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Abstract. The relationship between variations in thyroid function and indices of obesity remains a focus of debate. To
explore the associations between thyroid function within the normal range and obesity and to evaluate potential modifying
factors, we analyzed a large and well-characterized community cohort in Beijing, China, containing 1,816 men and 1,774
women with serum thyrotropin (TSH) levels within the reference range (0.55—4.78 ulU/mL). Associations between TSH
levels and BMI were identified using correlation analysis, ANOVA and Chi-square tests. Logistic regression analyses were
used to estimate the impact of serum TSH on obesity before and after adjustment for possible confounding factors. The mean
serum TSH was 2.04 £ 0.94 plU/mL. TSH within the reference range was positively associated with BMI in both genders.
Compared with euthyroid adults whose TSH was in the middle quartiles (TSH 1.30-2.60 plU/mL) of the reference range, the
odds of obesity (BMI > 28.0 kg/m?) and severe obesity (BMI > 33.0 kg/m?) was 38% (OR = 1.38, 95% CI 1.17-1.64) and
58% (OR = 1.58, 95% CI 1.12-2.21) more likely, respectively, among those with TSH in the upper quartile. For women,
postmenopausal subjects with lower TSH levels had a lower risk of severe obesity (OR = 0.42, 95% CI 0.20-0.91) than those
in the middle TSH quartile. Positive associations were found between serum TSH within the euthyroid range and obesity, and
menopause showed a significant influence on the relationship between TSH level and severe obesity.
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THE INCIDENCE of obesity is increasing, especially
in developing countries. Currently, the prevalence of
obesity exceeds 12% in China [1], suggesting a need to
fully understand the risk factors for weight gain. Global
differences in the prevalence of obesity are most likely
due to genetic susceptibility combined with particular
environmental exposures; however, interactions with
other factors are far from elucidated. Recent evidence
has indicated that serum thyrotropin (TSH) levels are
associated with multiple cardiovascular and cerebral vas-
cular outcomes and even mortality, regardless of whether
an individual’s thyroid function is within the normal
range [2-4]. In this context, the association between
thyroid function and weight status has seen renewed
research interest [5, 6].
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In complex biological systems, thyroid hormones play
key roles in all major metabolic pathways, including pro-
tein, carbohydrate and lipid metabolism [7]. The contri-
bution of thyroid hormones to maintenance of body
weight has been the subject of many studies, and the
relationship between overt thyroid dysfunction and body
weight has been well-established [8, 9]. In general, overt
hyperthyroidism is typically accompanied by weight
loss, whereas the reverse occurs in hypothyroidism.
However, the effects of thyroid hormones on fat storage
and metabolism have shown paradoxical results in
studies involving euthyroid individuals [8]. In addition,
the potential mechanisms underlying the relationship
between thyroid function and obesity remain to be eluci-
dated.

Although associations between thyroid function within
the normal range and obesity have been found in both
cross-sectional and longitudinal studies, establishment of
a causal relationship is difficult [10]. Moreover, these
findings will not necessarily imply an association
between thyroid function and obesity because both thy-
roid function and weight can be affected by a third fac-
tor, such as race, gender, age, smoking, nutrition and
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exercise, menopausal status or autoimmune status. Few
studies have considered the general population in China
and investigated an association between variations in
thyroid function and indices of obesity. Based on this
background, we sought to describe the status of thyroid
function in a large and well-characterized community-
based cohort in China and to explore potential factors
modifying the possible associations between thyroid
function within the normal range and indices of obesity.

Methods

Study population

The data analyzed in this article are from a
community-based cohort established for the Pinggu Met-
abolic Disease Study. This survey was performed in the
Pinggu district of Beijing, China from September 2013
to July 2014. Participants were eligible if they were born
in Pinggu, were aged 26-76 years, and had lived there
for 5 or more years. Based on the national Civil Registra-
tion system, a total of 6,583 participants were selected
using a multi-stage random sampling process according
to gender and age compositions. In the rural area, five
towns were first randomly selected from 16 towns; then,
5 villages were randomly selected from each chosen
town, and finally, half of the participants were randomly
sampled from these 25 chosen villages. The remaining
participants were randomly sampled from a randomly
chosen urban district (one of two). Finally, 4,002 individ-
uals (60.8%) participated in the programme. Therefore,
the population sample studied here reflected a typical
Chinese community.

In this study, participants were excluded for any of the
following reasons: having either hyperthyroidism (TSH
< 0.55 plU/mL) or hypothyroidism (TSH > 4.78 ulU/
mL); reporting treatment for previous or present thyroid
disease (i.e., thyroid hormone, anti-thyroid drugs, thyroid
surgery or radioiodine therapy); and taking drugs or
other abnormal status that could affect thyroid function.
We further excluded participants who lacked TSH or
BMI data. After these exclusions, a total of 1,816 men
and 1,774 women remained in this analysis.

Questionnaire and physical examination

All participants in the Pinggu study answered ques-
tionnaires regarding demographics, medical history, fam-
ily history of chronic diseases and other health-related
topics. In addition to clinical measurements, the height,
weight, waist circumference, blood pressure and heart
rate were measured by trained staff according to standar-
dized protocols.

Laboratory measurements

All participants had fasting blood samples taken to
evaluate biochemical profiles, thyroid function and
thyroid-related antibodies. The thyroid hormones and
thyroid-related antibodies were measured using a super-
sensitive electrochemiluminescence immunoassay. In our
laboratory, the reference range for serum thyroid-
stimulating hormone (TSH) is 0.55-4.78 plU/mL, with a
detection limit of 0.001 ulU/mL. The reference intervals
were 11.45-23.17 pmol/L for free thyroxine (FT4), 3.50—
6.50 pmol/L for free triiodothyronine (FT3), 60 IU/mL
for thyroid peroxidase antibodies (TPOAb) and 15
IU/mL for thyroglobulin antibody (TGAb). The intra-
assay coefficient of variation (CV) was less than 8%, and
the inter-assay CV was less than 10% for all these
parameters. Euthyroidism was defined as serum TSH in
the range of 0.55-4.78 ulU/mL, regardless of the free T4
concentration. The Pinggu population is considered to
have sufficient iodine intake.

Risk factor identification

Participants were classified as underweight (BMI <
18.5 kg/m?), normal weight (18.5-23.9 kg/m?), over-
weight (24.0-27.9 kg/m?), or obese; the latter classifica-
tion was divided into the follow categories: class 1
obesity (BMI 28.0-29.9 kg/m?), class II obesity (30.0—
32.9 kg/m?) and class III obesity (> 33.0 kg/m?). These
classifications were based on criteria issued by the China
Diabetes Society [11]. The smoking exposure status was
categorized as never smoked, ex-smoker or current
smoker. Alcohol consumption was defined as non-
drinker, occasional drinker, or drinking 3 or more times
per week. Women were considered to be postmenopausal
if their menstrual periods had stopped for at least 1 year.
The studied postmenopausal individuals here did not
undergo estrogen therapy.

Statistical analysis

Continuous variables were presented as the mean with
standard deviation (x = SD) or the median with inter-
quartile range. Categorical data were presented as num-
ber and proportion (%). The relationships between serum
TSH and BMI were evaluated as continuous variables
and as categorical variables, respectively. First, the corre-
lations between variables were assessed using linear cor-
relation and/or rank correlation coefficients. Differences
in BMI levels among different TSH categories or differ-
ences in TSH levels among different obesity degrees
were analyzed using analysis of variance (ANOVA)
tests. The frequencies were compared using a Chi-square
test to deduce the crude relationship between BMI and
TSH levels. Finally, multivariate logistic regression anal-
yses were used to determine the impact of TSH levels on
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different BMI ranges according to obesity severity.
Adjustments for possible confounders were performed
sequentially for gender, age group, smoking status,
drinking status, TPOAb(+), TGAb(+), and menopause
for women (models 2—7). Odds ratios (ORs) with 95%
confidence intervals (CIs) were calculated to evaluate the
risk of obesity in subjects with lower and higher TSH
levels using the middle TSH levels (1.30-2.60 ulU/mL)
as the reference group, and a BMI > 33.0 kg/m? for
severe obesity. The level of significance was set to 5%.
All statistical analyses were performed with SPSS ver-
sion 21 (SPSS Inc, IL, USA).

The study was approved by the ethics committee of
Peking University Health Science Center. All partici-
pants provided written informed consent.

Results

Characteristics of the study population

The overall composition of the survey population is
shown in Table S1. A total of 4,002 individuals attended
the programme. In this community-based population,
91.39% of the subjects had normal TSH levels (0.55 <
TSH < 4.78 plU/mL), 0.39% had overt hyperthyroidism
(TSH < 0.55 pIU/mL and FT4 > 23.17 pmol/L and/or
FT3 > 6.50 pmol/L), 1.86% had subclinical hyperthyr-
oidism (TSH < 0.55 pIU/mL, 11.45 pmol/L < FT4 <
23.17 and 3.50 pmol/L < FT3 < 6.50 pmol/L), 0.72% had
overt hypothyroidism (TSH > 4.78 ulU/mL and FT4 <
11.45 pmol/L) and 5.63% had subclinical hypothyroid-
ism (TSH > 4.78 plU/mL and 11.45 pmol/L < FT4 <
23.17 pmol/L). The age specific prevalence of thyroid
disorders in this population is shown in Table S2.

A total of 3,590 eligible individuals (1,816 men and
1,774 women) with normal-range thyroid function were
included in this analysis. As shown in Table 1, the mean
age was 49.83 years, with a SD of 11.68 years. The mean
BMI was 26.20 + 3.73 kg/m?, with a high prevalence of
overweight (41.17%) and obesity (29.08%). The propor-
tion of current smokers was 30.08%. The proportion of
participants who drank 3 times or more per week was
20.64%. Menopause was reported by 49.17% of the
women. The mean serum TSH was 2.04 £+ 0.94 plU/mL.
The proportions of TPOAb(+) subjects were 8.19% for
men, 14.03% for women and 11.08% for men and
women combined. The proportions of TGAb(+) subjects
were 4.02% for men, 16.31% for women and 10.08% for
the entire study population.

Correlation between TSH and BMI

Overall, a weak correlation was found between the
serum TSH levels and BMI, in both the men (» = 0.07, p
= 0.004) and the women (» = 0.08, p = 0.001). TSH

within the reference range was positively associated with
BMI for both genders. No association was found
between the serum TPOAb/TGAD levels and BMI, for
men and women separately.

The BMI values arranged by different TSH levels by
gender are listed in Table 2. The BMIs for the different
TSH levels in both genders were different, and a substan-
tial positive association was found between the serum
TSH category and BMI (Fig. S1). Compared with sub-
jects in the middle quartile TSH levels (1.30-2.60 pulU/
mL), the percentage of severe obesity (BMI > 33.0
kg/m?) was significantly higher in those in the upper
quartile TSH level (2.60—4.78 plU/mL) but was lower
in those in the lower quartile TSH level (0.55-1.30
plU/mL) (Table 3). The comparisons between TSH cate-
gory stratum-specific groups showed the same trend of
increasing obesity with higher TSH levels (Table S3).
This result showed that TSH remained associated with
BMI even when it remained within the normal range.

The impact of TSH on obesity

Compared with euthyroid adults with TSH in the mid-
dle quartiles of the reference range, obesity (BMI > 28.0
kg/m?) was 38% more common (OR = 1.38, 95% CI
1.17-1.64) among those with TSH in the upper quartile.
This trend was not substantially changed even after
adjusting for gender (model 2), age (model 3), smoking
status (model 4), drinking status (model 5) and TPOAb/
TGAb (model 6). Among the subjects with a TSH of
2.60-4.78 plU/mL, the prevalence of severe obesity
(BMI > 33.0 kg/m?) was approximately 50% higher (OR
=1.58, 95% CI 1.12-2.21) than that for the subjects with
a TSH of 1.30-2.60 pIU/mL. Inclusion of additional fac-
tors in the models (Table 4) did not affect the association
between serum TSH and BMI. However, we found a sig-
nificant influence of menopause status on the association
between TSH level and BMI in severe obesity women,
with the postmenopausal subjects in the lower TSH quar-
tiles showing a lower risk of severe obesity (OR = 0.42,
95% CI 0.20-0.91) than those in the middle TSH quar-
tiles. To further analyze the impact of the menopause
status on the relationship between TSH and obesity, we
compared the frequencies of obesity for different TSH
levels before and after menopause (Table S4). The
results showed that TSH levels were positively associ-
ated with BMI after menopause, but not before meno-
pause.

Discussion
This study was based on a large and well-

characterized community population in northern China.
Here, we observed positive associations between serum
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Table 1 Characteristics of the participants
Category variables No. Percent (%) Continuous variables Mean Median 25t 75t SD
Total number 3,590 Age (y) 49.83 50.04 41.22 58.48 11.68
Male 1,816 50.58 BMI (kg/m?) 26.20 25.89 23.49 28.42 3.73
Female 1,774 49.42 WC (cm) 87.05 86.85 79.00 94.50 10.65
BMI (kg/m?) WHR 0.88 0.88 0.83 0.93 0.73
Normal-weight (18.5~) 1,068 29.75 SBP (mmHg) 130.07 128.33 117.67 140.67 17.89
Overweight (24.0~) 1,478 41.17 DBP (mmHg) 78.88 78.00 71.00 85.67 11.37
Obesity (>28.0) 1,044 29.08 FPG (mmol/L) 6.06 5.64 5.27 6.22 1.55
Smoking status 2hPG (mmol/L) 7.36 6.90 5.79 8.25 2.52
Never 2,129 59.30 TG (mmol/L) 1.59 1.21 0.78 1.89 1.38
Former 379 10.62 LDL (mmol/L) 2.87 2.84 2.32 3.37 0.80
Current 1,080 30.08 HDL (mmol/L) 1.16 1.11 0.95 1.30 0.31
Drinking status UA (umol/L) 286.87 277.00 229.00 334.00 80.70
Nondrinker 1,869 52.06 ALT (U/L) 23.87 20.00 15.00 27.00 14.93
Occasional 978 27.30 Cr (umol/L) 60.93 59.00 50.00 70.00 14.31
23 times/week 741 20.64 TT4 (pg/dL) 8.55 8.60 7.50 9.60 1.60
ATG(+) 362 10.08 FT4 (pmol/L) 16.21 16.04 14.66 17.61 2.29
ATPO(+) 398 11.08 TT3 (ng/dL) 117.32 116.49 104.68 128.51 18.57
Before-menopause 903 50.93 FT3 (pmol/L) 5.00 4.98 4.65 5.35 0.53
Post-menopause 870 49.17 TSH (uIU/mL) 2.04 1.85 1.31 2.60 0.94

The data are presented as n and % for category variables; mean + standard deviation, median and interquartile range for continuous

variables.

Table 2 BMI values arranged by different TSH levels and by gender

Men Women
TSH (uIU/mL) BMI (kg/m?) BMI (kg/m?)
N Mean SD N Mean SD
0.55~ 541 25.83 3.61 331 25.67 3.43
1.30~ 940 26.28 3.56 880 26.08 3.79
2.60~4.78 335 26.84 3.92 563 26.52 3.99

F =797 p<0.001

F=5.44p=0.004

The data are presented as n and mean + standard deviation. P is for the test of two-pairs ANOVA analyses.

TSH and BMI in euthyroid adults, even after adjustment
for gender, age and smoking. Using TSH in the middle
quartile as the control, the risk of obesity (BMI > 28.0
kg/m?) was 38% greater and that of severe obesity (BMI
>33.0 kg/m?) was 58% greater in those with TSH in the
upper quartile.

A number of studies have reported that thyroid dys-
function is associated with body weight and adiposity [6,
8, 9]. However, the association between normal-range
thyroid function and obesity is controversial. A large
population-based study in Denmark (the Dan Thyr

Study) showed a positive association between serum
TSH and BMI in subjects with normal thyroid function
[12, 13]. Similarly, in the second North-Trendelag
Health Study (HUNT 2) in Norway, a 10.5-year follow-
up of 15,020 people without self-reported thyroid disease
found a positive association between changes in TSH
and changes in weight and BMI [14]. The Tromse study,
which was another study in Norway, reported that serum
TSH within the normal range was positively associated
with BMI; this study also found that an increase in serum
TSH was associated with an increase in BMI after a 7-
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TSH levels Men Women
(WIU/mL) BMI groups (N, %) BMI groups (N, %)

18.5~ 24~ 28~ 30~ 18.5~ 24~ 28~ 30~ >33
0.55~ 179 (33.09) 220 (40.67) 72(1331)  53(9.80) 17(3.14) 113 (34.14) 144 (43.50) 37(11.18) 29(8.76) 8 (2.42)
130~ 255(27.07) 415(4427) 140 (14.86) 95(10.08)  35(3.72) 281 (31.97) 357(40.50) 104 (11.83) 91 (10.35) 47 (5.35)
260~478  84(25.07) 127(37.91) 61 (1821) 39(11.64) 24(7.16) 157(27.89) 214(3801) 102(18.12) 52(9.24)  38(6.75)

¥ =21.88 p=0.005

=24.74 p=0.002

The data are presented as n and %. P is for the trend across quartiles.

Table 4 Effects of the influencing factors on BMI for the participants with normal TSH using logistic regression analysis
BMI > 28 (kg/m?) BMI > 33 (kg/m?)
Model factors
L-TSH H-TSH L-TSH H-TSH
OR 95%CI P OR 95%CI p OR 95%ClI p OR 95%CI p
1 TSH 0.85 0.70-1.02 0.078 1.38 1.17-1.64 <0.001 0.63 0.40-0.99 0.044 1.58 1.12-2.21 0.009
2 +Sex 0.83  0.69-1.00 0.055 141  1.18-1.67 <0.001 0.64 0.40-1.00 0.051 1.55  1.10-2.18 0.013
3 +age 0.84 0.69-1.07 0.059 143 1.21-1.70 <0.001 0.64 0.41-1.02 0.058 1.62  1.15-2.30 0.006
4 +smoking 0.84 0.70-1.01 0.070 142 1.19-1.69 <0.001 0.65 0.41-1.03 0.063 1.62  1.15-2.29 0.006
5 +drinking 0.85 0.70-1.02 0.078 143 1.20-1.70 <0.001 0.65 0.41-1.02 0.062 1.64 1.16-2.33 0.005
6 +Antibody 0.85 0.70-1.02 0.081 142 1.19-1.69 <0.001 0.65 0.41-1.03 0.064 1.65 1.16-2.34  0.005
7 +menopause  0.71  0.53-0.97 0.029 1.31 1.03-1.64 0.026 042 0.20-091 0.028 1.28 0.82-1.99 0.288

The data are presented as odds ratios (OR) with 95% Cls.
P is for the trend of regression analysis.

year follow-up in nonsmoking men and women [15]. In
the Framingham Study, the cross-sectional survey repor-
ted that the baseline mean weight increased progres-
sively from the lowest to the highest TSH quartile, and
the longitudinal evaluation showed that a rise in TSH
during 3.5-year follow-up was associated with weight
gain in both women and men [16]. Prior to this study, the
differences in previous studies were thought to have pos-
sibly derived from differences in ethnicity. The majority
of studies from Western countries appeared to have
shown positive findings, whereas studies from Asian
populations did not significant associations
between TSH levels and obesity [17, 18]. However, asso-
ciations were recently observed between a serum TSH
concentration within the normal range and body weight
and BMI in Japanese men and Korean women [19, 20].
In contrast, two studies from Australia and the UK repor-
ted a lack of association between TSH and BMI in euthy-
roid subjects [21, 22]. In addition to the potential
influence of ethnicity, the study population, design, sam-
ple size, detection methods and cut off settings may also
affect the consistency of research results. Especially in
Asian countries, more and large longitudinal cohort stud-
ies are needed to explore this issue.

show

The influence of smoking on the association between
serum TSH and obesity was evaluated in several studies,
although the results were not uniform. In the present
study, we found that the smoking status had no effect on
the association between TSH level and obesity indices.
In line with our results, the HUNT Study in Norway and
the Busselton Thyroid Study in Australia found no statis-
tically significant differences in terms of gender or
smoking status [14, 21]. In contrast, three studies repor-
ted a positive association between BMI and serum TSH
among nonsmokers only, and one study found the associ-
ation to be stronger among current smokers than among
nonsmokers [19, 21, 23]. Tobacco smoking has complex
effects on thyroid function and body weight, and the
mechanisms of these effects needs to be further explored.

In addition, few studies have addressed the potential
effect of menopause on the association between TSH and
obesity. In a large Brazilian population, a weaker associ-
ation between BMI and TSH was found among post-
menopausal women than among premenopausal women
[24]. In the multivariate logistic regression analyses in
the present study, the inclusion of factors such as gender,
age, smoking and menopause status in the model did not
significantly change the association between serum TSH
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and obesity. However, when we took a BMI > 33 kg/m?
as a definition of the dependent variable, we found that
menopause status had a significant influence on the rela-
tionship between TSH and severe obesity in women.
Postmenopausal subjects with lower TSH levels had a
smaller risk (OR = 0.42) of severe obesity. One possible
explanation is that relatively high thyroid hormone levels
help to increase energy consumption and prevent weight
gain.

Thyroid autoimmunity, as indicated by positive
TPOAb and TGAb, was considered to play an important
role in the development of hypothyroidism, which might
be followed by weight gain. The proportions of euthy-
roid subjects with TPOAb (+) and TGAb (+) were
11.08% and 10.08%, respectively, in this natural popula-
tion. No association was found between the serum
TPOAb/TGAD level and BMI in the subjects with nor-
mal thyroid function. This lack of association remained
when the analysis was repeated separately in men and
women.

Mechanistically, thyroid hormones physiologically
mediate energy expenditure and thermogenesis [7, 25].
TSH and thyroid hormones receptors are widely
expressed in adipose tissue and mediate both lipogenesis
and lipolysis [10, 26]. Some studies have suggested that
increased TSH can directly stimulate adipogenesis and
fat accumulation or that a certain degree of TSH resist-
ance exists [27, 28]. However, thyroid hormones and
obesity should not be considered to have a one-way asso-
ciation, because adipose tissue may influence TSH and
thyroid hormones synthesis [29, 30]. In recent years, the
adipocyte-derived hormone, leptin, has gained more
attention regarding its regulation of the thyroid axis by
stimulating TSH biosynthesis or by decreasing thyroid
hormone resistance [31-33]. Notably, in the euthyroid
range of the thyroid status, we must be cautious when
making judgments related to whether changes in TSH
precede changes in weight or vice versa.

The strengths of this study include the relatively large
sample size taken from a natural population and the
detailed demographic, physical examination, medical
history and laboratory indicators information. The sub-
jects included in this analysis were considered to be
healthy euthyroid individuals because individuals with
self-reported thyroid disorders, basic diseases or abnor-

mal thyroid function were excluded. Well-characterized
covariate data enabled us to perform multivariable-
adjusted analyses. Moreover, we performed six regres-
sion models to determine the impact of TSH levels on
obesity before and after adjustments for potential con-
founders. These advantages allow relatively reliable
evaluations of the associations of interest and generaliza-
bility of the findings. However, the cross-sectional
design of the study limited our ability to infer causal
relationships between variations in TSH and obesity. We
also lacked data regarding the serum leptin concentra-
tions to evaluate their role in the body fat-TSH associa-
tion. More longitudinal and/or experimental studies are
warranted to answer questions regarding whether the
variation in thyroid function can be used as a risk factor
to guide identification and prevention in individuals at
risk for weight gain.

In conclusion, we show here that serum TSH within
the euthyroid range and obesity had a positive associa-
tion in a large community-based population in China.
The risk of severe obesity was significantly higher with
the increase in the level of TSH, especially for those in
the upper normal TSH range. A significant influence of
menopause was found on the relationship between TSH
levels and severe obesity.
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