

Table 1. Clinical characteristics of the cohort according to cytology groups

Characteristic Total (n=415) High-risk (n=151) Low-interm 
(n=264) p

Age, years (mean ± SD) 48.1±13.5 46.1±13.4 49.3±13.5 0.020
Male sex, n (%) 110 (26.5%) 40 (26.5%) 70 (26.5%) 1.000
Toxic functional status, n (%) 86 (20.7%) 5 (3.3%) 81 (30.7%) <0.001
Bilateral lobe involvement, n (%) 307 (74.0%) 96 (63.6%) 211 (79.9%) <0.001
Cervical lymphadenopathy, n (%) 64 (15.4%) 48 (31.8%) 16 (6.1%) <0.001
Nodule size category (median) 3 1 3 <0.001
Data are presented as mean ± standard deviation (SD), median, or number (%), as appropriate. Nodule size categories were coded as follows: 1, <10 
mm; 2, 10-19 mm; 3, 20-39 mm; and 4, ≥40 mm. Median values represent the median nodule size category within each group. The high-risk cytology 
group comprised Bethesda categories V-VI, whereas the low-to-intermediate risk cytology group comprised Bethesda categories II-IV. Bethesda 
category I (non-diagnostic/unsatisfactory) cases were excluded from the analysis

Table 2. Univariable and multivariable logistic regression analyses for high-risk cytology (Bethesda V-VI)
Variable Univariable OR (95% CI); p Multivariable OR (95% CI); p
Toxic functional status (vs. non-toxic) 0.08 (0.03-0.20); <0.001 0.20 (0.07-0.54); 0.002
Cervical lymphadenopathy (present vs. absent) 7.22 (3.92-13.30); <0.001 4.17 (1.87-9.31); <0.001
Nodule size category (per step) 0.19 (0.14-0.26); <0.001 0.21 (0.15-0.30); <0.001
Male sex (vs. female) 1.00 (0.63-1.57); 0.996 1.87 (0.97-3.62); 0.063
Age (per year) 0.98 (0.97-1.00); 0.021 1.00 (0.98-1.02); 0.790
Bilateral involvement (vs. unilateral) 0.44 (0.28-0.69); <0.001 0.71 (0.37-1.35); 0.298
The outcome was high-risk cytology (Bethesda V-VI), with Bethesda II-IV categories serving as the reference group. Nodule size was modeled as an 
ordinal variable (<10 mm, 10-19 mm, 20-39 mm, and ≥40 mm). Bold values indicate statistical significance in the multivariable analysis. OR: Odds 
ratio, CI: Confidence interval
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cytology (Bethesda II-IV) to high-risk cytology (Bethesda 
V-VI) on any subsequent aspiration. Baseline clinical 
characteristics were compared between patients with and 
without cytological progression using Fisher’s exact test 
and the Mann-Whitney U test.

All statistical tests were two-sided, and a p value <0.05 
was considered statistically significant. All analyses 
were performed in the Python 3 environment using the 
statsmodels package.

This study was designed and reported in accordance with 
the Strengthening the Reporting of Observational Studies 
in Epidemiology guidelines.16

The study protocol was approved by the Ankara Etlik 
City Hospital Scientific Research Evaluation and Ethics 
Committee (approval no: AEŞH-BADEK2-2026-495, 
date: June 9, 2026). In accordance with the committee’s 
decision and owing to the retrospective study design, the 
requirement for informed consent was waived.

RESULTS

Baseline Characteristics of the Cohort
Of the 415 patients included in the analysis, 305 (73.5%) 
were female, and the mean age was 48.1±13.5 years. 
High-risk thyroid cytology (Bethesda categories V-VI) 
was identified in 151 patients (36.4%). The distribution 
of cytological diagnoses was as follows: Bethesda II, 
115 patients; Bethesda III, 109 patients; Bethesda IV, 40 
patients; Bethesda V, 71 patients; and Bethesda VI, 80 
patients. Twenty-three patients with Bethesda category I 
cytology (non-diagnostic) were excluded from the analysis 
(Supplementary Table 3).

Compared with the non-high-risk group, patients with high-
risk cytology had a lower prevalence of toxic functional 
status and bilateral involvement, but a higher prevalence 
of cervical LAP. The distribution of nodule size categories 

also differed between the two groups. The demographic 
and clinical characteristics of the study population are 
summarized in Table 1.

Univariable and Multivariable Analyses
In the univariable logistic regression analysis, toxic 
functional status, cervical LAP, nodule size, bilateral 
involvement, and age were significantly associated with 
high-risk thyroid cytology (Table 2).

In the multivariable model, toxic functional status (OR, 
0.20; 95% CI, 0.07-0.54; p=0.002) and larger nodule size 
(OR, 0.21; 95% CI, 0.15-0.30; p<0.001) were independently 
associated with lower odds of high-risk cytology, whereas 
LAP remained independently associated with higher odds 
(OR, 4.17; 95% CI, 1.87-9.31; p<0.001). Male sex, age, and 
bilateral involvement were not independently associated 
with the outcome (Table 2 and Figure 2). A progressive 
decline in the prevalence of high-risk cytology across 

Figure 2. Forest plot of multivariable associations with 
high-risk cytology. Points represent adjusted odds ratios 
(ORs), and horizontal lines indicate 95% confidence 
intervals (CIs). The dashed vertical line represents the null 
value (OR =1). Colors are used for visual distinction only 
(red: OR >1, blue: OR <1, gray: not statistically significant)

Table 3. Sensitivity analysis (Bethesda V vs. Bethesda II-IV): standard vs. Firth penalized logistic regression (n=335; 71 
events)

Standard logistic OR (95% CI) p Firth penalized OR 
(95% PL CI) p

Toxic functional status (vs. non-toxic) 0.07 (0.01-0.51) 0.009 0.10 (0.01-0.41) <0.001
Cervical lymphadenopathy (present vs. absent) 2.39 (0.91-6.29) 0.078 2.32 (0.90-6.06) 0.081
Nodule size category (per step) 0.25 (0.17-0.36) <0.001 0.26 (0.18-0.37) <0.001
Male sex (vs. female) 2.04 (0.92-4.55) 0.081 2.00 (0.92-4.43) 0.082
Age (per year) 1.00 (0.98-1.03) 0.725 1.00 (0.98-1.03) 0.737
Bilateral involvement (vs. unilateral) 0.88 (0.41-1.87) 0.736 0.87 (0.42-1.85) 0.720
The outcome was Bethesda V cytology versus Bethesda II-IV cytology. OR <1 indicates lower odds and OR >1 indicates higher odds of Bethesda 
V cytology. Because only one patient with toxic functional status had Bethesda V cytology, Firth penalized logistic regression was performed to 
address potential sparse-data bias and quasi-separation. The direction and statistical significance of the associations were preserved in the Firth 
model. Bold values indicate statistical significance. OR: Odds ratio, CI: Confidence interval, PL CI: Profile likelihood CI
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increasing nodule size categories was also observed in the 
unadjusted data (Supplementary Figure 1).

Sensitivity Analysis
To evaluate the influence of Bethesda category VI 
on the primary findings, the multivariable model was 
reconstructed to compare Bethesda category V with 
Bethesda categories II-IV only (n=335; 71 events). In this 
analysis, the associations of toxic functional status (OR, 
0.07; 95% CI, 0.01-0.51; p=0.009) and nodule size (OR, 
0.25; 95% CI, 0.17-0.36; p<0.001) with high-risk cytology 
remained significant. In contrast, the association between 
LAP and high-risk cytology no longer reached statistical 
significance (OR, 2.39; 95% CI, 0.91-6.29; p=0.078) (Table 3).

Because only one patient with toxic functional status was 
included in the Bethesda V group, Firth penalized logistic 
regression was applied as an additional analysis. The 
results were consistent with those of the standard logistic 
regression model, confirming an inverse association 
between toxic functional status and Bethesda V cytology 
(OR, 0.10; 95% CI, 0.01-0.41; p<0.001).

Sequential Cytological Evaluation (Exploratory 
Analysis)
Among the 127 patients with initially non-high-risk cytology 
(Bethesda II-IV) who underwent repeat FNA, 19 (15.0%) 
were subsequently reclassified as having high-risk cytology 
(Bethesda categories V-VI).

Patients who progressed to the high-risk category had a 
lower prevalence of toxic functional status [2/19 (11%) vs. 
36/108 (33%); p=0.057], smaller nodules (median, 17 mm 
vs. 26 mm; p=0.002), and a higher prevalence of LAP [4/19 
(21%) vs. 5/108 (5%); p=0.028]. No significant differences 
were observed with respect to sex, age, or bilateral 
involvement (all p>0.10; Supplementary Table 4).

Model Performance and Internal Validation
The multivariable model demonstrated excellent overall 
performance, with a McFadden pseudo-R2 of 0.42 and an 
AUC of 0.90 (95% CI, 0.87-0.93; Supplementary Figure 
2). Model calibration was satisfactory according to the 
Hosmer-Lemeshow goodness-of-fit test (χ2=8.67, df=8, 
p=0.37). All VIF values were below 1.2, indicating no evidence 
of multicollinearity. The results of the internal validation 
analyses are presented in Supplementary Table 1; the 
findings from the sensitivity analysis excluding LAP from 
the multivariable model are presented in Supplementary 
Table 2.

DISCUSSION
In this study, we evaluated preoperative clinical factors 
associated with high-risk thyroid cytology (Bethesda 

categories V-VI) in patients undergoing thyroidectomy. 
Toxic functional status and larger nodule size were inversely 
associated with high-risk cytology, whereas LAP was 
independently associated with an increased likelihood of 
high-risk cytology. Importantly, the associations observed 
for toxic functional status and nodule size remained 
robust in the prespecified sensitivity analysis restricted 
to Bethesda category V. In contrast, the association with 
LAP was attenuated and no longer reached statistical 
significance, suggesting that this feature may have been 
concentrated primarily among patients in our cohort with 
Bethesda category VI cytology.

The inverse association between toxic functional status and 
high-risk cytology is biologically plausible and consistent 
with current clinical knowledge.17 Hyperfunctioning 
thyroid nodules have long been recognized to carry a low-
risk of malignancy, and contemporary guidelines do not 
recommend routine FNA for these lesions.8,18 A systematic 
review and meta-analysis demonstrated that hot nodules 
have a substantially lower likelihood of malignancy than 
non-toxic nodules, with a pooled OR of approximately 
0.45.19 Our cytology-based findings agree with these 
histopathology-based observations and extend them 
by confirming the relationship at the level of high-risk 
cytological categories in a surgically treated cohort.

LAP was independently associated with high-risk cytology. 
This observation is consistent with current evidence 
recognizing suspicious cervical lymph nodes as markers of 
increased oncologic risk and highlights the importance of 
comprehensive preoperative neck ultrasonography in their 
assessment.20,21 However, the association demonstrated 
in the present study pertains to high-risk cytological 
classification rather than histopathologically confirmed 
metastatic disease. Accordingly, LAP should be interpreted 
not as a direct indicator of malignancy, but as a clinical 
characteristic associated with high-risk thyroid cytology.

The prevalence of high-risk cytology in our cohort (36.4%) 
was considerably higher than the proportions of Bethesda 
V-VI categories typically reported in general FNA series, 
reflecting the fact that our study population consisted of 
patients who had already reached the threshold for surgical 
intervention and was therefore enriched for high-risk 
cytology.7 The selected nature of the cohort is particularly 
relevant when interpreting the observed inverse association 
between nodule size and high-risk cytology. This finding 
likely reflects surgical selection rather than intrinsic tumor 
biology. Within surgical cohorts, smaller nodules are 
frequently selected for operation because of suspicious 
cytological findings, whereas larger nodules often undergo 
surgery because of compressive symptoms, cosmetic 
concerns, or progressive enlargement. This interpretation 
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is consistent with previous reports demonstrating that 
the relationship between nodule size and malignancy is 
heterogeneous and may not be linear.22,23 Furthermore, 
verification bias is a well-recognized limitation of surgical 
series.7,19 Even when histopathological malignancy is used 
as the endpoint, contemporary studies indicate that 
nodule size is not consistently associated with malignancy 
risk in operated or cytologically indeterminate cohorts 
and that preferential surgical selection of large nodules 
may bias outcomes toward benign histology.23,24 These 
observations support our interpretation that the inverse 
association identified in the present study reflects surgical 
patient selection rather than tumor biology.

Although age was associated with high-risk cytology in 
the univariable analysis, it was no longer an independent 
predictor after multivariable adjustment.25,26 Male sex 
was not significantly associated with the outcome in 
the univariable analysis but demonstrated a positive 
association, albeit of borderline statistical significance, in 
the adjusted model. Given the predominance of female 
patients in our cohort and the potential relationships 
between sex and variables such as toxic functional 
status and nodule size, this pattern may reflect residual 
confounding. The independent prognostic value of male 
sex remains controversial in the literature, and a substantial 
proportion of the observed excess risk has been attributed 
to other clinicopathological characteristics.27

Although Bethesda V-VI cytology generally leads directly 
to surgical management, defining the preoperative 
clinical profile associated with these categories may have 
practical implications because some thyroid nodules 
undergo serial cytological evaluation and lesions initially 
classified as benign or indeterminate may later be 
reclassified as suspicious or malignant. One novel aspect 
of the present study is the exploratory evaluation of the 
primary cross-sectional findings among patients who 
underwent repeat aspiration. Repeat FNA is well known 
to substantially modify the initial cytological classification. 
Approximately three-quarters of nodules initially reported 
as atypia of undetermined significance/follicular lesion 
of undetermined significance are reclassified on repeat 
aspiration, most commonly into a benign category, 
although a subset progresses to higher-risk categories.28 
Among patients with indeterminate cytology, the overall 
malignancy rate has been reported to be approximately 
27.5%, and repeat aspiration has been recommended as 
a valuable step in selecting candidates for surgery.29 In 
our cohort, 15.0% (19/127) of patients with initially non-
high-risk cytology who underwent repeat FNA were 
subsequently reclassified as having high-risk cytology, 
consistent with previous reports. These patients exhibited 
smaller nodules, a lower prevalence of toxic functional 

status, and a higher prevalence of cervical LAP; notably, 
the direction of these associations was consistent with 
that observed in the primary cross-sectional analysis. 
Owing to the limited number of events, these findings 
should be considered hypothesis-generating rather than 
confirmatory. In a cytology-based study, reclassification 
does not necessarily reflect true biological progression, 
but may instead represent either correction of an initial 
false-negative aspiration or interobserver variability. 
Nevertheless, the practical implication is similar in either 
scenario: these routinely available clinical characteristics 
may help identify nodules that are subsequently upgraded 
to high-risk cytological categories and may therefore 
contribute to decisions regarding repeat aspiration or 
closer surveillance in patients whose initial cytology is not 
classified as high risk.30 Importantly, the serial aspiration 
analysis was not fully independent of the primary cross-
sectional cohort. Accordingly, these observations should 
be interpreted not as external validation but as internally 
consistent, hypothesis-generating findings within the same 
study population.

The clinical implications of these findings should be 
interpreted with appropriate caution. Toxic functional 
status appears to be a reassuring feature, whereas LAP 
warrants heightened clinical attention. However, these 
variables should not be considered substitutes for 
structured ultrasonographic risk stratification, cytological 
assessment, or molecular testing when indicated.31,32 In 
particular, molecular classifiers such as the Afirma Gene 
Sequencing Classifier and ThyroSeq v3 have been shown 
to improve malignancy risk assessment in Bethesda III-IV 
nodules.33,34 Our findings are consistent with current risk-
based management strategies and provide additional 
clinical context that may complement these established 
approaches.

Study Limitations
The strengths of this study include its relatively large sample 
size, the use of multivariable analytical methods, the 
implementation of internal validation techniques, and the 
incorporation of an exploratory serial cytology analysis. In 
particular, the serial aspiration subgroup analysis provided 
an opportunity to investigate whether the clinical profile 
associated with high-risk cytology remained consistent in 
relation to cytological reclassification over time.

Several limitations should be acknowledged. First, this 
was a single-center retrospective study that included 
only patients undergoing thyroidectomy; therefore, its 
findings should be generalized to the broader population 
of patients with thyroid nodules with caution. Second, LAP 
was assessed solely by ultrasonography, and structured 
ultrasound risk-stratification systems and detailed 
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sonographic characteristics were not available for inclusion 
in the analyses. Third, the study was designed to identify 
clinical factors associated with high-risk cytological 
categories; therefore, the correlation between cytological 
categories and final histopathological findings was beyond 
the primary scope of this analysis. Fourth, repeat FNA 
analyses may have been subject to selection bias because 
repeat aspirations were performed according to clinical 
indications rather than a standardized follow-up protocol. 

Finally, the limited number of events in the sensitivity 
analysis restricted to Bethesda category V resulted in 
relatively wide CIs for some estimates. Likewise, the 
excellent discriminative performance of the multivariable 
model (AUC, 0.90) may partly reflect the selected nature 
of this surgically-treated cohort.

Overall, in this cohort of patients undergoing 
thyroidectomy, several routinely available preoperative 
clinical characteristics consistently defined a profile 
associated with high-risk thyroid cytology (Bethesda 
categories V-VI). Within this profile, toxic functional 
status emerged as a reassuring feature, LAP represented 
a marker warranting greater clinical attention, and the 
inverse association observed with nodule size most likely 
reflected surgical patient selection rather than underlying 
tumor biology. The principal message of the present study 
is that this clinical profile extended beyond the initial 
surgical triage setting and demonstrated directional 
consistency among patients subsequently reclassified as 
having high-risk cytology following repeat aspiration. This 
consistency suggests that the identified clinical profile 
may complement cytological risk stratification, existing 
imaging and molecular diagnostic tools, and contribute to 
individualized decisions regarding surveillance intensity 
and repeat aspiration in patients with initially non-high-
risk thyroid cytology. Nevertheless, these conclusions 
remain hypothesis-generating and require confirmation in 
larger, multicenter, prospective studies before they can be 
incorporated into routine clinical practice.

CONCLUSION
Toxic functional status and LAP emerged as the principal 
preoperative clinical features associated with high-risk 
thyroid cytology (Bethesda categories V-VI), with toxic 
functional status associated with a lower likelihood, 
and LAP associated with a higher likelihood, of high-risk 
cytology. The observation of similar association patterns 
among patients undergoing repeat FNA suggests that 
these readily available clinical characteristics may help 
identify nodules with initially non-high-risk cytology that 
warrant closer surveillance, repeat evaluation, or repeat 
aspiration during follow-up. However, these observations 
should be considered hypothesis-generating and 

require confirmation in prospective studies before being 
incorporated into routine clinical decision-making.

Ethics
Ethics Committee Approval: The study protocol was 
approved by the Ankara Etlik City Hospital Scientific 
Research Evaluation and Ethics Committee (approval no: 
AEŞH-BADEK2-2026-495, date: June 9, 2026).

Informed Consent: In accordance with the committee’s 
decision and owing to the retrospective study design, the 
requirement for informed consent was waived.

Footnotes

Authorship Contributions
Surgical and Medical Practices: B.B., Y.T., Concept: B.B., 
Design: B.B., Data Collection or Processing: B.B., Y.T., 
Analysis or Interpretation: B.B., Y.T., Literature Search: B.B., 
Y.T., Writing: B.B., Y.T.

Conflict of Interest: No conflict of interest was declared by 
the authors.

Financial Disclosure: The authors declared that this study 
received no financial support.

Supplementary Tables: https://d2v96fxpocvxx.cloudfront.
net/bda917 1a-fae8-4995-8276-2138323f1e16/content-
images/f3afe8f7-b0de-4199-8c31-52cb06fd1a30.pdf

Supplementary Figures: https://d2v96fxpocvxx.cloudfront.
net/bda917 1a-fae8-4995-8276-2138323f1e16/content-
images/e1b3b4f9-140c-4e2f-a5d7-5b7a71f0f21e.pdf

REFERENCES
1.	 Dean DS, Gharib H. Epidemiology of thyroid nodules. Best Pract 

Res Clin Endocrinol Metab. 2008;22:901-11.
2.	 Vaccarella S, Franceschi S, Bray F, Wild CP, Plummer M, Dal Maso 

L. Worldwide thyroid-cancer epidemic? The increasing impact 
of overdiagnosis. N Engl J Med. 2016;375:614-7.

3.	 Li M, Dal Maso L, Pizzato M, Vaccarella S. Evolving epidemiological 
patterns of thyroid cancer and estimates of overdiagnosis in 
2013-17 in 63 countries worldwide: a population-based study. 
Lancet Diabetes Endocrinol. 2024;12:824-36.

4.	 Durante C, Grani G, Lamartina L, Filetti S, Mandel SJ, Cooper DS. 
The Diagnosis and management of thyroid nodules: a review. 
JAMA. 2018;319:914-24. Erratum in: JAMA. 2018;319:1622. 

5.	 Haugen BR, Alexander EK, Bible KC, et al. 2015 American 
Thyroid Association Management Guidelines for Adult Patients 
with Thyroid Nodules and Differentiated Thyroid Cancer: The 
American Thyroid Association Guidelines Task Force on Thyroid 
Nodules and Differentiated Thyroid Cancer. Thyroid. 2016;26:1-
133. 

6.	 Ali SZ, Baloch ZW, Cochand-Priollet B, Schmitt FC, Vielh P, 
VanderLaan PA. The 2023 Bethesda System for Reporting 
Thyroid Cytopathology. Thyroid. 2023;33:1039-44.

7.	 Bongiovanni M, Spitale A, Faquin WC, Mazzucchelli L, Baloch 
ZW. The Bethesda System for Reporting Thyroid Cytopathology: 
a meta-analysis. Acta Cytol. 2012;56:333-9. 

https://d2v96fxpocvxx.cloudfront.net/bda9171a-fae8-4995-8276-2138323f1e16/content-images/f3afe8f7-b0de-4199-8c31-52cb06fd1a30.pdf
https://d2v96fxpocvxx.cloudfront.net/bda9171a-fae8-4995-8276-2138323f1e16/content-images/f3afe8f7-b0de-4199-8c31-52cb06fd1a30.pdf
https://d2v96fxpocvxx.cloudfront.net/bda9171a-fae8-4995-8276-2138323f1e16/content-images/f3afe8f7-b0de-4199-8c31-52cb06fd1a30.pdf
https://d2v96fxpocvxx.cloudfront.net/bda9171a-fae8-4995-8276-2138323f1e16/content-images/e1b3b4f9-140c-4e2f-a5d7-5b7a71f0f21e.pdf
https://d2v96fxpocvxx.cloudfront.net/bda9171a-fae8-4995-8276-2138323f1e16/content-images/e1b3b4f9-140c-4e2f-a5d7-5b7a71f0f21e.pdf
https://d2v96fxpocvxx.cloudfront.net/bda9171a-fae8-4995-8276-2138323f1e16/content-images/e1b3b4f9-140c-4e2f-a5d7-5b7a71f0f21e.pdf


Forbes J Med 2026;7:107-114

114

8.	 Durante C, Hegedüs L, Czarniecka A, et al. 2023 European 
Thyroid Association Clinical Practice Guidelines for thyroid 
nodule management. Eur Thyroid J. 2023;12:e230067. 

9.	 Angelopoulos N, Androulakis I, Askitis DP, et al. Integrating 
clinical parameters into thyroid nodule malignancy risk: a 
retrospective evaluation based on ACR TI-RADS. J Clin Med. 
2025;14:5352. 

10.	 Cochran WG. “Some methods for strengthening the common 
chi-square test,”. Biometrics. 1954;10:417-51. 

11.	 Armitage P. Tests for linear trends in proportions and frequencies. 
Biometrics. 1955;11:375-86.

12.	 Firth D. Bias reduction of maximum likelihood estimates. 
Biometrika. 1993;80:27-38.

13.	 Heinze G, Schemper M. A solution to the problem of separation 
in logistic regression. Stat Med. 2002;21:2409-19. 

14.	 Steyerberg EW, Harrell FE Jr, Borsboom GJ, Eijkemans MJ, 
Vergouwe Y, Habbema JD. Internal validation of predictive 
models: efficiency of some procedures for logistic regression 
analysis. J Clin Epidemiol. 2001;54:774-81. 

15.	 DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas 
under two or more correlated receiver operating characteristic 
curves: a nonparametric approach. Biometrics. 1988;44:837-45.

16.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, 
Vandenbroucke JP; STROBE Initiative. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
statement: guidelines for reporting observational studies. Ann 
Intern Med. 2007;147:573-7.

17.	 Kyrilli A, Tacelli N, Russo L, et al. Autonomously functioning 
thyroid nodules present intermediate malignancy risk according 
to European Thyroid Imaging Reporting and Data System (EU-
TIRADS) and yield indeterminate cytology results. Eur Thyroid J. 
2023;12:e230135.

18.	 Ross DS, Burch HB, Cooper DS, et al. 2016 American Thyroid 
Association guidelines for diagnosis and management of 
hyperthyroidism and other causes of thyrotoxicosis. Thyroid. 
2016;26:1343-1421. Erratum in: Thyroid. 2017;27:1462. Erratum in: 
Thyroid. 2025;35:1097. 

19.	 Lau LW, Ghaznavi S, Frolkis AD, et al. Malignancy risk of 
hyperfunctioning thyroid nodules compared with non-toxic 
nodules: systematic review and a meta-analysis. Thyroid Res. 
2021;14:3. 

20.	Lee JY, Yoo RE, Rhim Jh, et al. Validation of ultrasound risk 
stratification systems for cervical lymph node metastasis in 
patients with thyroid cancer. Cancers (Basel). 2022;14:2106. 

21.	 Hwang HS, Orloff LA. Efficacy of preoperative neck ultrasound 
in the detection of cervical lymph node metastasis from thyroid 
cancer. Laryngoscope. 2011;121:487-91. 

22.	 Kamran SC, Marqusee E, Kim MI, et al. Thyroid nodule size and 
prediction of cancer. J Clin Endocrinol Metab. 2013;98:564-70. 

23.	 Cotter A, Jinih M. Thyroid nodule size and risk of malignancy: a 
systematic review. Discov Oncol. 2025;16:1188. 

24.	 Alqahtani SM, Albalawi HI, Alalawi YS, AlFattani AA, Al-Sobhi SS. 
The impact of nodule size on malignancy risk in indeterminate 
thyroid nodules. Gland Surg. 2024;13:470-9. 

25.	 Ito Y, Miyauchi A, Kihara M, Higashiyama T, Kobayashi K, Miya A. 
Patient age is significantly related to the progression of papillary 
microcarcinoma of the thyroid under observation. Thyroid. 
2014;24:27-34. 

26.	 Kwong N, Medici M, Angell TE, et al. The influence of patient 
age on thyroid nodule formation, multinodularity, and thyroid 
cancer risk. J Clin Endocrinol Metab. 2015;100:4434-40. 

27.	 Nilubol N, Zhang L, Kebebew E. Multivariate analysis of the 
relationship between male sex, disease-specific survival, and 
features of tumor aggressiveness in thyroid cancer of follicular 
cell origin. Thyroid. 2013;23:695-702.

28.	 Brandler TC, Aziz MS, Coutsouvelis C, et al. Young investigator 
challenge: atypia of undetermined significance in thyroid FNA: 
Standardized terminology without standardized management-
-a closer look at repeat FNA and quality measures. Cancer 
Cytopathol. 2016;124:37-43.

29.	 VanderLaan PA, Marqusee E, Krane JF. Clinical outcome for atypia 
of undetermined significance in thyroid fine-needle aspirations: 
should repeated fna be the preferred initial approach? Am J 
Clin Pathol. 2011;135:770-5. 

30.	Durante C, Costante G, Lucisano G, et al. The natural history of 
benign thyroid nodules. JAMA. 2015;313:926-35. 

31.	 Tessler FN, Middleton WD, Grant EG, et al. ACR thyroid imaging, 
reporting and data system (TI-RADS): white paper of the ACR 
TI-RADS committee. J Am Coll Radiol. 2017;14:587-95. 

32.	 Russ G, Bonnema SJ, Erdogan MF, Durante C, Ngu R, Leenhardt 
L. European Thyroid Association guidelines for ultrasound 
malignancy risk stratification of thyroid nodules in adults: the 
EU-TIRADS. Eur Thyroid J. 2017;6:225-37. 

33.	 Patel KN, Angell TE, Babiarz J, et al. Performance of a 
genomic sequencing classifier for the preoperative diagnosis 
of cytologically indeterminate thyroid nodules. JAMA Surg. 
2018;153:817-24.

34.	 Steward DL, Carty SE, Sippel RS, et al. Performance of a multigene 
genomic classifier in thyroid nodules with indeterminate 
cytology: a prospective blinded multicenter study. JAMA Oncol. 
2019;5:204-12. Erratum in: JAMA Oncol. 2019;5:271. 


