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Objective: This study aimed to analyze the relationship between the metabolic syndrome
(MetS) and its components with the occurrence of thyroid nodules.

Methods: A total of 2719 volunteers from some areas of Gansu Province, China, who
participated in the national survey of thyroid diseases and iodine nutrition status (Tide) and
diabetes prevalence, were selected. Their height, weight, waist circumference (WC), systolic
blood pressure (SBP), and diastolic blood pressure were recorded. The fasting plasma
glucose (FPG), 2-h plasma postprandial glucose (2hPGQG), total cholesterol (TC), triglyceride
(TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), and glycosylated hemoglobin (HbA1C) levels were measured. The prevalence of
MetS and thyroid nodules was evaluated, and the correlation between each component of
MetS and thyroid nodules was studied.

Results: The prevalence of MetS and thyroid nodules was 15.4% and 17.2%, respectively.
WC, SBP, body mass index, FPG, 2hPG, TG, TC, and thyroid-stimulating hormone levels
were significantly higher in the thyroid nodule group. The prevalence of thyroid nodules was
significantly higher in the MetS group. A positive correlation was found between the degree
of metabolic disorder and the occurrence of thyroid nodules. WC was found to be a risk
factor for the occurrence of thyroid nodules. For WC>90 cm, an increase in the independent
variables led to a significant rise in the incidence of thyroid nodules.

Conclusion: The prevalence of thyroid nodules was higher in the MetS group. The WC of the
MetS components might be an independent risk factor for the occurrence of thyroid nodules.

Keywords: metabolic syndrome, risk factors, thyroid nodules, waist circumference

Introduction

A thyroid nodule is a common thyroid disease. In the last 30 years, the incidence of
thyroid nodules has shown an increasing trend, which may be attributed to the
popularity of thyroid ultrasound. An epidemiological survey showed that the
detectable rate of thyroid nodules via palpation was 3—7%, while it was as high
as 20—67% using high-resolution ultrasound.' Metabolic syndrome (MetS) refers to
the pathological states of metabolic disorders caused by proteins, fats, carbohy-
drates, and other substances in the human body. It is characterized by central
obesity, hypertension, abnormal glucose metabolism, and high triglyceride and
low- and high-density lipoprotein levels. The economic development and change
in human diet and lifestyle have led to an increasing incidence of MetS globally.*
In China, 12.7% men and 14.2% women were diagnosed with MetS.* The MetS
was closely related to cardiovascular diseases, type 2 diabetes, and the occurrence
of tumors.™® Similarly, previous studies showed that patients with diabetes had a
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higher incidence of thyroid nodules compared with healthy
people.” Moreover, the body mass index (BMI) was asso-
ciated with thyroid volume and the occurrence of thyroid
nodules.®> '° However, whether MetS was related to the
occurrence of thyroid nodules was not clear. In the present
study, the incidence of MetS and thyroid nodules in some
areas of Gansu province, China, was analyzed to explore
the correlation between MetS and its components with

thyroid nodules.

Participants and methods

Participants

A total of 2719 volunteers from some areas of Gansu
province, China, who participated in the national survey
of thyroid diseases and iodine nutrition status (Tide) and
diabetes prevalence, were included in this study.

All the participants were ethnic Han Chinese, aged more
than 18 years and with more than 5 years of living history in
the community (or village) of the survey areas. These partici-
pants were not accepted for iodine-containing contrast agents
or ethamidone for nearly 3 months.Participants with a history
of thyroid diseases or pregnant women were excluded from
this survey. Written and oral information of the protocol was
announced before the screening, and informed consent was

obtained from each eligible participant.

Methods

The basic information and history of diseases (including
thyroid diseases, diabetes, hypertension, and so on) of
each participant were collected. The height, weight, waist
circumference (WC), systolic blood pressure (SBP), dia-
stolic blood pressure (DBP), and heart rate of each parti-
cipant were measured. After fasting for 8 h at night, the
venous blood samples were collected in the morning. The
fasting plasma glucose (FPG), 2 hr postprandial plasma
glucose (2hPG), total cholesterol (TC), TG, high-density
lipoprotein cholesterol (HDL-C), and low-density lipopro-
tein cholesterol (LDL-C) were measured using the Bs-220
Automatic Biochemical Analyzer (Mairui Biotechnology
Co. Ltd, China). The glycosylated hemoglobin (HbA1C)
levels were detected using the Bio-Rad Glycosylated
Hemoglobin Analyzer (Bio-Rad, USA).

Thyroid ultrasonography was performed by profes-
sional ultrasound physicians. The diameter of each part
of the thyroid was measured routinely using LOGIQ100
PRO (GE, Germany) and 7.5-MHz probes.

The diagnostic criteria of MetS were proposed by the
Chinese Diabetes Society in 2004."" The eligible participants
experienced at least three of the following conditions: (1) High
blood pressure (SBP >140 and/or DBP >90 mm Hg) and/or
hypertension diagnosed and treated; (2) TG >150 mg/dL
(1.7 mmol/L); (3) HDL-C <35 mg/dL (0.90 mmol/L) in
male participants and <39 mg/dL (1.0 mmol/L) in female
participants; (4) overweight and/or obese (BMI >25.0 kg/m*
or WC >85 cm in male participants and >80 cm in female
participants); (5) FPG >6.1 mmol/L (110 mg/dL) and/or 2hPG
>7.8 mmol/L (140 mg/dL) and/or diabetes diagnosed and
treated for elevated glucose levels.

Statistical analysis

All data were analyzed using SPSS 21.0 software and
expressed as X + s The two groups were compared using the
independent-sample Student's ¢ test. The chi-square test was
used for comparing the enumeration data between the two
groups. The relationship between each component of MetS
and the occurrence of thyroid nodules was evaluated using the
single-factor binary logistics regression analysis, and the inde-
pendent risk factors of the occurrence of thyroid nodules were
evaluated using multiple-factor binary logistics regression
analysis. A P-value <0.05 was considered as statistically
significant.

Results

Prevalence of MetS and thyroid nodules
A total of 2719 participants (1423 male and 1296
female) were included in the present study. Of these,
418 participants (15.4%) were diagnosed with MetS,
including 280 male and 138 female. The prevalence of
MetS was higher in male participants than in female
participants (10.3% vs.5.1%, y*=42.50; P<0.0001). All
the parameters of the MetS and non-MetS groups are
shown in Table 1.

The thyroid nodules were detected in 469 participants
(17.2%), and the prevalence of thyroid nodules was sig-
nificantly higher in female participants than in male parti-
cipants (9.5% vs 7.7%, x°=12.261; P<0.0001).

Comparison of metabolic parameters
between thyroid nodule and non-thyroid

nodule groups

The levels of WC, SBP, BMI, FPG, 2hPG, TG, TC, and
thyroid-stimulating hormone (TSH) were significantly
higher in the thyroid nodule group than in the non-thyroid
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Table 1 Comparison between the MetS (+) group and MetS (-)
group

Parameters MetS (+) MetS (-) P

Age (Year) 52.57£14.66 40.72+14.27 <0.0001
WC (cm) 91.99+8.62 82.61+9.52 <0.0001
TG (mmol/L) 2.55%1.77 1.41+1.00 <0.0001
HDL-C (mmol/L) 1.35+0.38 1.52+0.38 <0.0001
SBP (mmHg) 148.89+19.85 123.71+16.44 <0.0001
DBP (mmHg) 87.99+13.09 77.11£22.25 <0.0001
FPG (mmol/L) 6.58+2.41 5.25%1.12 <0.0001
2hPG (mmol/L) 10.24+5.00 6.45%2.90 <0.0001

Abbreviations: WC, waist circumference; TG, triglycerides; HDL-C, high-density
lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure;
FPG, fasting plasma glucose; 2hPG, 2h postprandial plasma glucose; MetS (+),
metabolic syndrome group; MetS (-), non-metabolic syndrome group.

nodule group (all P<0.05). However, no significant differ-
ence was found in DBP, heart rate, HDL-C, LDL-C, and
HbA1C levels between the two groups (Table 2).

Relationship between thyroid nodules and
MetS

A total of 116 participants with thyroid nodules in the MetS
group and 353 participants with thyroid nodules in the non-
MetS group were found. The prevalence of thyroid nodules in
the MetS group was significantly higher in the non-MetS group
than in the non-MetS group (27.8% vs 15.3, »°=38.17;
P<0.0001).

Table 2 Comparation of related parameters between TN (+)
group and TN (-) group

TN (+) TN (-) P

Age (Year) 53.23:1564 | 40.3313.80 | <0.0001
BMI (kg/m?) 2428+3.09 | 23.60+588 | 0.016
SBP (mmHg) 134.59+21.45 | 124.46217.21 | <0.0001
DBP (mmHg) 79.42£12.37 | 77.93+2323 | 0.179
WC (cm) 85224994 | 83.19+9.78 | <0.000!
Heart rate (Times/Min) | 80.20£12.52 | 80.08+11.91 | 0.849
FPG (mmol/L) 5.83+1.83 5.29£1.22 <0.0001
2hPG (mmolil) 7.96+4.33 6.59+3.08 <0.0001
TG (mmolil) 1.67£1.12 1.501.16 0.003
TC (mmol/l) 462%1.05 436093 <0.0001
HDL-C (mmol/L) |.54£0.40 1.51£0.38 0.109
LDL-C (mmol/L) 2774077 2.55+0.72 0.241
HbAIC (%) 5.69£1.09 561091 0818
TSH (mlU/L) 3.58+3.58 3.34£3.20 <0.000|

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; WC, waist circumference; FPG, fasting plasma glucose; 2hPG, 2h
postprandial plasma glucose; TG, triglycerides; TC, cholesterol; HDL — C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
HbAIC, glycosylated hemoglobin; TSH, thyroid stimulating hormone; TN (+),
Thyroid nodule group; TN (-), Non-Thyroid nodule group.

A single-factor logistic regression analysis showed
thatthe occurrence of thyroid nodules was positively
correlated with MetS [OR =2.120; P<0.0001; 95% CI
(1.664-2.701)].

Relationship between thyroid nodules and

degree of metabolic disorder

All participants were grouped according to the degree of
metabolic disorder: participants with one component of
MetS as group 1, participants with two components of
MetS as group 2, participants with three components of
MetS as group 3, participants with four components of
MetS as group 4, and participants without any component
of MetS as group 5 (control group). The logistic regres-
sion analysis showed that the higher the degree of meta-
bolic disorder, the more likely the occurrence of thyroid
nodules (Table 3).

After adjusting for gender and age, no difference in
the risks of thyroid nodules was found between group 1
and group 5. However, for patients with two or more
components of MetS, the more the number of ingredi-
ents of MetS, the greater the risks of thyroid nodules,
although the significance decreased (Table 3).

Relationship between each component of
MetS and thyroid nodules

The correlation between each component of MetS and thyr-
oid nodules was analyzed by single-factor logistic regression.
The results indicated that WC, SBP, FPG, 2hPG, and TG
levels were risk factors for the occurrence of thyroid nodules
(Table 4). Moreover, the TSH levels also significantly

Table 3 Correlation between the degrees of metabolic disorder
and thyroid nodules

Model-1 Model-2

OR 95% CI OR 95% CI
Sex - - 1.540 (1.241 1.910) **
Age - - 1.054 (1.046 1.062) **
5 - . - -
| 1.721 (1.308 2.266) ** 1.187 (0.885 1.592)
2 2.776 (2.082 3.701) ** 1.516 (1.105 2.080) *
3 3.108 (2.234 4.323) ** 1.464 (1.010 2.122) *
4 3.818 (2.515 5.797) ** 1.710 (1.241 1.910) *

Notes: Group I: subjects with one component of MetS; group 2: subjects with two
components of MetS; group 3: subjects with three components of MetS; group 4:
subjects with four components of MetS, group 5: subjects without any component
of MetS (control group). Model-1: not adjusting any confounding factors. Model-2
adjust gender and age based on model-1. *P<0.05; **P<0.0001.
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Table 4 Single factor regression analysis of each
MetS and thyroid nodules

component of

OR P 95% CI
wcC 1.021 <0.0001 (1.011, 1.032)
SBP 1.027 <0.0001 (1.022, 1.032)
DBP 1.004 0.121 (0.999, 1.010)
FPG 1.240 <0.0001 (1.164, 1.321)
2hPG 1.098 <0.0001 (1.071, 1.125)
TG 1.133 0.002 (1.047, 1.226)
HDL-C 0.993 0.648 (0.963, 1.024)

Note: The bold font highlights the statistical differences.

correlated with the occurrence of thyroid nodules
(OR =1.048; P=0.001).

The multivariate logistic regression analysis showed that
the TSH, SBP, DBP, and 2hPG levels were the risk factors for
the occurrence of thyroid nodules. After adjusting for TC,
HDL-C, HbA1C, TSH, SBP, DBP, and 2hPG levels, the
TSH, SBP, DBP, and 2hPG levels still correlated with the
occurrence of thyroid nodules. Moreover, the WC, HDL-C,
and LDL-C levels were also risk factors for the occurrence of
thyroid nodules (Table 5). After further adjusting for gender
and age, WC was found to be an independent risk factor for
thyroid nodules. No correlation was observed between the
TSH, SBP, DBP, FPG, 2hPG, TG, TC, HDL-C, LDL-C, and
HbA1C levels and the occurrence of thyroid nodules (Table 5).

Thyroid nodules and WC levels

All the participants were grouped according to the WC
levels, and those with WC <80 cm were taken as the

control group. The single-factor logistic regression analy-
sis showed no difference in the incidence of thyroid
nodules between the group with WC <80 cm and that
with WC =80-89 cm. However, for groups with WC
>90 cm or higher, an increase in the independent variables
led to a significant rise in the incidence of thyroid nodules.
Although the significance reduced after adjusting for gen-
der and age, the correlation persisted (Table 6).

WC and TSH levels

The participants were divided into two groups based on
their WC levels: WC >90 cm and WC <90 cm. The TSH
levels between the two groups were compared. The results
showed that the TSH levels were significantly higher in
the WC >90 cm group than in the WC <90 cm group (3.23
+2.88vs. 3.45+3.41, P<0.05).

Discussion

MetS is a complex disease involving multiple systems and
various metabolic disorders. The core of MetS is insulin
resistance, while obesity, especially central obesity, is clo-
sely related to the occurrence of insulin resistance. This
study showed that SBP, plasma glucose, blood lipid, and
WC levels all increased in patients with thyroid nodules,
and the prevalence rates of thyroid nodules increased in
patients with MetS. Shin et al reported that the incidence
of thyroid nodules was significantly higher in patients with
MetS than in those without MetS, which was consistent
with the results of the present study.'” In patients with

Table 5 Multiple factors regression analysis of the components of MetS and thyroid nodules

Model | Model 2 Model 3

OR P OR P OR P
Sex - - - - 1.015 <0.0001
Age - - - - 1.054 <0.0001
TSH 1.031 0.022 1.027 0.046 1.007 0.638
WwC 1.009 0.104 1.013 0.042 1.015 0.019
SBP 1.029 <0.0001 1.028 <0.0001 1.005 0.233
DBP 0.980 <0.0001 0.979 <0.0001 0.996 0.460
FPG 1.056 0.306 1.069 0.222 1.067 0.160
2hPG 1.058 <0.0001 1.054 <0.0001 0.974 0.270
TG 1.015 0.553 1.067 0.190 1.062 0.249
HDL-C 0.994 0.712 1.414 0.019 1.281 0.188
TC - - 0.849 0.699 1.062 0.308
LDL-C - - 1.196 0.011 1.119 0.375
HbAIC - - 0.989 0.459 0.990 0.373

Notes: Model-1: including each component of MetS, and not adjusting any confounding factors; Model-2: adjusting TC. LDL-C. HbAIC levels based on Model-1; Model 3:
adjusting age, sex levels based on Model-2. The bold font highlights the statistical differences.
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Table 6 Correlation between the group of the WC and thyroid
nodules

Model-1 Model-2

OR 95% CI OR 95% CI
Sex - - 1.665 | (1.323, 2.093) **
Age - - 1.057 | (1.049, 1.064) **
<80 cm - - - -
80~89 cm 1.155 | (0.904, 1.475) 1.072 | (0.823, 1.097)
90~99 cm 1.598 | (1.225, 2.085) * 1.409 | (1.041, 1.908) *
>100 cm 1.919 | (1.277, 2.883) * 1.747 | (1.099, 2.775) *

Notes: Model-1: WC<80cm as control group according to WC levels, not adjusting
any confounding factors; Model-2: adjusting age, and sex levels based on Model-I.
*P<0.05, **P<0.0001.

MetS, the hyperinsulinemia, hyperglycemia, and hyperli-
pidemia might stimulate thyroid cell hyperplasia.'” The
risk of thyroid nodules increased with the increase in
MetS components, and the correlation persisted after
adjusting for gender and age. Moreover, patients with
two or more MetS components were more likely to
develop thyroid nodules than those without or with one
MetS component. Patients with poor MetS control, espe-
cially those with poor glucose metabolism control, were
more likely to develop thyroid nodules.

This study showed that the WC in MetS components
was an independent risk factor for the occurrence of thyr-
oid nodules. WC was a reliable indicator to reflect central
obesity and also one of the components of MetS.
Compared with BMI, WC better reflected the distribution
of fat, predicted the amount of visceral fat, and had a better
correlation with insulin sensitivity. Considering partici-
pants with WC <80 cm as the control group, the present
study showed that the incidence of thyroid nodules
increased significantly with the increase in WC for parti-
cipants with WC >90 cm. Panagiotou et al reported that
not only central obesity was related to the occurrence and
number of thyroid nodules but also the hip circumference
positively correlated with the maximum diameter of
nodules.'?

The relationship between WC and the occurrence of
thyroid nodules might be attributed to the following
aspects.

Previous studies showed that WC positively correlated
with insulin resistance and was a predictive factor for
insulin resistance.'* Insulin resistance was related to the
distribution, structure, and density of thyroid blood ves-
sels, which might promote the growth of nodules. Insulin

resistance may directly activate the proliferation pathway

through insulin or insulin-like growth factor 1 and regulate
the expression of thyroid genes and the proliferation and
differentiation of thyroid cells.'”” Thyroid cells may
synthesize insulin-like growth factor 1 and express insu-
lin-like growth factor 1 receptor. The expression level of
insulin-like growth factor 1 was higher in thyroid cells
with nodules than in those without nodules. In patients
with insulin resistance, the volumes of thyroid nodules
decreased obviously after metformin treatment for some
time,'® further proving the relationship between insulin
resistance and thyroid nodules.

Bastemir et al found that the TSH levels were signifi-
cantly higher in obese people than in normal people. They
also pointed out that the TSH level positively correlated
with weight, BMI, and WC levels.'” In the present study,
the TSH level was higher in patients with WC >90 cm than
in those with WC <90 cm. Moreover, a study on the
correlation between thyroid function and metabolic para-
meters indicated that the TSH level was independently
related to WC, and was independent of insulin sensitivity
and hemodynamic parameters.'® In terms of TSH secretion,
obese patients had a lower sensitivity to FT4 than normal-
weight patients, and they improperly secreted more TSH.'®
Therefore, the TSH level gradually increased with the
increase in WC. TSH might promote the proliferation of
thyroid follicular epithelium cells. The higher TSH levels
not only promoted the hyperplasia of normal thyroid tissues
but also increased the occurrence of the nodules.

Compared with the individuals with a thin body, fat
tissues of obese people expressed high levels of pro-
inflammatory proteins, including tumor necrosis factor-
alpha, interleukin-6, and so on.'"” A study in Mexico
showed that the leptin level positively correlated with
WC in women with WC >85 c¢cm and men with WC
>90 cm. Leptin, as a product of obesity gene, plasma
leptin, and its mRNA levels, reflected the body fat in the
adipose tissues. It might be important in regulating weight
and controlling the size of the adipose tissues.”” The pre-
sent study also found that WC was an independent risk
factor for the occurrence of thyroid nodules. However,
whether the mechanism was related to the increase in
plasma leptin levels needs further investigation. Central
obese people produced more leptin than those with a
normal body. Leptin is secreted by fat cells and is one of
the important neuroendocrine regulatory factors that may
promote the secretion of TSH through the hypothalamus—
pituitary—thyroid—fat tissue axis. Long-term higher TSH
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levels can cause significant hyperplasia of thyroid glands
and increase the incidence of thyroid nodules.

Leptin may promote tumor transformation, prolifera-
tion of cancer cells, and tumor angiogenesis.”' The
increased leptin levels correlated with the occurrence of
prostate cancer, colon cancer, breast cancer, and endome-
trial cancer. Although more than 90% of the thyroid
nodules found by ultrasound were benign nodules, some
nodules were malignant. Kitahara et al reported a study
including 125,347 men and 72,363 women, during more
than 1 year of follow-up. Of these, 106 men and 105
women were diagnosed with primary thyroid cancer. The
WC (>102 cm for men and >88 c¢cm for women) and body
mass (BMI >30 kg/m?) were found to be the risk factors
for thyroid cancer.”” Hyperglycemia and BMI were
reported to be correlated with thyroid cancer.®'*
Patients with central obesity had insulin resistance, and
the body secreted more insulin as a compensatory basis.
Chronic hyperinsulinemia reduced the production of insu-
lin-like growth factor binding proteins I and II, which had
an inhibitory effect on insulin-like growth factor 1. The
inhibitory effect on insulin-like growth factor 1 weakened,
leading to increased circulating insulin-like growth factor
1 levels and cancer cells overexpressing insulin-like
growth factor 1 and its receptors.”” Higher circulating
insulin-like growth factor 1 level was found to be asso-
ciated with an increased risk of breast, prostate, lung, and
colorectal cancers.”* Chronic hyperinsulinemia might
induce mutations in cells. Moreover, insulin-like growth
factor 1 might, in turn, stimulate cell proliferation and help
in the development and metastasis of tumors. Finally,
hyperglycemia might also lead to dysfunction of the pro-
tein kinase C cell signaling system and accelerate tumor
growth and metastasis.*’
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