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Abstract
AIM: To determine the relationship between subclini-
cal hypothyroidism (SCH) and the metabolic syndrome 
(MS). 

METHODS: We performed a systematic search of da-
tabases [MEDLINE (July 1950 to July 2012), EMBASE 
(July 1966 to July 2012)] and the references of identi-
fied studies. Completely published cross-sectional stud-
ies of a general population involving SCH and the MS 
were included. The pooled odds ratio and weighted 
mean difference (WMD) for the outcomes were calcu-
lated using random-effects models.

RESULTS: Six cross-sectional studies with 19546 partic-
ipants were included. In total, 398 of 1324 participants 
(30.06%) in the SCH group had the MS compared with 
4975 of 18222 participants (27.30%) in the euthyroid 
group [OR = 1.20; 95%CI: 1.05-1.36; P  = 0.004; χ 2 

= 2.53 (P  = 0.773); I 2 = 0%]. Further analysis of the 
components of the MS showed that SCH was associated 

with increased body mass index (WMD, 0.32 kg/m2; 
95%CI: 0.04-0.61; P  = 0.026), systolic blood pressure 
(WMD, 2.62 mmHg; 95%CI: 1.35-3.89; P  < 0.001) and 
triglyceride (WMD, 0.25 mmol/L; 95%CI: 0.23-0.28; 
P  < 0.001).

CONCLUSION: Based on the cross-sectional data, 
SCH may be associated with an increased risk of the 
MS, which could be attributed to the increased risk of 
metabolic components.

© 2013 Baishideng. All rights reserved.
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Core tip: A recent meta-analysis of individual data con-
cluded that subclinical hypothyroidism (SCH) is associ-
ated with an increased risk of coronary heart disease 
(CHD) and CHD mortality. Meanwhile, it has been well 
recognized that the metabolic syndrome (MS) is associ-
ated with increased cardiovascular events and all-cause 
mortality. Our meta-analysis of cross-sectional data 
demonstrated that SCH may be associated with an in-
creased risk of the MS, which may explain the relation-
ship between SCH and increased risk of CHD.
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INTRODUCTION
Subclinical thyroid disease is defined biochemically and 
subclinical hypothyroidism (SCH) occurs when serum thy-
roid-stimulating hormone (TSH) concentrations are raised 
and serum thyroid hormone concentrations are normal[1]. 

META-ANALYSIS
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Over the past several decades, a plethora of  publications 
has established that SCH is associated with cardiovascular 
disease and a meta-analysis of  individual data by Rodondi 
et al[2] concluded that SCH is associated with an increased 
risk of  coronary heart disease (CHD) and CHD mortality 
in those with higher TSH levels, particularly in those with 
a TSH concentration of  10 mIU/L or greater.

The metabolic syndrome (MS) is a cluster of  mul-
tiple cardiovascular risk factors, including central obesity, 
glucose intolerance, diabetes, dyslipidemia and elevated 
blood pressure[3]. It has been well recognized that the MS 
is associated with increased cardiovascular events and all-
cause mortality[4]. Recently, several cross-sectional studies 
have investigated a potential relationship between SCH 
and the MS, with conflicting findings[5-10]. To clarify this is-
sue, we performed a meta-analysis of  the published cross-
sectional data in a general population to determine the 
association between SCH and the MS.

MATERIALS AND METHODS
We designed a protocol that detailed the objective of  our 
analysis, the criteria for study inclusion/exclusion, the as-
sessment of  study quality, the primary outcome and the 
statistical methods in accordance with the meta-analysis 
of  observational studies in epidemiology[11] and PRISMA 
statements[12].

Data sources and searches
We conducted a search of  MEDLINE (1950 to July 
2012) and EMBASE (1966 to July 2012) via EMBASE.
com to identify all cross-sectional studies of  a general 
population involving SCH and the MS [search strategy: (1) 
“hypothyroidism”/exp OR hypothyroidism; (2) “thyroid 
dysfunction”/exp OR thyroid dysfunction; (3) “thyroid 
disease”/exp OR thyroid disease; (4) “thyrotropin”/exp 
OR thyrotropin; (5) “thyroid stimulation hormone”/exp 
OR thyroid stimulation hormone; (6) “MS x”/exp OR 
MS x; (7) “MS”/exp OR MS; (8) 1 OR 2 OR 3 OR 4 OR 
5; (9) 6 OR 7; (10) 8 AND 9], as well as a search of  the 
Cochrane Database for Systemic Reviews. In addition, 
we performed a manual search of  the literature using the 
references of  original manuscripts, reviews and meta-
analyses. 

Study selection
Two reviewers (Ye YC and Xie HZ) independently deter-
mined the study eligibility. Disagreements were resolved 
by consensus. The eligibility criteria for study inclusion 
were: (1) cross-sectional studies; (2) studies of  a gen-
eral population; (3) studies that reported the numbers 
of  participants with the MS from among subjects with 
SCH and euthyroid; and (4) completely published stud-
ies (exclusive of  unpublished material and abstracts). No 
language restriction was imposed. The κ value between 
two reviewers (Ye YC and Xie HZ) was 0.97 for the first 
screen (based on title and abstract) and 1.0 for the full-
text screen.

Data extraction 
Data extraction was carried out independently by two 
authors in duplicate (Ye YC and Xie HZ). Disagreements 
were resolved by discussion between the two reviewing 
authors. From each included study, information was ex-
tracted on: (1) the characteristics of  the study population; 
(2) the criteria for the MS; (3) TSH reference; (4) the 
numbers of  participants with the MS in SCH and euthy-
roid groups; and (5) the components of  the MS in SCH 
and euthyroid groups [including waist circumference, 
body mass index (BMI), systolic blood pressure (SBP), 
diastolic blood pressure (DBP), fasting plasma glucose, 
triglyceride (TG) and high-density lipoprotein cholesterol 

(HDL-C)].

Risk of bias
Risk of  bias was described and judged in following do-
mains[13]: (1) Define the source of  information (survey, 
record review); (2) List inclusion and exclusion criteria 
for exposed and unexposed subjects (cases and controls) 
or refer to previous publications; (3) Indicate time period 
used for identifying individuals; (4) Indicate whether or 
not subjects were consecutively enrolled if  not popula-
tion-based; (5) Indicate if  evaluators of  subjective com-
ponents of  study were masked to other aspects of  the 
status of  the participants; (6) Describe any assessments 
undertaken for quality assurance purposes (e.g., test/re-
test of  primary outcome measurements); (7) Explain any 
individual exclusions from analysis; (8) Describe how 
confounding was assessed and/or controlled; (9) If  ap-
plicable, explain how missing data were handled in the 
analysis; and (10) Summarize individual response rates 
and completeness of  data collection. The judgments were 
assessed independently by two authors (Ye YC and Xie 
HZ) based on the published report and protocols of  the 
studies. Disagreements were resolved by consensus. The 
judgments involved the answers “yes” (indicating a low 
risk of  bias), “no” (indicating a high risk of  bias), and 
“unclear” (if  risk of  bias is unknown or if  an entry is not 
relevant to the study).

Statistical analysis 
The primary outcome was the unadjusted OR for the MS 
between the SCH and the euthyroid group. The second-
ary outcomes were the weighted mean difference (WMD) 
of  the components of  the MS between the SCH and 
the euthyroid group. The pooled unadjusted ORs and 
WMD for the outcomes were calculated using fixed ef-
fects models since there may be potential heterogeneity 
among the studies. The heterogeneity between the results 
of  different studies was examined using χ 2 tests for sig-
nificance (a P-value < 0.10 was considered to be statisti-
cally significant) and the inconsistence was examined 
using I2 tests. Subgroup analysis was used to explore the 
potential race heterogeneity (Chinese population and non 
Chinese population). Sensitivity analysis was used to ex-
plore the degree to which the main findings of  our meta-
analysis were affected by individual studies. Publication 
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bias was assessed by the Begg’s funnel plot and the Egger 
weighted regression statistic, with a value of  P < 0.10 
indicating significant publication bias among the included 
studies[14,15]. All statistical analyses were performed using 
STATA 11.0 (STATA, TX, United States).

RESULTS
Study identification
In total, 515 studies were retrieved from the initial search 
and 17 studies were reviewed in full text. Six cross-sec-
tional studies investigating a total of  19546 participants 
were included in the meta-analysis (Figure 1). 

Study characteristics
The analysis included a total of  1324 SCH and 18222 
euthyroid is imparticipants. In the individual studies, the 
sample size ranged from 488 to 6339. The reported mean 
age of  the participants ranged from 42.3 to 73.6 years. 
Each study included both males and females. Table 1 
presents a summary of  the characteristics of  the study 
population, the criteria for the MS, the TSH reference 
and the prevalence of  the MS in SCH and euthyroid 
groups. Of  the six studies included, four provided data 
on the components of  the MS in SCH and euthyroid 
groups (Table 2). The results of  quality assessment of  

included studies (risk of  bias) were summarized and are 
presented in Figure 2.

Data analysis of outcomes
In total, 4975 of  the 18222 participants (27.30%) in the 
euthyroid group fulfilled the criteria for the MS, com-
pared to 398 of  the 1324 participants (30.06%) in the 
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Table 1  Characteristics of included studies

Studies Age 
(yr)

Male 
(%)

MS criteria Sample 
size

Definition 
of SCH

Euthyroid SCH Inclusion 
criteria

Exclusion criteria

No. MS mTSH No.  MS mTSH

Hergenç 
et al[5]

  51.99 46.70 NCEP
/ATPⅢ

488 TSH > 
4.2 µU/mL

  465   193      1.12   23   10   7.54 Age > 
34 yr

NA

Garduño-
Garcia Jde 
et al[6]

42.3 48.80 NCEP
/ATPⅢ

3033 TSH: 
4.5-10 mIU/L

2771   876 NA 262   84 NA Aged 
18-70 yr

Thyroid disease, diabetes, 
cardiovascular disease, 

cerebral vascular disease, 
amputations, pregnancy, 

corticosteroid use, active liver 
disease, and renal dysfunction

FT4: 
10-25 pmol/L

Lai et al[7] NA NA NCEP
/ATPⅢ

6254 TSH > 
5.0 µU /mL

6123 1871 NA 131   43 8.5 Age > 
65 yr

Taking medications for 
control of glucose, blood 

pressure, dyslipidemia, and 
thyroid function

Normal FT4

Lai et al[8] 45.1 NA China 
Diabetes 
Society

1385 TSH > 
4.8 mIU/L

1283   238 NA 102   25 NA Aged 
18-85 yr

History of thyroid disease; 
Taking medication such as 

thyroxine/antithyroid drugs, 
glucocorticoid, antiepileptic 

and contraceptive drugs; 
Pregnant/within the first 

year of postpartum period; 
Overt hypothyroidism/

hyperthyroidism

Normal 
FT3/FT4 

Liu et al[9] 48.9 38.20 International 
Diabetes 

Federation

6339 TSH > 
4.5 mIU/L

5801 1236 2 538 138 6.5 Aged 
20-88 yr

Pregnant; Severe renal, liver 
or heart failure, or abdominal 

ascites; Taking medicines 
influencing thyroidal function

Normal 
FT3/FT4

Waring 
et al[10]

73.6   47 NCEP
/ATPⅢ

2047 TSH > 
0.35 mIU/L

1779   561 NA 268   98 NA Aged 
70-79 yr

Diabetes; Taking medication 
such as amiodarone, lithium 
and antithyroid medications

NCEP/ATPⅢ: National Cholesterol Education Program/Adult Treatment Panel Ⅲ; TSH: Thyroid-stimulating hormone; MS: Metabolic syndrome; SCH: 
Subclinical hypothyroidism; FT4: Free thyroxine; FT3: Free triiodothyronine; NA: Not available; mTSH: mean/median thyroid-stimulating hormone level. 

448 records excluded:
   405 no related topic
   32 animal studies
   11 letter to editor

50 records excluded:
   28 no related topic
   12 reviews
   10 abstract only

515 records identified through 
initial search

67 abstracts assessed for 
eligibility

17 full-text articles assessed 
for eligibility

6 studies included in the final 
meta-analysis

11 records excluded:
   5 euthyroidism only
   6 not MS number reported

Figure 1  Flowchart of study selection. MS: Metabolic syndrome.
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SCH group. The pooled risk of  the MS is significantly 
higher in the SCH group than in the euthyroid group (OR, 
1.20; 95%CI: 1.05-1.36; P = 0.004). We obtained a χ 2 val-
ue of  2.53 (P = 0.773) and an I2 value of  0%, indicating 
the absence of  heterogeneity among the studies analyzed 
(Figure 3).

Further meta-analysis of  the components of  the MS 
showed that SCH was associated with increased BMI 
(WMD, 0.32 kg/m2; 95%CI: 0.04-0.61; P = 0.026), SBP 
(WMD, 2.62 mmHg; 95%CI: 1.35-3.89; P < 0.001) and 
TG (WMD, 0.25 mmol/L; 95%CI: 0.23-0.28; P < 0.001). 
The rest of  the components, including waist circumfer-
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Table 2  Components of the metabolic syndrome in each study

Studies Thyroid 
function

 n Waist 
(cm)

BMI 
(kg/m2)

SBP 
(mmHg)

DBP 
(mmHg)

FBG 
(mmol/L)

TG 
(mmol/L)

HDL-C 
(mmol/L)

Hergenç et al[5] Euthyroid   465   95.4 ± 10.5   29.3 ± 4.5 126.5 ± 20.6 80.9 ± 10.9 5.77 ± 2.30 1.92 ± 1.24 1.14 ± 0.32
SCH     23   93.0 ± 10.5   29.0 ± 4.2 121.6 ± 23.8 78.8 ± 13.2 5.66 ± 1.51 1.81 ± 1.11 1.16 ± 0.30

Garduño-Garcia 
Jde et al[6]

Euthyroid 2771   94.21 ± 11.18 28.69 ± 4.5      115 ± 15.12 77.29 ± 10.68 4.90 ± 1.16 2.29 ± 1.73 1.10 ± 0.29
SCH   262   94.06 ± 11.18 28.98 ± 5.1      118 ± 16.23 78.22 ± 10.87   4.91 ± 0.973 2.59 ± 4.03 1.13 ± 0.29

Lai et al[8] Euthyroid 1283   80.8 ± 10.3   24.3 ± 3.6 123 ± 18 79 ± 11 5.22 ± 0.03 1.47 ± 0.03 1.33 ± 0.37
SCH   102 80.7 ± 9.6   24.5 ± 3.3 122 ± 19 77 ± 11 5.12 ± 0.11 1.73 ± 0.12 1.26 ± 0.27

Liu et al[9] Euthyroid 5801   80.4 ± 11.1   24.4 ± 6.6 126.8 ± 19.2 81.9 ± 11.3 5.2 ± 1.7 1.5 ± 1.6 1.3 ± 0.4
SCH   538   81.1 ± 12.4   24.8 ± 3.9 130.2 ± 20.8 83.4 ± 12.0 5.3 ± 1.5 1.6 ± 1.7 1.3 ± 0.6

SCH: Subclinical hypothyroidism; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; FBG: Fasting blood glucose; TG: 
Triglyceride; HDL-C: High density lipoprotein cholesterol.

Garduño-Garcia Jde et al [6], 2010

Hergenç et al [5], 2005

Lai et al [7], 2011

Lai et al [8], 2011

Liu et al [9], 2011

Waring et al [10], 2012
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Define the source of information

Inclusion and exclusion criteria

Time period used for identifying patients

Participant enrollment

Blind of subjective endpoint measurement

Measurement quality assurance

Explaination for patients exclusions

Confounding was assessed and/or controlled

Explaination for missing data

Patient response rates and completeness

0%         25%         50%        75%        100%

Low risk of bias
Unclear risk of bias
High risk of bias

Figure 2  Risk of bias assessment.

Studies (yr) ORs (95%CI) Weights

Hergenç et al [5] (2005) 1.08 (0.47-2.52) 2.16

Garduño-Garcia Jde et al [6] (2010) 1.02 (0.78-1.34) 20.90

Lai et al [7] (2011) 1.11 (0.77-1.61) 11.34

Lai et al [8] (2011) 1.43 (0.89-2.29) 6.90

Liu et al [9] (2011) 1.27 (1.04-1.56) 37.23

Waring et al [10] (2012) 1.25 (0.96-1.64) 21.47

Overall (I 2 = 0.0%, P  = 0.773) 1.20 (1.06-1.36) 100.00

Note: Random effect model

0.396                                        1                                         2.52

                  Euthyroid                     Subclinical hypothyroidims

Figure 3  Subclinical hypothyroidism vs euthyroid on pooled ORs for the metabolic syndrome.
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ence, DBP, fasting blood glucose and HDL-C, were not 
significantly different between the two groups (Figure 4).

The subgroup analysis indicated that the OR for the 
MS in Chinese studies did not significantly differ from that 
in non Chinese studies (OR for MS in Chinese studies: 
1.256; 95%CI: 1.063-1.484; OR for MS in non Chinese 
studies: 1.130; 95%CI: 0.938-1.360, P for interaction = 
0.404). The sensitivity analysis indicated that the pooled 
ORs excluding each individual study were comparable 
(Table 3). No significant publication bias was found after 
assessment using the Begg’s funnel plot (P = 0.573) and the 
Egger weighted regression statistic (P = 0.833) (Figure 5).

DISCUSSION
In this meta-analysis of  19546 participants from six cross-

sectional studies of  a general population, SCH was as-
sociated with an increased risk of  the MS compared with 
being euthyroid. To our best knowledge, this is the first 
meta-analysis showing the relationship between SCH and 
the MS. The previous meta-analysis demonstrated a possi-
ble association between SCH and increase risk of  CHD[2]. 
This association might be mediated by the effect of  these 
risk factors because the MS is one of  the established risk 
factors for cardiovascular disease[4,16]. However, whether 
this association between SCH and coronary heart is inde-
pendent or dependent of  MS is still unclear and further 
investigation is needed.

Even in euthyroid populations, the relationship between 
thyroid function and the MS has been well investigated, 
with results consistent with those of  our meta-analysis. In 
a cross-sectional study in the Netherlands, free T4 levels 
within the normal reference range were significantly related 
to four of  the five components of  the MS (P for waist 
circumference = 0.038, P for TGs = 0.023, P for HDL-C 
= 0.007 and P for SBP = 0.019), independent of  insulin 
resistance[17]. Park et al[18] found a close relationship between 
TSH and the MS in euthyroid postmenopausal women (ad-
justed OR for the MS 1.55; 95%CI: 1.26-1.89; P < 0.001).

It was previously reported that overt hypothyroidism 
was associated with the MS[19], presumably because of  the 
associated hypercholesterolemia and hypertension[20]. The 
reason why SCH is associated with the MS could be also 
attributed to the increased risk of  the components of  the 
MS. In a study evaluating 27097 individuals > 40 years of  
age without a diagnosis of  thyroid disease, serum TSH, 
even within the normal range, was positively associated 
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Table 3  Sensitivity analysis of the effect of exclusion of individual studies on pooled ORs with 95%CI

Studies excluded Pooled ORs of remaining 
studies (95%CI)

P  for OR I 2 (%) χ 2 P  for χ 2

Hergenç et al[5] 1.20 (1.06-1.36) 0.004 0 2.47 0.650
Garduño-Garcia Jde et al[6] 1.25 (1.09-1.44) 0.002 0 0.84 0.934
Lai et al[7] 1.21 (1.06-1.38) 0.005 0 2.34 0.673
Lai et al[8] 1.18 (1.04-1.35) 0.011 0 1.97 0.742
Liu et al[9] 1.15 (0.99-1.35) 0.071 0 1.97 0.742
Waring et al[10] 1.20 (1.03-1.36) 0.018 0 2.40 0.663

Components of the MS Weighted mean differences (95%CI)

Waist (cm)  0.22 (-0.55-1.00)

BMI \(kg/m2) 0.32 (0.04-0.61)

SBP (mmHg) 2.62 (1.35-3.89)

DBP (mmHg)  0.23 (-1.38-1.84)

FBG (mmol/L) -0.01 (-0.13-0.10)

TG (mmol/L) 0.25 (0.23-0.28)

HDL-C (mmol/L)  0.00 (-0.03-0.03)

Note: Random effect model

-3.89                                         0                                          3.89
                  Euthyroid                     Subclinical hypothyroidims

Figure 4  Weighted mean differences for the components of the metabolic syndrome. MS: Metabolic syndrome; BMI: Body mass index; SBP: Systolic blood 
pressure; DBP: Diastolic blood pressure; FBG: Fasting blood glucose; TG: Triglyceride; HDL-C: High-density lipoprotein cholesterol.
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Figure 5  Begg’s funnel plot with pseudo 95%CI for publication bias.
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with BMI (P for trend in all BMI groups < 0.001)[21]. The 
relationship between blood pressure and thyroid function 
has also been well investigated but with conflicting find-
ings[22-25]. A recent meta-analysis of  seven cross-sectional 
studies concluded that SCH is associated with increased 
blood pressure, whereas subclinical hyperthyroidism is 
not[26]. Hypothyroidism has been associated with dyslip-
idemia, which is characterized by increased levels of  total 
cholesterol and low-density lipoprotein cholesterol[27]. In 
the Colorado thyroid disease prevalence study, the total 
cholesterol, low-density lipoprotein cholesterol and TG 
levels of  SCH subjects were significantly greater than 
the corresponding lipid levels in euthyroid subjects (P < 
0.001 for total cholesterol and low-density lipoprotein 
cholesterol; P = 0.02 for TG), whereas no difference was 
found in HDL-C level[28]. Our meta-analysis of  metabolic 
components has further confirmed these conclusions.

Another important issue is whether SCH should be 
treated with thyroid hormones or whether hormone re-
placement therapy could reduce the cardiovascular risk 
and mortality in SCH. A systematic review of  random-
ized controlled trials showed that thyroid hormone re-
placement in SCH could improve the lipid profile (WMD 
for low-density lipoprotein cholesterol: -10.77 mg/dL; 
95%CI: -21.57-0.04; P = 0.051)[29] and recent data from a 
cohort study indicated that treatment of  SCH with levo-
thyroxine was associated with less ischemic heart disease 
in younger individuals compared to those without treat-
ment (adjusted hazard ratio 0.61; 95%CI: 0.39-0.95)[30]. 
Since our meta-analysis indicated a higher risk of  the 
MS in SCH, screening and treatment of  these metabolic 
components are necessary to further reduce the risk of  
cardiovascular events.

It is notable that the included study from Waring et al[10] 
reported not only cross-sectional data but also prospective 
data, making it the only prospective study on SCH and the 
MS in the literature. After 6 years of  follow-up, the risk of  
the MS in SCH individuals with a TSH > 10 mIU/L was 
similar to that in the baseline cross-sectional analysis but 
with a wider confidence interval (OR for cross-sectional 
analysis, 2.3; 95%CI: 1.0-5.0; OR for prospective analysis, 
2.2; 95%CI: 0.6-7.5). However, this study seemed to be 
underpowered because a very small number of  partici-
pants with marked SCH were included[10].

Our study has several limitations. Firstly, although 
our heterogeneity test showed no statistically significant 
heterogeneity among studies, it is still impossible that our 
final results would be confounded by the different defini-
tions of  SCH and MS among the included studies, as well 
as the different inclusion/exclusion criteria. Secondly, 
this is a study-level and we used unadjusted OR instead 
of  adjusted OR; thus, it is impossible to exclude the con-
founding effects of  age, sex and race. Finally, although no 
statistically significant publication bias was detected in our 
analysis, we believe there may be data relevant to this topic 
that have never been published.

Our meta-analysis indicated that SCH may be associ-
ated with an increased risk of  the MS, which is attributed 
to the increased risk of  metabolic components. A large 

prospective cohort study is needed to further confirm the 
conclusion of  our study.
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