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Background: Whether a relationship exists between various metabolic factors and thyroid-
stimulating hormone (TSH) levels in euthyroid persons remains unknown. This study aims to
explore the relationship between TSH levels and metabolic factors in euthyroid individuals.
Methods: A total of 2,663 subjects were enrolled from a nationwide population-based cross-
sectional survey of iodine nutrition, thyroid disease and diabetes in China (2014-2017). Euthyroid
individuals were divided into four groups according to quartiles of TSH levels: group A (n=305,
0.3-1.3 mIU/L), group B (n=829, 1.3-2.2 mIU/L), group C (n=673, 2.2-3.2 mIU/L) and group D
(n=349, 3.2-4.2 mIU/L). Anthropometric parameters, biochemical indicators and TSH levels were
determined.

Results: A total of 2,156 euthyroid subjects with serum TSH levels within the normal range
accounted for 86.8% of the sample. The systolic blood pressure (SBP) in group D was
significantly higher than that in the other three groups. Group C displayed significantly lower
thyroid peroxidase antibody (TPOAD) levels than the other three groups. Group C also had
lower anti-thyroglobulin antibody (TgAb) levels than groups A and D, whereas the TgAb
levels in group B were only lower than those in group A. Spearman’s or Pearson’s linear
regression analysis showed that SBP (r=0.054; P=0.013) was positively correlated with TSH,
but cholesterol (TC) (r=—0.043, P=0.047) was negatively correlated with TSH. Multiple
stepwise regression analysis revealed that SBP, the urinary iodine concentration (UIC), waist
circumference (WC), body mass index (BMI), TC, triglycerides (TGs) and low-density
lipoprotein cholesterol (LDL-C) were independent predictors of serum TSH levels.
Conclusion: This large population-based study demonstrates a significant interaction
between metabolic factors and TSH levels. An adverse weight status, high blood pressure
levels, blood lipid metabolism disorder and excessive iodine intake may be early manifesta-
tions of thyroid disease in euthyroid subjects.

Keywords: thyroid-stimulating hormone, metabolic syndrome, iodine nutrition, euthyroid
state

Introduction

Recently, the incidence of thyroid disease has sharply increased year by year.! The
proportion of individuals with elevated TSH levels in the general population is also
increasing. Hypothyroidism and subclinical hypothyroidism (SCH) are very common
diseases in the general population. The reported incidence of SCH ranges between 5%
and 10% and is higher in older people and women.> Based on a survey of the
prevalence of thyroid diseases in 2010, the prevalence of SCH in China was 16.7%
based on a diagnostic cut-off level of thyroid-stimulating hormone (TSH) >4.2 mIU/L.
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High TSH levels within the normal range may be a sign of
early hypothyroidism and are associated with an increased
prevalence of autoimmune thyroid disease and a risk of
hypothyroidism in the near future.’> An increased serum
TSH level may cause multiple organ damage and metabolism
disorder.*® Inoue et al reported that a high-normal TSH level
can increase the risk of all-cause, cardiovascular and cancer-
related mortality compared with medium-normal TSH
levels.* Coronary heart disease has been reported to be asso-
ciated with the lowest tertile of TSH levels in men.’
Fernandezreal-Real et al found a positive correlation between
TSH and postprandial fasting insulin levels in healthy euthyr-
oid subjects.® Although the baseline TSH level was not
associated with the risk of diabetes, after 84,595 person-
years of follow-up, the TSH level was demonstrated to be
an additional risk factor for the development of type 2 dia-
betes in euthyroid subjects.” In early pregnancy, SCH and
thyroperoxidase antibody-positive euthyroidism are asso-
ciated with an increased risk of gestational diabetes mellitus.®
Additionally, glycemic aberrations are closely associated
with TSH secretion in type 1 diabetes regardless of variations
in thyroid hormone concentrations.” However, in a previous
meta-analysis, plasma TSH levels within the normal range
had no significant relationship with the incidence of type 2
diabetes, even in patients with a high cardiovascular risk.'°
In addition to the results of the above studies, the pre-
valence of metabolic syndrome in China has recently been
reported to be as high as 33.9%;'" thus, disorder of the TSH
level may be influenced by metabolic regulation factors.
However, the results are not completely consistent in pre-

43710 and the underlying cause is not fully

vious studies,
known. The possible reasons include small sample sizes,
racial differences and participant selection from special
populations. In addition, reports including the urinary iodine
concentrations (UIC) are rare or conflicting. The relationship
between iodine intake and TSH is unclear. Therefore, we
performed a cross-sectional investigation based on a nation-
wide iodine nutrition and thyroid disease epidemiological
survey to explore the relationship between TSH and thyroid
antibody, the UIC, blood glucose, blood lipids, blood pres-
sure, and other metabolic parameters in euthyroid subjects.

Subjects and methods

Study population

The National Survey of lodine Nutrition, Thyroid Diseases
and Diabetes (2014-2017) is a nationwide, cross-sectional
survey of the Chinese general population. Participants

were randomly selected from two urban and two rural
communities in a southwest city with a population of thirty
million inhabitants. A total of 2,663 participants aged
18 years or older (18-96 years old) were included in this
study. Among these individuals, 180 subjects were
excluded due to incomplete data. Thus, 2,483 subjects
remained for the study analysis. The study subjects met
the following inclusion criteria: (1) 18 years of age or
older; (2) Han race; (3) residence in a community (village)
for more than 5 years; (4) no iodine contrast agent exam-
ination or amiodarone intake in the past three months; and
(5) nonpregnant women. The study was approved on April
25, 2013, by the ethics committee of the First Hospital of
China Medical University (No. 2013-115), and written
informed consent was obtained from all participants.

Anthropometric and biochemical
measurements

Anthropometric parameters

All of the participants were required to fast overnight before
the physical examination. The anthropometric parameters
included height, weight, waist circumference (WC) and
blood pressure. Height, weight, waist circumference and
blood pressure were measured according to standard proce-
dures reported in a previous study.'? The participants should
rest for 10 mins before blood pressure measurement, relax
their minds, avoid exertion, empty the bladder, stop smok-
ing 15 mins before the test, avoid drinking tea and coffee,
and be seated. The right upper limb blood pressure was
measured twice per person for 3—5 mins each time.

Experimental procedures and

determination methods

Overnight fasting blood samples were collected. All subjects
were assayed for TSH, thyroid peroxidase antibody
(TPOAD), anti-thyroglobulin antibody (TgAb), total choles-
terol (TC), triglycerides (TGs), low-density lipoprotein cho-
lesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), blood uric acid (UA), fasting blood glucose
(FBG), glycosylated hemoglobin (HbAlc), and the
UIC."*"* The TSH, TPOAb and TgAb levels in the speci-
mens were determined by immunochemiluminescence. The
FBG level was assayed using the glucose oxidase method.
The TC, TG, LDL-C, HDL-C and UA concentrations were
determined enzymatically. The HbA1c level was determined
using high-performance liquid chromatography. The UIC
was uniformly determined with inductively coupled plasma
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mass spectrometry (ICP-MS) (Agilent 7700%, Agilent
Technologies, USA) in the central laboratory.

Definitions of thyroid function and the

normal reference ranges

The subjects with normal thyroid function were divided
into four groups according to quartiles of TSH levels:
group A (n=305, 0.3-1.3 mIU/L), group B (n=829,
1.3-2.2 mIU/L), group C (n=673, 2.2-3.2 mlIU/L),
and group D (n=349, 3.2-4.2 mIU/L). The reference
ranges were 0.3—4.2 mIU/L for TSH, 0-34 IU/mL for
TPoAb, and 0-115 TU/mL for TgAb as provided by the
central laboratory. When the serum TSH and FT4
levels were within the normal ranges, the subject was
considered to have normal thyroid function.

Statistical analysis

The experimental data were processed with SPSS statisti-
cal software, version 22.0. Continuous variables are
described as the means + standard deviation, comparisons
between multiple groups were performed with analysis of
variance (ANOVA), and pairwise comparisons were per-
formed with the least-significant difference (LSD) test.
Correlations between variables were determined using
Pearson’s or Spearman’s correlation analysis, and the inde-
pendent influencing factors of TSH were explored through
multiple stepwise regression analysis. A test level of
P<0.05 was considered statistically significant.

Results
According to the analysis results of the samples, 2,156
euthyroid subjects with normal serum TSH levels
remained after 327 individuals were excluded because of
thyroid diseases. As presented in Table 1 and Figure 1,
body mass index (BMI), WC, FBG, HbAlc, UA, TGs, TC,
LDL-C and HDL-C did not differ among the groups.
Comparisons of the groups showed that the systolic
blood pressure (SBP) in group D was significantly higher
than that in the other three groups. Group C displayed
significantly lower TPoAb levels (Figure 1A) than those
in the other three groups. Group C also had lower TgAb
levels (Figure 1B) than those in group A and group D,
whereas the TgAb levels in group B were only lower than
those in group A. The difference of UIC levels between all
groups were showed in Figure 1C.

As presented in Figure 2, correlations were observed
between TSH levels and SBP (r=0.054; P=0.013)

(Figure 2A) and TC (r=—0.043, P=0.047) (Figure 2B).
No correlations were found between the remaining
metabolic indicators and TSH. Multiple stepwise regres-
sion analysis revealed that WC, BMI, SBP, TC, TGs,
LDL-C and the UIC were independently related to TSH
levels (Table 2).

Discussion

Thyroid disease is one of the most common endocrine
system diseases. Hypothalamic-pituitary-thyroid axis-
related hormone levels are slightly altered and may affect
the body overall.'*'® Increased risks of thyroid disease and
type 1 diabetes have been found in children born to women
with Graves’ disease.'® TSH within the reference range has
been reported to be positively associated with the risk of
future hypothyroidism.> The prevalence of metabolic syn-
drome in China is markedly high."" Another study revealed
that patients with metabolic syndrome had a 21% excess
risk of developing SCH, even after controlling for risk
factors during an average follow-up of 4.2 years."’
Whether early changes in serum TSH levels are related to
metabolic indicators in euthyroid subjects is unclear. In the
present study, SBP, as one of the metabolic syndrome com-
ponents, was higher in the highest quartiles of TSH levels.
The TSH level was also positively correlated with SBP. The
results are consistent with those of a previous cross-sec-
tional meta-analysis.'® The study enrolled 2,289 euthyroid
individuals and identified strong evidence for a dose-
response relationship between TSH levels and the hyperten-
sion risk. Individuals with higher normal TSH levels are at a
higher risk of developing hypertension than those with
lower normal TSH levels. This result was further supported
by a meta-analysis suggesting a significant dose-response
relationship between TSH levels and the hypertension risk
in euthyroid subjects."’

In addition to influencing blood pressure, the effect of
thyroid dysfunction on lipid metabolism is not fully clear.?
The thyroid is widely believed to be the target organ of
lipotoxicity.”! TC and TG levels were positively correlated
with TSH levels in euthyroid subjects in a previous study.?
However, the TC level was slightly negatively correlated
with TSH levels in our study. Furthermore, the study found
that lipid levels (TC and TG) were more likely to be abnor-
mal in subjects with the lowest or highest quartiles of TSH
levels. We speculated that a trend toward an abnormal TSH
level substantially more adversely influenced blood lipid
metabolism and related clinical outcomes than medium-
normal TSH levels. These findings may explain why the
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Table | Comparison of the clinical characteristics of all groups

A (n=305) B (n=829) C (n=673) D (n=349) F P-value
Age 43.81215.62 42.13£16.89 41.92£17.57 435421901 1382 0.247
BMI 23.26+3.50 23.28+3.54 23.44+3.63 23.47+3.75 0.438 0.726
SBP 118(110,131) 120(111,130) 119(109,132) 123(111,136)*> 11323 0.010%
DBP 78.19+11.83 78.0211.19 78.1511.37 79.41£11.00 1336 0.261
wcC 80.64+9.91 80.56+9.70 80.38+10.07 79.88+9.72 0.457 0713
HR 77.34£12.01 76.59+10.88 76.78+10.66 77.14£10.15 0.450 0717
FBG 551+1.58 5.47+1.58 5.52+1.47 5.43+1.43 0326 0.806
TG 1.54£1.33 152141 1.601.52 1.591.31 0533 0.659
TC 4.60%1.02 4.560.96 452093 4492091 0.897 0.442
LDL-C 2.56+0.73 2.61£0.73 2.56+0.70 2.55:+0.69 0818 0.484
HDL-C 1.3340.39 1.3120.56 1.29£0.39 1.29£0.35 0.838 0473
UA 345.72+98.1 | 353.46£103.39 356.57£110.39 345.88+110.36 1212 0.304
HbAIc 5.39+1.04 5.38+1.01 5.41£0.99 5.34+0.82 0.424 0.736

Notes: *P<0.05 compared with group A. ®P<0.05 compared with group B. “P<0.05 compared with group C.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist circumference; HR, heart rate; FBG, fasting blood glucose;
TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; UA, uric acid; HbA ¢, glycated hemoglobin.

Group A Group B Group C Group D

Group A Group B Group C Group D

Figure | Comparison of TPOAb (A), TgAb (B), and UIC (C) levels in all groups.
Notes: *P<0.05 compared with group A. ®P<0.05 compared with group B. P<0.05 compared with group C.
Abbreviations: TPOADb, thyroid peroxidase antibody; TgAb, anti-thyroglobulin antibodies; UIC, urinary iodine.
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Figure 2 The correlations between TSH and SBP (A) and TC (B).
Abbreviations: TSH, thyroid-stimulating hormone; SBP, systolic blood pressure; TC, total cholesterol.
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Table 2 Multiple stepwise regression analysis of metabolic parameters and TSH levels
Nonstandardized coefficient Standardized coefficient t P-value
B Standard error
SBP 0.004 0.001 0.093 3.956 <0.001
TC -0.119 0.035 -0.132 -3.374 0.001
uiC 0.000 0.000 —0.045 —2.096 0.036
WwC -0.011 0.003 -0.132 —-3.887 <0.001
BMI 0.02 0.008 0.084 2.58 0.01
TG 0.037 0.015 0.061 2.527 0.012
LDL-C 0.092 0.046 0.077 2.028 0.043
2432 0.186 13.111 <0.001

Abbreviations: TSH, thyroid-stimulating hormone; SBP, systolic blood pressure; TC, total cholesterol; UIC, urinary iodine concentration; WC, waist circumference; BMI,

body mass index; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol.

highest or lowest normal TSH level can increase the risk of
cardiovascular disease.*> Our hypothesis is further sup-
ported by a recent study reported by Ahi et al.>

Significantly elevated TPOADb and TgAb levels were
observed in participants with the lowest and highest limits
of TSH within the reference range. Thyroid-related anti-
body levels may be an early manifestation of thyroid
diseases, especially autoimmune thyroid disease. A pre-
vious study also suggested that TPOAb and/or TgAb
increased significantly with increasing levels of TSH and
was associated with the prevalence of hypothyroidism.***
The UIC was highest in subjects with a TSH level of 1.3—
2.2 mIU/L, which is also consistent with the findings of a
previous study.”® Additionally, the UIC was negatively
correlated with TSH levels in euthyroid subjects. More
than adequate iodine intake may be an important inducing
factor of thyroid disease. The prevalence of clinical
hyperthyroidism and Graves’ disease has been reported
to be significantly increased among Chinese populations
in areas with adequate iodine intake.”’

Metabolic syndrome components, weight status (BMI
and WC), blood pressure, blood lipids and iodine status
are all influenced by TSH levels. Adipocyte- and hepato-
cyte-derived metabolic regulators may be critical links
between metabolic syndrome and thyroid function.”® The
study results showing that WC and BMI were indepen-
dently related to TSH levels are partly consistent with
those of a previous Asian study revealing that men with
a higher TSH concentration had higher body weights and
BMI values, even after adjusting for related confounders.
However, the TSH level was not associated with WC.2* A
1-mIU/L higher TSH level within the euthyroid or sub-
clinical hypothyroid range was associated with a 0.51-kg
higher baseline weight in women.*>* In patients with SCH,

high blood pressure and high serum TGs were associated
with an increased risk of thyroid disease. Subjects with
metabolic syndrome were reported to be at a greater risk of
developing SCH.'” Thyroid hormone supplementation
increased TSH levels, which reached a steady state at an
incidence risk ratio of 1.75 after ten years of iodine
fortification.”’

Some inevitable limitations exist in our study. First,
this study was cross-sectional, and the results should be
verified by a longitudinal clinical study in the future.
Second, comorbidities and concomitant drug use are com-
mon among elderly individuals. According to the litera-
ture, some drugs, such as estrogen, aspirin, nonsteroidal
anti-inflammatory drugs, and glucocorticoids, can affect
thyroid hormones.”®> We hope to provide supporting data
and references for future studies, and more studies are
needed to clarify the relationship between metabolic indi-
cators and thyroid disease.

Conclusion

In conclusion, metabolic parameters showed significant
changes at different levels of TSH. Weight status, blood
pressure, blood lipids and iodine intake were independent
predictors of serum TSH levels. Disorder of various meta-
bolic parameters is an important factor that cannot be
ignored as an influencing factor of thyroid disease.
Further studies are needed to explore the possible mechan-
ism of metabolic syndrome and its influence on thyroid
function.

Ethical approval and informed

consent
The study was approved on April 25, 2013, by the
ethics committee of the First Hospital of China
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ethical standards of the 1964 Declaration of Helsinki.
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vidual participants included in the study.
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