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Context: Subclinical hypothyroidism (SCH) is an important public health problem worldwide for its
increasing prevalence and potential deleterious effects, whereas its etiology has not been fully
elucidated. Lipotoxicity exerts extensive and serious impact on human health, but so far, the
potential effect of lipotoxicity on thyroid is unclear.

Objective: The objective of the study was to assess the association between serum triglyceride levels
and the risk for SCH.

Design, Participants, and Methods: We conducted a population-based case-control study. A total
of 24 100 subjects with similar and stable iodine nutrition status were recruited from China. Cases
of 5033 SCH patients were identified and equal controls were matched by age, gender, and region.
Conditional logistic regression was used to analyze the association between serum triglyceride
levels and risk for SCH.

Results: Hypertriglyceridemia was associated with an approximately 35% increased risk for SCH in
both men (odds ratio 1.325; 95% confidence interval 1.002–1.753) and women (odds ratio 1.397;
95% confidence interval 1.217–1.604), even after adjustment for potential confounders. Notably,
the risk for SCH increased progressively following the elevation of serum triglyceride levels. Com-
pared with individuals with serum triglyceride levels less than 0.97 mmol/L, the risk for SCH in-
creased approximately 1.9-fold in men and 1.4-fold in women, respectively, when triglyceride
levels were greater than 1.99 mmol/L.

Conclusion: Our findings suggested that hypertriglyceridemia was positively associated with the
risk for SCH. (J Clin Endocrinol Metab 100: 1887–1894, 2015)

Subclinical hypothyroidism (SCH), defined by elevated
serum TSH and normal serum free T4 (FT4), is the

most common thyroid dysfunction (1). Recently SCH has
drawn intensive interest for its increasing prevalence and

potential deleterious effects (1–3). SCH occurs in 4%–
20% of the adult population and continues to progres-
sively increase all over the world (the prevalence has in-
creased from less than 7.5% in England in 1972–1974 to
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9.0% in the United States in 1995 and 19.3% in India in
2012) (1, 4–6). In China, just like the emergence of dia-
betes mellitus in recent years, SCH increased significantly
along with the change of lifestyle and dietary constituents
(7). Notably, although not consistently (8), SCH has been
regarded as an independent cardiovascular risk factor in a
large number of studies (2, 3). In a meta-analysis of indi-
vidual participant data from 11 prospective cohort stud-
ies, the risk and mortality of coronary heart disease both
increased with higher TSH (3). As stated in Lancet, “The
world faces a burden of thyroid disease that has reached
epidemic proportions” (9). Therefore, it is considerably
necessary to further investigate the etiology of SCH, which
has not been fully elucidated.

Several risk factors, ie, autoimmunity, abnormal iodine
intake, and inflammation, have been associated with SCH
(1). However, the presence of SCH could not be fully ex-
plained by the above-stated reasons in the following in-
teresting phenomenon. Jankovic et al (10) observed that
obese subjects with hypertriglyceridemia exhibited the in-
creased serum TSH concentrations; interestingly, the TSH
levels significantly decreased after the serum triglyceride
levels decreased after bariatric surgery. Similarly, the de-
creased serum T3 and T4 concentrations, representing the
impaired thyroid function, were also observed in animals
fed a high-fat diet (11). These lines of evidence suggested
that the presence of SCH might be associated with hy-
pertriglyceridemia. High circulating triglyceride levels
lead to the increased importation of fatty acids into
nonadipose tissues, contributing to ectopic intracellular
lipid accumulation, also known as lipotoxicity (12). Li-
potoxicity attracts great attention worldwide for its se-
rious and extensive impact on human health (12). Apart
from its important role in the pathogenesis of metabolic
diseases (such as type 2 diabetes mellitus, obesity, and
nonalcoholic fatty liver disease) (12, 13), the effect of
lipotoxicity in other diseases, such as heart failure,
chronic kidney disease, and endothelial cell dysfunction
has also drawn intensive interest (14 –16). However, so
far, no research has explored whether thyroid is another
organ affected by lipotoxicity.

In the present study, we performed a population-based
case-control study to assess the association between serum
triglyceride levels and risk for SCH in a large Chinese
population. Our findings suggested that hypertriglyceri-
demia was positively associated with the risk for SCH. It
reminds us to recognize the widespread deleterious effects
of hypertriglyceridemia in the entire body.

Materials and Methods

Study participants
The present population-based case-control study was part

of the community-based Risk Evaluation of Cancers In Chi-

nese Diabetic Individuals: A Longitudinal study aiming to
investigate the epidemiology of metabolic diseases that was
conducted across China from April 1, 2011, through May 30,
2012 (17). We selected three communities from the east, west,
and south of China in this study. The communities have sim-
ilar and stable iodine nutrition status (18 –20) and both rural
and urban areas with different degrees of urbanization and
economic development.

To facilitate the residents to participate the screening exam-
ination, each community was divided into 8–12 units, and one
hospital or local health clinic was designated as the recruitment
site in each unit. All of the registered Chinese residents aged 40
years and older who had lived in their current residence for at
least 5 years were invited by telephone or door-to-door visits to
undergo the screening examination at the recruitment site, with
a response rate of greater than 85% for each community. A total
of 24 100 participants provided an overnight fasting blood sam-
ple and were asked to complete a self-reported questionnaire.
Each participant without a history of diabetes was screened for
diabetes using the oral glucose tolerance test. The study was
approved by the Ethics Committee of Shanghai Jiao Tong Uni-
versity (17), and written informed consent was obtained from
each participant before collecting data.

We excluded subjects based on the following criteria: 1) miss-
ing vital data, such as age, gender, body mass index (BMI), or
thyroid function analysis; 2) diagnosed thyroid tumor, history of
thyroidectomy, antithyroid medication, or radioiodine therapy;
3) complications or conditions that affect thyroid status and lipid
metabolism, such as pregnancy, lactation, malignant tumors, or
severe hepatic [alanine aminotransferase (ALT) and/or aspartate
aminotransferase (AST) levels above 100 U/L] or renal (creati-
nine higher than 105 �mol/L and evaluated glomerular filtration
rate below 60 mL/min per 1.73 m2 as calculated using the sim-
plified Modification of Diet in Renal Disease equation) dysfunc-
tion; and 4) taking any medicine that affects the thyroid or lipid
metabolism, including statins, fibrates, thyroid hormone, anti-
thyroid drugs, amiodarone, alemtuzumab, lithium, tyrosine ki-
nase inhibitors, interferon, estrogens, androgens, glucocortico-
ids, nonsteroidal antiinflammatory drugs, antiepileptic drugs,
rifampicin, furosemide, heparin or �-adrenoceptor blockers in
the past 3 months (21). A total of 22 368 subjects were initially
selected after exclusion; the excluded subjects were not signifi-
cantly different from the total study population in terms of age
and gender.

From the eligible subjects, 5033 cases were defined as those
participants with diagnoses of SCH (as defined in Study outcome
definition). Because SCH represented early, mild thyroid failure
(1, 22), 188 subjects with overt hypothyroidism were further
excluded. Finally, controls were matched one to one with the
cases by age, gender and region from 17 147 subjects without
either SCH or overt hypothyroidism. The selection process is
illustrated in Supplemental Figure 1.

Data collection
All investigators successfully completed a training program.

Training sessions were standardized and scripted for all testing
sites to minimize instructor variability. Weight and height were
measured in kilograms and centimeters, respectively, and BMI
was calculated by dividing weight (kilograms) by the square of
the height (square meters). Waist circumference was measured in
centimeters. Blood pressure was measured three times for each
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individual with an electronic sphygmomanometer (HEM-7117;
Omron). There was a 3-minute interval between each measure-
ment for each participant, and the mean value of the three mea-
surements was calculated. The methods for determining weight,
height, waist circumference, and blood pressure (BP) were sim-
ilar to those used in the national survey of the prevalence of
diabetes in 2007 (23). Trained investigators obtained informa-
tion on gender, age, and other essential data from the standard
questionnaire (24).

Blood samples were collected from all participants between
8:00 AM and 10:00 AM after a minimum 10-hour fasting. The
blood glucose levels were measured within 2 hours. In addition,
serum and plasma samples were separated and shipped on dry
ice. Chemiluminescent methods (Cobas E601; Roche) were used
to quantitate thyroid function based on free T3 (FT3), FT4, and
TSH levels. The serum lipid profile and hepatic and renal func-
tions were determined using the ARCHITECT ci16200 Inte-
grated System (Abbott) at the central laboratory in the Shanghai
Institute of Endocrine and Metabolic Diseases. The intraassay
and interassay coefficients of variation were always below 5%
for all of the above parameters.

Study outcome definition
The laboratory reference ranges were 3.1–6.8 pmol/L (2.01–

4.42 pg/mL) for FT3, 12–22 pmol/L (0.94–1.72 ng/dL) for FT4,
and 0.27–4.2 mIU/L for TSH. SCH was defined as a combina-
tion of high TSH and normal FT4 (1). Hypertriglyceridemia was
defined as triglycerides of 1.70 mmol/L or greater (150 mg/dL)
according to the National Cholesterol Education Program Adult
Treatment Panel III criteria (25).

Hypertension was defined as BP of 130 mm Hg or greater/85
mm Hg or greater (25). Metabolic syndrome was diagnosed
when three or more of the following risk determinants were
present: 1) abdominal obesity: waist circumference greater than
102 cm for men and greater than 88 cm for women; 2) triglyc-
erides of 1.70 mmol/L or greater (150 mg/dL); 3) high-density
lipoprotein cholesterol (HDL-C) less than 1.04 mmol/L (40 mg/
dL) for men or less than 1.30 mmol.L (50 mg/dL) for women; 4)
BP of 130 mm Hg or greater/85 mm Hg or greater; and 5) fasting
glucose of 6.1 mmol/L or greater (110 mg/dL) (25). Diabetes
mellitus was diagnosed by the following: 1) a self-reported
previous diagnosis by health care professionals, 2) fasting
plasma glucose of 7.0 mmol/L or greater (126 mg/dL), 3) a
2-hour plasma glucose in an oral glucose tolerance test of 11.1
mmol/L or greater (200 mg/dL), or 4) hemoglobin A1c of
6.5% or greater (7).

Statistical analysis
Statistical tests were performed using SPSS version 18.0 for

Windows (SPSS Inc). Regarding the significant gender difference
in SCH prevalence, we analyzed the association between hyper-
triglyceridemia and SCH among men and women, respectively.

The data are presented as mean � SD, median (interquartile
range), or number (percentage). Differences between the cases
and controls were compared via the Student’s t test, the Mann-
Whitney U test, or the �2 test. The conditional logistic regression
was used to estimate the risk for SCH. The subjects were divided
into four categories based on quartiles of serum triglyceride lev-
els. Linear trends for the proportion of SCH based on serum
triglyceride levels were tested using a linear-by-linear association
�2 test. We generated a linear model to further explore the re-

lationship between triglycerides and log-transformed TSH, FT4,
and FT3.

Previous studies have demonstrated that BMI, waist circum-
ference, presence of diabetes, hypertension, and metabolic syn-
drome were associated with the presence of SCH (1, 26, 27).
Factors that were statistically significantly associated with the
presence of SCH in univariate conditional logistic regression
were listed (see Table 3). These potential confounders including
those reported in previous studies and found in the present study
were all adjusted in both the multivariate conditional logistic
regression models and the linear models. All of the calculated P
values were two sided, and values of P � .05 were considered to
be statistically significant.

Results

Characteristics of the study population
Basic clinical characteristics according to case-control

status appear in Table 1. The median of serum triglyceride
was significantly higher among cases than that among
controls in both men (1.50 mmol/L vs 1.26 mmol/L, P �
.001) and women (1.44 mmol/L vs 1.30 mmol/L, P �
.001). Compared with controls, cases had elevated serum
levels of lipid profiles and hepatic and renal functions in
both men and women. In addition, cases had increased
BMI and waist circumference and were more likely to suf-
fer from hypertension and metabolic syndrome than con-
trols, although the differences were not statistically sig-
nificant in men.

High risk for SCH in subjects with
hypertriglyceridemia

We first investigated whether there was an association
between hypertriglyceridemia and SCH. Using a condi-
tional logistic regression analysis, we showed that the risk
for SCH increased approximately 1.5-fold among subjects
with hypertriglyceridemia in both men and women (Table
2). Then we identified other confounders correlated to
presence of SCH in addition to serum triglyceride levels
(Table 3). After adjustment for confounding factors that
were demonstrated in previous studies and those found in
our own data, hypertriglyceridemia was still associated
with a 32.5% increased risk for SCH in men and a 39.7%
increased risk in women (Table 2). These findings sug-
gested that hypertriglyceridemia was indeed indepen-
dently associated with an increased risk for SCH.

The progressively increased risk for SCH following
higher serum triglyceride levels

To determine the presence of SCH across the spectrum
of serum triglyceride levels, we stratified triglyceride into
four groups (quartiles) in the entire study population.
With serum triglyceride levels elevating, the risk for SCH
was gradually increased after adjustment for potential
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confounding factors (P � .002 for men and P � .007 for
women, respectively). Markedly, compared with the group
with serum triglyceride levels less than 0.97 mmol/L, the
risk for SCH increased approximately 2.0-fold in men and
1.4-fold in women, respectively, when triglyceride levels
were greater than 1.99 mmol/L (Figure 1). These results
demonstrated that the serum triglyceride levels were re-
lated to the risk for SCH in a dose-response manner. Be-
cause the triglyceride (TG) to HDL-C ratio was reported
as a useful marker of insulin resistance and metabolic syn-
drome as well as high cardiovascular risk (28), we also
analyzed the association between the ratio and SCH and
observed a positive correlation between the ratio of TG to
HDL-C and the risk for SCH (Table 4).

Positive correlation between serum triglyceride
levels and TSH concentrations

We further explored the relationship between serum
triglyceride levels and thyroid function parameters, in-
cluding TSH, FT4, and FT3. As shown in Table 5, the
log-transformed serum TSH levels showed a signifi-
cantly positive association with the triglyceride levels,
whereas the FT4 and FT3 levels were not correlated sig-
nificantly. These results clearly indicated that serum
triglyceride levels were significantly and positively cor-
related with TSH concentrations. Because SCH is de-
fined by elevated serum TSH and normal FT4 levels (1),
the results in this section were consistent with our
above-mentioned findings.

Table 1. Clinical Characteristics of Subjects With SCH and Control Subjects According to Gender

Characteristic

Men Women

Case Subjects
(n � 1126)

Control Subjects
(n � 1126)

P
Value

Case Subjects
(n � 3907)

Control Subjects
(n � 3907)

P
Value

Age, y, mean (SD) 59.26 (8.53) 59.26 (8.53) 1.00 56.79 (8.11) 56.79 (8.11) 1.00
BMI, kg/m2, mean (SD) 24.72 (3.10) 24.62 (3.20) .44 24.48 (3.38) 24.07 (3.31) �.001
WC, cm, mean (SD) 89.44 (9.49) 88.74 (9.09) .07 84.45 (9.49) 83.52 (9.22) �.001
TC, mmol/L, mean (SD) 4.64 (1.07) 4.27 (1.04) �.001 4.83 (1.14) 4.57 (1.04) �.001
TG, mmol/L, median (IQR) 1.50 (1.10) 1. 26 (0.99) �.001 1.44 (1.03) 1.30 (0.92) �.001
LDL-C, mmol/L, mean (SD) 2.68 (0.83) 2.43 (0.76) �.001 2.76 (0.86) 2.55 (0.76) �.001
HDL-C, mmol/L, mean (SD) 1.20 (0.30) 1.14 (0.33) �.001 1.31 (0.33) 1.28 (0.32) .001
FPG, mmol/L, mean (SD) 6.33 (1.72) 6.28 (1.42) .50 5.98 (1.68) 5.96 (1.42) .56
HbA1c, %, mean (SD) 6.26 (1.14) 6.21 (1.06) .26 6.14 (1.03) 6.14 (0.96) .81
SBP, mm Hg, mean (SD) 125.19 (20.70) 124.74 (18.53) .59 125.75 (20.79) 122.45 (19.17) �.001
DBP, mm Hg, mean (SD) 71.51 (11.76) 70.69 (10.81) .08 71.75 (10.88) 70.62 (10.43) �.001
ALT, U/L, mean (SD) 20.54 (11.42) 16.94 (10.15) �.001 17.66 (10.79) 15.68 (10.17) �.001
AST, U/L, mean (SD) 23.42 (8.52) 20.23 (8.24) �.001 22.52 (9.15) 20.71 (8.77) �.001
Cr, �mol/L, mean (SD) 75.63 (13.03) 69.99 (12.08) �.001 63.46 (10.27) 60.58 (9.59) �.001
DM, n, % 354 (31.44) 364 (32.33) .65 921 (23.57) 983 (25.16) .10
HT, n, % 454 (40.32) 440 (39.08) .55 1220 (31.23) 1006 (25.75) �.001
MetS, n, % 250 (22.20) 268 (23.80) .37 1114 (28.51) 990 (25.34) .002

Abbreviations: Cr, creatinine; DBP, diastolic blood pressure; DM, diabetes mellitus; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; HT,
hypertension; LDL-C, low-density lipoprotein cholesterol; MetS, metabolic syndrome; SBP, systolic blood pressure; TC, total cholesterol; TG,
triglyceride; WC, waist circumference. Continuous variables were compared by using the Student’s t test or the Mann-Whitney U test and
categorical variables by using the �2 test. P � .05 was considered significant.

Table 2. Conditional Logistic Regression Analysis of Hypertriglyceridemia and Risk for Presence of SCH Among
Men and Women

B SE OR 95% CI of OR P Value

Men
Hypertriglyceridemia

Univariate model 0.456 0.095 1.578 1.309–1.902 �.001
Multivariate modela 0.283 0.143 1.327 1.003–1.756 .047

Women
Hypertriglyceridemia

Univariate model 0.368 0.050 1.444 1.310–1.591 �.001
Multivariate modela 0.331 0.071 1.392 1.212–1.598 �.001

Abbreviations: CI, confidence interval; OR, odds ratio. Data are coefficient (B), corresponding SE, OR, 95% CI, and significance (P value).
a Multivariate model was adjusted for BMI, waist circumference, total cholesterol, low-density lipoprotein cholesterol, HDL-C, ALT, AST, creatinine,
presence of diabetes, hypertension, metabolic syndrome, smoking, and family history of thyroid dysfunction.
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Discussion

Our epidemiological study provided strong evidence that
subjects with hypertriglyceridemia had a higher risk for
SCH. Our study indicated that the thyroid might be an-

other target organ affected by lipotoxicity. Furthermore,
the widespread deleterious effects of lipotoxicity in the
entire body should be fully realized from this novel view.

Relatively large samples, strict quality control, and rig-
orous study design may provide the most reliable infor-
mation and improve the power of this study. Compared
with a hospital-based study, the present large-scale, mul-
ticenter, population-based case-control study afforded us
the possibility to obtain results that were representative of
the general population (29). Each community was divided
into several units to minimize the potential selection bias
introduced by the specified recruitment sites. Trained in-
vestigators, standard physical measurements, and central-
ized measurements for all blood samples were used to ob-
tain accurate clinical data. In addition, participants were
asked to maintain their regular lifestyle and eating habits
during the recruitment phase to avoid a transient elevation
in triglycerides (30). Previous studies have demonstrated
that numerous risk factors, including older age, female
gender, improper dietary iodide intake, and the presence
of metabolic disorders are related to the incidence of SCH
(1, 26, 27). To minimize confounding factors, we selected
three communities with similar and stable iodine nutrition
status. Controls were matched one to one with cases by
age, gender, and region. In addition, the potential con-
founders including those reported by previous studies and
found in the present study were further adjusted in mul-
tivariate conditional logistic regression models. Finally,
we found that hypertriglyceridemia was associated with
an increased risk for SCH.

In agreement with our results, other studies have sug-
gested that serum triglyceride levels might be related to
SCH. Lai et al (31) demonstrated that subjects with hy-
pertriglyceridemia presented higher TSH levels than that
in subjects with normal triglyceride levels (2.51 mIU/L vs
2.20 mIU/L, P � .003). Kota et al (32) observed a similar
phenomenon, namely that subjects with metabolic syn-
drome had higher triglyceride levels, significantly de-
creased FT3 levels, and increased TSH levels relative to
controls. Obese subjects with higher serum triglycerides

Table 3. Univariate Conditional Logistic Regression of Risk Factors for Presence of SCH Among Men and Women.

Men Women

Variables B SE OR 95% CI of OR P Value B SE OR 95% CI of OR P Value

TC 0.403 0.048 1.496 1.362–1.642 �.001 0.265 0.024 1.304 1.244–1.366 �.001
LDL-C 0.465 0.062 1.592 1.410–1.797 �.001 0.368 0.031 1.445 1.359–1.536 �.001
HDL-C 0.716 0.151 2.047 1.522–2.753 �.001 0.274 0.075 1.316 1.137–1.523 �.001
ALT 0.037 0.005 1.038 1.028–1.047 �.001 0.020 0.002 1.021 1.016–1.025 �.001
AST 0.055 0.006 1.056 1.043–1.069 �.001 0.026 0.003 1.026 1.020–1.032 �.001
Cr 0.041 0.004 1.042 1.034–1.050 �.001 0.037 0.003 1.038 1.032–1.043 �.001

Abbreviations: CI, confidence interval; Cr, creatinine; LDL-C, low-density lipoprotein cholesterol; OR, odds ratio; TC, total cholesterol. Data are
coefficient (B), corresponding SE, OR, 95% CI, and significance (P value).

Figure 1. Correlation of serum triglyceride levels with risk for SCH
among men (A) and women (B). The data are expressed as the odds
ratio and 95% confidence interval. *, P � .05 and **, P � .01 vs the
group with serum triglyceride levels less than 0.97 mmol/L. The error
bars represent the 95% confidence interval.
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had elevated serum TSH levels than control subjects (2.4
�IU/mL vs 1.5 �IU/mL). Surprisingly, 1 year after these
obese subjects underwent bariatric surgery, serum triglyc-
eride levels fell from 157 mg/dL to 105 mg/dL, with a
concomitant decrease in serum TSH from 2.4 �IU/mL to
1.8 �IU/mL (10). The effects of elevated serum triglycer-
ides on the thyroid function were also evident in mammals
fed a high-fat diet. Compared with rabbits fed a standard
basic laboratory diet, serum triglyceride levels were ele-
vated by 49%, whereas T4 concentrations were decreased
by 36% and T3 by 48% in rabbits fed a high-fat diet for

12 weeks (11). Dhingra et al (33) observed similar changes
in rats.

Based on the epidemiological study, hypertriglyceride-
mia was indeed positively associated with the risk for
SCH, but causal relationships cannot be completely es-
tablished under case-control study designs. Consequently,
we explored the direct effect of lipotoxicity on thyrocyte
function. With the stimulation of palmitic acid, which is
the most abundant saturated fatty acid found in diets and
the bloodstream (34, 35), we observed the reduced ex-
pression and suppressed activity of key molecules in thy-

Table 4. Multivariate Conditional Odds Ratio for Presence of SCH According to the Categories of TG to HDL-C
Ratio

B SE OR 95% CI of OR P Value

Men
Quartile of TG to HDL-C ratio �.001a

Quartile 1 (�0.76) 1
Quartile 2 (0.76–1.12) 0.623 0.155 1.865 1.376–2.528 �.001
Quartile 3 (1.13–1.79) 0.682 0.173 1.978 1.409–2.776 �.001
Quartile 4 (�1.79) 0.866 0.223 2.376 1.534–3.681 �.001

Women
Quartile of TG to HDL-C ratio .002a

Quartile 1 (�0.76) 1
Quartile 2 (0.76–1.12) 0.050 0.075 1.052 0.909–1.217 .499
Quartile 3 (1.13–1.79) 0.239 0.085 1.270 1.075–1.502 .005
Quartile 4 (�1.79) 0.389 0.116 1.476 1.177–1.852 .001

Abbreviations: CI, confidence interval; OR, odds ratio. Data are coefficient (B), corresponding SE, OR, 95% CI, and significance (P value). The
multivariate conditional model was adjusted for BMI, waist circumference, total cholesterol, low-density lipoprotein cholesterol, ALT, AST,
creatinine, presence of diabetes, hypertension, metabolic syndrome, smoking, and family history of thyroid dysfunction.
a P value for the test of trend of odds.

Table 5. Estimated Marginal Mean of Log-Transformed Serum TSH, FT4, and FT3 Levels According to Triglyceride
Categories

LogTSH LogFT4 LogFT3

Mean SE 95% CI Mean SE 95% CI Mean SE 95% CI

Men
Triglyceride quartile

Quartile 1, � 0.97 mmol/L 0.466 0.023 0.421–0.511 1.202 0.004 1.194–1.211 0.709 0.005 0.700–0.718
Quartile 2, 0.97–1.36 mmol/L 0.495 0.021 0.455–0.535 1.197 0.004 1.190–1.205 0.704 0.004 0.696–0.712
Quartile 3, 1.37–1.99 mmol/L 0.523 0.019 0.485–0.561 1.194 0.004 1.187–1.201 0.704 0.004 0.696–0.711
Quartile 4, � 1.99 mmol/L 0.554 0.023 0.509–0.599 1.194 0.004 1.186–1.202 0.706 0.004 0.697–0.715

Linear coefficient 0.065 �0.006 �0.002
P value for linear trend 0.008 0.155 0.680

Women
Triglyceride quartile

Quartile 1, � 0.97 mmol/L 0.510 0.023 0.465–0.554 1.191 0.003 1.185–1.197 0.698 0.003 0.691–0.705
Quartile 2, 0.97–1.36 mmol/L 0.520 0.022 0.476–0.563 1.193 0.003 1.187–1.199 0.710 0.003 0.704–0.717
Quartile 3, 1.37–1.99 mmol/L 0.539 0.022 0.496–0.581 1.190 0.003 1.184–1.196 0.706 0.003 0.700–0.713
Quartile 4, � 1.99 mmol/L 0.569 0.023 0.524–0.614 1.193 0.003 1.187–1.199 0.702 0.003 0.696–0.709

Linear coefficient 0.044 0.001 0.002
P value for linear trend 0.001 0.727 0.313

Abbreviation: CI, confidence interval. Data are estimated marginal mean (mean), corresponding SE, and 95% CI. Values shown were adjusted for
BMI, waist circumference, total cholesterol, low-density lipoprotein cholesterol, HDL-C, ALT, AST, creatinine, presence of diabetes, hypertension,
metabolic syndrome, smoking, and family history of thyroid dysfunction. TSH, FT4, and FT3 were transformed to their natural logarithm to optimize
the models.
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roid hormone synthesis including thyroglobulin, sodium
iodide symporter, and thyroperoxidase (data not shown).
Further investigations are essential to determine the pos-
sibly involved mechanism, such as endoplasmic reticulum
stress, oxidative stress, and inflammation.

Certain potential limitations exist in our study. First,
causal relationships cannot be completely established un-
der case-control study designs. However, our laboratory
study in vitro strongly supported the view that thyroid was
another target organ affected by lipotoxicity. In addition,
in our own laboratory study in vivo, we found that excess
saturated fat intake induced an elevation of serum triglyc-
eride levels, whereas decreased serum FT4 levels were ac-
companied by an increase in serum TSH levels. The altered
thyroid morphological features indicating hypothyroid-
ism was also induced by a high-fat lard diet (36). Further-
more, our cohort study is being performed to confirm the
potential deleterious effect of hypertriglyceridemia on thy-
roid function in population. Second, we did not measure
serum fatty acid levels, which were related to lipotoxicity
here. This was because that we noted serum triglyceride
concentration has often been used as an indicator of the
severity of lipotoxicity in clinical investigations (37).

In summary, our results demonstrated that hypertri-
glyceridemia was associated with an increased risk for
SCH. Our study may have implications for the etiology
and primary prevention of individuals with SCH. Hyper-
triglyceridemia is a common feature of obesity and other
metabolic diseases and may elicit an impaired thyroid
function by ectopic lipid deposit in thyrocytes. Maintain-
ing serum triglyceride levels in appropriate ranges, even by
lifestyle interventions, might be an attractive and feasible
approach to resist the increasing prevalence of SCH.
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