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Metabolic Syndrome and Euthyroid Nodular Goiter

Liljana et al.

Metabolic Syndrome Components and Thyroid 
Nodularity in an Iodine-Sufficient Euthyroid 
Population

ABSTRACT

Objective: The relationship between metabolic syndrome (MetS) and euthyroid nodular goiter (ENG) 
remains insufficiently defined. This study assesses associations between MetS, its components, and 
ENG in non-diabetic, iodine-sufficient individuals.

Methods: This cross-sectional, case-control, single-center study included 203 euthyroid individuals 
who underwent thyroid ultrasound, anthropometric, blood pressure (BP), and laboratory assess-
ments: thyroid function, fasting plasma glucose (FPG), and serum lipids. Logistic regression and 
receiver operating characteristic (ROC) curve analysis were performed using SPSS (v27.0).

Results: Among participants (aged 43.48 ± 9.15 years, 84.73% female), 103 had ENG (89.3% female), 
and 100 were controls (80% female), without age difference (P = .094). MetS (P = .019) and elevated 
systolic blood pressure (SBP) (P < .001) were significantly prevalent in ENG, which correlated with 
MetS (ρ = .164, P = .019) and SBP (ρ = .267, P < .001). Body mass index (ρ = .195, P = .048) and waist cir-
cumference (ρ = .213, P = .031) correlated with nodule size. MetS doubled the risk of ENG (odds ratio 
[OR] = 2.02; P = .021). Elevated SBP (OR, 1.068; P < .001), FPG (OR, 1.87; P = .011), and diastolic BP (OR, 
1.057; P = .042) were significantly associated with ENG. Only SBP was independently associated (OR, 
2.583; P = .006) with the highest, but modest discriminatory performance (cut-off 122.5 mmHg; an 
area under the curve [AUC], 0.648; P < .001).

Conclusion: MetS, hypertension, and FPG are related to ENG, with SBP showing the strongest, though 
modest, independent association, reinforcing cardiometabolic assessment in thyroid nodularity.
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Introduction

Euthyroid nodular goiter (ENG) comprises solitary or multiple structural thyroid abnormali-
ties in the setting of normal thyroid function.1,2 Ultrasound-based prevalence ranges from 
19% to 68% and increases with age, particularly among women.3,4

Besides causing compressive symptoms, ENG carries a 7% to 15% risk of malignancy. The inci-
dence of thyroid cancer (TC) in the United States increased nearly threefold between 1975 
and 2009.1 In other countries, it has risen following the correction of iodine prophylaxis.5

Genetic factors, somatic mutations, female sex, radiation, environmental toxins, medica-
tions, smoking, autoimmunity, infections, goitrogens, and deficiencies in iodine, selenium, 
iron, and vitamin A influence ENG development.4,6 Without iodine deficiency, its prevalence 
is approximately 5%, rising to over 30% in areas of severe deficiency.4 Even in iodine-replete 
countries, ENG rates continue to increase, indicating factors beyond improved imaging.6

Emerging evidence indicates an age and gender-independent relationship between meta-
bolic syndrome (MetS) and ENG.7MetS, defined by hyperglycemia, abdominal obesity, dys-
lipidemia, and hypertension, affects 20-25% of adults globally and may partly explain the 
rising incidence of ENG.8,9 Evidence on this association remains limited in iodine-sufficient 
populations, underscoring the need for broader studies to determine the generalizability of 
this association.
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This study compares demographic characteristics, thyroid func-
tion, and prevalence of MetS and its components in non-diabetic, 
iodine-sufficient individuals with and without ENG. It further aims 
to evaluate the associations between metabolic parameters and the 
presence and characteristics of thyroid nodules, to identify meta-
bolic factors independently associated with ENG, and to determine 
the diagnostic performance and cut-off values of key variables linked 
with thyroid nodularity.

Materials and Methods

Study design and subjects. This cross-sectional case-control study 
was conducted at a single center, Clinical Hospital “D-r Trifun 
Panovski” in Bitola, North Macedonia, from October 2023 to March 
2025. It enrolled 203 consecutively recruited euthyroid, non-
diabetic adults in an iodine-sufficient region, all providing writ-
ten informed consent. Iodine sufficiency was established based 
on population data from the EUthyroid project and the European 
iodine status map. Exclusion criteria were thyroid dysfunction or 
surgery, thyroid cancer, diabetes, metformin use, or pregnancy. 
Subjects were assigned to either the ENG group (n = 103) or the 
control group without nodules (n = 100). The Ethics Committee for 
Human Research at the Faculty of Medicine, Ss Cyril et Methodius 
University in Skopje, North Macedonia, approved the study (num-
ber 03-3951/3, dated 27 September 2022). The research followed 
the ethical guidelines of the 1964 Declaration of Helsinki and its 
revisions.

Thyroid Morphology
A qualified examiner performed thyroid ultrasound on all partici-
pants with a 10 MHz linear multifrequency transducer (5-10 MHz, 
L40, RAMZED, model RZ-VD6, China). Subjects with thyroid nodules 
≥ 5 mm were classified as the ENG group, while controls had normal 
thyroid parenchyma. Nodule ultrasound evaluation adhered to the 
European Thyroid Imaging Reporting and Data System (EU-TIRADS) 
classification (grades 2-5) to estimate malignancy risk and guide 
indications for fine-needle aspiration to exclude TC.10,11 The volume 
of each nodule was computed as (width × length × thickness) × π/6, 
assuming an ellipsoid shape.12

Anthropometric measurements: Height was measured barefoot 
using a stadiometer. Body mass was recorded with a medical bal-
ance. BMI was calculated as: BMI = body mass (kg)/height2 (m2). Waist 
circumference was measured at the midpoint between the lower rib 

margin and the iliac crest using an inelastic tape. Blood pressure was 
taken from the right brachial artery with a mercury sphygmomanom-
eter after a 5-minute seated rest. Smoking habits and medication use 
were documented with a questionnaire, classifying participants as 
daily smokers or non-smokers.

Biochemical parameters: Blood samples were collected in the 
morning (7:30-10:00 AM) after a 12-hour fast. Thyroid function 
was assessed using TSH (0.4-4.0 µU/mL), free thyroxine (fT4; 9.0-
24.7 pmol/L), and thyroid peroxidase antibodies (TPOAb; < 35 
IU/mL), measured on an IMMULITE 2000 immunoluminescent 
analyzer (Siemens, Germany). Metabolic metrics such as fasting 
plasma glucose (FPG, mmol/L), triglycerides (TG, mmol/L), total 
cholesterol (Chol, mmol/L), HDL (mmol/L), and LDL (mmol/L) 
cholesterol were analyzed using photometric, potentiometric, 
and chemiluminescent methods on an Abbott Alinity ci analyzer 
(Abbott, China).

MetS was identified in participants who had central obesity with WC 
≥ 102 cm in men and ≥ 88 cm in women, along with at least two 
of the following criteria: elevated TG (≥ 1.7 mmol/L), decreased HDL 
cholesterol (men, <1.03 mmol/L; women, <1.29 mmol/L) or receiving 
lipid-lowering therapy, elevated BP [systolic BP (SBP) ≥ 130 mmHg 
and/or diastolic BP (DBP) ≥ 85 mmHg] or ongoing antihypertensive 
medication, and FPG ≥ 5.6 mmol/L.8

Statistical Analysis
The Statistical Package for the Social Sciences (IBM SPSS Statistics 
for Windows, version 27.0; IBM Corp., Armonk, NY, USA) was 
employed for statistical analysis. Normality was evaluated using 
Kolmogorov–Smirnov and Shapiro–Wilk tests, supported by Q–Q 
plot inspection. Continuous variables were reported as mean ± 
standard deviation (SD) or median with interquartile range (IQR). 
Categorical variables were presented as counts and percentages. 
For group comparisons, the unpaired Student t-test was performed 
for normally distributed variables, the Mann–Whitney U test for not 
normally distributed data, and the Pearson chi-squared (χ2) test for 
categorical variables. Spearman's correlation was used to examine 
the directions and strengths of relationships among MetS, its com-
ponents, and the presence and characteristics of thyroid nodules. 
Univariate logistic regression, calculating odds ratios (ORs) with 
95% confidence intervals (CIs), estimated associations between 
MetS and its components and the presence of ENG. Metabolic 
parameters with P < .25 were entered into a multivariate model to 
identify independent associations and provide clinically interpre-
table effects expressed as ORs with 95% CI. To facilitate the inter-
pretation of ORs of SBP and DBP, the variables were transformed to 
clinically meaningful units (per 10 mmHg). Sample size sufficiency 
was determined using the events-per-variable (EPV) criterion for 
logistic regression. With 103 ENG participants and 6 parameters 
included in the multivariable model, the EPV was 17.2, meeting the 
requirements for model stability with adequate power to detect 
associations. The Hosmer–Lemeshow test indicated good model 
fit (P = .773). Multicollinearity was assessed using variance inflation 
factors (VIFs), and no significant multicollinearity was detected. 
Receiver operating characteristic (ROC) curve analysis identified 
cut-off thresholds and assessed the discriminatory performance of 
metabolic variables via the area under the curve (AUC), sensitivity, 
specificity, and the Youden index. The statistical significance level 
was P < .05.

MAIN POINTS
•	 Metabolic syndrome was significantly associated with euthy-

roid nodular goiter, approximately doubling the likelihood of 
thyroid nodules.

•	 Systolic blood pressure showed the strongest association with 
thyroid nodularity in euthyroid, iodine-sufficient adults.

•	 Higher BMI and waist circumference were correlated with larger 
thyroid nodules, suggesting a role of adiposity in nodule devel-
opment and growth.

•	 Fasting plasma glucose and diastolic blood pressure were also 
associated with euthyroid nodular goiter.

•	 These findings support routine cardiometabolic assessment 
and targeted thyroid ultrasound screening in individuals with 
increased metabolic risk.
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Results

The age of participants ranged from 20 to 60 years (mean: 43.48 ± 
9.15 years; median: 44), 84.73% female. ENG participants averaged 
44.54 ± 9.67 years (median 45), 89.3% female, whereas controls 
averaged 42.39 ± 8.50 years (median 42.5), 80% female. There were 
no group differences in terms of age (P = .094), gender distribution 
(P = .065), or thyroid autoimmunity (TPOAb > 35 IU/mL, P = .939). 
Nearly half of the participants (54.4%) had a solitary nodule (81.8% 
males, 51.1% females). Multinodularity was predominantly in 
females.

The average nodule size was 10.38 ± 5.75 mm, with a mean volume 
of 0.61 ± 1.21 mL. Smoking prevalence was similar between the ENG 
(25.2%) and control groups (25.0%) (P = .968).

As presented in Table 1, MetS was significantly more prevalent in the 
ENG group (P = .019), particularly among women (P = .029). ENG par-
ticipants had markedly increased SBP (P < .001), while other meta-
bolic and thyroid function parameters did not differ significantly 
between groups.

Table 2 illustrates that the presence of thyroid nodules positively cor-
related with MetS (ρ = .164, P = .019) and SBP (ρ = .267, P < .001), while 
DBP showed a borderline association (ρ = .136, P = .053). None of the 
variables correlated with the number of thyroid nodules. Nodule size 
was significantly associated with measures of adiposity, including 
BMI (ρ = .195, P = .048) and WC (ρ = .213, P = .031).

Univariate logistic regression (Table 3) evaluated the individual asso-
ciations of MetS and its components with the presence of ENG. MetS 
doubled the odds of nodules (OR, 2.02; 95% CI, 1.128-4.292, P = .021). 
Among components, SBP showed the strongest association (OR, 
1.068, P < .001), followed by FPG (OR, 1.866, P = .011) and DBP (OR, 
1.057, P = .042). BMI, WC, and lipid profiles were not significant.

Multivariate logistic regression analysis (Table 4) identified SBP (res-
caled per 10 mmHg) as the sole parameter independently associated 
with the presence of thyroid nodules (OR, 2.583; 95% CI, 1.320-5.053; 
P = .006), while MetS, WC, FPG, TG, and DBP were not independently 
associated with ENG.

ROC curve analysis (Figure 1) confirmed that SBP had the strongest 
discriminatory power for thyroid nodules (AUC, 0.648, P < .001; cut-
off 122.5 mmHg; sensitivity 58.3%, specificity 64.0%). MetS was sig-
nificantly, though poorly, associated with the outcome (AUC, 0.570, 
P = .018). DBP (AUC, 0.570, P = .050) showed borderline significance, 
with high specificity but low sensitivity. FPG, WC, HDL, and TG dem-
onstrated poor diagnostic performance (AUCs 0.506-0.570, all P 
> .05).

Discussion

The study estimated associations between MetS and its components 
and ENG among non-diabetic individuals from an iodine-sufficient 
region. ENG showed a strong female predominance (8.35:1), consis-
tent with previous studies.1,4 This gender disparity may be related to 
estrogen receptor signaling, as overexpression of ERα and altered 
ERα/ERβ ratios in thyrocytes promote proliferation.13 Estrogen acti-
vates multiple signaling pathways implicated in thyroid nodularity, 
including phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT) 
(PI3K/AKT), mitogen-activated protein kinase/extracellular signal-
regulated kinase (MEK/ERK), vascular endothelial growth factor 
(VEGF), and nuclear factor kappa-light-chain-enhancer of activated 
B cells (NF-κB).14 Additionally, estrogen promotes subcutaneous 
fat in women, reducing metabolic and vascular risk, whereas men’s 
visceral fat contributes to insulin resistance (IR), inflammation, and 
atherosclerosis.15

The average age of ENG participants and controls was similar, with 
an upper limit of 60 years to minimize confounding from prior iodine 

Table 1.  Comparison of Demographic, Thyroid Function, and Metabolic Syndrome Parameters According to Thyroid Nodule Status
Variable Nodule Group (N = 103) Control Group (N = 109) P
Age (years) 44.54 ± 9.67* (20-60)† 42.39 ± 8.50* (22-60)† .094
TSH (µU/mL) 1.74‡ (1.14-2.66)§ 1.94‡ (1.48-2.56)§ .230
fT4 (pmol/L) 13.10‡ (12.20-14.90)§ 13.40‡ (11.90-15.05)§ .811
Presence of metabolic syndrome, n (%) 32 (31.07) 17 (17) .019
Men with metabolic syndrome, n (%) 4 (3.88) 4 (4) .319
Women with metabolic syndrome, n (%) 28 (27.18) 13 (13) .029
BMI (kg/m2) 25.60‡ (22.70-30.80)§ 26.30‡ (23.70-29.08)§ .793
WC (cm) 90‡ (84-115)§ 94‡ (85-101)§ .557
Systolic BP (mmHg) 125‡ (120-130)§ 120‡ (120-125)§ < .001
Diastolic BP (mmHg) 80‡ (80-80)§ 80‡ (75-80)§ .054
FPG (mmol/L) 5.20‡ (4.89-5.68)§ 5.13‡ (4.87-5.40)§ .083
Chol (mmol/L) 5.53 ± 1.17* (3.27-9.74)† 5.33 ± 1.21* (2.86-9.71)† .412
HDL cholesterol (mmol/L) 1.41 ± 0.32* (0.65-2.61)† 1.42 ± 0.35* (0.69-2.54)† .942
LDL cholesterol (mmol/L) 3.80‡ (3.28-4.59)§ 3.77‡ (3.13-4.53)§ .612
Triglycerides (mmol/L) 1.08‡ (0.82-1.53)§ 1.01‡ (0.735-1.40)§ .392

BMI, body mass index; BP, blood pressure; Chol, total cholesterol; FPG, fasting plasma glucose; fT4, free thyroxine; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein; TSH, thyroid-stimulating hormone; WC, waist circumference.
*Mean ± SD.
†Minimum–maximum.
‡Median.
§Interquartile range (25th to 75th percentile).
||n (number) and % (percent).
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deficiency. The median age of 45 years in ENG participants aligns 
with previous reports of increasing nodule prevalence with age , 
reaching 71.4% in those aged 80 years or older.16 This age-related rise 
may reflect cumulative environmental exposures and prior iodine 
deficiency, which elevates TSH.4,6 Elevated TSH acts as a key mitogen 
of thyrocytes via a p70S6K-mediated p27 modulation pathway, thus 
expanding the production of intracellular cyclic adenosine mono-
phosphate (cAMP), activating protein kinase A (PKA), and phosphor-
ylating the nuclear factor cAMP response element–binding protein 
(CREB), thereby initiating genes involved in cell proliferation.14

All participants were euthyroid, with TSH and fT4 levels insignifi-
cantly lower in the ENG group, contrary to Liu et al17 The results align 
with those of Li et  al, who reported lower fT4 levels in individuals 
with nodules.16 Thyroid autoimmunity showed no association with 
ENG, in line with Chen et al18 Variations across studies likely reflect 
differences in sample size, demographics, environmental exposures, 
iodine status, and thyroid assessment methods, highlighting the 
need for further research.

The average nodule size was approximately 10 mm, consistent with 
the findings of Moon et al19 The majority of participants had a sin-
gle nodule (54.4%), in line with Xu et al's20 findings (49.7% of cases). 
Multinodular goiter was more common in females, aligning with Yan 

et al,21 underscoring the importance of ultrasound screening in high-
risk groups.

Smoking has a recognized impact on thyroid nodule formation,4 but 
showed no association with ENG in the study, consistent with the 
findings of Dong et  al22 Yan et  al21 observed an association only in 
men under 60 years, suggesting that age or other modifying factors 
may influence smoking's impact. In contrast, Chan et al18 proposed 
a potential protective role. Larger, diverse population studies are 
needed to clarify smoking's role in ENG.

MetS was more prevalent among participants with ENG (P = .019), 
particularly among women (P = .029), suggesting a metabolic contri-
bution to nodule pathogenesis. Similarly, Zang et al23 linked central 
obesity, TG, BP, and hyperglycemia with nodule frequency, noting 
reduced significance in iodine-deficient populations. Higher MetS 
prevalence in females may reflect hormonal and adiposity-related 
factors, including menopause-related estrogen decline and elevated 
follicle-stimulating hormone (FSH), which promote central and vis-
ceral fat accumulation and raise cardiometabolic risk.24

BMI and WC were slightly lower in ENG participants and positively 
correlated with nodule diameter, suggesting adiposity may influence 
nodule growth, without association with nodule occurrence, consis-
tent with Yan et al21 Nodule number was unrelated to metabolic or 

Table 2.  Correlation of Metabolic Syndrome and its Components with the Presence, Number, and Diameter of Thyroid Nodules

Variables​

Presence of Thyroid 
Nodules ​

Number of Thyroid 
Nodules ​

Diameter of Thyroid 
Nodules ​

ρ P ρ P ρ P
Metabolic syndrome 0.164 .019 −0.058 .561 0.080 .419
BMI (kg/m2) −0.017 .793 −0.086 .387 0.195 .048
WC (cm) 0.018 .548 −0.072 .472 0.213 .031
Systolic BP (mmHg) 0.267 < .001 0.048 .632 0.131 .187
Diastolic BP (mmHg) 0.136 .053 0.061 .542 0.129 .196
FPG (mmol/L) 0.122 .083 −0.019 .232 0.080 .419
Chol (mmol/L) 0.072 .310 0.075 .452 −0.172 .083
HDL cholesterol (mmol/L) 0.010 .886 −0.090 .365 −0.107 .283
LDL cholesterol (mmol/L) 0.036 .613 0.140 .158 −0.179 .070
Triglycerides (mmol/L) 0.060 .394 0.044 .658 0.108 .279

ρ: Spearman correlation coefficient
BMI, body mass index; BP, blood pressure; Chol, total cholesterol; FPG, fasting plasma glucose; HDL, high-density lipoprotein; LDL, low-density lipopro-
tein; WC, waist circumference.

Table 3.  Univariate Logistic Regression Analysis of the Metabolic Syndrome, Its Components, and the Presence of Thyroid Nodules
Variable B SE Wald OR 95% CI for OR P
Metabolic syndrome 0.789 0.341 5.353 2.200 1.128-4.292 .021
BMI (kg/m2) 0.020 0.028 0.496 1.020 0.965-1.079 .481
WC (cm) 0.010 0.008 1.651 1.010 0.995-1.027 .199
Systolic BP (mmHg) 0.066 0.020 11.122 1.068 1.027-1.110 < .001
Diastolic BP (mmHg) 0.055 0.027 4.139 1.057 1.002-1.115 .042
FPG (mmol/L) 0.624 0.245 6.505 1.866 1.155-3.013 .011
Chol (mmol/L) 0.098 0.119 0.677 1.103 0.873-1.394 .411
HDL cholesterol (mmol/L) −0.030 0.416 0.005 0.970 0.429-2.191 .942
LDL cholesterol (mmol/L) 0.071 0.124 0.325 1.073 0.842-1.368 .569
Triglycerides (mmol/L) 0.317 0.231 1.891 1.373 0.874-2.157 .169

B, regression coefficient; BP, blood pressure; BMI, body mass index; Chol, total cholesterol; FPG, fasting plasma glucose; HDL, high-density lipoprotein; 
LDL, low-density lipoprotein; OR, odds ratio; SE, standard error; WC, waist circumference.
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anthropometric parameters, in contrast to Demetriou et  al25 who 
reported a positive association between obesity and nodule multi-
plicity. Obesity and MetS may promote thyroid nodule development 
via hyperinsulinemia, hyperglycemia, and dyslipidemia. Obesity-
related chronic inflammation and elevated leptin stimulate thyroid-
releasing hormone (TRH) and TSH secretion due to leptin’s impact 
on type II deiodinase in the hypothalamic paraventricular nucleus, 
enhancing thyrocyte proliferation and potentially increasing ENG 

risk.14 As most participants in the study were overweight rather than 
obese and had similar TSH levels, ENG may develop through TSH-
independent metabolic pathways.

Among MetS components, only SBP was markedly elevated in ENG 
participants (P < .001) and positively associated with nodule pres-
ence, suggesting a potential role in thyroid nodular development. 
DBP, though not significantly different between groups, showed a 
near-significant correlation (ρ = .136, P = .053). These findings are con-
sistent with Liu et al,17 who noted that SBP, WC, FPG, and BMI were 
potential risk factors, whereas DBP and lipid profiles were not associ-
ated.Conversely, Yan et al21 reported an association between DBP and 
nodules, particularly in females under 60 years.

Univariate logistic regression analysis demonstrated that MetS 
doubled the likelihood of thyroid nodules (OR, 2.02, P = .021). 
Among MetS components, SBP showed the strongest association 
(OR = 1.068, P < .001), followed by FPG (OR = 1.866, P = .011) and DBP 
(OR = 1.057, P = .042), highlighting the roles of vascular dysregulation 
and hyperglycemia in thyroid pathophysiology. MetS, IR, and obesity 
are linked to thyroid nodules and papillary TC, as insulin promotes 
tissue hyperplasia and nodule formation by interacting with insu-
lin-like growth factor receptors (IGFR), activating the PI3K signaling 
pathway.6 BMI, WC, and lipid parameters were not associated, likely 
because most participants were overweight rather than obese, par-
tially aligning with Mayers et al,26 who observed an independent 
association between thyroid nodules and MetS, with low HDL and 
impaired FPG as key factors, without differences in BMI, WC, TG, or BP. 

Table 4.  Multivariate Logistic Regression Analysis of the 
Metabolic Parameters and the Occurrence of Thyroid Nodules

Variable B SE Wald OR
95% CI for 

OR P
Metabolic 
syndrome

0.283 0.481 0.347 1.328 0.517 to 
3.410

.556

WC (cm) −0.005 0.010 0.271 0.995 0.976 to 
1.014

.602

FPG (mmol/L) 0.433 0.270 2.571 1.542 0.908 to 
2.619

.109

Triglycerides 
(mmol/L)

−0.117 0.311 0.142 0.889 0.484 to 
1.636

.706

Systolic BP 
(per 10 mmHg)

0.949 0.342 7.684 2.583 1.320 to 
5.053

.006

Diastolic BP 
(per 10 mmHg)

−0.693 0.480 2.085 0.500 0.195 to 
1.281

.149

B, regression coefficient; BP, blood pressure; FPG, fasting plasma glu-
cose; OR, odds ratio; SE, standard error; WC, waist circumference.

Figure 1.  Receiver operating characteristic (ROC) curve analysis of metabolic syndrome and its components as predictors of the 
occurrence of thyroid nodules. AUC, area under the curve; BP, blood pressure; CI, confidence interval; FPG, fasting plasma glucose; 
HDL, high-density lipoprotein; WC, waist circumference.
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Similarly, Li et al16 identified age, gender, BMI, SBP, DBP, uric acid, FPG, 
and lipid profiles as positive predictors. In contrast, Xu et al20 found 
higher BMI, TG, and HOMA-IR in individuals with nodular goiter, with-
out significant differences in BP, FPG, uric acid, or cholesterol levels. 
These discrepancies among studies may reflect variations in popu-
lation characteristics and obesity prevalence, suggesting metabolic, 
hormonal, inflammatory, and hemodynamic factors influence ENG. 
Altered TSH levels affect vascular tone and lipid profile: hypothyroid-
ism increases peripheral vascular resistance, non-HDL cholesterol, 
and TG values, while in hyperthyroidism, SBP rises as a consequence 
of enhanced cardiac output and activation of the renin-angiotensin-
aldosterone system. 27 Differences in sex, iodine status, sample size, 
and methodology may further contribute, warranting additional 
investigation.

Multivariate analysis identified only SBP as independently associated 
with thyroid nodules (OR, 1.100; P = .006). Each 10 mmHg increase in 
SBP raises the odds of nodules by 2.5-fold, supporting its clinical rel-
evance and a vascular role in nodule formation, potentially via tissue 
remodeling or pressure-induced proliferative signaling. Arterial stiff-
ness and hyperthyroidism elevate SBP through increased heart rate, 
contractility, and cardiac output.28 ROC curve analysis confirmed that 
SBP had the strongest, though modest, discriminatory performance 
for ENG (AUC, 0.648, P < .001). An optimal cut-off of 122.5 mmHg 
yielded 58.3% sensitivity and 64.0% specificity, supporting its poten-
tial clinical utility. MetS had limited associative value (AUC = 0.570, 
P = .018, specificity 83.0%, sensitivity 31.1%), whereas DB showed 
borderline accuracy, despite high specificity. FPG, WC, HDL, and TG 
lacked discriminatory value. The shortage of independent associa-
tions for some metabolic parameters is unlikely to be due to insuf-
ficient statistical power, but may reflect the absence of independent 
effects. The combined use of correlation and regression analyses 
provides both exploratory assessment of relationships and confir-
matory evaluation of independent effects and clinical utility of the 
parameters, further strengthening the robustness of the observed 
associations.

Elevated SBP is a marker of advanced arterial stiffness and vascular 
aging, leading to increased pulsatile load and endothelial dysfunc-
tion that impairs microvascular perfusion in peripheral organs, 
including the thyroid gland. These disturbances may induce local 
tissue hypoxia and oxidative stress in thyroid tissue, promoting 
structural remodeling and enhanced cellular proliferation, thereby 
facilitating the development of thyroid nodules. In addition, athero-
sclerosis related to SBP and chronic low-grade inflammation may fur-
ther contribute to the increased prevalence of thyroid nodules. Khair 
et al29 found that hypertension, present in 22.5% of nodule patients, 
could be attributed to age, inflammation, diabetes, IR, elevated Chol, 
and increased aldosterone production in cystic nodules, highlighting 
the role of G-protein-coupled receptor kinases (GRKs) and thyrotro-
pin receptor (TSHR) signaling as shared mechanisms in hyperfunc-
tioning thyroid nodules and hypertension. Similarly, Shimizu et al30 
reported a positive link between thyroid cysts and hypertension, 
likely due to increased thyroid hormone activity intracystically, which 
elevates SBP.

The primary weakness of this study is its single-center design, which 
limits the generalizability of its results. Ultrasonography was per-
formed by a single examiner, introducing potential measurement 
bias. The relatively small, geographically restricted sample further 

limits the applicability of the results. Iodine sufficiency was deter-
mined using population-based screening data31 rather than individ-
ual urinary iodine measurements, which may not reflect individual 
iodine status. The cross-sectional design precludes causal inference, 
and the observed associations cannot establish predictive relation-
ships between metabolic parameters and thyroid nodularity. The 
absence of genetic analyses restricts further understanding of ENG 
etiology.

By focusing on a specific iodine-sufficient region with unique life-
style factors, the study provides region-specific insights into thyroid 
pathology. Restricting the cohort to euthyroid, non-diabetic indi-
viduals improved the accuracy of associations. This study is among 
the few to offer a comprehensive metabolic assessment of multiple 
factors associated with thyroid nodularity using ROC analysis, sug-
gesting potential threshold-specific markers for future screening.

These findings underscore the importance of routine BP and glu-
cose monitoring, alongside ultrasound screening in women, older 
adults, and those with overweight, hypertension, hyperglycemia, or 
dyslipidemia. Lifestyle modification, weight control, and metabolic 
management may help reduce the risk of thyroid nodularity. Future 
studies should integrate metabolic, hormonal, genetic, inflamma-
tory, and environmental factors to refine risk assessment and clarify 
causality. In conclusion, MetS and elevated SBP are significantly more 
prevalent in euthyroid, iodine-sufficient, non-diabetic individuals 
with thyroid nodules. BMI and WC correlate with nodule size, sug-
gesting obesity contributes to nodule growth. MetS, elevated SBP, 
DBP, and FPG were significantly associated with ENG. SBP was inde-
pendently associated and demonstrated the strongest, though mod-
est, discriminatory performance for ENG, underscoring the need for 
its validation in larger, multicenter, longitudinal studies.
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