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Background: Thyroid nodules and metabolic syndrome are common diseases with high prevalence rates. This study aimed to analyze the relationship
between thyroid nodules and metabolic syndrome and its components among healthy Koreans.

Methods: We reviewed the records of 1,695 subjects with no noticeable symptoms who underwent thyroid ultrasound imaging as part of a routine
check-up between January and December 2020. For subjects with and without thyroid nodules, the difference between metabolic components
was analyzed via chi-square and independent t-tests. The relationship between metabolic syndrome and its components and thyroid nodules was
evaluated through multivariate logistic regression.

Results: Of the 1,695 subjects, 489 (28.8%) had thyroid nodules and 491 (29.0%) had metabolic syndrome. Advanced age, high body mass index, large
waist circumference, high systolic and diastolic blood pressure, high glycated hemoglobin level, low high-density lipoprotein cholesterol level, and
high fT4 and low thyroid stimulating hormone (TSH) were closely related to the presence of thyroid nodules (P<0.05). The prevalence of thyroid
nodules was significantly higher in subjects with metabolic syndrome (P<0.05). Multivariate analysis revealed that waist circumference among
components of metabolic syndrome was a statistically significant risk factor (odds ratio, 1.028; 95% confidence interval, 1.014-1.041); P<0.001).
Other factors predicting the presence of thyroid nodule included age, being female, and TSH (P<0.05).

Conclusion: This study suggests that metabolic syndrome and its components are positively associated with thyroid nodules in healthy adults with no
history of thyroid disease.
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Table 1. Comparison of related parameters according to the presence of thyroid nodules
Variable Total Without thyroid nodule With thyroid nodule P-value
(n=1,695) (n=1,206) (n=489)
Age, y 445198 434495 47.2+10.0 <0.001
Sex 0.161
Male 712 (42.0) 520 (43.1) 192 (39.3)
Female 983 (58.0) 686 (56.9) 297 (60.7)
Body mass index, kg/m? <0.001
<23 692 (40.8) 527 (43.7) 165 (33.7)
23-24.9 372 (22.0) 261 (21.6) 111 (22.7)
>25 631(37.2) 418 (34.7) 213 (43.6)
Waist circumference, cm 82.1£10.7 81.5£10.8 83.6£10.3 <0.001
Systolic blood pressure, mmHg 12191145 12131144 123.5£14.6 0.008
Diastolic blood pressure, mmHg 74.0£11.1 73.6£11.1 75.0£11.0 0.027
Fasting plasma glucose, mg/dL 99.8+20.1 99.5+£19.7 100.6+21.0 0.257
Glycated hemoglobin, mg/dL 5.610.7 5.5+0.7 5.6+0.8 <0.001
Total cholesterol, mg/dL 197.7439.5 197.3140.3 198.4+37.5 0.304
Triglyceride, mg/dL 131.2+104.4 131.2£112.4 131.3+81.4 0.098
LDL-C, mg/dL 123.0+35.3 122.2+353 125.0+35.3 0.087
HDL-C, mg/dL 589+15.5 59.4+15.8 57.7£14.8 0.040
Free thyroxine, ng/dL 1.33£0.2 1.32+0.21 1.3440.19 0.045
TSH, mIU/L 2.3%14 2.3%15 2.1+14 <0.001
Metabolic syndrome 0.002
No 1,204 (71.0) 883 (73.2) 321 (65.6)
Yes 491 (29.0) 323 (26.8) 168 (34.4)

Values are presented as meantstandard deviation or number (%).

LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; TSH, thyroid stimulating hormone.
P-values were analyzed by chi-square test and independent t-test, and statistically significant P<0.05 are shown.
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Table 2. Comparison of size and number of thyroid nodules according to metabolic syndrome and its components

W Total Thyroid nodule size Number of thyroid nodules
arabe (n=489) <1cm (n=330) >1cm (n=159)  P-value® Single (n=323) Multiple (n=166)  P-value®
Metabolic syndrome 0.703 0.161
No 321 (65.6) 219 (66.4) 102 (64.2) 219 (67.8) 102 (61.5)
Yes 168 (34.4) 111 (33.6) 57 (35.8) 104 (32.2) 64 (38.6)
Waist circumference, cm 82.1£10.7 83.4£10.5 84.0+9.9 0.390 83.1£10.6 84597 0.155
Systolic blood pressure, mmHg 121.9+145 122.9+145 124.9+149 0.155 123.0+14.7 1245145 0.178
Diastolic blood pressure, mmHg 74.0£11.1 74.4£10.7 76.1£11.6 0.118 74.5£10.9 75.8£11.2 0.199
Fasting plasma glucose, mg/dL 99.8+20.1 99.7£20.9 102.7£21.0 0.019 100.6+21.1 100.6+20.7 0.920
Triglyceride, mg/dL 131.2+104.4 132.7485.0 128.4+73.4 0.978 137.2+89.5 119.8+61.2 0.111
HDL-C, mg/dL 58.9+15.5 57.8+15.1 57.5+14.0 0.938 57.3+14.2 58.4+15.8 0.704
Values are presented as number (%) or meantstandard deviation.
HDL-C, high density lipoprotein cholesterol.
*Nodule size <1 cmvs. >1 cm. ®Single thyroid nodule vs. multiple thyroid nodules.
P-values were analyzed by chi-square test and independent t-test, and statistically significant P<0.05 are shown.
Table 3. Multivariate binary logistic regression analysis of independent predictors for the presence of thyroid nodules
) Unadjusted model Multivariable model
Variable
OR (95% Cl) P-value OR (95% Cl) P-value®
Age,y 1.039 (1.028-1.051) <0.001 1.043 (1.031-1.055) <0.001
Sex
Male Ref. Ref.
Female 1.173 (0.946-1.453) 0.145 1.906 (1.465-2.480) <0.001
TSH, mIU/L 0.892 (0.821-0.968) 0.006 0.855 (0.784-0.932) <0.001
Waist circumference, cm 1.019 (1.009-1.029) <0.001 1.028 (1.014-1.041) <0.001
Systolic blood pressure, mmHg 1.011 (1.003-1.018) 0.004 1.003 (0.989-1.017) 0.714
Diastolic blood pressure, mmHg 1.011 (1.002-1.021) 0.022 1.001 (0.983-1.020) 0.878
Fasting plasma glucose, mg/dL 1.003 (0.998-1.008) 0.288 0.996 (0.991-1.002) 0.237
Triglyceride, mg/dL 1.000 (0.999-1.001) 0.989 1.000 (0.998-1.001) 0.609
HDL-C, mg/dL 0.993 (0.986-1.000) 0.036 0.995 (0.987-1.004) 0.287

OR, odds ratio; Cl, confidence interval; TSH, thyroid stimulating hormone; HDL-C, high density lipoprotein cholesterol.
2P-values were analyzed by multi-variated logistic regression adjusted for age, sex, TSH, waist circumference, systolic blood pressure, diastolic blood pressure, fasting

plasma glucose, triglyceride, and HDL-C.
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