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Abstract
Background: There is no clear conclusion on the relationship between thyroid disease and obesity and
living habits such as smoking and drinking. In this study, a cross-sectional survey of urban residents in
central China was conducted to analyze the association of body mass index (BMI), smoking and drinking
with subclinical hypothyroidism (SHO) and thyroid nodules (TNs), and to discuss the potential
mechanism between these risk or protective factors and the two diseases.
Methods: This study included 1279 participants in 2011 and 2012. Questionnaire survey, laboratory
examination and ultrasonic diagnosis were conducted on these participants. Binary logistics regression
analysis was used to analyze these factors.
Results: Overweight (BMI ≥25kg/m2) was closely related to subclinical hypothyroidism and thyroid
nodules in univariate and multivariate logistics regression analysis. Smoking had protective effect on
subclinical hypothyroidism and thyroid nodules in univariate logistics regression, while drinking had
protective effect on thyroid nodules in univariate logistics regression, but there was no signi cant
difference between smoking and drinking and two kinds of thyroid diseases in multivariate logistics
regression analysis. In subgroup analysis, BMI ≥ 25kg/m2 was signi cantly associated with subclinical
hypothyroidism in people with positive thyroid antibodies (OR= 2.221, 95%CI: 1.168-4.184, P=0.015) and
smokers (OR= 2.179, 95%CI: 1.041-4.561, P=0.039). Thyroid nodules were signi cantly associated with
thyroid nodules in people over 60 years old (OR= 2.069, 95%CI: 1.149-3.724, P=0.015) and drinkers
(OR=3.065, 95%CI: 1.413-6.648, P=0.005). Drinking alcohol has a protective effect on thyroid nodules in
smokers (OR=0.456, 95%CI: 0.240-0.865, P=0.016) and people with BMI ≥ 25kg/m2 (OR=0.467, 95%CI:
0.236-0.925, P=0.029). No statistical association was found between smoking and the two thyroid
diseases in different subgroups.
Conclusion: Obesity is a risk factor for thyroid disease, especially in the elderly and people with positive
thyroid autoantibodies. Obesity and metabolic syndrome may be more associated with thyroid nodules
than subclinical hypothyroidism. Smoking may be a protective factor for thyroid disease, while drinking is
a protective factor for thyroid nodules.

Background
At present, thyroid nodules (TNs) and subclinical hypothyroidism (SHO) are two thyroid diseases which
are very common around the world . Studies have reported that the prevalence of subclinical
hypothyroidism is to be 4–20%[1]. Besides, with the improvement of the level of imaging diagnosis, the
prevalence of thyroid nodules have increased in recent years[2]. Because of the occult symptoms, these
two thyroid diseases are often ignored by most patients, and the detection of the disease mainly depends
on screening in the general population. However, a number of studies have shown that subclinical
hypothyroidism is associated with increased risk of a variety of cardiovascular diseases[3] and cognitive
impairment[4], and may develop into dominant hypothyroidism, and solitary thyroid nodules also have
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varying degrees of risk of deterioration[5]. Therefore, it is of great signi cance for the early diagnosis and
early warning of the above two diseases, especially in the susceptible population with different risk
factors.
There have been different studies on the risk factors related to subclinical hypothyroidism and thyroid
nodules, among which sex and age are known factors that lead to an increased risk of thyroid disease [68], Hashimoto's thyroiditis also increases the risk. However, there is no clear conclusion on adverse
metabolic conditions such as obesity, and living habits such as smoking and drinking. Although some
studies have found that metabolic syndrome and obesity can lead to an increased risk of thyroid disease
[9-11], However, this conclusion may have different manifestations in people with different
characteristics, such as patients with autoimmune thyroid diseases, different ages and genders, and there
are no studies on subclinical hypothyroidism and thyroid nodules at the same time. Considering that
there may be some differences and connections in the pathogenesis of the two thyroid diseases, the
same risk factors may have different effects on the two diseases. Therefore, by further evaluating the
correlation between obesity and lifestyle and the two diseases in the subgroup, we can eliminate the
in uence of a variety of confounding factors to a certain extent, which is helpful to reveal the
pathological mechanism of obesity, smoking and drinking on thyroid gland. And for people with varying
degrees of risk of the disease, it may be more accurate to guide the way of thyroid examination and early
intervention.
In our study, thyroid function and thyroid ultrasound examination were performed on 1500 randomly
screened healthy residents in Wuhan, China. The effects of obesity, smoking and drinking on the
prevalence of subclinical hypothyroidism and thyroid nodules were evaluated. After adjusting the related
confounding factors through subgroup analysis, we further compared whether these factors would play a
more signi cant role in thyroid disease in people with speci c demographic characteristics.

Methods

Study participants
The study, conducted in a community in Wuhan, China, recruited a total of 1500 healthy residents in 2011
and 2012.All subjects gave their informed consent for inclusion before they participated in the study. The
study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by
the Ethics Committee of medical ethics committee of China Medical University (Serial number:
IRB[2008]34). The inclusion criteria were as follows: 1) over the age of 20 years, 2) Han nationality, 3)
living in Wuhan for at least 10 years, 4) did not receive iodine-containing contrast agent or drugs such as
amiodarone within the past three months, and 5) no previous thyroid disease. We excluded subjects with
clinically abnormal thyroid function, missing important information as well as pregnant and lactating
women. After screening participants who met the study criteria, participants were divided into subclinical
hypothyroidism group (N=194) and non-subclinical hypothyroidism group (N= 1085), thyroid nodule
group (N=238) and non-thyroid nodule group (N=1041) according to the diagnostic criteria.
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Data Collection
A standard questionnaire was designed to acquire basic information on participants, including name,
gender, ethnicity, history of smoking and alcoholism,eating habits, medication history, female
reproductive history, and family and personal history of thyroid disorders. According to the results of the
questionnaire, laboratory and ultrasonic examinations were carried out on all the subjects who met the
research criteria. Spot-urine and blood samples were collected in the morning after overnight fasting. UIC
was determined by the ammonium persulfate method based on the Sandell-Kolthoff reaction (T6 UV
spectrophotometry). Concentrations of serum thyroid-stimulating hormone (TSH), free triiodothyronine
(FT3), free tetraiodothyronine (FT4), thyroperoxidase antibody (TPOAb), and thyroglobulin antibody
(TgAb) were determined by electrochemiluminescent immunoassay (Roche Kit, Cobas-e601 analyzer).
Thyroid ultrasonography was performed by professional physicians using a 7.5-MHz transducer (GE,
LOGIQ a100). The normal reference values were as follows: FT4 12.0-22.0pmol/l, FT3 3.1-6.8pmol/l, TSH
0.27-4.2mU/L, TPOAb 0-34 IU/ml, and TgAb 0-115 IU/ml. Participants were also examined in terms of
height (measured to the nearest 0.1 cm) and weight (measured to the nearest 0.1kg) with the individuals
wearing light clothes without shoes. Their diastolic blood pressure (DBP) and systolic blood pressure
(SBP) (measured to nearest 1 mmHg) were measured using an electronics phygmomanometer (HBP9020, Omron, Japan) when the individuals were seated and quiet, taking two measurements with a
separation of 30 s between each measurement, averaging the results[12].

De nition of variables
In this study, the de nition of thyroid nodules is based on American Thyroid Association guidelines[13]
TNs was de ned as a small lesion differentiated from the rest of the thyroid parenchyma, possessing a
solid part, with or without the presence of a cystic part. Subclinical hypothyroidism is de ned as serum
FT3 and FT4 within the normal range but TSH exceeding 4.2mU/L. TPOAb positive was de ned as serum
TPOAb of more than 34 IU/L, TgAb positive de ned as serum TgAb of more than 115IU/L. The BMI index
adopts the standard of WHO[14] the weight was divided by the square of height, and the result more than
25 kg/m2 was de ned as overweight. Smokers include people who currently smoke or have ever smoked,
and the de nition of drinkers is similar to that of smokers, including people who are or have had drinking
habits. The speci c number or types of smoking and drinking were not accurately investigated in this
study.

Statistical analysis
All statistical analyses were conducted with SPSS software (IBM, Armonk, NY, USA, version 26.0). The
Kolmogorov-Smirnov test was used to test normality. Normally distributed data were expressed with the
mean ± SD and abnormally distributed data were expressed with the median and interquartile range. The
t test was used to compare normal and continuous variables, the nonparametric rank test (Kruskal-Wallis)
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for non-normal and continuous variables, and the chi-square test to compare the prevalence of thyroid
disorders between different groups. Odd ratios (ORs) and 95% con dence intervals (95% CIs) were
calculated using binary logistic regression analyses, Univariate logistics regression analysis and
multivariate logistics regression analysis were used to evaluate the relationship between risk factors and
subclinical hypothyroidism and thyroid nodules. Multivariate logistics regression was used to analyze the
association between BMI and smoking, alcohol and disease in subgroup analysis. Considering the small
sample size, the correlation analysis only included the indicators with signi cant statistical signi cance
in the difference analysis. Differences in blood pressure and waistline were also not included in the
correlation analysis, considering that they might be associated with obesity. A two-sided P < 0.05 was
considered signi cant.

Results

Baseline characteristics
After excluding individuals who did not meet the study criteria and omitted information such as thyroid
function, BMI and other key indicators, a total of 1279 of the 1500 participants were included in the study.
There were 194 patients with subclinical hypothyroidism and 238 patients with thyroid nodules. These
patients were compared with 1045 patients with non-subclinical hypothyroidism and 1081 patients with
non-thyroid nodules (Fig. 1). In Table 1 and Table 2, the baseline data of the corresponding population of
the two diseases and their respective control groups were analyzed. A total of 487 people were
overweight, of which 18.1% were subclinical hypothyroidism (88/487) and 22.8% were thyroid nodules
(111/487). 792 people were not overweight, of whom 13.4% were subclinical hypothyroidism (106/792)
and 16.0% were thyroid nodules (127/792). The prevalence of subclinical hypothyroidism (18.1% vs
13.4%, P = 0.023) and thyroid nodules (22.8% vs 16.0%, P = 0.003) was signi cantly higher in overweight
people than that in non-overweight people. There were 377 smokers, of whom 10.1% were subclinical
hypothyroidism (38/377),and 15.1% were thyroid nodules (57/377) There were 902 non-smokers, 17.3%
were subclinical hypothyroidism (156/902) 20.1%(181/902) were thyroid nodules the prevalence of
subclinical hypothyroidism (10.1% vs 17.3%, P = 0.001)and thyroid nodules (15.1% vs 20.1%, P = 0.038)is
lower than that in non-smokers. There were 256 drinkers and 1023 non-drinkers, the prevalence of thyroid
nodules was 14.4%(36/256)in drinkers and 19.7%(202/1023)in non-drinkers the prevalence of thyroid
nodules in the former was lower than that in the latter(14.1% vs 19.7%, P = 0.037). The prevalence of SHO
(19.6% vs 8.8%, P = 0.000)and TNs (21.2% vs 14.9%, P = 0.004) in females was signi cantly higher than
that of males. The average age of patients with subclinical hypothyroidism and thyroid nodules was
higher than that of non-subclinical hypothyroidism (47.25 ± 14.99 vs 44.57 ± 14.54, P = 0.000) and nonthyroid nodules(52.84 ± 14.65 vs 43.17 ± 14.43 years, P = 0.000). People with positive thyroid
autoantibodies (beyond the normal reference range) had a higher prevalence of subclinical
hypothyroidism than those with negative thyroid autoantibodies, including TPOAb positive patients
(26.2% vs 13.8%, P = 0.000) and TgAb positive patients (29.8% vs 13.2%, P = 0.000). The average
SBP(120.54 ± 20.01 vs 113.93 ± 19.83 mmHg, P = 0.000),DBP(77.15 ± 11.35 vs 75.09 ± 11.9 mmHg ,P =
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0.015) and the median waist circumference (84 vs 82 cm, P = 0.000) of patients with thyroid nodules
were higher than those of patients with non-thyroid nodules.
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Table 1
Baseline characteristics of the participants with or without subclinical hypothyroidism
Characteristics

SHO(N = 194)

No SHO(N = 1085)

Gender(n,%)

P value
0.000

Male

46(8.8%)

478(91.2%)

Female

148(19.6%)

607(80.4%)

Age(years)

47.25 ± 14.99

44.57 ± 14.54

0.021

Waistlin, median(IQR), cm

84(76–90)

82(74–88)

0.098

SBP(mmHg)

117.33 ± 20.52

114.78 ± 20.14

0.105

DBP(mmHg)

76.41 ± 11.30

75.30 ± 11.91

0.229

TPOAb, n(%), IU/L

0.000

> 34

38(26.2%)

107(73.8%)

≤ 34

156(13.8%)

978(86.2%)

TgAb, n(%), IU/L

0.000

> 115

45(29.8%)

106(70.2%)

≤ 115

149(13.2%)

979(86.8%)

Smoker(n,%)

0.001

Yes

38(10.1%)(

339(89.9%)

No

156(17.3%)

746(82.7%)

Drinker(n,%)

0.127

Yes

31(12.1%)

225(87.9%)

No

163(15.9%)

860(84.1%)

Fatty liver(n,%)

0.052

Yes

60(18.5%)

264(81.5%)

No

134(14.0%)

821(86.0%)

BMI, n(%), kg/m²

0.023

≥ 25

88(18.1%)

399(81.9%)

< 25

106(13.4%)

686(86.6%)

Abbreviations: SHO subclinical hypothyroidism, N number, IQR interquartile range, BMI body mass
index, SBP systolic blood pressure, DBP diastolic blood pressure, TPOAb thyroid peroxidase antibody,
TgAb thyroglobulin antibody
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Characteristics

SHO(N = 194)

No SHO(N = 1085)

P value

Urine iodine, median(IQR), µg/L

210(151–298)

222(154–305)

0.718

Urine iodine, n(%), µg/L

0.737

≤ 200

84(15.6%)

453(84.4%)

200–300

63(15.6%)

340(84.4%)

> 300

47(13.9%)

292(86.1%)

Abbreviations: SHO subclinical hypothyroidism, N number, IQR interquartile range, BMI body mass
index, SBP systolic blood pressure, DBP diastolic blood pressure, TPOAb thyroid peroxidase antibody,
TgAb thyroglobulin antibody
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Table 2
Baseline characteristics of the participants with or without thyroid nodules
Characteristics

TNs(N = 238)

No TNs(n = 1041)

Gender(n,%)

P value
0.004

Male

78(14.9%)

446(85.1%)

Female

160(21.2%)

595(78.8%)

Age(years)

52.84 ± 14.65

43.17 ± 14.43

0.000

Waistlin, median(IQR), cm

84(77–92)

82(74–88)

0.000

SBP(mmHg)

120.54 ± 20.01

113.93 ± 19.83

0.000

DBP(mmHg)

77.15 ± 11.35

75.09 ± 11.91

0.015

TPOAb, n(%), IU/L

0.647

> 34

29(20.0%)

116(80.0%)

≤ 34

209(18.4%)

925(81.6%)

TgAb, n(%), IU/L

0.982

> 115

28(18.5%)

123(81.5%)

≤ 115

210(18.6%)

918(81.4%)

TSH, median(IQR), mU/L

2.59(1.78–3.53)

2.51(1.79–3.62)

Smoker(n,%)

0.974
0.038

Yes

57(15.1%)

320(84.9%)

No

181(20.1%)

721(79.9%)

Drinker(n,%)

0.037

Yes

36(14.1%)

220(85.9%)

No

202(19.7%)

821(80.3%)

Fatty liver(n,%)

0.053

Yes

72(22.2%)

252(77.8%)

No

166(17.4%)

789(82.6%)

BMI, n(%),kg/m²

0.003

Abbreviations: TNs thyroid nodules, N number, IQR interquartile range, BMI body mass index, SBP
systolic blood pressure, DBP diastolic blood pressure, TPOAb thyroid peroxidase antibody, TgAb
thyroglobulin antibody, TSH thyroid-stimulating hormone
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Characteristics

TNs(N = 238)

No TNs(n = 1041)

≥ 25

111(22.8%)

376(77.2%)

< 25

127(16.0%)

665(84.0%)

Urine iodine, median(IQR), µg/L

224(150–331)

219(154–303)

Urine iodine ,n(%), µg/L

P value

0.557
0.783

≤ 200

96(17.9%)

441(82.1%)

200–300

75(18.6%)

328(81.4%)

> 300

67(19.8%)

272(80.2%)

Abbreviations: TNs thyroid nodules, N number, IQR interquartile range, BMI body mass index, SBP
systolic blood pressure, DBP diastolic blood pressure, TPOAb thyroid peroxidase antibody, TgAb
thyroglobulin antibody, TSH thyroid-stimulating hormone

The associate between different risk factors and two
thyroid diseases
Table 3 and Table 4 further demonstrated the statistically signi cant association between different risk or
protective factors and thyroid disease in the difference analysis. After adjusting other covariates,
multivariate logistics regression analysis showed that age, female and overweight (BMI ≥ 25 kg/m2)
were closely related to the two thyroid diseases, and thyroid antibody positive was closely related to
subclinical hypothyroidism. After further treatment of age as a classi cation variable, people in the 40–
60 age group had the highest risk of subclinical hypothyroidism (OR = 1.497,95%CI: 1.052–2.129, P =
0.025),people older than 60 years old have the highest risk of thyroid nodules (OR = 4.459,95%CI: 2.973–
6.687, P = 0.000). Among patients with positive thyroid antibodies, patients with single positive TPOAb
had the highest risk of subclinical hypothyroidism (OR = 2.329, 95%CI: 1.345–4.032, P = 0.003). In
univariate logistics regression analysis, smoking had protective effects on thyroid nodules (OR = 0.710,
95%CI: 0.512–0.983, P = 0.039)and subclinical hypothyroidism(OR = 0.536 95%CI: 0.368–0.782, P =
0.001), Drinking has a protective effect on thyroid nodules(OR = 0.665, 95%CI: 0.453–0.977, P = 0.038).
However, in multivariate logistics regression analysis, the protective effects of smoking and alcohol
consumption were statistically eliminated.
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Table 3
The association between different risk/protect factors with subclinical hypothyroidism
Characteristics

Univariate logistic regression
OR

95%CI

Multivariate logistic regression
P value

OR

95%CI

P value

Age(years)
≤ 40

reference

reference

40–60

1.664

1.183–2.340

0.003

1.497

1.052–2.129

0.025

> 60

1.368

0.875–2.140

0.170

1.194

0.748–1.907

0.458

1.471–3.909

0.000

Gender
Male

reference

Female

2.534

reference
1.782–3.602

0.000

2.398

Antibody
TPOAb-/TgAb-

reference

reference

TPOAb+/TgAb-

3.047

1.788–5.193

0.000

2.329

1.345–4.032

0.003

TPOAb-/TgAb+

2.037

1.114–3.724

0.021

2.002

1.081–3.707

0.027

TPOAb+/TgAb+

2.844

1.694–4.775

0.000

2.154

1.263–3.676

0.005

0.596–1.685

0.993

1.137–2.199

0.006

Smoker
No

reference

Yes

0.536

reference
0.368–0.782

0.001

1.002

BMI(kg/m²)
< 25

reference

≥ 25

1.427

reference
1.049–1.943

0.024

1.581

Abbreviations: TPOAb-/TgAb- thyroid peroxidase antibody and thyroglobulin antibody are both
negative, TPOAb+/TgAb- thyroid peroxidase antibody is positive and thyroglobulin antibody is
negative, TPOAb-/TgAb + thyroid peroxidase antibody is negative and thyroglobulin antibody is
positive, TPOAb+/TgAb + thyroid peroxidase antibody and thyroglobulin antibody are both positive,
BMI body mass index. The Covariant included in multivariate logistic regression are age, gender,
antibody, smoker and BMI.
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Table 4
The association between different risk/protect factors with thyroid nodules
Characteristics

Univariate logistic regression
OR

95%CI

Multivariate logistic regression
P value

OR

95%CI

P value

Age(years)
≤ 40

reference

reference

40–60

2.566

1.806–3.644

0.000

2.515

1.761–3.593

0.000

> 60

4.675

3.141–6.958

0.000

4.459

2.973–6.687

0.000

0.933–2.145

0.102

0.479–1.156

0.189

0.592–1.454

0.745

1.030–1.877

0.031

Gender
Male

reference

Female

1.538

reference
1.142–2.070

0.005

1.415

Drinker(n,%)
No

reference

Yes

0.665

reference
0.453–0.977

0.038

0.744

Smoker
No

reference

Yes

0.710

reference
0.512–0.983

0.039

0.928

BMI(kg/m²)
< 25

reference

≥ 25

1.546

reference
1.163–2.054

0.003

1.390

Abbreviations: BMI body mass index. The Covariant included in multivariate logistic regression are
age, gender, drinker, smoker and BMI.

Subgroup analysis about BMI, smoking and drinking
Table 5 and Table S1 analyzed the correlation between BMI, smoking and drinking as independent risk or
protective factors for two thyroid diseases in different subgroups. After adjusting for other covariates,
BMI ≥ 25 kg/m2 was signi cantly associated with subclinical hypothyroidism in people with positive
thyroid antibodies (OR = 2.221, 95%CI: 1.168–4.184, P = 0.015) and smokers (OR = 2.179, 95%CI: 1.041–
4.561, P = 0.039), Thyroid nodules were signi cantly associated with thyroid nodules in people over
60 years old (OR = 2.069, 95%CI: 1.149–3.724, P = 0.015)and drinkers(OR = 3.065, 95%CI: 1.413–6.648, P
= 0.005). Drinking alcohol has a protective effect on thyroid nodules in smokers (OR = 0.456, 95%CI:
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0.240–0.865, P = 0.016) and people with BMI ≥ 25 kg/m2 (OR = 0.467, 95%CI: 0.236–0.925, P = 0.029).
No statistical association was found between smoking and the two thyroid diseases in different
subgroups.
Table 5
Associations of subclinical hypothyroidism with BMI and smoker in subgroups strati ed by other
variables
Subgroup

N

BMI ≥ 25 kg/m²

Smoker

OR

95%CI

P value

OR

95%CI

P value

Gendera
Male

524

1.770

0.945–3.315

0.074

0.896

0.470–1.709

0.739

Female

755

1.464

0.990–2.164

0.056

1.352

0.605–3.023

0.463

≤ 40

552

1.562

0.880–2.773

0.128

1.045

0.459–2.381

0.916

40–60

510

1.368

0.850–2.202

0.197

1.293

0.574–2.914

0.536

> 60

217

2.075

0.939–4.585

0.071

0.678

0.199–2.308

0.535

Antibody-

1062

1.436

0.976–2.114

0.066

0.763

0.419–1.389

0.376

Antibody+

217

2.221

1.168–4.184

0.015

2.757

0.909–8.359

0.073

No

902

1.443

0.994–2.096

0.054

N/A

Yes

377

2.179

1.041–4.561

0.039

N/A

< 25

792

N/A

0.833

0.382–1.816

0.645

≥ 25

487

N/A

1.224

0.597–2.512

0.581

Age(years)b

Antibodyc

Smokerd

BMI(kg/m²)e

Abbreviations: BMI body mass index. All the variables were analyzed by multivariate logistic
regression: a Adjusted for age, antibody, smoker, BMI. b Adjusted for gender, antibody, smoker, BMI. c
Adjusted for gender, age, smoker, BMI. d Adjusted for gender, age, antibody, BMI. e Adjusted for gender,
age, antibody, smoker.

Discussion
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At present, there are different research results on the relationship between obesity and thyroid disease.
Obesity can cause insulin resistance and hyperinsulinemia, making the body inclined to the state of
energy reserve [12]. This may inhibit the synthesis and release of thyroid hormones, and studies have
shown that insulin itself can also promote abnormal proliferation of thyroid tissue [15, 16]. In addition,
the accumulation of fat in the body and the increase of free fatty acids in circulation may also lead to
steatosis and in ltration of the thyroid gland, resulting in changes in thyroid morphology and function
[17]. By comparing the thyroxine levels of patients before and after bariatric surgery, several studies
found that TSH levels decreased signi cantly after bariatric surgery, and lasted for a long time without
taking L-T4, indicating that subclinical hypothyroidism tends to be improved spontaneously after weight
loss [18–20]. Since many weight loss operations are performed by gastrectomy, obesity-mediated
subclinical hypothyroidism is more likely to be affected by some intestinal hormones [21]. For example,
GLP-1 can improve the activity of deiodinase and promote the synthesis of thyroid hormone, while the
secretion of this hormone increases after weight loss [22]. In addition, leptin secreted by adipose tissue
has also been shown to affect the regulation of the hypothalamic-pituitary-thyroid axis, thereby inhibiting
thyroid hormone release and stimulating TSH secretion [23–25].
In this study, difference and correlation analysis showed that the risk of subclinical hypothyroidism and
thyroid nodules in obese patients (BMI ≥ 25 kg/m2) was higher than that in non-obese patients. Other
factors associated with obesity and metabolic syndrome, such as waist circumference and blood
pressure, however, were only associated with thyroid nodules. Two studies from South Korea on the
clinical characters of subclinical hypothyroidism and thyroid nodules also found similar results [26, 27],
although the level of BMI is positively correlated with the level of TSH, and this correlation persists even
the TSH level uctuates slightly within the normal reference range, the presence or absence of metabolic
syndrome does not affect the occurrence of subclinical hypothyroidism. It is suggested that metabolic
status may have a more signi cant effect on the occurrence of thyroid nodules than subclinical
hypothyroidism. To some extent, this proves that there is no direct correlation between insulin resistance
and subclinical hypothyroidism. In addition, a study of women with polycystic ovary syndrome(PCOS)
found that other metabolic conditions were associated with TSH levels only in obese PCOS women [28],
suggesting that obesity may be a necessary condition for mediating the mechanism of hyperinsulinemia
on thyroid gland. In contrast, the relationship between thyroid nodules and metabolic disorders such as
impaired glucose tolerance, metabolic syndrome and insulin resistance has been con rmed in a number
of observational studies [29–31]. In our study, the high correlation between thyroid nodules and these
indexes also suggests that the effect of adverse metabolic status on thyroid may be more emphasis on
non-functional and morphological changes, which does not need to be mediated by obesity. This needs
to be proved by further pathological results.
Among participants in different age groups, we found that people aged 40–60 had the highest risk of
subclinical hypothyroidism. But for thyroid nodules, the older the age, the greater the risk. In elderly
patients, the effect of BMI on thyroid nodules is also more obvious. The different effects of age on the
two diseases may be due to subtle differences in pathogenesis, the exact mechanism of which is still
unclear. However, we speculate that the protective effect of advanced age (> 60 years old) on subclinical
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hypothyroidism may be due to the decrease of fat factors such as leptin in the elderly, which can inhibit
the secretion of thyroid hormone. In contrast, the occurrence of thyroid nodules is less affected by the
regulation of hormones in the body, while the slow local metabolism of the thyroid gland in the elderly
leads to the accumulation and proliferation of thyroid tissue, which has a synergistic effect with obesity.
In terms of gender, the prevalence of thyroid disease was higher in women than in men, but subgroup
analysis did not show that BMI had different effects on men and women. Our ndings may be due to a
small sample size, but the association between gender, obesity and thyroid disease may be complex. A
previous study, also from Tianjin, China, showed that BMI was not associated with the incidence of
subclinical hypothyroidism in women, but played a protective role in men [32], which contradicted the
results of many previous studies [33–35]. Estrogen may have a unique pathological effect on thyroid
gland so that women are susceptible to thyroid disease [36], but it also has a different effect on the
distribution and metabolism of human fat than that of men. These two mechanisms make the
relationship between obesity and thyroid disease different in different genders, and more in-depth
research is needed to prove it.
Thyroid autoantibody levels are increased in patients with subclinical hypothyroidism, but there is no
such trend in patients with thyroid nodules. Patients with TPOAb have the highest risk of subclinical
hypothyroidism because TPOAb has been shown to play a direct role in thyroid destruction through
antibody and complement-mediated cytotoxicity. In the subgroup analysis, BMI was directly associated
with the risk of subclinical hypothyroidism only in antibody positive patients. There is often abnormal
lymphocyte in ltration in the thyroid tissue of these patients, and studies have shown that obesity itself is
also a chronic in ammatory state. In obese patients, there is an increasing trend of cytokines secreted by
immune cells as in ammatory markers [37]. By comparing the changes of in ammatory factors in
patients with subclinical hypothyroidism after weight loss, Zhu, C et al found that the decreasing trend of
pro-in ammatory factors such as IL-6, CRP and TNF- α was positively correlated with the decrease of
TSH [20]. This suggests that obesity and Hashimoto's thyroiditis may have a synergistic effect on thyroid
tissue damage, making the effect of obesity on thyroid more obvious. Hashimoto's thyroiditis patients
with obesity are more likely to develop subclinical or even clinical hypothyroidism than non-obese
patients.
Current studies have shown that lifestyles such as smoking and drinking have certain bene ts for thyroid
disease, but the exact mechanism is unknown. A cohort study of 10 million people in South Korea
showed that smokers and drinkers had a reduced risk of thyroid cancer, and the two had a synergistic
effect [38]. Other studies have shown that stopping smoking leads to an increased risk of thyroid
autoantibodies, which leads to subclinical hypothyroidism [39]. In our study, the effects of smoking and
drinking on thyroid disease showed very complex results after multivariate analysis and subgroup
analysis. Univariate logistics regression showed that smoking had a certain protective effect on two kinds
of thyroid diseases, and the prevalence rate of two kinds of thyroid diseases in smokers was signi cantly
lower than that in non-smokers. However, after adjusting other covariates, the protective effect of
smoking was eliminated. In the subgroup analysis, no association between smoking and disease was
observed in a subgroup. The history of alcohol addiction only has a protective effect on thyroid nodules,
Page 15/21

especially in smokers and non-obese people, drinking has a signi cant statistical signi cance on the
reduction of the prevalence of thyroid nodules.
It is worth noting that in the subgroup analysis, smokers were more likely to be affected by BMI-induced
subclinical hypothyroidism than non-smokers after matching other factors. Similarly, drinkers are more
susceptible to the effects of BMI on thyroid nodules than non-drinkers. This may be due to our small
sample size, because there are only 38 patients in the subgroup of smoking with subclinical
hypothyroidism and 36 patients with thyroid nodules while drinking alcohol. Considering that the lifestyle
of smoking and drinking can also lead to obesity and metabolic disorders, the proportion of obese
patients is relatively large. Previous studies have also shown that there is no difference in the effects of
obese subclinical hypothyroidism between smokers and non-smokers [40]. However, the independent
protective effect of smoking and drinking on thyroid disease seems to contradict the harm caused by
obesity, especially the protection of drinking on thyroid nodules may interact with the pathological
mechanism of obesity on thyroid disease. Therefore, the future research on the risk of thyroid disease
should pay more attention to the people who are obese at the same time of smoking and drinking.
In our study, urinary iodine levels were used as continuous variables and enumerative variables,
respectively, but no differences were found between patients with subclinical hypothyroidism and thyroid
nodules and non-patients. This shows that iodine nutrition status has no effect on the prevalence of
thyroid diseases, and the results are not consistent with the results of the national iodine nutrition survey
in China [41]. Although it is considered that the effect of iodine on thyroid is long-term, the cross-sectional
difference of small sample size may not be signi cant. However, it also shows that high iodine diet as a
lifestyle has less signi cant effect on thyroid than obesity, smoking and drinking, and there is no need to
deliberately control iodine intake for prevention of subclinical hypothyroidism and thyroid nodules.
Our study has the following limitations. Because it is based on population screening, the sample size of
the disease is small. In addition, the study is a cross-sectional study, so it is not possible to determine the
causal relationship between risk factors and disease. For the subgroups in this study, larger studies are
still needed to con rm the exact relationship between the covariates.

Conclusion
Obesity is a risk factor for thyroid disease, especially in subclinical hypothyroidism patients with positive
thyroid antibodies and in elderly patients with thyroid nodules. Compared with subclinical
hypothyroidism, obesity and poor metabolism have a greater impact on the prevalence of thyroid
nodules, suggesting that the effect of metabolism on thyroid is more morphological and non-functional.
Smoking may be a protective factor for thyroid disease, while drinking is a protective factor for thyroid
nodules in obese people. The mechanism needs to be further clari ed.
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Figure 1
Flow chart of enrollment and grouping, SHO subclinical hypothyroidism, TNs thyroid nodules
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