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Abstract: 
Context: Metabolic Syndrome (MetSyn) is a clustering of interrelated cardiovascular risk factors. Subclinical 

hypothyroidism (SCH) is known to be a risk factor for adverse cardiovascular outcomes. The association 

between SCH and MetSyn has been found to be inconsistent.  

Aims: To determine the prevalence of SCH amongst subjects with MetSyn, and to study the association of serum 

TSH with components of MetSyn.  

Settings and Design: Thirty subjects with MetSyn and thirty healthy subjects were enrolled as cases and 

controls, respectively. 

Methods and Materials: Fasting blood sugar (FBS), serum triglycerides, serum total cholesterol, serum low 

density lipoprotein (LDL), serum high density lipoprotein (HDL), serum thyroid stimulating hormone (TSH), 

serum free thyroxine (fT4) and serum free triiodothyronine (fT3) were studied. 

Statistical Analyses Used: Student’s “t” test, Fishers exact test and Pearson correlation coefficient were used.  

Results: The proportion of SCH in subjects with MetSyn was 23.3%. Waist circumference, mean systolic 

pressure, diastolic pressure, FBS, total cholesterol, LDL, triglycerides and TSH were significantly higher in the 

cases, and HDL (p< 0.001), and fT3 (p = 0.014) were significantly lower, as compared to the controls. A 

significant association between SCH and MetSyn (p = 0.02) was observed. TSH showed positive linear 

association with waist circumference, triglycerides, LDL, and negative association with HDL, in the cases.  

Conclusions: A significant relationship between SCH and MetSyn, and between serum TSH levels and some 

components of Metabolic Syndrome exists, but more comprehensive studies, with larger sample sizes, are 

needed to establish the relationship between SCH and MetSyn. 
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I. Introduction 
Subclinical hypothyroidism, an isolated elevation of thyroid stimulating hormone (TSH) levels with a 

normal free thyroxine (fT4) levels, is a relatively common disorder amongst otherwise healthy, young, middle-

aged and older adults. 
[1], [2]

 Individuals with subclinical hypothyroidism are usually asymptomatic, but may 

manifest with cardiac dysfunction, adverse cardiac end points (atherosclerotic disease and cardiovascular 

mortality), elevated low-density lipoprotein, neuropsychiatric symptoms, and may progress to overt, 

symptomatic hypothyroidism. Treatment may impede progression to overt hypothyroidism, reduce symptoms, 

improve cardiac contractility, correct abnormal serum lipids, decrease goiter size, and reduce risk of adverse 

fetal effects in postpartum hypothyroidism. 
[1], [2]

The prevalence of subclinical hypothyroidism in a study 

conducted in Delhi was 19.3% (15.9% men, 21.4% women), and that of subclinical hyperthyroidism was 1.13%. 

This prevalence is rapidly rising in Indian subjects and it is estimated that about 42 million Indians suffer from 

thyroid disease, both subclinical and overt. 
[3]

 

Metabolic Syndrome is the clustering of interrelated modifiable cardiovascular risk factors that 

includes central adiposity, hypertension, hyperglycemia, high triglycerides with low high density lipoprotein 

cholesterol levels, tendency to form blood clots, insulin resistance and inflammation. Metabolic syndrome is 

known to strongly predict the long-term risk of diabetes mellitus and atherosclerotic cardiovascular disease. 
[4]

 

The associations and clustering of these factors have been known for decades. The increasing prevalence of 

metabolic syndrome can be attributed to changes in nutrition, lifestyle and socioeconomic status, rural-to-urban 

migration, increasing obesity and sedentary lifestyles.
[4]

 Prevalence of metabolic syndrome in an Indian 

population is 33.5% (24.9% in males, 43.2% in females), according to a study conducted in urban Orissa on 

1178 subjects and 22.3% (25% in males and 22% in females) in an adult population in rural Karnataka.
[5], [6]

 

Numerous definitions have been proposed for metabolic syndrome.
[7], [8], [9], [10]
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According to the updated present AHA/NHLBI statement (Modified NCEP ATPIII criteria) the 

presence of any three of the following five modifiable cardiovascular risk factors would make a clinical 

diagnosis of metabolic syndrome. 
[11], [12], [13] 

 

1. Elevated waist circumference (WC) (with ethnicity specific values for South Asians) ≥90 cm in men and 

≥80 cm in women,  

2. Elevated serum triglycerides ≥150 mg/dL or  

3. Reduced serum high density lipoprotein cholesterol(HDL) <40 mg/dL in men and <50 mg/dL in women 

4. Elevated blood pressure ≥130 mm Hg systolic blood pressure and/or ≥85 mm Hg diastolic blood pressure or 

on antihypertensive drug treatment in a patient with a history of hypertension,  

5. Elevated fasting glucose (FBS) ≥100 mg/dL or on drug treatment for elevated glucose.  

However, studies exploring the association between Serum TSH and components of metabolic 

syndrome in subjects with subclinical thyroid dysfunction are few and with differing conclusions. 
[14], [15], [16]

 

Therefore, the aim of the present study was to investigate the proportion of subjects having subclinical thyroid 

dysfunction amongst the metabolic syndrome population and the association of TSH with the components of 

metabolic syndrome.  

 

II. Materials And Methods 
 A case controlled study was conducted at M S Ramaiah Medical College & Hospitals, Bangalore, after 

required approval from the Institutional Ethical Committee (Ref No. ECR/215/Inst/Ker/2013). The duration of 

the study was 3 months (February 2014 to May 2014) and the sample size was 60 (30 Cases and 30 Controls). 

The scientific basis for sample size was as follows-based on a study conducted by Chugh K et al., on Thyroid 

Function Tests in Metabolic Syndrome, it was found that TSH (mIU/mL) values as expressed in terms of mean 

and standard deviation in patients with Metabolic Syndrome was 5.68 +/- 1.90 and in normal individuals was 

2.19 +/- 0.94.So, with confidence level of 95% and with power of 95%, the required sample size for the present 

study was estimated to be 60 (30 cases and 30 controls). 
[17]

 Subjects aged between 18-50 years who came to the 

diagnostic laboratory for a routine health checkup and who fulfilled three out of the five criteria for a diagnosis 

of metabolic syndrome according to the updated present AHA/NHLBI statement (Modified NCEP ATP III 

criteria- as detailed above) were included as cases. The healthy individuals who did not have any criteria for a 

diagnosis of metabolic syndrome were selected as controls. Subjects who had a history of thyroid dysfunction 

(hyper or hypothyroidism) or on treatment with thyroxine and antithyroid drugs, pregnant women or those who 

were within first year of post partum period, patients on any medication that may affect thyroid function -  

Corticosteroids, Lithium, anti-thyroid drugs, p-aminosalisylic acid, interferon-alpha & other cytokines, 

Amiodarone, Cyanates, Tyrosine Kinase inhibitors or Iodine
131

 treatment, patients with acute illnesses, 

autoimmune diseases, connective tissue diseases, myocardial infarction,  malignancy, familial hyperlipidaemia, 

chronic liver and kidney diseases and post-menopausal women were excluded from the study. Demographic, 

socioeconomic and self reported behavioural information (smoking, alcohol, physical activity and diet), 

objective measures of anthropometry (height, weight, waist and hip circumferences) were collected from all 

study participants. After a written and informed consent was taken, about 3mL of blood was collected, with due 

aseptic precautions after an overnight fast (no calorific intake) of 8-12 hours, from each study subject,  in the 

phlebotomy section of the diagnostic laboratory. The blood samples were allowed to clot and were centrifuged 

at 4000 rpm for 8-10 minutes. After separation, the following lab investigations were done on the samples on 

Roche Cobas 6000 c501, fully automated analyzer at the diagnostic laboratory-Fasting blood sugar (FBS)  by 

Hexokinase method, Serum total cholesterol (TC)by enzymatic colorimetric method using cholesterol oxidase, 

Serum triglyceride (TG) by enzymatic colorimetric method using glycerol phosphate oxidase, Serum high 

density lipoprotein cholesterol (HDL)- enzymatic colorimetric method using cholesterol oxidase and esterase, 

Low density lipoprotein cholesterol (LDL) estimated by direct Assay based on precipitation method. All of the 

assays were routinely monitored by participation in external quality-control programs and using assayed 

chemistry and assayed immunoassay plus controls (Bio-Rad Lab, Hercules, CA, USA). 

After the above investigations, the serum samples were stored at -20 °C in the diagnostic laboratory 

and Serum TSH, fT4, and free triiodothyronine (fT3) measurements were made by using colorimetric enzyme-

linked immunosorbent assay (Calbiotech Inc., 10461 Austin Dr, Spring Valley, CA, USA). The analytical 

sensitivity of TSH was 0.005 μIU/mL, for fT4 was 0.005 ng/dL, and for fT3 was 0.05 pg/mL. Normal range for 

TSH was 0.4 to 4.2 μIU/mL, for fT4 was 0.8 to 2.0 ng/dL, and for fT3 was 1.4 to 4.2 pg/mL. Subjects were 

considered as euthyroid when they had normal TSH, fT4 and fT3 levels. Subclinical hypothyroidism was 

defined as a TSH concentration of 4.20-10.0 µIU/mL with a normal fT4 and fT3 concentration.
[18]
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III. Statistical Analysis 
Baseline characteristics of the study participants were expressed in mean ± SD and percentage. 

Student’s “t” test was used to analyze differences in baseline characteristics between the study group and the 

control group. Fisher’s exact test was used to analyze the association between Metabolic Syndrome and 

subclinical hypothyroidism. Pearson correlation was used to determine if any significant relationship between 

the components of metabolic syndrome and TSH levels existed. p value of <0.05 was considered statistically 

significant. Statistical analysis was performed using SPSS windows version 17.0 software (SPSS Inc., Chicago, 

IL, USA). 

 

IV. Results 

There were 30 subjects in the metabolic syndrome group, of which 17(56.6%) were males and 

13(43.33%) were females. Amongst the 30 healthy subjects included as controls in the study, the number of 

males was 16(53.33%) and number of females was 14(46.66%). In the metabolic Syndrome group, 7 (23.3%- 5 

females and 2 males) subjects had subclinical hypothyroidism and 23(76.66%) were euthyroid. Amongst the 

healthy controls, all 30 (100%) subjects were euthyroid. Subclinical hypothyroidism had significant association 

with Metabolic Syndrome when assessed by two tailed Fisher’s exact test, with p = 0.0105. Clinical and 

biochemical characteristics of the study groups are given in Table 1. The two groups were similar with respect 

to age and gender distribution. Waist circumference (WC), mean systolic pressure (SBP), diastolic pressure 

(DBP), fasting blood sugar, total cholesterol, LDL, triglycerides, and TSH were significantly higher in the 

Metabolic Syndrome group compared to the control group. HDL and fT3 were significantly lower in cases 

[Table 1]. The relationship of TSH and fT4 levels with the presence of components of Metabolic Syndrome was 

assessed using Pearson correlation coefficient analysis and is shown in Table 2 and Table 3. There was a 

statistically significant positive correlation between TSH (μIU/ml) and Waist Circumference (r = 0.491, p < 

0.001), Serum Triglyceride(r = 0.874, p <0.001) and Serum LDL (r= 0.885, p<0.0001) and a statistically 

significant negative correlation between TSH and serum HDL (r = -0.711, p<0.001) in the metabolic syndrome 

group. In healthy controls, there was a statistically significant positive correlation between TSH with Waist 

Circumference (r = +0.446, p= 0.013) and Serum LDL (r=0.5303, p=0.002) and a statistically significant 

negative correlation between TSH and Serum HDL(r = -0.385, p= 0.036). In metabolic syndrome subjects, 

serum fT4 was negatively associated with waist circumference, systolic blood pressure, diastolic blood pressure, 

fasting blood sugar and HDL. It was positively associated with serum triglycerides and Serum LDL. But none of 

these associations were statistically significant except the positive correlation with Serum LDL(r=0.408, 

p=0.02). In healthy controls, serum fT4 was negatively associated with waist circumference, systolic blood 

pressure, diastolic blood pressure, serum LDL and serum triglycerides. It was positively associated with fasting 

blood sugar and HDL. The association between fT4 with waist circumference (p=0.003) and HDL (p=0.049) 

was statistically significant in the healthy controls. 

 

V. Discussion 

This cross-sectional study was undertaken, in order to determine the proportion of metabolic syndrome 

subjects having subclinical hypothyroid dysfunction and to determine the association between serum TSH and 

various components of metabolic syndrome, in the diagnostic laboratory of M S Ramaiah Medical College and 

Hospitals, Bangalore. The Metabolic Syndrome group included 30subjects with 17 males and 13 females, while 

the control group included 30 subjects with 16 males and 14 females. The two groups were similar in their 

distribution of age (p = 0.345) and gender. 

The proportion of subclinical thyroid dysfunction in subjects with metabolic syndrome was 23.3% in 

the present study. This finding is in agreement with previous studies showing an association between Metabolic 

syndrome and thyroid dysfunction. A study by Gyawali et al. in Nepal showed a prevalence of subclinical 

hypothyroidism of 29.32% in the metabolic syndrome group.
[19]

 A study done in Behrampur, Orissa by Meher et 

al. showed a prevalence of subclinical hypothyroidism of 22% and overt hypothyroidism of 4% in the Metabolic 

Syndrome group.
[20]

 The prevalence of subclinical hypothyroidism was 21.90% and that of overt 

hypothyroidism 7.4%, in patients with Metabolic Syndrome as found by Shantha et al. in  Chennai, South 

India.
[21]

 In a study by Wang et al., in a Taiwanese population, 4.55% had subclinical hypothyroidism and 

2.64% had subclinical hyperthyroidism. 
[15]

 Another study by Uzunlulu et al. in Turkey showed 16.4% subjects 

of metabolic syndrome to have subclinical hypothyroidism.
[16]

 The present study did not find any cases of overt 

hypothyroidism but this could probably be attributed to the small sample size. Other studies determining the 

association of Metabolic Syndrome with thyroid dysfunction found more subjects with subclinical 

hypothyroidism rather than with overt hypothyroidism amongst the subjects with metabolic syndrome. 
[19], [20], 

[21] 
Numerous studies have found the proportion of female subjects having subclinical thyroid dysfunction to be 

higher than male subjects with subclinical thyroid dysfunction. 
[19], [20], [21]  

 The present study also had the same 

finding. 
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Waist circumference, mean systolic pressure, diastolic pressure, fasting blood sugar, total cholesterol, 

LDL and triglycerides, in the present study, were significantly higher in the Metabolic Syndrome group 

compared to the control group. HDL was significantly lower in cases. These findings are consistent with other 

studies.
 [15], [16], [19], [20], [21] 

  

Thyroid function was assessed in the subjects using TSH, fT3 and fT4 assay. Serum fT3 was 

significantly lower in the Metabolic Syndrome group (p = 0.014) than in the control group. Serum TSH was 

significantly higher in the Metabolic Syndrome group than in the control group (p< 0.001). Free T4 was lower 

in the control group with a p value of 0.259. These findings were similar to those obtained in a study done in 

Behrampur, Orissa by Meher et al.
 [20]  

The study by Gyawali et al. and by Shantha et al., had similar findings 

except that fT4 but not fT3 was significantly lower in metabolic syndrome cases than in healthy controls. A 

significant association of subclinical hypothyroidism with Metabolic Syndrome (p = 0.02) was seen in the 

present study. This is similar to the study by Uzunlulu et al, which showed a significant association of 

subclinical hypothyroidism and Metabolic Syndrome.
[18]

 

Pearson's correlation coefficient was used to determine the association between serum TSH level and 

fT4 with various components of metabolic syndrome [Table 2 and 3] [Figure 1 and 2]. TSH had significant 

positive linear association with waist circumference in the metabolic syndrome group (p=0.006) and in healthy 

controls (p=0.013) as did HDL cholesterol that had a significant negative association with TSH in the metabolic 

syndrome group (p<0.001) and in healthy controls (p=0.036). Serum TSH had a significant positive association 

(p<0.001) with serum triglycerides only in the metabolic syndrome group. In the present study, in healthy 

controls, across the normal TSH & fT4 reference range, a statistically significant negative correlation was seen 

between Serum fT4 and waist circumference and a statistically significant positive correlation was seen between 

Serum fT4 and HDL. A statistically significant positive correlation was seen between Serum fT4 and serum 

LDL levels in subjects of metabolic syndrome. Similar to the present study was a study by Zhang et al., 

undertaken to explore the relationship between serum TSH and components of metabolic syndrome in Chinese 

adolescents. They found that serum TSH was significantly positively correlated with waist circumference, total 

cholesterol, serum Triglycerides, Serum LDL and serum triglycerides. In healthy euthyroid individuals Serum 

TSH was positively associated with total cholesterol, LDL and serum Triglycerides. In the study done by Meher 

et al., multivariate logistic regression analysis showed an association between BMI and subclinical 

hypothyroidism and that there was a significant association between subclinical hypothyroidism and metabolic 

syndrome.
 [20]

 Shantha et al., concluded that sub-clinical and overt hypothyroidism was significantly associated 

with metabolic syndrome patients and there is an association between TSH and fT4 with individual components 

of metabolic syndrome. 
[21]

 Zhang et al. concluded that increased serum TSH in adolescents may be a potential 

risk factor for metabolic syndrome. 
[22]

 A study in Taiwan by Lai et al., investigated the relationship between 

serum TSH levels and components of metabolic syndrome, concluding that even slight increases in TSH, as in 

subclinical hypothyroidism, may be a risk factor for metabolic syndrome.
[23]

 

Gyawali et al., did not find a statistically significant correlation between TSH or fT4 with metabolic 

syndrome components. The same study concluded that the prevalence of subclinical hypothyroidism in subjects 

of metabolic syndrome was high but there was no relationship between thyroid status and all components of 

metabolic syndrome. 
[19]

 Another study done by Wang et al., found no statistically significant correlation 

between subclinical hypothyroidism and metabolic syndrome or between serum TSH and metabolic syndrome 

components. 
[15]   

The outcomes in Subclinical hypothyroidism, defined as a state of increased serum thyroid-stimulating 

hormone (TSH) levels, with circulating thyroxine (T4 ) and triiodothyronine (T3) concentrations within the 

population reference range, is likely to depend on the duration and the degree of elevation of the serum TSH.
[18]

 

Metabolic syndrome is a condition characterized by a cluster of metabolic disorders including abdominal 

obesity, insulin resistance/glucose intolerance, dyslipidemia, and hypertension, all of which increase the 

cardiovascular risk.
[8]

  Metabolic Syndrome and thyroid dysfunction are interlinked due to the effect of thyroid 

dysfunction on lipid and glucose metabolism, blood pressure, and cardiovascular dysfunction. There are 

common features in the pathogenic mechanisms of increased cardiovascular risk in metabolic syndrome and 

hypothyroidism. Insulin resistance is a fundamental feature of metabolic syndrome.
[8]

 Studies indicate an 

interplay between thyroid status and insulin sensitivity. Insulin resistance leads to an increased production of 

hepatic cholesterol and very low density lipoproteins (VLDL) and an increased HDL cholesterol (HDL-C) 

clearance.
[24]

 Thyroid hormones also play an important role in maintaining an equilibrium in glucose 

metabolism-insulin agonistic (as seen in muscle) or insulin antagonistic (as seen in liver). In hypothyroidism, it 

has been suggested that insulin resistance is present mainly at the peripheral tissues.
[25]

 It has also been 

suggested that insulin resistance augments the deleterious effect of hypothyroidism on the lipid profile. 
[25]

 A 

review by Iwen et al. endorses the fact that there is a major influence of Subclinical Hypothyroidism on all 

components of Metabolic Syndrome and emphasized the fact that the odds of having Metabolic Syndrome are 

positively associated with high normal TSH levels. 
[26], [27]

 A number of cross-sectional and longitudinal follow-
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up studies from Japan have found strong associations between Subclinical thyroid dysfunction and Metabolic 

syndrome. 
[28], [29], [30]

 The present study was undertaken with a  small sample size and basic relevant 

investigations as also a simple statistical analysis. This was due to the fact that the project was an undergraduate 

research project that was completed keeping in mind logistic and economic issues. A larger sample size, a more 

indepth statistical analysis and the addition of more investigations would yield more information regarding 

association of Metabolic syndrome and subclinical thyroid dysfunction.  The present study has found that the 

proportion of  subjects with metabolic syndrome having thyroid dysfunction is fairly high. In addition, there is a 

significant relationship between subclinical thyroid dysfunction and metabolic syndrome and a significant 

association also exists between TSH across the reference range as well as at levels of subclinical 

hypothyroidism and Waist circumference, Low density lipoprotein and high density lipoprotein. This may 

suggest the need for continous monitoring of subjects with metabolic syndrome for subclinical hypothyroidism 

as well as for the appearance of symptoms of overt hypothyroidism. 

 

Table 1:  Baseline characteristics of the study population. All data expressed as mean ± standard deviation. P < 

0.05 is statistically significant 
Parameter Metabolic Syndrome Group 

Cases n= 30 

Healthy Controls 

Group n= 30 

p value 

Age in years 38.23±8.5 36.23±11.22 0.345 

Waist circumference in cms 88.17±9.91 72.55±8.15 <0.001* 

Fasting Blood Sugar mg/dL 131.43±53.38 83.63±9.43 <0.001* 

Systolic Blood Pressure in mmHg 130.47±7.71 112.10±10.29 <0.001* 

Diastolic Blood Pressure in mmHg 83.27±6.45 73.77±6.17 <0.001* 

Total Cholesterol mg/dL 205.13±33.32 154.70±37.61 <0.001* 

Serum Triglycerides mg/dL 205.90±43.94 128.80±13.35 <0.001* 

LDL Cholesterol in mg/dL 124.43±31.2 48.77±14.43 <0.001* 

HDL Cholesterol in mg/dL 41.23±6.79 54.27±9.75 <0.001* 

Serum TSH µIU/mL 4.16±2.16 2.25±0.79 <0.001* 

Serum Free T3 pg/mL 2.59±0.97 3.16±0.75 0.014* 

Serum Free T4 ng/dL 1.38±0.37 1.47±0.28 0.259 

 

Table 2: Correlation between components of metabolic syndrome and levels of TSH across the metabolic 

syndrome group and Control group (Pearson's Correlation coefficient) 
Parameter Metabolic Syndrome Group Cases n= 30 Healthy Controls Group n= 30 

 R p-Value R p-Value 

Waist Circumference(WC) 0.491 0.006* 0.446 0.013* 

Systolic Blood Pressure (SBP) 0.046 0.811 0.192 0.309 

Diastolic Blood Pressure (DBP) 0.048 0.799 0.271 0.147 

Fasting Blood Sugar (FBS) 0.046 0.810 0.282 0.132 

Serum Triglycerides 0.874 <0.001* 0.365 0.048 

Serum High Density Lipoprotein 
(HDL) 

-0.711 <0.001* 
-0.385 0.036* 

Serum Low Density Lipoprotein 

(LDL) 

0.885 <0.0001* 
0.503 0.002* 

* denotes significant correlation 

 

Table 3: Correlation between components of metabolic syndrome and levels of fT4 across the metabolic 

syndrome group and Control group (Pearson's Correlation coefficient) 
Parameter Metabolic Syndrome Group 

Cases n= 30 

Healthy Controls Group n= 30 

 R p-Value R p-Value 

Waist Circumference(WC) -0.016 0.933 -0.510 0.003* 

Systolic Blood Pressure (SBP) -0.137 0.470 -0.119 0.531 

Diastolic Blood Pressure (DBP) -0.186 0.325 -0.192 0.309 

Fasting Blood Sugar (FBS) -0.190 0.314 0.319 0.085 

Serum Triglycerides 0.238 0.204 -0.084 0.658 

High Density Lipoprotein (HDL) -0.301 0.106 0.362 0.049* 

Serum Low Density Lipoprotein 
(LDL) 

0.408 0.02* 
-0.307 0.09 

* denotes significant correlation 
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Figure 1: TSH has significant correlation with wait circumference (P<0.01), Triglycerides(P<0.001) & 

HDL(P<0.001) in MetSyn Cases group. 

 

 
Figure 2: TSH has significant correlation with Waist Circumference (P<0.05)& HDL (P<0.05) in Control 

group. 
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