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Abstract

Introduction: To evaluate the association of sensitivity to thyroid hormone

with metabolic syndrome (MetS) and its components in a Chinese euthyroid

population.

Methods: A total of 3573 participants from Pinggu Metabolic Disease Study

were analyzed. Serum-free triiodothyronine (FT3), free thyroxine (FT4), thyrotro-

pin (TSH), total adipose tissue (TAT), visceral adipose tissue (VAT), subcutane-

ous adipose tissue (SAT) area of abdominal, and lumbar skeletal muscle area

(SMA) were measured. Central thyroid hormone resistance was calculated by the

Thyroid Feedback Quantile-based Index (TFQI) and Chinese-referenced Para-

metric TFQI (PTFQI), Thyrotroph T4 Resistance Index (TT4RI) and TSH Index

(TSHI). Peripheral thyroid hormone resistance was assessed by FT3/FT4 ratio.

Results: Higher values of TSHI (odds ratio [OR] = 1.167, 95% confidence

interval [CI]: 1.079–1.262, p < .001), TT4RI (OR = 1.115, 95% CI: 1.031–1.206,
p = .006), TFQI (OR = 1.196, 95% CI: 1.106–1.294, p < .001), PTFQI

(OR = 1.194, 95% CI: 1.104–1.292, p < .001), and lower values of FT3/FT4

ratio (OR = 0.914, 95% CI: 0.845–0.990, p = .026) were associated with MetS.

Increased levels of TFQI and PTFQI were associated with abdominal obesity,

hypertriglyceridemia, and hypertension. Increased levels of TSHI and TT4RI

were associated with hypertriglyceridemia, abdominal obesity, low high-

density lipoprotein cholesterol. Reduced levels of FT3/FT4 ratio were associ-

ated with hyperglycemia, hypertension, and hypertriglyceridemia. The levels

of TSHI, TFQI, and PTFQI were negatively related to SMA and positively

related to VAT, SAT, and TAT (all p < .05).

Conclusions: Reduced thyroid hormone sensitivity was associated with MetS

and its components. Impaired thyroid hormone sensitivity might affect the dis-

tribution of adipose tissue and muscle.
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Highlights

• Mild acquired impaired thyroid hormone sensitivity was widespread among

the general populations.

• Reduced thyroid hormone sensitivity was related with metabolic syndrome

and its components.

• Impaired thyroid hormone sensitivity might affect the distribution of adi-

pose tissue and muscle.

1 | INTRODUCTION

Metabolic syndrome (MetS) is a common metabolic and
endocrine disease consisting of a cluster of cardiovascular
risk factors such as abdominal obesity, hyperglycemia,
dyslipidemia, and hypertension.1,2 MetS is a serious
health problem, and the prevalence of MetS has
increased dramatically among adults worldwide.1

In terms of the relationship between thyroid hor-
mones (THs) and MetS, it was found that hyperthyroid-
ism and hypothyroidism, both overt and subclinical,
might be associated with the risk of MetS.3,4 However,
the relationship between the normal range of THs
(serum-free thyroxine [FT4], free triiodothyronine [FT3])
and MetS is inconsistent.5–8 Recently, it was reported that
co-occurrence of high thyrotropin (TSH) and high THs,
which represented a kind of mild acquired resistance to
thyroid hormones (RTH), was widespread among the
general population.8 Therefore, impaired sensitivity to
thyroid hormone might provide an appropriate explana-
tion for these conflicting results between TSH, FT4, and
MetS. However, RTH could occur despite high FT3/FT4.
For example, thyroid hormone cell membrane transport
defect caused by monocarboxylate transporter 8 (MCT8)
gene mutation would lead to elevated FT3 levels and
reduced FT4 and reverse T3 (rT3).9

This study aimed to evaluate the association between
TH sensitivity and MetS, along with its components, in a
Chinese euthyroid population. We also tried to explore
the mechanism between sensitivity to TH and MetS by
analyzing insulin resistance and body composition.

2 | METHODS

2.1 | Study design

The present study was conducted using the data from the
Pinggu Metabolic Disease Study. Ethical approval was
obtained from Ethics Committee at Peking University
People's Hospital. Written informed consent was
obtained from all study populations before enrollment.

This study included 4002 participants aged 26–76 years.
The enrollment and procedure could be found in previ-
ous studies.6,10 In the current study, we included patients
with normal levels of TSH and FT4. Patients who had a
history of thyroid surgery, took TH replacement therapy,
and antithyroid drugs were excluded. Finally, 3573 euthy-
roid participants were included in our analysis.

2.2 | Physical examination

Standardized questionnaires were obtained from all par-
ticipants as described previously. Height and weight were
measured using a height-weight scale. Body mass index
(BMI) was calculated as weight, in kilograms, divided by
height, in m2. Waist circumference (WC) was measured
with a flexible non-elastic tape at the midpoint between
the lower border of the rib cage and the iliac crest. Hip
circumference (HC) was measured at the largest circum-
ference of the buttocks. The waist-to-hip ratio was calcu-
lated as the ratio of WC to HC. Blood pressure (BP) was
measured three times consecutively after at least 5 min
rest in the sitting position. The mean value of the three
measurements of BP was calculated.

2.3 | Biochemical and hormone assays

Venous blood samples were obtained after at least 8 h of
overnight fast. Alanine aminotransferase, aspartate amino-
transferase, total cholesterol, low-density lipoprotein cho-
lesterol, high-density lipoprotein cholesterol (HDL-C),
triglyceride (TG), fasting plasma glucose (FPG), and creati-
nine concentrations were measured by the automated bio-
chemical instrument (Beckman Coulter UniCel DxC
800, Brea, CA, USA). Participants without known diabetes
underwent an oral glucose tolerance test to evaluate
the status of glucose tolerance. Participants with diabetes
measured only FPG. Hemoglobin A1c (HbA1c) was
tested by cation-exchange high-pressure liquid chromato-
graphy method (Adams A1c HA-8160, Japan). Serum
insulin was measured by a radioimmunoassay method
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(China Institute of Atomic Energy, Beijing, China). The
homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated as fasting insulin (mU/mL) �
FPG (mmol/L)/22.5.

2.4 | Assessment of thyroid function and
indices of thyroid hormone sensitivity

THs, including TSH, FT4, FT3, and thyroid-related anti-
bodies were measured by using a supersensitive electro-
chemiluminescence immunoassay (Siemens Centaur XP,
Germany). The reference ranges of the thyroid function
were 11.45–23.17 pmol/L for FT4, 3.5–6.5 pmol/L for
FT3, 0.55–4.78 μIU/mL for TSH, <60 IU/mL for thyroid
peroxidase antibodies, and <60 IU/mL for thyroglobulin
antibody. Euthyroidism was defined as serum FT4 and
TSH concentrations within reference ranges, without his-
tory of thyroid surgery, taking antithyroid drugs, and
receiving TH replacement therapy.

Indices of central sensitivity to TH, including TSH
index (TSHI), Thyrotroph T4 Resistance Index (TT4RI),
Thyroid Feedback Quantile-based Index (TFQI), Paramet-
ric Thyroid Feedback Quantile-based Index (PTFQI), and
peripheral sensitivity to thyroid hormone (FT3/FT4 ratio)
were calculated according to previous studies.8,11,12 TT4RI
was calculated as FT4 (pmol/L) * TSH (mIU/L).12 was cal-
culated as ln TSH (mIU/L) + 0.1345 * FT4 (pmol/L).11 For
TT4RI and TSHI, the higher the values, the lower the cen-
tral sensitivity to THs. TFQI was calculated as cumulative
distribution function (cdf) fT4- (1 � cdfTSH). The cdf for a
random variable at x gives the probability that the random
variable X is less than or equal to that number x.8 The
PTFQI was used to define an approximate TFQI adapted to
a Chinese reference population. The PTFQI was calculated
as Φ((FT4 � μfT4)/σFT4) � (1 � Φ((ln TSH � μlnTSH)/
σln TSH)), where μFT4 = 16.3802, σFT4 = 1.98049, μln
TSH = 0.5865, and σln TSH = 0.43854 for the Chinese
population. For TFQI and PTFQI, negative and positive
values were regarded as increased and decreased sensitivity
to FT4, respectively. (5) FT3/FT4 ratio was calculated as
the ratio of FT3 to FT4. Higher FT3/FT4 indicated higher
peripheral TH activity.

2.5 | Body composition measurements

All population were examined with abdominal plain CT
(GE 64-slice CT scanner, USA). The quantification of
skeletal muscle area (SMA) was measured at the level
of the lumbar vertebrae 3 (L3) intervertebral disc space,
which contained the psoas, paraspinal, and abdominal
wall muscles. The skeletal muscle indexes (SMI) wasT
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calculated by normalizing the total skeletal muscle sur-
face area by the height in m2. The quantification of
abdominal fat was measured at the level of the L4-5 inter-
vertebral disc space. Visceral adipose tissue (VAT) and
total adipose tissue (TAT) area were assessed by the Tis-
sue Composition Module of the software (Mindways,
Austin, TX, USA). Subcutaneous adipose tissue (SAT)
was assessed as TAT–VAT.

2.6 | Definition

Subjects were classified as underweight (BMI < 18.5 kg/
m2), normal weight (18.5–23.9 kg/m2), overweight (24.0–
27.9 kg/m2), and obese (≥28.0 kg/m2) according to BMI
recommended by the Working Group on Obesity in
China.13 MetS diagnosis was established using the Chi-
nese Diabetes Society criteria.14

2.7 | Statistical analysis

Clinical characteristics were expressed as mean ± SD for
continuous variables or numbers and percentages for cat-
egorical variables. Chi-square test or Fisher's exact test
was conducted to assess differences in categorical vari-
ables between different groups. Shapiro–Wilk tests were
conducted to verify the normal or skewed distributions of
continuous variables. Student's t test, Mann–Whitney
U test or Kruskal–Wallis H test were performed to com-
pare continuous variables between different groups. Pear-
son or Spearman correlation coefficients were conducted

to assess the relationships between indices of sensitivity
to TH and body composition. Partial correlation analysis
was conducted to correct the effects of possible influenc-
ing factors. The linear-by-linear association test was used
to analyze the trend of metabolic parameters in different
quantiles of indices of sensitivity to TH. The associations
of different risk factors with the prevalence of MetS (or its
components) were evaluated by using binary logistic
regression analysis. The TFQI, PTFQI, TSHI, TT4RI, and
FT3/FT4 ratio was assessed for a 1 � SD increase of each
variable. We adjusted potential confounders of MetS and
its components using three models. In model 1, age and
sex were adjusted; in model 2, age, sex, and BMI were
adjusted; in model 3, HOMA-IR was further adjusted. The
receiver operating characteristic curve (ROC) analysis was
performed to assess the capability of indices of sensitivity
to thyroid hormone to differentiate MetS from controls.

All statistical analysis were conducted by SPSS soft-
ware version 25.0 for windows (SPSS Inc., Chicago, IL,
USA). All analysis were two-sided, and a p value <.05
was considered as significant.

3 | RESULTS

3.1 | General characteristics
of participants

Our analysis included 3573 euthyroid participants with a
mean age of 49.8 ± 11.7 years. The prevalence of MetS
was 42.8% (48.3% in men and 37.1% in women). Com-
pared to participants without MetS, participants with
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FIGURE 1 Metabolic parameters in different quantiles of indices of sensitivity to thyroid hormone. BMI, body mass index; DBP,

diastolic blood pressure; FPG, fasting plasma glucose; FT3, serum-free triiodothyronine; FT4, free thyroxine; HDL-C, high-density

lipoprotein cholesterol; TFQI; TFQI, thyroid feedback quantile-based index; TG, triglyceride; TSHI, thyrotropin index; TT4RI, thyrotroph T4

resistance index; SBP, systolic blood pressure; WC, waist circumference; WC, waist circumference.
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MetS had higher BMI, WC, and prevalence of hyperten-
sion, hyperglycemia, and dyslipidemia. The levels of
TSH (2.06 ± 0.94 vs. 2.02 ± 0.94 μIU/mL), FT4 (16.49
± 2.14 vs. 16.01 ± 2.08 pmol/L), TT4RI (33.62 ± 15.04
vs. 31.84 ± 14.58), TSHI (2.84 ± 0.49 vs. 2.74 ± 0.50),
TFQI (0.01 ± 0.36 vs. �0.06 ± 0.36), and PTFQI (0.03
± 0.38 vs. �0.06 ± 0.38) were significantly higher in par-
ticipants with MetS compared with participants without
MetS (all p < .05) (Data S1). The results were consistent in
both men and women. Compared with participants with-
out MetS, the levels of FT3 were higher in participants
with MetS in men (5.17 ± 0.51 and 5.26 ± 0.53 pmol/L,

p < .001) but not in women (4.78 ± 0.42 and 4.81
± 0.48 pmol/L, p = 0.098);whereas the FT3/FT4 ratio was
lower in participants with MetS in women (0.31 ± 0.04
and 0.30 ± 0.04, p = .002) but not in men (0.32 ± 0.05 and
0.32 ± 0.04, p = .975) (Table 1).

The WC, FPG, TG, HDL-C, BMI, and systolic BP were
significantly reduced with the FT3/FT4 quartiles (all
p for trend <.05). The WC, FPG, TG, BMI, and BP signifi-
cantly increased, whereas HDL-C decreased with the
TFQI and TSHI quartiles (all p for trend <.05). The WC,
TG, and BMI significantly increased with the TT4RI
quartiles (all p for trend <.05) (Figure 1).

Diabetes

0.6 0.8 1.0 1.2 1.4

PTFQI

TFQI

TT4RI

TSHI

FT3/FT4 ratio

OR (95% CI) p value

0.721 (0.647–0.804) <.001

1.019 (0.917–1.132) .733

0.958 (0.860–1.065) .957

1.070 (0.963–1.189) .207

1.073 (0.966–1.192) .188

Hyperglycemia

0.8 0.9 1.0 1.1 1.2

PTFQI

TFQI

TT4RI

TSHI

FT3/FT4 ratio

OR (95% CI) p value

0.877 (0.811–0.948) .001

0.968 (0.897–1.045) .409

0.933 (0.864–1.008) .081

1.004 (0.930–1.084) .913

1.003 (0.929–1.082) .941

High BP

0.7 0.8 0.9 1.0 1.1 1.2 1.3

PTFQI

TFQI

TT4RI

TSHI

FT3/FT4 ratio

OR (95% CI) p value

0.897 (0.830–0.968) .005

1.038 (0.963–1.120) .329

0.969 (0.897–1.046) .414

1.092 (1.012–1.178) .023

1.097 (1.017–1.183) .017

MetS

0.8 1.0 1.2 1.4

PTFQI

TFQI

TT4RI

TSHI

FT3/FT4 ratio

OR (95% CI) p value

0.914 (0.845–0.990)  .026

1.167 (1.079–1.262) <.001

1.115 (1.031–1.206) .006

1.196 (1.106–1.294) <.001

1.194 (1.104–1.292) <.001

(A)

(C)

(B)

(D)

Obesity

0.9 1.0 1.1 1.2 1.3

PTFQI

TFQI

TT4RI

TSHI

FT3/FT4 ratio

OR (95%  CI) p value

1.073 (0.990–1.163) .086

1.127 (1.039–1.222) .004

1.144 (1.056–1.238) .001

1.103 (1.018–1.194) .017

1.098 (1.013–1.189) .022

High TG

0.6 0.8 1.0 1.2 1.4 1.6

PTFQI

TFQI

TT4RI

TSHI

FT3/FT4 ratio

OR (95%  CI) p value

0.813 (0.751–0.880) <.001

1.212 (1.120–1.311) <.001

1.140 (1.056–1.232) .001

1.248 (1.154–1.349) <.001

1.245 (1.151–1.346) <.001

Low HDL-C

0.9 1.0 1.1 1.2 1.3

PTFQI

TFQI

TT4RI

TSHI

FT3/FT4 ratio

OR (95%  CI) p value

1.072 (0.997–1.154) .062

1.098 (1.020–1.182) .013

1.078 (1.001–1.161) .046

1.062 (0.986–1.142) .111

1.074 (0.998–1.156) .057

Abdominal obesity

0.9 1.0 1.1 1.2 1.3

PTFQI
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TT4RI

TSHI

FT3/FT4 ratio

OR (95%  CI) p value

1.038 (0.962–1.119) .338

1.114 (1.034–1.201) .005

1.112 (1.031–1.199) .006

1.102 (1.023–1.188) .011

1.096 (1.017–1.181) .017

(E) (F)

(G) (H)

FIGURE 2 Odds ratio of indices of thyroid hormone sensitivity and risk of metabolic syndrome and its components. Model 1, adjusted

for age and sex; model 2, adjusted for age, sex and BMI; model 3, adjusted for age, sex, BMI and HOMA-IR; model 4, adjusted for age, sex,

and HOMA-IR. BMI adjustment was removed for outcomes of metabolic syndrome and high WC. Odds ratio of indices of thyroid hormone

sensitivity and (A) metabolic syndrome. (B) diabetes. (C) hyperglycemia. (D) hypertension. (E) abdominal obesity. (F) obesity. (G) high TG.

(H) low HDL-C.
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3.2 | Association between sensitivity to
thyroid hormone indices and the risk
of MetS

The odds ratio (OR) and 95% confidence interval [CI] of
MetS and its components for each 1 SD increase in
FT3/FT4 ratio, TT4RI, TSHI, TFQI, and PTFQI in the
euthyroid population was presented in Figure 2 and
Table 2. Higher levels of TSHI (OR = 1.167, 95% CI:
1.079–1.262, p < .001), TT4RI (OR = 1.115, 95% CI:
1.031–1.206, p = .006), TFQI (OR = 1.196, 95% CI: 1.106–
1.294, p < .001) and PTFQI (OR = 1.194, 95% CI: 1.104–
1.292, p < .001) were significantly associated with MetS
even after adjusting for age, gender, and HOMA-IR. No
association was found between the FT3/FT4 ratio and
risk of MetS after adjusting for age and sex (OR = 0.956,
95% CI: 0.893–1.023, p = .195), but the association was
significant after further adjusting for HOMA-IR
(OR = 0.914, 95% CI: 0.845–0.990, p = .026).

3.3 | Association between sensitivity to
thyroid hormone indices and the risk of
components of MetS

After adjusting for age, sex, BMI, and HOMA-IR,
increased levels of TSHI and TT4RI were significantly
correlated with hypertriglyceridemia, abdominal obesity,
and low HDL-C levels. Increased levels of TFQI and
PTFQI were significantly associated with abdominal obe-
sity, obesity, hypertension, and hypertriglyceridemia after
adjusting for age, sex, BMI, and HOMA-IR. The reduced
levels of FT3/FT4 ratio was significantly associated with
diabetes, hyperglycemia, and hypertriglyceridemia after
adjusting for age, sex, BMI, and HOMA-IR (Figure 2 and
Table 2). However, all these indices had very low diag-
nostic sensitivity and specificity for MetS prediction and
its components at the optimal cut-points (Data S2).

3.4 | Association between sensitivity to
thyroid hormone and insulin resistance,
indices of body composition

After adjustment of age, sex, and BMI, TT4RI was posi-
tively associated with SAT but not with VAT, TAT,
VAT/TAT, SMA, and SMI. TSHI, TFQI, and PTFQI were
negatively correlated with SMA and SMI and positively
associated with VAT, SAT, and TAT. No significant cor-
relations were found between TSHI and TFQI and
VAT/TAT ratio. The FT3/FT4 ratio was negatively corre-
lated with VAT, TAT, and VAT/TAT ratio. However, no
significant correlations were found between FT3/FT4

ratio and SMA, SMI, and SAT. No significant association
of sensitivity to TH with insulin resistance (all p > .05)
(Data S3).

4 | DISCUSSION

In this cross-sectional study, we found reduced central
TH sensitivity, including increased levels of TSHI, TT4RI,
TFQI, and PTFQI, were correlated with the increased risk
of MetS, abdominal obesity, and hypertriglyceridemia.
We also found that the increased levels of TFQI and
PTFQI were associated with the increased risk of hyper-
tension, and the increased levels of TSHI and TT4RI were
associated with low HDL-C. Moreover, reduced periph-
eral sensitivity, indicated by a decreased FT3/FT4 ratio,
was associated with an increased risk of MetS, hypergly-
cemia, hypertension, and hypertriglyceridemia.

RTH is a syndrome characterized by reduced sensitiv-
ity to TH. The majority of RTH cases are caused by muta-
tions of TH receptor β, whereas a few RTH cases are
caused by mutations of TH receptor α.5 In addition,
defects of TH cell membrane transport (such as MCT8
defect),15 TH metabolism (such as selenocysteine inser-
tion sequence binding protein 2 defect)16 are also causes
of rare RTH.4 In 2019, Laclaustra et al put forward the
hypothesis that a mild acquired resistance to THs was
widespread among the general population, not a rare
inherited defect.8

THs had effects on energy homeostasis, glucose
metabolism, lipid, and BP.17,18 Previous study reported
that patients with RTHβ exhibited raised cholesterol and
TG levels, reduced systemic insulin sensitivity and HDL-C
levels, and increased intramyocellular lipid and hepatic
lipid.19 Thus, the reduced sensitivity to TH may be
regarded as a newly developed risk factor for MetS and
its components. The function of TH may explain the
observed association between indices of resistance to TH
and components of MetS. Participants with central RTH
might have higher FT4 levels, thus reducing the risk of
hyperglycemia and diabetes by improving glucose utiliza-
tion and enhancing insulin sensitivity.20,21 Besides the
hypothalamus–pituitary–thyroid axis, the association
between thyroid function and glucose metabolism could
also be regulated by peripheral iodothyronine deiodinase
(DIO) activity. In adipose tissue of obese subjects, the
expression of DIO1 was upregulated through the stimula-
tion of leptin.22 Various studies have suggested that THs
may influence BP directly and indirectly. RTH would
lead to reduction of the dilatation of the arterial smooth
muscle, the nitric oxide availability, and endothelium-
dependent vasodilatation.23–25 In addition, TH had effects
on fatty acid and cholesterol metabolism. TH could
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induce the expression of genes encoding proteins that
played key roles in hepatic lipogenesis. TH could induce
ketogenesis, and induce reverse cholesterol transport, by
coupling autophagy to mitochondrial fat oxidation.26

In general population, the associations between TH
sensitivity and metabolic parameters were reported
inconsistently. Laclaustra et al reported the relationship
between TFQI and the risk of obesity, MetS, diabetes,
and diabetes-related mortality in 5222 participants based
on a sample representing the US population.7 In an
Iranian population, TFQI was significantly associated
with diabetes and high BP. TT4RI and TSHI were associ-
ated with high BP in euthyroid subjects.25 In a Chinese
population-based cross-sectional study, reduced central
sensitivity to THs (assessed by TT4RI, TSHI, TFQI, and
PTFQI) was found to be associated with lower risk of pre-
diabetes.27 Another cross-sectional study in China sug-
gested that FT3/FT4 ratio was negatively correlated with
the risk of diabetes independent of confounding factors.28

In a retrospective study, central RTH was significantly
correlated with higher glucose levels in patients with cor-
onary heart disease.29 In our study, we observed that
RTH was associated with high risk of MetS and some of
its components, but different results were found for vari-
ous TH sensitivity indices.

The mechanisms of RTH were complex and challeng-
ing. Likewise, the mild RTH in the general population
could be variable in tissue expression and in severity. The
“generalized,” “isolated pituitary,” and “peripheral tis-
sue” resistance could represent tissue variability in the
resistance to TH.30 Additionally, the variability in
the severity of the resistance to TH could be explained by
receptors position and difference in receptor sensitivity.
Further studies on mechanisms underlying resistance to
TH and MetS and its components were needed.

The underlying mechanism between TH sensitivity
and metabolic parameters has not been fully elucidated.
We tried to explore the association of sensitivity to TH,
insulin resistance, and body composition. In this study,
the TSHI and TFQI levels were negatively associated with
skeletal muscle mass and positively associated
with abdominal fat mass. FT3/FT4 was negatively associ-
ated with VAT and TAT. It was reported that the increase
of adiposity, especially central adiposity, was one hall-
mark of MetS. Adiposity could cause an increase in cyto-
kines and hormones and played important role in MetS
via different pathways.17,22 Impaired TH sensitivity might
affect the distribution of adipose tissue and muscle, thus
affecting the risk of MetS and its components.

However, the mechanism between TH sensitivity and
indices of body composition remains a focus of debate.
THs play crucial roles in the control of energy homeosta-
sis and can influence body composition. TH induces

energy utilization in white adipocytes through induction
of uncoupling protein 1 expression.31 In contrast, the
changes in body composition might influence TH levels.
Weight loss resulting either from diet or from bariatric
surgery induces a significant reduction in TSH and
FT3.32 In addition, Nannipieri et al found reduced gene
expression of TSH and FT3 receptors in both subcutane-
ous and visceral fat in obese subjects,33 which indicated
the increase in plasma TSH and FT3 in obesity may be an
attempt to cope with the peripheral resistance, as a con-
sequence of the hypertrophy changes of adipocytes.
Moreover, weight gain could lead to an increase in serum
TSH levels and leptin, an adipose tissue-derived hor-
mone. Subsequently, leptin had an effect on thyrotropin-
releasing hormone or decreasing TH resistance by
increasing the activity of type 1 deiodinase (D1) to result
in the conversion of T4 to T3.34,35 Thus, a variety of
mechanisms may be involved in the associations of thy-
roid function with adiposity parameters. However, the
pathogenesis of the relationship between sensitivity to
TH and abdominal fat distribution has not yet been fully
elucidated. Further longitudinal studies are needed to
better understand the mechanisms by which TH sensitiv-
ity might affect abdominal fat distribution. Moreover, the
altered expression of type 1 iodothyronine deiodinase,
TH receptor, and TSH receptor in adipose tissue should
be studied.

Our study had several strengths, such as the
population-based study design, the large sample size,
evaluation of five different TH resistance indices, and
corrected relevant confounding factors. However, our
study has several limitations. First, the cross-sectional
design did not allow us to testify the cause and the effect
relation between TH sensitivity indices and MetS and its
components. Second, we did not account for all potential
confounding factors that could influence the relationship
between TH sensitivity and MetS, such as other medical
conditions, medications, or lifestyle factors. Third, poly-
morphisms in the genes of RTH could modulate the
expression of the mutated gene contributing to the clini-
cal presentation of RTH. Incorporating genetic testing to
identify the source of impaired TH sensitivity could
potentially add value to our work.

5 | CONCLUSION

In this study, we demonstrated the association between
impaired central or peripheral RTH and the increased
risk of MetS. We also found the relation between central
or peripheral RTH and the increased risk of obesity, dys-
lipidemia, and hypertension. Our study provided evi-
dence for the significance of RTH in their interactions
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with MetS in a Chinese population; the underlying mech-
anism needs to be explored further.

AUTHOR CONTRIBUTIONS
Linong Ji and Xiaoling Cai conceptualized this study and
designed the systematic review protocol; Fang Lv, Yufeng
Li, Xiuying Zhang, Xueyao Han, and Xianghai Zhou per-
formed the study selection and data extraction; Fang Lv
performed the statistical analyses; Fang Lv and Xiaoling
Cai prepared the outlines and wrote the manuscript. All
authors contributed to the critical revision of manuscript
drafts.

ACKNOWLEDGEMENTS
We thank all the staff who did work in Pinggu Metabolic
Disease Study.

FUNDING INFORMATION
This work was supported by National Natural Science
Foundation of China (No. 81970698, No. 81900805, and
No. 81970708), Beijing Natural Science Foundation
(No. 7202216), and Peking University People's Hospital
Research and Development Funds (Project RS2022-03).
The funding agencies had no roles in the study design,
data collection or analysis, decision to publish or prepara-
tion of the manuscript.

CONFLICT OF INTEREST STATEMENT
No potential conflicts of interest relevant to this article
were reported.

DATA AVAILABILITY STATEMENT
No additional data available.

ORCID
Xiaoling Cai https://orcid.org/0000-0002-7881-0543
Linong Ji https://orcid.org/0000-0002-3262-2168

REFERENCES
1. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome.

Lancet. 2005;365:1415-1428.
2. Silveira Rossi JL, Barbalho SM, Reverete de Araujo R,

Bechara MD, Sloan KP, Sloan LA. Metabolic syndrome and
cardiovascular diseases: going beyond traditional risk factors.
Diabetes Metab Res Rev. 2022;38:e3502.

3. Mehran L, Amouzegar A, Rahimabad PK, Tohidi M,
Tahmasebinejad Z, Azizi F. Thyroid function and metabolic
syndrome: a population-based thyroid study. Horm Metab Res.
2017;49:192-200.

4. Yao B, Yang C, Pan C, Li Y. Thyroid hormone resistance:
mechanisms and therapeutic development. Mol Cell Endocri-
nol. 2022;553:111679.

5. Laclaustra M, Hurtado-Roca Y, Sendin M, et al. Lower-normal
TSH is associated with better metabolic risk factors: a cross-

sectional study on Spanish men. Nutr Metab Cardiovasc Dis.
2015;25:1095-1103.

6. Li M, Zhang X, Zhou X, et al. The association between serum
thyrotropin within the reference range and metabolic syn-
drome in a community-based Chinese population. Diabetes
Metab Syndr Obes. 2020;13:2001-2011.

7. Park HT, Cho GJ, Ahn KH, et al. Thyroid stimulating hormone
is associated with metabolic syndrome in euthyroid postmeno-
pausal women. Maturitas. 2009;62:301-305.

8. Laclaustra M, Moreno-Franco B, Lou-Bonafonte JM, et al.
Impaired sensitivity to thyroid hormones is associated with dia-
betes and metabolic syndrome. Diabetes Care. 2019;42:303-310.

9. Groeneweg S, van Geest FS, Abacı A, et al. Disease characteris-
tics of MCT8 deficiency: an international, retrospective, multi-
centre cohort study. Lancet Diabetes Endocrinol. 2020;8:594-605.

10. Hu P, Li Y, Zhou X, Zhang X, Zhang F, Ji L. Association
between physical activity and abnormal glucose metabolism-a
population-based cross-sectional study in China. J Diabetes
Complications. 2018;32:746-752.

11. Jostel A, Ryder WD, Shalet SM. The use of thyroid function
tests in the diagnosis of hypopituitarism: definition and evalua-
tion of the TSH index. Clin Endocrinol (Oxf). 2009;71(4):
529-534.

12. Yagi H, Pohlenz J, Hayashi Y, Sakurai A, Refetoff S. Resistance
to thyroid hormone caused by two mutant thyroid hormone
receptors beta, R243Q and R243W, with marked impairment of
function that cannot be explained by altered in vitro 3,5,30-
triiodothyroinine binding affinity. J Clin Endocrinol Metab.
1997;82:1608-1614.

13. Chen C, Lu FC. Department of Disease Control Ministry of
health, Pr China. The guidelines for prevention and control
of overweight and obesity in Chinese adults. Biomed Environ
Sci. 2004;17(Suppl):1-36.

14. Weng J. Evolution in the Chinese diabetes society standards of
Care for Type 2 diabetes. Diabetes Metab Res Rev. 2016;32:
440-441.

15. Dumitrescu AM, Liao XH, Best TB, Brockmann K, Refetoff S.
A novel syndrome combining thyroid and neurological abnor-
malities is associated with mutations in a monocarboxylate
transporter gene. Am J Hum Genet. 2004;74:168-175.

16. Çatli G, Fujisawa H, Kirbiyik Ö, et al. A novel homozygous
selenocysteine insertion sequence binding protein 2 (SECISBP2,
SBP2) gene mutation in a Turkish boy. Thyroid. 2018;28:1221-
1223.

17. Teixeira PFDS, Dos Santos PB, Pazos-Moura CC. The role of
thyroid hormone in metabolism and metabolic syndrome. Ther
Adv Endocrinol Metab. 2020;11:2042018820917869.

18. Jang J, Kim Y, Shin J, Lee SA, Choi Y, Park EC. Association
between thyroid hormones and the components of metabolic
syndrome. BMC Endocr Disord. 2018;18:29.

19. Moran C, McEniery CM, Schoenmakers N, et al. Dyslipidemia,
insulin resistance, ectopic lipid accumulation, and vascular
function in resistance to thyroid hormone β. J Clin Endocrinol
Metab. 2021;106:e2005-e2014.

20. Martinez B, Ortiz RM. Thyroid hormone regulation and insulin
resistance: insights from animals naturally adapted to fasting.
Physiology (Bethesda). 2017;32:141-151.

21. Xu C, Zhou L, Wu K, et al. Abnormal glucose metabolism
and insulin resistance are induced via the IRE1α/XBP-1

LV ET AL. 909

https://orcid.org/0000-0002-7881-0543
https://orcid.org/0000-0002-7881-0543
https://orcid.org/0000-0002-3262-2168
https://orcid.org/0000-0002-3262-2168


pathway in subclinical hypothyroidism. Front Endocrinol
(Lausanne). 2019;10:303.

22. Mullur R, Liu YY, Brent GA. Thyroid hormone regulation of
metabolism. Physiol Rev. 2014;94:355-382.

23. Fern�andez-Real JM, L�opez-Bermejo A, Castro A, et al. Thyroid
function is intrinsically linked to insulin sensitivity and
endothelium-dependent vasodilation in healthy euthyroid sub-
jects. J Clin Endocrinol Metab. 2006;91:3337-3343.

24. Gu Y, Zheng L, Zhang Q, et al. Relationship between thyroid
function and elevated blood pressure in euthyroid adults. J Clin
Hypertens (Greenwich). 2018;20:1541-1549.

25. Mehran L, Delbari N, Amouzegar A, Hasheminia M, Tohidi M,
Azizi F. Reduced sensitivity to thyroid hormone is associated
with diabetes and hypertension. J Clin Endocrinol Metab. 2022;
107(1):167-176.

26. Sinha RA, Singh BK, Yen PM. Direct effects of thyroid hor-
mones on hepatic lipid metabolism. Nat Rev Endocrinol. 2018;
14(5):259-269.

27. Liu B, Wang Z, Fu J, Guan H, Lyu Z, Wang W. Sensitivity to
thyroid hormones and risk of prediabetes: a cross-sectional
study. Front Endocrinol (Lausanne). 2021;12:657114.

28. Gu Y, Li H, Bao X, et al. The relationship between thyroid
function and the prevalence of type 2 diabetes mellitus in
euthyroid subjects. J Clin Endocrinol Metab. 2017;102(2):
434-442.

29. Yu L, Li Z, Yang R, et al. Impaired sensitivity to thyroid
hormones is associated with elevated blood glucose in coro-
nary heart disease. Front Endocrinol (Lausanne). 2022;13:
895843.

30. Pappa T, Refetoff S. Resistance to thyroid hormone Beta: a
focused review. Front Endocrinol (Lausanne). 2021;12:656551.

31. Lu S, Guan Q, Liu Y, et al. Role of extrathyroidal TSHR expres-
sion in adipocyte differentiation and its association with obe-
sity. Lipids Health Dis. 2012;11:17.

32. Guan B, Chen Y, Yang J, Yang W, Wang C. Effect of bariatric
surgery on thyroid function in obese patients: a systematic
review and meta-analysis. Obes Surg. 2017;27:3292-3305.

33. Nannipieri M, Cecchetti F, Anselmino M, et al. Expression of
thyrotropin and thyroid hormone receptors in adipose tissue of
patients with morbid obesity and/or type 2 diabetes: effects of
weight loss. Int J Obes (Lond). 2009;33:1001-1006.

34. Nomura E, Toyoda N, Harada A, et al. Type 2 iodothyronine
deiodinase is expressed in human preadipocytes. Thyroid. 2011;
21:305-310.

35. Agnihothri RV, Courville AB, Linderman JD, et al. Moderate
weight loss is sufficient to affect thyroid hormone homeostasis
and inhibit its peripheral conversion. Thyroid. 2014;24:19-26.

SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Lv F, Cai X, Li Y, et al.
Sensitivity to thyroid hormone and risk of
components of metabolic syndrome in a Chinese
euthyroid population. Journal of Diabetes. 2023;
15(10):900‐910. doi:10.1111/1753-0407.13441

910 LV ET AL.

info:doi/10.1111/1753-0407.13441

	Sensitivity to thyroid hormone and risk of components of metabolic syndrome in a Chinese euthyroid population
	1  INTRODUCTION
	2  METHODS
	2.1  Study design
	2.2  Physical examination
	2.3  Biochemical and hormone assays
	2.4  Assessment of thyroid function and indices of thyroid hormone sensitivity
	2.5  Body composition measurements
	2.6  Definition
	2.7  Statistical analysis

	3  RESULTS
	3.1  General characteristics of participants
	3.2  Association between sensitivity to thyroid hormone indices and the risk of MetS
	3.3  Association between sensitivity to thyroid hormone indices and the risk of components of MetS
	3.4  Association between sensitivity to thyroid hormone and insulin resistance, indices of body composition

	4  DISCUSSION
	5  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


