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Abstract

Objective: The purpose of this study was to explore the prevalence of thyroid nodules
(TN) and metabolic syndrome (MS) and to analyze the correlation between TN and the

components of MS.

Methods: A total of 1526 subjects were divided into two groups: a TN group and a non-
thyroid nodules (NTN) group. The height, weight, blood pressure, fasting blood glucose
level, fasting plasma insulin level, serum lipid profile, uric acid level, serum thyroid-
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stimulating hormone (TSH) level, free triiodothyronine (FT3) level, and free thyroxine
(FT4) level of each patient were measured. Insulin resistance (IR) was estimated by
homeostasis model assessment of insulin resistance (HOMA-IR). Fatty liver and TN were

detected by color Doppler ultrasonography.

Results: (i) The overall prevalence of TN was 39.5%; it was significantly higher in women

than in men (P < 0.01) and progressively increased with age in both sexes. (ii) The overall
prevalence of MS was 25.6%; it was significantly higher in men than in women (P < 0.01)
and progressively increased with age in both sexes. (iii) FT3 was significantly lower in

the TN group than in the NTN group (P < 0.01). (iv) BMI, triglycerides, and HOMA-IR were

higher in the TN group than in the NTN group (P < 0.05). (v) The existence of TN was
significantly associated with overweight/obesity (OR = 1.03, 95% Cl = 1.024-1.089), and
with insulin resistance (IR) (OR =1.98, 95% Cl = 1.645-2.368), after adjusting for age

and sex.

Conclusions: The prevalence of thyroid nodules and metabolic syndrome in the Nanchang

area increases with age, and overweight/obesity and IR in patients are associated with

thyroid nodules.
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Introduction

Both solitary and multiple thyroid nodules (TN) are very
commonly seen in clinical practice; this is important,
because thyroid cancer occurs in approximately 5%
of these nodules (1). Thyroid nodules can also indicate
thyroid dysfunction, for autonomous
adenoma and toxic multinodular goiter (2). However,
thyroid nodules are detected in only 5-7% of the adult
population during physical examination (3). The main
purpose of improving the diagnostic rate is to diagnose

example,

suspected thyroid cancers as early as possible and reduce
unnecessary thyroid surgeries. Ultrasound can detect
small nodules, and with the development of ultrasound
(especially the application of high-resolution ultrasound),
and the increase in health consciousness in general, the
detection rate of thyroid nodules has increased (4).
Metabolic syndrome (MS) is characterized by
the presence of at least four of the following clinical
components:  hyperglycemia, abdominal obesity,
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atherogenic dyslipidemia (low HDL-cholesterol (HDL-C)
and high plasma triacylglycerols), and hypertension (95).
While not a disease per se, MS puts an individual at risk of
developing a variety of illnesses, such as type 2 diabetes,
cardiovascular disease, and stroke (6). Metabolic syndrome
affects approximately 25% of the global population; its
risk factors include age, sex, genetics, and lifestyle (6).
As a result of contemporary changes in lifestyles, the
prevalence of MS is increasing yearly.

It has been reported that the increase in the incidence
of TN is related to some components of MS (7). Researchers
in the field have found that MS and insulin resistance are
important factors associated with the increased incidence
of nodular goiter and thyroid cancer (8). However, the
results of these studies are not confirmed and should be
verified by further research. Therefore, in order to further
investigate whether the incidence of TN is related to
MS, this cross-sectional study analyzes the clinical data
of 1526 patients following a physical examination, to
understand the prevalence of TN and MS, analyze the
correlation between TN and MS and its components, and
make a preliminary discussion of the findings.

Methods
Study population

From June to December 2017, in the Physical Examination
Center of the Third Affiliated Hospital of Nanchang
University, China, 1526 participants aged 20-90 years
were recruited, including 811 males and 715 females.
Random cluster sampling was used to select the study
population. Participants that had thyroid ultrasound
results and complete clinical data were included in this
study. The exclusion criteria included a history of thyroid
disease other than TN, a history of radiotherapy or surgery
on the head and neck, a history of severe neurological
or psychiatric illness, and a history of amiodarone
medication; pregnant women, breastfeeding women,
and participants who had heart, lung, liver, and kidney
dysfunctions were also excluded.

This study was approved by the Ethics Committee of the
Third Affiliated Hospital of Nanchang University. Written
informed consent was obtained from all participants.

Data collection and clinical tests

A comprehensive questionnaire was used to obtain basic
information from the participants, including medical
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history, family history of chronic diseases, current
medication use, and smoking and drinking status.

Each patient’s height, weight, and blood pressure were
measured based on standardized protocols. Blood pressure
of the right brachial artery was measured in the resting
state using an Omron electronic sphygmomanometer
(HEM-752, Japan). BMI was calculated according to the
following formula: BMI=weight in kg/height in square m.

Fasting serum samples were collected after at least
8-10 h of fasting. The serum samples were uniformly
tested within 1-3 h. Fasting blood glucose (FBG) level was
determined by the glucose oxidase method. Triglycerides,
total cholesterol, low-density lipoprotein cholesterol
(LDL-C), and high-density lipoprotein cholesterol (HDL-C)
measurements were performed by lipid spectroscopy.
Uric acid level was determined by uricase. Fasting insulin,
thyroid-stimulating hormone (TSH), free T3 (FT3), and free
T4 (FT4) levels were detected by electrochemiluminescence
immunoassay: specific chemiluminescence induced by
electrochemistry on the electrode surface was labeled with
an electrochemical luminous agent, and the measured
antigen (Ag) or antibody (Ab) was treated quantitatively/
qualitatively, according to the light intensity emitted
by the electrochemical luminous agent on the electrode
through Ag-Ab reaction and magnetic bead separation.

The thyroid and liver ultrasound examinations were
performed by the same trained examiner using a 7.5-15 MHz
transducer (PHILIPS HD11 B-ultrasound detector).

Diagnosis of metabolic syndrome and
insulin resistance

This study adopted the diagnostic criteria of MS
recommended by the Chinese Diabetes Society (CDS) (2004
edition), where MS is indicated by the presence of at least
three of the following: (i) overweight and/or obesity, that
is, BMI > 25.0 kg/m?; (ii) hyperglycemia, that is, fasting
glycemia > 6.1 mmol/L and/or postprandial 2 h blood
glucose > 7.8 mmol/L and/or diagnosis of and treatment
for diabetes; (iii) hypertension, i.e. systolic blood pressure
(SBP)/diastolic blood pressure (DBP) > 140/90 mmHg and/or
identification of and treatment for hypertension and
(iv) dyslipidemia, that is, triglyceride concentrations
> 1.7 mmol/L and/or HDL concentrations < 0.9 mmol/L
(men) or < 1.0 mmol/L (women).

Insulin resistance (IR) was determined by the
computational homeostasis model assessment for insulin
resistance (HOMA-IR): HOMA-IR =fasting insulin (mIU/L)
x FBG (mmol/L)/22.5. HOMA-IR > 2.5 was determined
as IR.
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Statistical analysis

Normally distributed continuous variables were described
as the mean (x + s.n0.) and were compared using a f-test. A
chi-square test was used to compare categorical variables
between the groups. Multivariate binary logistic analysis
was used to explore the associations between TN and
MS and its components. A P value < 0.05 was considered
significant and all data were analyzed using the software
SPSS 19.0.

Results
The prevalence of thyroid nodules

The overall number of patients with TN was 603 and the
prevalence rate was 39.5%. Among these cases, single
nodules accounted for 43.2% and multiple nodules
accounted for 56.8%. Of these nodules, 49.6% were solid
nodules, 37.2% were mixed nodules, 9.5% were cystic
nodules, and 3.6% were liquid nodules.

According to the age stratification, the prevalence
of TN increased with age (pairwise comparison of the
prevalencerate for each age group, P<0.05). The prevalence
of thyroid nodules in females was 47.7%, which was
significantly higher than that in males (P < 0.01). Table
1 shows that the prevalence of TN and thyroid antibody
in females at all ages is significantly higher than that
in males.

The prevalence of metabolic syndrome

The number of patients meeting the diagnostic criteria for
MS was 391, with a prevalence of 25.6%: 33.9% in males
and 15.2% in females. The difference in the prevalence of
MS between males and females was significant (P < 0.01).
The age stratification shows that the prevalence of MS
increased with age (pairwise comparison of the prevalence
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rate for each age group, P < 0.05). The results are shown
in Table 2.

The association between thyroid nodules and
thyroid function

All subjects were divided between the TN (+) group and
the TN (—) group. Free T3 was significantly lower in the TN
(+) group than in the TN (-) group (P < 0.01). However, no
significant difference in FT4 and TSH was found between
the TN (+) group and the TN (-) group (P > 0.05). The
results are shown in Table 3.

The relationship between thyroid nodules and
metabolic syndrome components

As presented in Table 4, the levels of BMI, triglycerides
and HOMA-IR in the TN (+) group were significantly
higher than in the TN (-) group (P < 0.05), while there
was no significant difference in SBP, DBP, FPG, uric acid,
total cholesterol, HDL-C, and LDL-C levels between the
two groups (P > 0.05).

Logistic regression analysis of thyroid nodules and
metabolic syndrome components

A multivariate logistic regression analysis was performed
to assess whether TN occurred as the dependent variable,
with gender, age, BMI, blood pressure, FBG, triglyceride,
total cholesterol, LDL-C, HDL-C, uric acid, TSH, fatty liver,
and IR as the independent variables. After the adjustment
was completed for gender and age, the prevalence of
TN was positively correlated with BMI (OR=1.039,
95% CI=1.024-1.089) and IR (OR=1.986, 95% CI=
1.645-2.368). However, blood pressure, FBG, triglycerides,
total cholesterol, LDL-C, HDL-C, uric acid, TSH, and fatty
liver had no significant effect on the occurrence of TN
(P >0.05).

Table 1 Prevalence of thyroid nodules in different age and gender groups.

Prevalence of TN

Age (years) Number (n) Male/female (n/n) Total, n (%) Male, n (%) Female, n (%)
20-29 221 115/106 29 (13.1)2 11(9.6) 18 (17.0)°
30-39 266 156/110 66 (24.8)° 25(16.0) 41 (37.3)°
40-49 363 192/171 137 (37.7)2 59 (30.7) 78 (45.6)°
50-59 333 170/163 159 (47.7)? 72 (42.4) 87 (53.4)°
60-69 217 116/101 126 (58.1)? 59 (50.9) 67 (66.3)°
>70 126 62/64 86 (68.3)° 36 (58.1) 50 (78.1)°
Total 1526 811/715 603 (39.5)® 262 (32.3) 341 (47.7)¢

ap < 0.05, pairwise comparison of TN prevalence among age groups; °P < 0.05, °P < 0.01, compared with the prevalence of TN in males of the same age group.
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Table 2 Prevalence of metabolic syndrome in different age and gender groups.

Prevalence of MS

Age (years) Number (n) Male/female (n/n) Total, n (%) Male, n (%) Female, n (%)
20-29 221 115/106 14 (6.3)° 13(11.3) 1(0.9)°
30-39 266 156/110 39 (14.7) 33(21.2) 6 (5.5
40-49 363 192/171 87 (24.0)° 67 (34.9) 20 (11.7)¢
50-59 333 170/163 101 (30.3)° 71 (41.8) 30(18.4)¢
60-69 217 116/101 86 (39.6)° 55 (47.4) 31 (30.7)°
>70 126 62/64 64 (50.8)2 35(56.5) 29 (45.3)°
Total 1526 811/715 391 (25.6)2 274 (33.9) 117 (15.2)¢

ap < 0.05, pairwise comparison of TN prevalence among age groups. °P < 0.05, °P < 0.01, compared with the prevalence of TN in males of the same age group.

Discussion

In this study, the prevalence of TN found in a physical
examination of the patient population was 39.5% and
mainly included solid and cystic nodules. Some studies
have shown that TN prevalence is higher in women
and the elderly (9, 10); this is confirmed by our study,
as we found that TN prevalence was significantly higher
in females than in males and that it increased with age.
The high prevalence of TN in females may be related
to the increase of thyroxine demand and the periodic
endocrine changes caused by pregnancy, lactation, and
menstruation. However, as we did not further explore the
mechanisms of sex differences and the prevalence of TN,
we cannot draw a definite conclusion on the relationship
between TN and estrogen levels; this needs to be clarified
in future studies. The incidence of TN has also been
increasing in recent years, which may be related to the
significant improvement in imaging technology and
resolution.

There are few studies on the relationship between
TN detection and thyroid function. Thyroid-stimulating
hormone plays an important role in regulating the growth
and differentiation of thyroid cells. One previous study
has indicated that the proportion of nodules that are
malignant is lower in patients with TN for whom the level
of TSH is below normal, than in patients with TN who
have normal or elevated TSH levels (11). Qiu et al. (12)
suggest that low TSH is related to the occurrence of TN.
Therefore, the relationship between thyroid hormone and
TN need to be studied further.

Table 3 Comparison of thyroid function between TN group
and NTN group.

Group Number (n) FT3(pmol/L)  FT4(pmol/L)  TSH (plU/mL)
TN (=) 923 585+0.67 1787277 214+0.67
TN (+) 603 4.64+£0.78 16.96+250 2.10+0.63

2P <0.01, compared to TN (-) group.

Alongside contemporary changes in dietary structure,
physical activity has decreased, and the prevalence of
MS has increased yearly. In this study population, the
prevalence of MS was 25.6%: 33.9% in males and 15.2%
in females. The prevalence in males was significantly
higher than that in females, and the prevalence increased
significantly with age. The high prevalence of MS in men
is related to the intake of high-calorie and high-fat foods,
decreasing levels of physical activity, and a high frequency
of smoking. The prevalence of MS increased significantly
after 50 years of age in women, which may be related to
insulin resistance caused by decreased estrogen levels in
postmenopausal women (13).

Previous studies have shown an increased risk of TN in
obese patients (14, 15). Obesity can lead to leptin resistance
and aggravate the disorder of energy metabolism. Leptin
promotes the increase of thyrotropin, which regulates the
growth and differentiation of the thyroid cells. It is well
established that the key mechanism of MS is IR and that
high serum insulin levels are an important feature of MS
patients. It has also been reported that IR may cause the
proliferation of thyroid cells (16), promote the formation
of TN, and even progress into thyroid carcinoma.
Rezzonico et al. (17) found that the prevalence of TN
was significantly higher in IR patients than in non-IR
patients, regardless of whether they were obese or not.
Cell experiments show that insulin can regulate thyroid
gene expression through the insulin/insulin-like growth
factor-1 pathway, thereby promoting the proliferation
and differentiation of thyroid cells (18). The expression
of the insulin receptor gene increases in the early stages
of thyroid carcinoma (19). Insulin may promote cell
proliferation through protein kinase B and Ras-Raf-
mitogen-activated protein kinase pathways (20). This
study found no correlation between TN and fatty liver,
uric acid, fasting glucose, or triglycerides, yet incidence
of TN was correlated with MS; this may be because MS
increases the risk of multiple diseases.
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antibody (+)

HOMA-IR

2.52+0.93 2.26+0.52

(mmol/L)

(mmol/L)
1.28 £0.43
1.25+0.39

TC (mmol/L)
479+1.12

TG (mmol/L)
1.17 £ 0.86

BMI (kg/m?) SBP (mmHg) (mmHg) FPG (mmol/L) UA (mmol/L)
242 +3.2
1.99 £ 0.782

(n)
923
603

Group

514

334 + 86

5.06 £ 1.76
5.14 +£1.82

80+13

125+ 19
128 £ 21

TN (=)

524

2.63+0.97 4.19+0.65°

4.85+1.08

26.8 £3.22 83+13 322+ 84

TN (+)
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2P <0.01, compared to TN (-) group.
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Conclusions

Our research demonstrates that the prevalence of both
TN and MS increases with age. Overweight/obesity and
IR are risk factors for TN. It is therefore suggested that
the presence of TN should be noted for the obesity and
IR population. Thyroid ultrasound and thyroid function
can be regularly followed-up and thyroid fine-needle
aspiration cytology performed when necessary, to clarify
the nature and functional status of TN to facilitate timely
diagnosis and treatment in patients.
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