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Background: Thyroid nodules (TNs) are among the most common thyroid lesions, and rates of these nodules have risen over the past
three decades. As the majority of TN patients remain asymptomatic when these nodules are in the early stages of development,
malignant nodules may continue to develop into thyroid cancer when not detected. As such, early screening and diagnosis-based
strategies represent the most promising means of preventing or treating TNs and associated cancers. The present study was thus
developed to explore TN prevalence among individuals in Luzhou, China.

Methods: Here, thyroid ultrasonography and metabolic-related indicators from 45,023 adults undergoing routine physical examinations in
the Health Management Center of a large Grade A hospital in Luzhou over the last three years were retrospectively reviewed in an effort to
identify factors associated with TN risk and the detection of these nodules through univariate and multivariate logistic regression analyses.
Results: In total, 13,437 TNs were detected in these 45,023 healthy adults for an overall 29.8% detection rate. This TN detection rate
rose with age, and multivariate logistic regression analyses revealed that independent risk factors associated with TNs included greater
age (=31 years old), female (OR = 2.283, 95% CI: 2.177-2.393), central obesity (OR = 1.115, 95% CI: 1.051-1.183), impaired fasting
glucose (OR = 1.203, 95% CI: 1.063-1.360), overweight status (OR = 1.085, 95% CI: 1.026—-1.147), and obesity (OR = 1.156, 95%
CI: 1.054-1.268), while low BMI was a protective factor associated with lower rates of TN incidence (OR = 0.789, 95% CI: 0.706—
0.882). When results were stratified by gender, impaired fasting glucose was not an independent predictor of TN risk among males,
while high LDL levels were an independent predictor of TNs among females, and other risk factors were not significantly changed.
Conclusion: TN detection rates were high among adults in Southwestern China. Female, elderly individuals, individuals exhibiting
central obesity, and those with high levels of fasting plasma glucose are more likely to develop TN.
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Introduction

The thyroid gland, consisting of two connected lobes, is one of the largest endocrine glands in the human body, weighing
20-30 g in adults. Thyroid lesions are often found on the gland, with a prevalence of 4-7%. Most of them are
asymptomatic, and thyroid hormone secretion is normal." Thyroid nodules (TNs) are lesions that can arise as
a consequence of localized abnormal thyroid cell proliferation. TNs are among the most common types of thyroid
lesions, and TN incidence rates have risen to very high levels over the past three decades. A study has indicated that a TN
prevalence rate of 68% in US.” The most recent large-scale study conducted in 2021 estimated a TN prevalence rate of
36.9% in China.> While the majority of these TNs are benign, an estimated 8-16% are malignant.* While TNs do not
cause notable clinical symptoms in most patients, their development is often related to various pathological thyroid
conditions including autoimmune diseases, dysregulated endocrine function, and thyroiditis.® Patients exhibiting
symptomatic TNs generally undergo surgical resection, although this procedure can cause postoperative complications
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including hypothyroidism, infection, and damage to the laryngeal nerve.” The effective treatment of TNs thus centers
around the diagnosis and management of these nodules as early as possible in their development.

Many risk factors have been demonstrably linked to TN incidence, including both clinical and demographic
characteristics. Both age and sex are related to TN prevalence among the residents of the USA, as are metabolic
factors including female obesity, hypertension, diabetes, dyslipidemia, and fatty liver disease.®* '® Similar findings have

also been reported in Chinese populations,®'!

with one study of 9898 individuals in Eastern China having demon-
strated a link between metabolic disorders and elevated TN risk in both males and females.!! Other studies, however,
have failed to detect any independent association between TN risk and either hyperuricemia or hyperlipidemia.'* As
such, it remains controversial as to whether metabolic syndrome is an independent risk factor associated with TN
incidence in China.

China is a large country that is home to populations of multiple ethnicities and a diverse range of environments such
that risk factors are likely to vary substantially among regions. In southwest China, there have been few studies to date
reporting on TN incidence. As such, the present study was conducted to explore the results of physical examinations
performed in 45,023 adults conducted at a hospital in Luzhou, China, over a three-year period with the goal of describing
TN rates in this population and identifying factors associated with the risk of developing these nodules in order to
provide a reference that can guide the prevention or treatment thereof.

Materials and Methods
Study Subjects

This retrospective cohort study enrolled healthy adults who had undergone physical examinations at the Health
Management Center of the Affiliated Hospital of Southwest Medical University of China from January 2019 to
December 2021. Eligible participants were individuals >18 years of age who underwent thyroid ultrasound and
abdominal ultrasound scans. Participants were excluded if their data were derived from repeat examinations, they
were pregnant or lactating females, they had any history of thyroid disease and had undergone thyroid surgery or
pharmacological treatment, or they had been diagnosed with cancer or any other serious disease.

This study was approved by the Institutional Review Board and Ethics Committee of Affiliated Hospital of Southwest
Medical University (NO.KY2023175). The need for individual consent was waived by the committee due to the
retrospective character of the study. The study was conducted in accordance with the Helsinki Declaration, and patient-
s’records were anonymized prior to analysis.

Methods

Anthropometric Analyses

Detailed physical examinations were performed for all participants, which included measurements of height and weight
using a physical examination scale (HNH-219, Omron, Shenzhen, China). Moreover, waist circumference (WC) was
measured to the nearest 0.1 cm horizontally on bare skin using a flexible measuring tape at a point midway between the
inferior margin of the ribs and the superior border of the iliac crest. Systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured two times using an automatic blood pressure monitor (HBP-9020, Omron, Dalian, China)
placed on the right upper arm after participants had been seated quietly for a minimum of 5 values, with the lower of
these two values ultimately being reported. Body mass index (BMI) = weight (kg)/[height (m)]>.

Laboratory Assays

Samples of participant serum were collected via venipuncture from 08:00 to 10:00 following overnight fasting, and were
used to analyze fasting blood glucose (FBG), triglycerides (TG), total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and uric acid (UA) levels.

Thyroid and Abdominal Ultrasonography
Professional ultrasound technicians performed thyroid and abdominal ultrasonography via B-mode US imaging (M7,
Mindray, Shenzhen, China). Nodule characteristics were recorded, including nodule size (length, width), shape (aspect
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ratio >1, aspect ratio <1), structure (cystic, cystic-solid, solid), location, echo (no echo, high echo, equal echo, low echo,
shallow echo), edge (regular, irregular, extraglandular invasion) and calcification. TNs were diagnosed based on the
Kwak-TIRADs criteria'® as Category 1 (normal thyroid without any apparent nodules), Category 2 (definite benign
lesions including typical subacute thyroiditis, thyroid cysts, nodular goiter, and simple calcifications), Category 3
(potentially benign nodules not exhibiting signs of malignancy), Category 4 (suspected malignancies, subclassified
into categories 4a, 4b, or 4c based on whether they exhibited 1, 2, or 3—4 signs of malignancy), or Category 5 (TNs
exhibiting 5 malignant signs). The five potential US signs examined to assess TN malignancy included solid structure,
irregular or lobulated margins, low or shallow echo, an aspect ratio >1, and the presence of microcalcifications.

Fatty liver was diagnosed as per the revised diagnostic and treatment guidelines established in 2010 by the Fatty Liver
and Alcoholic Liver Disease group of the Hepatology branch of the Chinese Medical Association.'*

Definition of Variables
With respect to TN status, a TI-RADs category 1 classification was considered indicative of the absence of TNs, while
TI-RADS categories 2—5 were used to identify patients harboring TNs.

Hypertension was defined by the 2013 European Society of Hypertension (ESH) 2013 guidelines (SBP > 140 mmHg
and/or DBP > 90 mmHg). In addition, individuals take any oral antihypertensive medications were considered hyper-
tensive. Hyperglycemic patients were classified into prediabetic and diabetic individuals based on the 2020 Chinese
Prevention and Treatment of Type 2 Diabetes guidelines.'® Prediabetes was defined by impaired fasting glucose (IFG) as
evidenced by FPG >6.1mmol/L and <7.0mmol/L or impaired glucose tolerance (IGT) defined by 2 h postprandial blood
glucose (PPG) in 75 g OGTT > 7.8 and <11.0 mmol/L. Diabetes was defined by FPG > 7.0 mmol/L or 2 h PPG in 75
g OGTT > 11.1 mmol/L. Individuals with diabetes were both participants who met these criteria as well as any
individuals using hypoglycemic medications. The guidelines of the Chinese Medical Diabetes Association were used
when diagnosing metabolic syndrome,'® which was established by identifying participants meeting three or more of the
following criteria: (1) overweight/obese (BMI > 25 kg/m?). (2) FPG > 6.1 mmol/l and/or 2 h PPG > 7.8 mmol/L, (3)
hypertensive (SBP > 140 mmHg and/or DBP > 90 mmHg and/or taking antihypertensive medications), (4) dyslipidemic
(TG = 1.7 mmol/l and/or HDL-C <0.9 mmol/l (male) or <1.0 mmol/l (female)). BMI was defined as being underweight
(<18.5 kg/m?), normal weight (>18.5 kg/m* and <24.0 kg/m?), overweight (BMI > 24 kg/m? and <28 kg/m?), and obese
(>28 kg/m?). Central obesity was defined by a WC >90 cm for males and >80 cm for females. Hyperuricemia was
defined by uric acid levels > 420 pmol/L for males and >360 umol/L for females. Classes of dyslipidemia included
hypercholesterolemia (=5.2 mmol), hypertriglyceridemia (>1.7 mmol/L), high LDL-C (=3.4mmol/L), and low HDL-C
(<1.0 mmol/L).

Statistical Analysis

Results were analyzed with SPSS v 17.0 (IBM Corporation, NY, USA). Continuous data are reported as means +
standard deviation, and categorical data are given as frequencies with percentages. These results were compared using
t-tests or chi-square tests. Additionally, univariate and multivariate logistic regression analyses were conducted and
utilized to compute odds ratios (ORs) and 95% confidence intervals (Cls) with the goal of identifying risk factors
associated with TN development, with a two-sided P < 0.05 as the significance threshold.

Results

Participant Characteristics

In total, this study incorporated 45,023 healthy adults, including 21,108 men (46.88%) and 23,915 women (53.12%). These
individuals were a mean of 42.05+12.41 years of age, with a mean BMI of 23.50+3.37 kg/m?, a mean waist circumference of
79.64+10.17 cm, a mean systolic blood pressure of 118.44+16.23 mmHg, mean diastolic blood pressure of 72.29+10.82
mmHg, a mean fasting plasma glucose was 5.11£1.21 mmol/L, a mean total cholesterol level of 4.76+0.91 mmol/L, a mean
triglyceride level of 1.59+1.54 mmol/L, a mean HDL level of 1.38+0.36 mmol/L, a mean LDL level of 2.92+0.85 mmol/L,
and a mean uric acid level of 344.16+93.06 umol/L. Of these participants, 13,566 (30.13%) exhibited fatty liver (Table 1).
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Table | Baseline Participant Characteristics (n = 45,023)

Total Non-TN Group TN Group tly? P-value
Total (%) 45,023 31,586(70.2) 13,437(29.8)
Gender 845.244 <0.001
Male 21,108 16,217(76.8) 4891(23.2)
Female 23,915 15,369(64.3) 8546(35.7)
Age (years) 42.05+12.41 39.98+11.74 46.93+12.57 —56.295 <0.001
Age (years,%) 2870.057 <0.001
<30 9423 7928(84.1) 1495(15.9)
3140 12,709 9987(78.6) 2722(21.4)
41-50 11,007 7060(64.1) 3947(35.9)
51-60 8920 5245(58.8) 3675(41.2)
261 2964 1366(46.1) 1598(53.9)
BMI (kg/cm?) 23.50+3.37 23.41x3.41 23.71+3.27 —8.825 <0.001
WC (cm) 79.64+10.17 79.49+10.23 79.99+10.03 —4.884 <0.001
SBP (mmHg) 118.44+16.23 117.47£15.69 120.71£17.23 —18.756 <0.001
DBP (mmHg) 72.29+10.82 72.01+10.70 72.95+11.08 —8.345 <0.001
FPG (mmol/L) S5.01x1.21 5.06x1.17 5.22+1.29 —12.535 <0.001
UA (umol /L) 344.1693.06 348.90+94.41 333.01+88.83 17.044 <0.001
TC (mmol/L) 4.76£0.91 4.72+0.90 4.85+0.92 —14.107 <0.001
TG (mmol/L) 1.59+1.54 1.60£1.57 1.58+1.47 1.262 0.207
HDL-C (mmol/L) 1.38+0.36 1.37£0.35 1.41£0.36 -10.916 <0.001
LDL-C (mmol/L) 2.92+0.85 2.90+0.84 2.98+0.86 —8.613 <0.001
Fatty liver 13.267 <0.001
No 31,457 22,231(70.7) 9226(29.3)
Yes 13,566 9355(69.0) 4211(31.0)

Notes: Data are given as the mean (SD) or frequency percentage (%).

Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG,
fasting plasma glucose; UA, uric acid; TC, total cholesterol; TG, triglycerides; HDL-C, High-density lipoprotein; LDL-C, low-density
lipoprotein.

TN Detection Rates

TNs were detected in 29.8% of these participants, including 23.2% of men and 35.7% of women. Relative to individuals
without TN, the average age of individuals with TNs at the time of examination was significantly higher (39.98+11.74
vs 46.93+12.57; t = —56.295, P < 0.001), and there was a significant difference in the TN detection rate among age
groups (y’=2870.057, P < 0.001, Table 1), with a chi-square trend test indicating that this detection rate rose with age
(*=2775.661, P < 0.001) (Figure 1).

Univariate Analysis Results

Univariate analyses revealed that factors positively associated with the risk of TN development included BMI, central
obesity, hypertension, IFG, DM, metabolic syndrome, hypercholesterolemia, high LDL-C, and fatty liver, whereas factors
negatively associated with TN development included low HDL-C and hyperuricemia (P < 0.01; Table 2). When
participants were analyzed by gender, low HDL-C and hypertriglyceridemia were found to be unrelated to TN risk in
men (P > 0.05; Table 2), whereas in women low HDL-C levels were unrelated to TN risk (P > 0.05; Table 2), and both
hypertriglyceridemia and hyperuricemia were positively related to TN risk (P < 0.01; Table 2).

Multivariate Logistic Regression Analysis Results

To better identify risk factors related to TN development, significant variables identified in the above univariate analyses
were next subjected to multivariate logistic regression analysis. In the overall patient population, impaired fasting glucose
(OR = 1.194, 95% CI:1.065-1.340) was related to an elevated risk of TN development. Females faced a 2.283-fold
higher risk of TNs relative to males (OR = 2.283, 95% CI:2.177-2.393). The risk of TNs also rose with age such that
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Figure | Trends in TN detection as a function of age and gender.

relative to individuals <30 years old, individuals from 31 to 40 (OR = 1.469, 95% CI:1.368-1.576), 41-50 (OR = 2.931,
95% Cl:2.734-3.142), 51-60 (OR = 4.060, 95% CI:3.773-4.369), and >61 (OR = 6.487, 95% CI:5.893-7.140) were all
at a higher risk of TN development. Moreover, this risk was increased in those exhibiting central obesity (OR = 1.115,
95% CI:1.051-1.183) and in both overweight (OR = 1.085, 95% CI:1.026-1.147) and obese (OR = 1.156, 95%
CI:1.054-1.268) individuals relative to those of normal weight (Figure 2). Lower BMI values were associated with
reduced TN risk (OR = 0.789, 95% CI:0.706-0.882) (Figure 2). When participants were separated into gender-based
subgroups, impaired fasting glucose did not remain an independent predictor of risk among males (Figure 3), whereas
high LDL-C levels were an independent protective factor among females, and no other indicators exhibited any
significant changes (Figure 4).

Discussion

Changing lifestyle factors, rising rates of ultrasonographic scanning, and other detection strategies have all contributed to
rising rates of TN detection in China and throughout the globe. However, no epidemiological studies of TN incidence
have been conducted at the nationwide level in China to date, and those studies that have been performed have revealed
differences in TN prevalence across specific regions (East China 50.2%, Chongqing 34.1%, Beijing 36.3%).'"'*!7
Comparable studies conducted in Southwest China have been lacking, and this large-scale retrospective cohort study was
thus used to assess TN incidence rates and associated risk factors in the Chinese population. Data were analyzed for
45,024 adults who underwent physical examinations in a Grade A hospital, revealing a TN detection rate of 29.8%
(23.2% in men and 35.7% in women). This rate is slightly below previously reported rates. This may be attributable to
the fact that these study participants were individuals undergoing physical examinations in the Southwest provinces of
China (Yunnan, Guizhou, Sichuan), with a wide range of participant ages (18-95 years old) such that 49.16% were under
the age of 40, which is noteworthy given that TN detection rates in young individuals are low. Second, Southwest China
is an area with low iodine content in water. Residents use iodized salt to ensure good iodine intake.'® So the iodine intake
of individuals in Southwest China is generally good, and few TN resulting from iodine deficiency thus develop in this
region. Moreover, a higher risk of TN development was observed among females in every age group, consistent with the
results of other studies.

After an initial ultrasound (US), the next step in assessing the risk of cancer of a thyroid lesion is fine needle
aspiration (FNA). The accepted method for analyzing FNA cytology is the Bethesda categorization system. Heterotypic/
follicular lesions of unknown significance (AUS/FLUS), commonly referred to as Bethesda III, are the most controversial
category due to their heterogeneity and inconsistent reporting. The total risk of cancer for thyroid nodules in Bethesda
classifications III-IV is between 15% and 40%." In addition, thyroid nodules in Bethesda II also have an incidental
cancer risk of 1.53%.%°
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Table 2 Univariate Analyses of Factors Associated with TN Risk (n = 45,023)

|e 30 Suer]

Variable Total Male Female
Non TNs TNs Group OR (95% CI) P value Non TNs TNs Group OR (95% CI) P value Non TNs TNs Group OR (95% CI) P value
Group (%) (%) Group (%) (%) Group (%) (%)

Gender - - - - - - - -
Male 16,217(76.8) 4891(23.2) 1.0(ref) - - - - - - - -
Female 15,369(64.3) 8546(35.7) 1.844(1.769~1.922) <0.001 - - - - - - - -

Age (years)
<30 7928(84.1) 1495(2722) 1.0(ref) 3403(89.8) 387(10.2) 1.0(ref) 4525(80.3) 1108(19.7) 1.0(ref)

31-40 9987(78.6) 2722(21.4) 1.445(1.348~1.550) <0.001 5028(85.5) 853(14.5) 1.492(1.313~1.695) <0.001 4959(72.6) 1869(27.4) 1.539(1.414~1.675) <0.001
41-50 7060(64.1) 3947(35.9) 2.965(2.771~3.172) <0.001 3493(73.0) 1293(27.0) 3.255(2.878~3.681) <0.001 3567(57.3) 2654(42.7) 3.039(2.797~3.301) <0.001
51-60 5245(58.8) 3675(41.2) 3.716(3.466~3.983) <0.001 3427(67.0) 1687(33.0) 4.329(3.838~4.882) <0.001 1818(47.8) 1988(52.2) 4.466(4.076~4.893) <0.001
261 1366(46.1) 1598(53.9) 6.204(5.664~6.794) <0.001 866(56.3) 671(43.7) 6.813(5.89~7.882) <0.001 500(35.0) 927(65.0) 7.572(6.668~8.597) <0.001

BMI (kg/cm?)
<185 1709(78.9) 458(21.1) 0.641(0.576~0.713) <0.001 359(85.9) 59(14.1) 0.618(0.467~0.819) 0.001 1350(77.2) 399(22.8) 0.576(0.513~0.647) <0.001
18.5-23.9 17,151(70.5) 7175(29.5) 1.0(ref) 6574(79.0) 1747(21.0) 1.0(ref) 10,577(66.1) 5429(33.9) 1.0(ref)

24-27.9 9773(68.7) 4458(31.3) 1.090(1.042~1.140) <0.001 6963(75.3) 2290(24.7) 1.238(1.153~1.328) <0.001 2810(56.4) 2168(43.6) 1.503(1.409~1.604) <0.001
228 2953(68.7) 1346(31.3) 1.089(1.015~1.168) <0.001 2321(74.5) 795(25.5) 1.289(1.171~1.419) <0.001 632(53.5) 550(46.5) 1.695(1.505~1.909) <0.001

Central obesity
No 23,593(72.4) 8990(27.6) 1.0(ref) 11,365(78.6) 3101(21.4) 1.0(ref) 12,228(67.5) 5889(32.5) 1.0(ref)

Yes 7993(64.3) 4447(35.7) 1.460(1.397~1.526) <0.001 4852(73.1) 1790(26.9) 1.352(1.264~1.446) <0.001 3141(54.2) 2657(45.8) 1.756(1.654~1.866) <0.001

FPG (mmol/L)

Normal 29,642(70.9) 12,153(29.1) 1.0(ref) 14,654(78.1) 4106(21.9) 1.0(ref) 14,988(65.1) 8047(34.9) 1.0(ref)
IFG 821(58.1) 593(41.9) 1.762(1.582~1.962) <0.001 629(66.3) 320(33.7) 1.816(1.58~2.086) <0.001 192(41.3) 273(58.7) 2.648(2.198~3.192) <0.001
DM 1123(61.9) 691(38.1) 1.501(1.362~1.654) <0.001 934(66.8) 465(33.2) 1.777(1.581~1.996) <0.001 189(45.5) 226(54.5) 2.227(1.832~2.707) <0.001

Hypertension
No 27,623(71.7) 10,919(28.3) 1.0(ref) 13,306(78.8) 3570(21.2) 1.0(ref) 14,317(66.1) 7349(33.9) 1.0(ref)

Yes 3963(61.1) 2518(38.9) 1.607(1.522~1.698) <0.001 2911(68.8) 1321(31.2) 1.691(1.570~1.823) <0.001 1052(46.8) 1197(53.2) 2.217(2.031~2.419) <0.001

MTs
No 31,015(70.4) 13,040(29.6) 1.0(ref) 15,720(77.2) 4635(22.8) 1.0(ref) 15,295(64.5) 8405(35.5) 1.0(ref)

Yes 571(59.0) 397(41.0) 1.654(1.453~1.883) <0.001 497(66.0) 256(34.0) 1.747(1.497~2.083) <0.001 74(34.4) 141(65.6) 3.467(2.614~4.600) <0.001

TC (mmol/L)
<52 23,317(71.7) 9206(28.3) 1.0(ref) 11,306(77.5) 3280(22.5) 1.0(ref) 12,011(67.0) 5926(33.0) 1.0(ref)
>52 8269(66.2) 4231(33.8) 1.296(1.240~1.355) <0.001 4911(75.3) 1611(24.7) 1.131(1.056~1.211) <0.001 3358(56.2) 2620(43.8) 1.581(1.490~1.679) <0.001
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TG (mmol/L)

<17 22,546(70.0) 9673(30.0) 1.0(ref) 9218(77.3) 2743(22.9) 1.0(ref) 13,328(65.8) 6930(34.2) 1.0(ref)

>1.7 9040(70.6) 3764(29.4) 0.907(0.928~1.015) 0.191 6999(76.5) 2148(23.5) 1.031(0.967~1.100) 0.348 2041(55.8) 1616(44.2) 1.523(1.418~1.635) <0.001
HDL-C (mmol/L)

=1.0 27,390(69.6) 11,962(30.4) 1.0(ref) 12,599(76.9) 3774(23.1) 1.0(ref) 14,791(64.4) 8188(35.6) 1.0(ref)

<l.0 4196(74.0) 1475(26.0) 0.805(0.756~0.857) <0.001 3618(76.4) 1117(23.6) 1.031(0.955~1.112) 0.438 578(61.8) 358(38.2) 1.119(0.978~1.280) 0.102
LDL-C (mmol/L)

<34 23,373(71.0) 9566(29.0) 1.0(ref) 10,940(77.5) 3178(22.5) 1.0(ref) 12,433(66.1) 6388(33.9) 1.0(ref)

234 8213(68.0) 3871(32.0) 1.152(1.101~1.205) <0.001 5277(75.5) 1713(24.5) 1.117(1.045~1.195) 0.001 2936(57.6) 2158(42.4) 1.431(1.343~1.524) <0.001
Hyperuricemia

No 23,380(69.3) 10,372(30.7) 1.0(ref) 9847(76.3) 3057(23.7) 1.0(ref) 13,533(64.9) 7315(35.1) 1.0(ref)

Yes 8206(72.8) 3065(27.2) 0.842(0.803~0.883) <0.001 6370(77.6) 1834(22.4) 0.927(0.868~0.991) 0.025 1836(59.9) 1231(40.1) 1.240(1.148~1.340) <0.001
Fatty liver

No 22,231(70.7) 9226(29.3) 1.0(ref) 8843(78.2) 2471(21.8) 1.0(ref) 13,388(66.5) 6755(33.5) 1.0(ref)

Yes 9355(69.0) 4211(31.0) 1.085(1.038~1.133) <0.001 7374(75.3) 2420(24.7) 1.174(1.102~1.252) <0.001 1981(52.5) 1791(47.5) 1.792(1.670~1.922) <0.001

Notes: -, No Data for this item; ref, reference. Data are shown as frequency and percentage (%).
Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; IFG, impaired fasting glucose; DM, diabetes mellitus; MTs, metabolic syndrome; TC, total cholesterol; TG, triglycerides; HDL-C, High-density lipoprotein; LDL-C, low-
density lipoprotein.
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Total
Factors . OR(95%Cl) OR(95%ClI) P value
Gender male ref
female = 2.283(2.177-2.393) <0.001
Age <30 ref
31-40 - 1.469(1.368~1.576) <0.001
41-50 - 2.931(2.734~3.142) <0.001
51-60 —— 4.060(3.773~4.369) <0.001
261 6.487(5.893~7.140) <0.001
BMI (kg/cm’)  218.5 and <24 ref
<18.5 = 0.789(0.706~0.882) <0.001
>24 and <28 1.085(1.026~1.147)  0.004
>28 - 1.156(1.054~1.268)  0.002
Glucose status normal ref
IFG Rl 1.194(1.065~1.340)  0.002
DM 1.068(0.962~1.186)  0.215
Central obesity no ref
yes - 1.115(1.051~1.183) <0.001
T T T T T T T
0 1 2 3 4 5 8

Figure 2 Independent risk factors associated with TNs identified through a multivariate binary logistic regression analysis of the overall participant population.
Abbreviations: BMI, body mass index; IFG, impaired fasting glucose; DM, diabetes mellitus.

Abbreviation: BMI, body mass index.

Male
Factors . OR(95%Cl) OR(95%Cl) P value
Age <30 ref
31-40 - 1.441(1.267~1.638) <0.001
41-50 —a— 3.121(2.757~3.533) <0.001
51-60 —— 4.164(3.688~4.701) <0.001
261 —®&—  6.609(5.708~7.651) <0.001
BMI (kg/cm’) >18.5 and <24 ref
<18.5 0.744(0.556~0.994) 0.046
224 and <28 1.077(0.995~1.166) 0.065
228 - 1.173(1.036~1.328) 0.012
Central obesity  no ref
yes 1.109(1.016~1.210)  0.02
T T T T T T T
0 1 2 3 4 5 8
Figure 3 Independent risk factors associated with TNs in males identified through a multivariate binary logistic regression analysis.
Female
Factors \ OR(95%Cl) OR(95%Cl) P value
Age <30 [] ref
31-40 - 1.491(1.369~1.624) <0.001
41-50 —— 2.883(2.648~3.140) <0.001
51-60 —a— 4.175(3.790~4.599) <0.001
261 ——&——  6.720(5.875~7.687) <0.001
BMI (kg/cm’)  218.5 and <24 ref
<18.5 'l 0.790(0.700~0.893) <0.001
>24 and <28 1.098(1.014~1.188) 0.022
>28 .- 1.150(0.996~1.327) 0.056
Glucose status normal L ref
IFG . 1.362(1.120~1.656)  0.002
DM o 1.043(0.849~1.281)  0.69
Central obesity no ref
yes - 1.127(1.038~1.223)  0.004
High LDL-C no ref
yes 0.904(0.844~0.969)  0.005
T T T T T T T T T
0 1 2 3 4 5 8

Figure 4 Independent risk factors associated with TNs in females identified through a multivariate binary logistic regression analysis.
Abbreviations: BMI, body mass index; IFG, impaired fasting glucose; DM, diabetes mellitus.
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A complex series of factors including age, gender, and iodine intake can all influence TN development. Moreover,
metabolic syndrome has been established as being independently associated with TN risk.® Here, age, gender, BMI,
central obesity, and blood glucose levels were all found to be significantly related to TN development in this population
of individuals undergoing physical examinations.

Age can have a major impact on TN incidence rates. As humans age, the production of reactive oxygen species and
free radicals becomes enhanced, causing harm to cells that can contribute to cellular damage and changes in thyroid
tissue including fibrosis and aging, eventually leading to TN formation.”' When participants were stratified based on age,
higher age was linked to an elevated risk of TNs. This remained true following gender-based patient stratification. Prior
evidence indicated that females were at a higher risk of TN development relative to males,”*"'" with a 2.8-fold higher risk
of TN in this study cohort. Another report highlighting increased TN rates among females suggested that these rates are
associated with estrogen and progesterone levels.”? Kung et al** determined that pregnancy was related to the odds of TN
development and to the enlargement of preexisting TNs.

In the present study, both central obesity and a BMI classified as overweight/obese were independently associated with the
risk of TN development. The association between obesity and TNs may be related to adipose tissue-mediated leptin secretion.
As BMI and leptin levels are positively correlated,>* this may explain the rising TSH levels observed as BMI increases.
Generally, obese people have leptin resistance, leading to an increase in plasma leptin concentration. Excessive leptin can
promote autoimmune thyroid disease, and can also up-regulate the hypothalamus-pituitary-thyroid axis, leading to
hyperthyrotropism.*> Specifically, elevated levels of leptin in the serum of obese individuals can promote higher levels of
TSH, which in turn drive TN development. One study consistently found BMI to be positively correlated with TN incidence.?®
Xu et al*’ separated study subjects into two groups based upon whether or not their BMI was below 24 kg/m?, revealing that
a BMI > 24 kg/m* was significantly correlated with a higher risk of TN incidence, in line with the present results. Moreover,
BMI < 18.5 was herein found to be protective against TN development among healthy individuals, suggesting that under-
weight individuals are less likely to exhibit TNs. This may be related to levels of TSH and other hormones, although future
prospective cohort study-based validation of these findings will be essential. Central obesity was herein identified as a factor
independently related to TN risk, and this remained true even when analyzing gender-based subgroups. Central obesity has

2829 including hyperglycemia,

already been shown to be associated with a higher risk of adverse metabolic health outcomes,
hypertension, and dyslipidemia, reflecting a range of components of metabolic syndrome. Central obesity is a core component
of this metabolic syndrome.*® Song et al*' reported that WC was superior to BMI when evaluating patient TN risk, and in the
present study the value of these predictors remained consistent following gender-based stratification.

In this study, IFG was associated with TN development such that prediabetic individuals were at a higher risk of TN

incidence. In a study conducted by Anil et al*?

in Turkey, larger thyroid size and higher rates of TN development were observed
in individuals suffering from impaired glucose metabolism. Rezzonico et al*> found metformin to produce significant reductions
in nodular size in individuals exhibiting insulin resistance harboring small TNs. Abnormal glucose metabolism can alter the
energy metabolism of thyroid follicular cells, thus promoting TN development. When participants were analyzed based on
gender, significant correlations were detected between age, BMI, central obesity, and TN incidence for both males and females.
Impaired fasting glucose was also related to TN incidence among women. Prior research has indicated that TG levels are related

3435 and Winzer et al*®

to diabetic onset, demonstrated that women exhibited higher levels of blood lipids relative to age-matched
men following menopause, significantly impacting TG levels. This suggests that blood lipid levels can be impacted by estrogen.
While high TG levels were herein found to be related to TN incidence in women, the same was not true in men.

Here, blood pressure, uric acid levels, and dyslipidemia (TG, RC, HDL, and LDL) were all found to be significantly
associated with nodular disease. However, these factors were ultimately not identified as being risk factors independently
associated with TN incidence in contrast to some prior evidence.’*’* For example, Zou et al*° reported higher LDL-C

levels to be more closely associated with multiple thyroid sarcoidosis, while Liu et al*®

identified uric acid levels as being
protective in men over the age of 30 yet a risk factor in both women older than 30 and men younger than 30. When
specifically evaluating patient subgroups based on gender, high LDL-C levels were identified as a protective factor in
females. As such, the precise role that hypertension, uric acid levels, and serum lipids play in the promotion of TN

development remains to be fully clarified. Differences among studies and subgroups may be attributable to differences in
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the enrolled subjects and to limited sample sizes. Additional prospective cohort studies should be conducted to better
clarify how lipid levels and uric acid influence TN risk.

Newly discovered NTs in potential organ donors need to be investigated to rule out cancer and avert any subsequent
risk of transmission.*® However, there are no established protocols that clearly address the management of thyroid
nodules in deceased donors for transplantation.*' Our findings have some significance in the context of the donor
population. This study provides a new approach to assessing the risk of TNs through risk factors and valuable data for
preliminary assessment of the risk TNs in donors. That is to say, and for donors who do not know if they have thyroid
nodules, somebody can evaluate through risk factors.

While the present study compiles large quantities of data from a large patient population and will thus serve as
a valuable reference resource, it is nonetheless subject to certain limitations. Notably, factors such as participant diet,
education levels, lifestyle factors, and economic status were not taken into account.

Conclusion

In most cases, TNs do not exhibit any overt symptoms during their early stages, and as such, thyroid ultrasonography and
thyroid function tests can aid in the early detection of these nodules. For women aged >31 years old, individuals who are
overweight/obese, and those with high blood glucose levels, thyroid ultrasound screening should be recommended to
facilitate early detection and diagnosis. In addition, healthy individuals should engage in primary preventative measures
aimed at reducing TN incidence through lifestyle adjustments and the control of body mass, while individuals already
suffering from metabolic diseases should actively seek to regulate their blood glucose levels.
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