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Prevalence and associated metabolic
factors for thyroid nodules: a cross-
sectional study in Southwest of China with
more than 120 thousand populations
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Abstract

Objective: To explore the prevalence and its associated metabolic factors of thyroid nodules (TNs) among subjects
who participated in the physical examinations in Chongqing, China.

Methods: The participants from the Health Management Center of JinShan Hospital of Chongqing Medical
University, between September 2015 and May 2020, were included in this study. All of the participants underwent
thyroid ultrasonography, anthropometric measurements, and serum examinations. Differences in the TNs
prevalence were compared with the chi-square test or Wilcoxon rang-sum test. Multivariable logistic regression
analyses were used to estimate the metabolic factors associated with TNs and multiple thyroid nodules (MTNs).

Results: Of the included 121,702 participants, 41,547 had TNs, and 20,899 had MTNs, with the prevalence of 34.1
and 17.0 %, respectively. Women had a significantly higher prevalence of TNs than men (40.6 % vs. 29.8 %; χ2 =
1517.33, P < 0.001), and TNs prevalence was gradually increased with age (P for trend < 0.001). Female gender,
advanced age, and metabolic factors including central obesity, hypertension, diabetes and fatty liver were positively
associated with TNs; BMI, hyperlipoidemia and hyperuricemia were not independent risk factors of TNs. While
female gender, advanced age, central obesity, hypertension and diabetes were independent risk factors of MTNs.

Conclusions: The prevalence of thyroid nodules was relatively high. The associated factors identified in this study
could help the clinicians to detect the high-risk patients and make targeted screening strategies for the preventing
of the occurrence of TNs.
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Background
Thyroid nodules (TNs), one of the most common thy-
roid disease, has been defined as discrete lesions within
the thyroid gland, radiologically distinct from surround-
ing thyroid parenchyma [1]. It is reported that the preva-
lence of TNs was about 22.7 % in China, which may
inflict a heavy disease burden on the patients [2]. How-
ever, due to the variations in the distributions of age,
race and gender composition, and the relatively smaller
sample size in previous studies, the reported TNs
prevalence was not consistent, ranging from 10 to
50 %, which makes it difficult for drawing a conclusive
conclusion [3–7].
TNs thyroid cancer occurs in approximately 7–15 % of

thyroid nodules [8]. However, most of the TNs patients
are asymptomatic and the increased use of ultrasound
(US) allows them to be diagnosed as early as possible.
Having a better look at the associated factors for TNs
may help the clinicians to identify the high-risk popula-
tions and provide preventive treatment and management
with them. Previous studies showed metabolic factors,
including obesity, hypertension, diabetes, dyslipidemia,
and hyperuricemia, and fatty liver were associated with
the risk of TNs, which provides opportunities for the
identification of high-risk patients [9–14]. But researches
based on large samples were still lacked, and the investi-
gations were seldom conducted in China, which partly
limited the application of these findings.
In the present study, we aimed to conduct a cross-

sectional study incorporating over 120 thousand population
in Chongqing, China, to identify the prevalence and meta-
bolic risk factors for TNs and multi thyroid nodules (MTNs).

Subjects and methods
Subjects
Participants who participated in the physical examin-
ation in the Health Management Center of JinShan
Hospital, the First Affiliated Hospital of Chongqing
Medical University, between September 2015 and May
2020 were included. During this period, a total of
243,768 subjects underwent general physical examin-
ation. After excluding the subjects with multiple medical
examinations and the ones: (1) did not receive thyroid
ultrasound or abdominal ultrasound(US) examination; (2)
people under 18 years old, pregnant or lactating women;
(3) with a history of thyroid surgery or drug treatment with
thyroid disease; 4)with cancer or other serious illness. In
total, 121,702 subjects were included in the final analysis.
Our research complies with the Declaration of Helsinki,
and the protocol was approved by the Ethics Committee of
The First Affiliated Hospital of Chongqing Medical Univer-
sity (2020 − 868). Informed consent has been obtained from
each patient according to the requirements of the commit-
tee before data collection.

Anthropometric parameters
Collection of demographic information and medical
histories as well as anthropometric examination of the
subjects was completed by the trained nurses. Height
(m) and weight (kg) was measured by a health analyzer
(SK-X80). Body mass index (BMI) was calculated as
weight/height2. Systolic blood pressure (SBP) and dia-
stolic blood pressure (DBP) were measured in the sitting
position with a wrist sphygmomanometer (HBP9020,
Omron, Kyoto, Japan). The waist circumference (WC)
was measured midway between the lowest ribs and the
iliac crest with a folding tape according to the World
Health Organization and International Diabetes Feder-
ation [15].

Laboratory examination
For each subject, venous blood samples were taken for
laboratory examination after a fasting period of 8 h.
Fasting blood glucose (FBG) were detected by the hexo-
kinase method and blood uric acid (UA) was detected by
the uricase peroxidase method. Serum triglyceride (TG),
total cholesterol (TC), low-density lipoprotein choles-
terol (LDL-C), and high-density lipoprotein cholesterol
(HDL-C) were detected by the enzymatic method. All
the above measurements were done by using an auto-
matic chemistry analyzer (Hitachi 7600, Hitachi Corpor-
ation, Tokyo, Japan). Reference ranges of the blood tests
were listed as follows: 3.9-6.1mmol/L for FBG,155–357
umol/L for UA, 2.80–5.20 mmol/L for TG, 0.35–1.70
mmol/L for TC, 2.07–3.10 mmol/L for LDL-C and
0.90–1.80 mmol/L for HDL-C.

Ultrasound Examination
Thyroid Ultrasound Examination: All of the subjects
with a supine position fully exposed the neck and then
the thyroid ultrasound examination was performed by a
specific thyroid sonographer using a 7-MHz linear trans-
ducer (PVT-705bt, Toshiba, Japan). For each nodule, size
(length, width and depth), shape, location, echogenicity,
boundary, and vascularity were collected and recorded.
Abdominal Ultrasound Examination: Abdominal

ultrasound examination was performed by a professional
sonographer using a 3.5-MHz specific transducer (PVT-
375bt, Toshiba, Japan).

Definition of variables
Thyroid Nodules (TNs): Thyroid nodules was diagnosed
according to the 2011 version of thyroid imaging report
and data system (TI-RADS) classification criteria for risk
assessment of malignant thyroid nodules [16]. Single
thyroid nodules (STNs) were defined as only one nodule
on any side of thyroid, while multiple thyroid nodules
(MTNs) were defined as two or more than two nodules
in one or both sides of the thyroid [1].
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Fatty Liver: Fatty liver was diagnosed with the US fea-
tures as follows: (1) Diffuse enhancement of near-field
echo of the liver (stronger than that in the kidney), grad-
ual attenuation of the far-field echo; (2) unclear display
of intrahepatic lacuna structure; (3) mild to moderate
hepatomegaly; (4) unclear display of right lobe of liver
and diaphragm [17].
Obesity: According to the Working Group on Obesity

in China [18, 19],underweight, normal weight, over-
weight, and obesity were defined as BMI < 18.5, 18.5–
23.9, 24–27.9, and ≥ 28 respectively. Central obesity was
defined as waist circumference(WC) ≥ 85 cm for men
and ≥ 80 cm for women.
Hypertension: SBP/DBP ≥ 140/90mm Hg (1mm Hg =

0.133 kPa) or patients having been diagnosed with
hypertension and receiving treatment [20].
Glucose status: Normal blood glucose and impaired

fasting glucose(IFG) were defined as FBG < 6.1mmoLand
6.1mmol/L ≤ FBG < 7.0mmol/L respectively, according to
the American Diabetes Association criteria [21]. Dia-
betes mellitus(DM) was defined as FBG ≥ 7.0mmol/L or
under treatment of insulin or glucose-lowering drugs.
Dyslipidemia and Hyperuricemia: Dyslipidemia were

classified as hypercholesterolemia(≥ 5.2mmol), hypertri-
glyceridemia (≥ 1.7 mmol/L), High LDL-C (≥ 3.1mmol/
L) and low HDL-C(< 0.9mmol/L), and hyperuricemia
was defined as uric acid (UA) > 428 umol/L for men and
UA > 357 umol/L for women respectively.

Statistical Analysis
The SPSS 22.0 software package (IBM, SPSS Inc., USA)
was used for statistical analysis. Continuous data were
described by mean ± standard deviation (SD); categorical
data were described by percentage and counts. Differ-
ences in the prevalence of TNs between different groups
were evaluated by chi-square test or Wilcoxon rang-sum
test. Differences of mean value among individuals with
or without TNs were evaluated by unpaired t-test. Uni-
variate binary logistic regression analysis was applied to
assess the associations of metabolic factors and TNs and
MTNs, respectively. The variables with p value < 0.05
were included in multivariable binary logistic regression
analysis. All tests were two-tailed, and p values < 0.05
were considered of significant significance.

Results
Baseline Features of General Population
Of the included 121,702 subjects (73,139 were males and
48,563 were females), 41,547 were found to have TNs,
with the prevalence of 34.1 % (Table 1). Among those
patients with TNs, STNs accounted for 49.7 % (N =
20,648) of the patients, while MTNs accounted for
50.3 % (N = 20,899), with the prevalence of 17.0 and
17.2 %, respectively. The prevalence of TNs in women

(40.6 %, N = 19,734) was significantly higher than that in
men (29.8 %, N = 21,813) (χ2 = 1517.33, P < 0.001)
(Table 1). The mean age of all the subjects was 42.44 ±
13.24 years, the age of those with TNs (47.89 ± 13.97
years) was older than those without TNs (39.62 ± 11.90
years) (P < 0.001) (Table 1). There was a significant dif-
ference in age between TNs and those without TNs
(W = 1.10 × 109, P < 0.001) (Table 1). Furthermore, the
prevalence of TNs was found to be increased with age (P
for trend < 0.001). Of the121,702 healthy subjects, mean
BMI was 23.51 ± 4.06 kg/m2, mean WC was 81.37 ±
9.95 cm, mean SBP was 123.61 ± 17.30 mmHg, mean
DBP was 75.07 ± 11.54 mmHg, mean FBG was 5.43 ±
1.19 mmol/L, mean TC was 4.91 ± 0.94 mmol/L, mean
TG was 1.64 ± 1.49 mmol/L, mean HDL-C was 1.40 ±
0.34 mmol/L, mean LDL-C was 2.96 ± 0.81 mmol/L and
mean UA was 350.32 ± 95.51 µmol/L(Table 1). Com-
pared with those without TNs, the individuals with TNs
had a significantly higher level of BMI, WC, SBP, DBP,
FBG, TC, TG, HDL-C and LDL-C (P < 0.001) (Table 1).

Association Between Metabolic Factors and TNs risk
As shown in Table 2, the univariate binary logistic re-
gression suggested BMI, central obesity, hypertension,
higher blood glucose, hypercholesterolemia, hypertri-
glyceridemia, high level of LDL-C, hyperuricemia and
fatty liver were all positively associated with TNs risk,
while no association was found in HDL-C (Table 2).
When stratified by gender of the participants, all of the
metabolic factors, including HDL-C, were associated
with the TNs risk (Table 2).
When incorporated all the factors into the multivariable

logistic model, results suggested female gender, advanced
age, central obesity, hypertension, diabetes, and fatty liver
were independently associated with the risk of TNs in the
general population (Fig. 1a ). These associations were not
significantly changed after sub-grouped by the gender of
the participants (Fig. 1b for male and Fig. 1c for female).

Association Between Metabolic Factors and MTNs
compared with STNs
Univariate binary logistic regression analysis of data of
41,547 individuals with TNs indicated that overweight,
central obesity, hypertension, high blood glucose, hyper-
cholesterolemia, low level of HDL-C, high level of HDL-
C, hyperuricemia, and fatty liver were all significantly
associated with the of the prevalence of MTNs com-
pared with STNs, while no association was found be-
tween higher TG level and MTNs(Table 3). All of these
metabolic factors were associated with the MTNs in fe-
males, but for male, overweight, central obesity, hyper-
tension, high blood glucose, low level of HDL-C, high
level of LDL-C, and hyperuricemia were associated with
the MTNs(Table 3).

Xu et al. BMC Endocrine Disorders          (2021) 21:175 Page 3 of 11



Multivariable binary logistic regression analysis
showed that in the general population, female gender,
advanced age, central obesity, hypertension and diabetes
were independent risk factors of MTNs after adjusting
for BMI, level of blood lipids, level of uric acid and fatty
liver (Fig. 2a). After stratified by the sex of the partici-
pants, advanced age, central obesity, hypertension and
diabetes were also associated with the MTNs risk in
men, while for female, only advanced age and hyperten-
sion were associated with MTNs risk (Fig. 2b for male
and Fig. 2c for female)

Discussion
Thyroid nodule is highly prevalent and is one of the rap-
idly increasing diseases worldwide. The present study
suggested that the prevalence of TNs in Chongqing was
34.1 %, which was lower than the rate reported from the
studies in North America (67 %) [22], similar to
Germany (33 %) [23] and Kora (34.2 %) [24], and was
higher than that in Mexico (19.6 %) [25]. The variations

in the TNs prevalence also existed in different regions,
even within the same country. During the past ten years,
a series of studies tried to investigate the TNs prevalence
in China, and a systematic review and meta-analysis also
suggested the overall TNs prevalence in China was
about 22.7 % [2]. However, studies were seldom con-
ducted in Chongqing city and did not incorporate into
previous analyses. The present study suggested the TNs
prevalence in Chongqing was relatively higher than the
prevalence rate in Guizhou (10.12 %) [26] and Liaoning
(10.17 ~ 12.64 %) [27], similar to that in Shandong
(31.56 %) [28] and Guangdong (31.65 %) [29], but it was
relatively lower than that in Beijing (58.69 %) [30] and
Nanjing (46.6 %) [12]. The difference of TNs prevalence
between our study and those conducted in the other
areas of China may be explained by the difference of life-
style and dietary habit. Additionally, the prevalence in
this study was similar to a recent study reported in
Chongqing city, with the prevalence of 32.4 % [31].
Moreover, we also found that the prevalence of MTNs

Table 1 Baseline features of general population(N = 121,702 )

Total TNs without TNs χ2/w/t P value

Total(%) 121,702 41,547(34.1) 80,155(65.9)

Female 48,563 19,734(40.6) 28,829(59.4) 1517.33 < 0.001

Male 73,139 21,813(29.8) 51,326(70.2)

Age (years) 42.44 ± 13.24 47.89 ± 13.97 39.62 ± 11.90 -102.924 < 0.001

Age(years,%)

≤ 30 25,455 4912(19.3) 20,543(80.7) 1.10 × 109 < 0.001

31–40 35,672 8527(23.9) 27,145(76.1)

41–50 27,063 10,080(37.2) 16,983(62.8)

51–60 20,062 9845(49.1) 10,217(50.9)

≥ 61 13,450 8183(60.8) 5267(39.2)

BMI(Kg/m2) 23.51 ± 4.06 23.72 ± 3.89 23.40 ± 4.15 -12.477 < 0.001

WC(cm) 81.37 ± 9.95 81.87 ± 9.83 81.10 ± 10.00 -12.234 < 0.001

SBP (mmHg) 123.61 ± 17.30 126.36 ± 18.58 122.20 ± 16.42 -36.724 < 0.001

DBP(mmHg) 75.07 ± 11.54 76.26 ± 11.84 74.45 ± 11.33 -24.5 < 0.001

FBG(mmol/L) 5.43 ± 1.19 5.57 ± 1.35 5.36 ± 1.10 -26.95 < 0.001

TC(mmol/L) 4.91 ± 0.94 4.99 ± 0.95 4.87 ± 0.93 -20.69 < 0.001

TG(mmol/L) 1.64 ± 1.49 1.66 ± 1.48 1.63 ± 1.49 -2.71 < 0.001

HDL-C(mmol/L) 1.40 ± 0.34 1.42 ± 0.35 1.39 ± 0.34 -12.8 < 0.001

LDL-C(mmol/L) 2.96 ± 0.81 3.01 ± 0.82 2.93 ± 0.81 -15.18 < 0.001

UA(µmol/L) 350.32 ± 95.51 340.72 ± 93.52 355.26 ± 96.15 25.21 < 0.001

Female 279.92 ± 62.28 283.38 ± 64.73 277.57 ± 60.45 -9.827 < 0.001

Male 396.3 ± 84.83 391.6 ± 85.34 398.29 ± 84.53 9.71 < 0.001

Fatty Liver

No 84,098 27,696(32.9) 56,402(67.1) 146.61 < 0.001

Yes 33,976 12,442(36.7) 21,534(63.3)

TNs thyroid nodules; BMI body mass index; WC waist circumference; SBP systolic blood pressure; DBP diastolic blood pressure; FBG fasting blood glucose; TC total
cholesterol; TG triglycerides; LDL-C low-density lipoprotein cholesterol; HDL-C high-density lipoprotein cholesterol; UA uric acid
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Fig. 1 (See legend on next page.)
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was about 17.0 %, accounted for 50.3 % of the total TNs
patients, which is also consistent with the result reported
by Liu colleagues [14].
Results of the present study showed that female

gender, advanced age and metabolic factors, including
central obesity, hypertension, diabetes and fatty liver,
were positively associated with the risk of TNs.
Female gender and age have long been proved to be

the risk factors of TNs [2, 24, 30, 32]. The gender differ-
ences in TNs may be attributed to physiology, preg-
nancy, and estrogen exposure of female [33]. Estrogen is
a substance that promotes the growth of thyroid stem
cells and progenitor cells, which contributes to the pro-
liferation of thyroid stem cells through classical genomic
and non-genomic pathways and leads to the occurrence
of TNs [34, 35]. The results of the present study proved
that female population are more likely to be diagnosed
with TNs and prevalence of TNs in women and man is
40.6 % vs. 29.8 %, which is similar to that of a study in
Shanxi [14]. Increasing age of population is another
cause of the high prevalence of TNs, and currently re-
searchers believe that reactive oxygen free radicals pre-
cipitate with the rise of age, leading to changes in
thyroid tissue and the accumulation of harmful changes
in cells [36]. Furthermore, hyperplasia of fibrous con-
nective tissue, inflammatory infiltration, and filtration in
the interstitium of thyroid tissue, and vacuolation of the
cytoplasm of the vesicle cells eventually result in the for-
mation of nodules in the thyroid tissue [37]. It has been
found in our study that the prevalence of TNs increased
with age, and the occurrence of TNs reached a high level
of 60.8 % in people at the age over 60 years. In other
words, ultrasound examination of the thyroid in heath
checkups should be highlighted, especially in elder fe-
male people.
Strong correlations between body weight, BMI, obes-

ity, waist circumference, and thyroid nodules have been
confirmed by some previous studies [8, 11, 14, 24, 38,
39]. It has been reported that the relationship between
obesity and thyroid nodules is probably related to leptin
secreted by adipose tissue [40]. The increase of serum
leptin concentration in the obesity population can pro-
mote the rise of thyroid-stimulating hormone levels,
which leads to the occurrence and development of thy-
roid nodules [40]. Results of the present study showed a
higher prevalence of TNs in the group of central obesity,
and we noticed that in our results BMI of the popula-
tions with TNs was higher than that of those without

TNs, however, it was not an independent risk factor of
thyroid nodules after adjustment. The association be-
tween BMI and TNs may depend on different thyroid
functions and population grouping methods, which
would require further studies for illumination.
Hypertension has been found to be a risk factor of

TNs and blood pressure level has been proved to be
positively correlated with serum thyroid-stimulating hor-
mone level, which could further increase the prevalence
of thyroid nodules [41, 42]. According to previous re-
searches, diabetes might also be related to TNs risk [41]
and it has been found that the prevalence of TNs was
significantly higher in patients with insulin resistance(IR)
than those without IR [43].IR has been reported as an
independent risk factor for increased thyroid volume
and nodule prevalence, however the exact molecular
mechanisms and the pathophysiology were not exactly
understood [44–46].It was inferred that IR might cause
the proliferation of thyroid cells and promote the forma-
tion of nodules and the progression of carcinoma [45].
Additionally, Jornayvaz et al. [47] has found that increase
of body fat can be caused by insulin resistance, and with
the accumulating and entering of excessive fatty acids in
liver, fatty liver forms. Therefore, the onset of fatty liver
is related to insulin resistance and fatty liver may be cor-
related with thyroid nodules through IR. The above find-
ings may explain the higher prevalence of TNs in groups
with hypertension, diabetes, and fatty liver in the present
study. And it also reminds us that people with hyperten-
sion, diabetes and fatty liver should attach high aware-
ness to the occurrence of TNs.
As for the correlation between hyperlipoidemia, uric

acid and thyroid nodules, results of our studies
proved that they were not independent risk factors of
TNs, which was different from that of some previous
researchers [9, 14, 32]. Zou et al. [32] reported that
high LDL-C was more likely to be associated with
MTNs and Yin et al. [9] revealed that elevated tri-
glycerides was a risk factor for TNs, but our data was
not consistent with it. In addition, uric acid levels
was not associated with the prevalence of TNs after
multiple adjustment, which was not in agreement
with the results of Liu colleagues [14]. The difference
may be possibly explained by the difference of the re-
search subjects enrolled in and the small size of the
samples. We believed that more evidence should be
needed to clarify the influence of lipids levels and
uric acid on TNs.

(See figure on previous page.)
Fig. 1 Independent risk factors of thyroid nodules analyzed by multivariate binary logistic regression(N = 121,702), adjusted for BMI, TC, TG, HDL-C,
LDL-C and HUA. a: total population; b: male population; c: female population. BMI: body mass index; TC: total cholesterol; TG: triglyceride; HDL-C:
high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; DM: diabetes mellitus; IFG: impaired fasting glucose;
HUA: hyperuricemia
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Besides, the results of the analysis for MTNs indicated
that female gender, increasing age, central obesity,
hypertension, and diabetes are independent risk factors
of MTNs in the general population compared with
STNs. When stratified by sex, for men, increasing age,
central obesity, hypertension and diabetes are highly

associated with the occurrence of MTNs; for women, in-
creasing age and hypertension are independent risk fac-
tors of MTNs compared with STNs. Our results
suggests that men with central obesity and diabetes
should pay more attention to in the diagnosis of MTNs
compared with women.

Fig. 2 Independent risk factors of multiple thyroid nodules analyzed by multivariate binary logistic regression (vs. single thyroid nodules, N =
41,547). a: total population, adjusted for BMI, TC, TG, HDL-C, LDL-C, HUA and fatty liver; b: male population, adjusted for BMI, TC, TG, HDL-C, LDL-
C, HUA and fatty liver; c: female population, adjusted for BMI, central obesity, diabetes, TC, TG, HDL-C, LDL-C, HUA and fatty liver. BMI: body mass
index; TC: total cholesterol; TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; DM: diabetes
mellitus; IFG: impaired fasting glucose; HUA: hyperuricemia
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Conclusions
The present study showed the prevalence of TNs in
Chongqing city was as high as 34.1 %. Female gender,
advanced age, central obesity, hypertension, diabetes and
fatty liver were independent risk factors of TNs, which
provides us clues to identify the high-risk patients by a
targeted screening strategy of conducting thyroid ultra-
sonography among women, the elder subjects and those
with central obesity, hypertension, diabetes and fatty
liver.
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