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Relationship of thyroid profile with body mass index and metabolic syndrome
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INTRODUCTION

The prevalence of overweight and obesity has been increasing 
significantly in recent decades. According to the World Health 
Organization, 21.5% and 4.6% are the crude estimates for the 
prevalence of overweight and obesity in the Southeast Asian 
regions.[1] According to the National Family Health Survey-4, 
the prevalence of overweight and obesity (body mass index ≥25) 
is 18.9 and 20.6 among Indian men and women, respectively.[2]

Thyroid hormones play an important role in regulating 
thermogenesis, and glucose and lipid metabolism, which 
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make them a key factor regulating mammalian dynamic 
energy balance.[3] The low thyroid hormone concentration is 
associated with low-energy expenditure[4] and fluid retention[5] 
which may manifest as obesity. In India, hypothyroidism is 
considered to be the most common thyroid disorders affecting 
one in ten adults.[6]

Some studies have tried to attribute obesity to subclinical 
hypothyroidism.[7] In obese patients, other than increased 
levels of thyroid-stimulating hormone (TSH), there should 
also be an increase in free T3[8,9] and T4[8] concentrations. 
This fact is inconsistent with the thought that subclincial 
hypothyroidism causes obesity. Thus, the relationship 
between thyroid function and body weight needs to be 
studied more.

Metabolic syndrome constitutes a cluster of risk factors 
characterized by hypertension, atherogenic dyslipidemia, 
hyperglycemia, prothrombotic, and pro-inflammatory 
conditions.[10] Serum TSH has been thought to have an association 
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with metabolic risk factors. However, some studies[11] found no 
significant differences in certain components of lipid profile 
among people with high and low TSH. This disparity implies 
that there is a clear lack of clarity with regard to whether TSH 
really regulates metabolism in people.

Thus, the purpose of this study was to find out whether there is 
a relationship that exists between the thyroid hormones, body 
mass index (BMI), and components of metabolic syndrome.

MATERIALS AND METHODS

A cross-sectional study was conducted among adult subjects in 
the Department of Medicine of a tertiary care teaching hospital 
in Tamil Nadu between September 2011 and September 
2013. Every 100th patient was included in the study. Those 
with previously diagnosed thyroid disease or obvious goiter, 
previously diagnosed heart disease, diabetes, other endocrine 
disorders, pregnant women, smokers, and those on long-term 
medications were excluded from the study.

Details of the patients were obtained and relevant clinical and 
laboratory investigations were performed after obtaining an 
informed written consent and after explaining the objectives 
of the study. The Institutional Ethics Committee clearance 
was obtained before the start of the study. Data regarding 
demographic details, anthropometric measurements, relevant 
clinical examination findings, and laboratory investigation 
findings were recorded in a pro forma.

BMI was calculated as weight in kilograms divided by the 
square of the height in meters (kg/m2) and thus patients were 
divided into four groups as underweight, normal weight, 
overweight, and obese as categorized by the National Heart, 
Lung, and Blood Institute.[12]

For all blood investigations, blood was collected from the 
antecubital vein in the left arm and the subject was on an 
overnight fasting for 8 h or more. Thyroid profile included 
measurement of total T3, total T4, and TSH levels. T3 values 
between 1.2 and 2.1 nmol/L and T4 values between 70 and 
150 nmol/L were considered normal. TSH values between 
0.4 and 4 mIU/L were considered as normal.

Metabolic syndrome was diagnosed based on modified Asian 
National Cholesterol Education Program-Adult Treatment 
Panel III criteria.[13] Three out of five parameters need to be 
present to diagnose the metabolic syndrome.

Statistics

The data were entered into Microsoft Office Excel 2007 and 
IBM SPSS Version 21 was used for analysis. ANOVA test was 
used to see if there was a statistically significant difference 
between the groups and Pearson’s correlation was used to find 
if there was a correlation that existed between the two variables.

RESULTS

A total of 100 adults were studied and the maximum number 
(34%) of participants belonged to 41–60 years age group. 
About 9.52% of the males and 6.89% of the females were 
found to have an increased waist circumference. About 
24% of the participants had increased systolic and diastolic 
blood pressures while isolated increase in diastolic blood 
pressure was found in 16% and isolated systolic blood 
pressure increase was seen in 1%. Overall, 41% of the study 
participants were found to be hypertensive. About 22% and 
33% of them had an increased fasting blood glucose levels 
and increased serum triglycerides, respectively. About 44% 
of the participants had high-density lipoprotein (HDL) levels 
below the normal range, as shown in Table 1.

Table 2 shows that there were 23 (23%) of the participants 
who had at least three components of metabolic syndrome. 
All the patients (100%) with overt hypothyroidism, 50% of 
subclinical hypothyroid subjects, and 19.5% of the euthyroid 
subjects presented with at least three components of metabolic 
syndrome.

Table 3 shows the mean values of the components of metabolic 
syndrome studied in subjects who are euthyroid, subclinical 
hypothyroid, and overt hypothyroid. ANOVA was used to 
check whether there was a statistically significant difference 

Table 1: Baseline characteristics of the study population
Characteristics Males (42) 

n (%)
Females (58) 

n (%)
Age distribution (years)

18–30 10 (23.80) 12 (20.68)
31–40 7 (16.66) 11 (18.96)
41–60 14 (33.33) 20 (34.48)
61–90 11 (26.19) 15 (25.86)

Waist circumference
>102 in males 
>88 in females

4 (9.52) 4 (6.89)

Systolic blood pressure
>130 mmHg 13 (30.95) 12 (20.68)

Diastolic blood pressure
>85 mmHg 18 (42.85) 22 (37.93)

Fasting blood glucose
≥110 mg/dl 7 (16.66) 15 (25.86)

Serum triglycerides
≥150 mg/dl 13 (30.95) 20 (34.48)

Serum high‑density lipoprotein
<40 mg/dl in men 
<50 mg/dl in females

11 (26.19) 33 (56.89)

Serum thyroid‑stimulating hormone (mIU/L)
0.4–4 37 (88.09) 51 (87.93)
4.1–9.9 3 (7.14) 5 (8.62)
≥10 2 (4.76) 2 (3.44)
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in the mean values of the components of metabolic syndrome 
among the different groups of thyroid profile. P < 0.05 in all 
the components except the HDL suggested that there was a 
statistically significant difference between the groups.

Pearson’s correlation was done to check whether there was 
a relationship between the thyroid profile components and 
components of metabolic syndrome. It was seen that TSH had 
a positive correlation with waist circumference and a negative 
correlation with HDL cholesterol. Both FT3 and FT4 had a 
negative correlation with triglycerides. FT4 had a negative 
correlation with waist circumference, as shown in Table 4.

DISCUSSION

The study was intended to identify whether there existed 
a relationship between the levels of thyroid hormone and 
components of metabolic syndrome. There were totally 
23 patients (23%) who presented with three out of five 
parameters of metabolic syndrome. Of these 23 patients, 
5 (21.73%) of them either had a subclinical hypothyroidism 
or an overt hypothyroidism when compared to only 3 patients 
(3.89%) with hypothyroidism in whom metabolic syndrome 

was absent. A Chi-square test was done to see if there existed a 
relationship between hypothyroidism in metabolic syndrome 
and it was proved that there existed a statistically significant 
relationship with P = 0.006. Out of the five patients who 
presented with abnormal thyroid function among the patients 
with metabolic syndrome, 3 (13.04%) of them had subclinical 
hypothyroidism and 2 (8.69%) had overt hypothyroidism. It 
can be seen from Table 3 that there existed a relationship 
between thyroid dysfunction and components of metabolic 
syndrome, i.e., blood glucose and triglycerides. It can be seen 
from Table 4 that there exists a negative relationship between 
serum triglycerides and thyroid hormones, FT3 and FT4.

Gyawali et al.[14] conducted a study to find the pattern of 
thyroid dysfunction in patients with metabolic syndrome in 
Nepal. It was found that the overall prevalence of thyroid 
dysfunction in patients with metabolic syndrome was 31.84% 
which is slightly higher than our study which revealed 
only 21.73%. There was a higher prevalence (29.32%) 
of subclinical hypothyroidism in patients with metabolic 
syndrome in the study done by Gyawali et al. which is similar 
to our study though the proportion was lower (13.04%) in our 
study. Another study done by Warring et al.[15] revealed that 
each unit increase in TSH was associated with 3% increase 
in the odds of prevalent metabolic syndrome and subclinical 
hypothyroidism with a TSH >10 mIU/L was significantly 
associated with increased odds of prevalent metabolic 
syndrome. Even in the present study, increased TSH levels 
in the form of subclinical and overt hypothyroidism are 
associated with metabolic syndrome. Thyroid hormones are 
known to affect the metabolism of glucose and lipids and 
thus the patient with thyroid dysfunction will end up having 
an abnormal lipid and glucose levels which are components 
of the metabolic syndrome.[16]

Table 2: Different grades of thyroid dysfunction and 
metabolic syndrome

Grades of thyroid 
dysfunction

Metabolic syndrome 
patients n (%)

Euthyroid subjects 18 (19.56)
Subclinical hypothyroidism 3 (50)
Overt hypothyroidism 2 (100)
Total number of patients 
with thyroid dysfunction

23 (23)

Table 3: Components of metabolic syndrome in the study population
Parameters Euthyroid subjects Overt hypothyroidism Subclinical hypothyroidism P‑value
Systolic blood pressure (mmHg) 126.52±13.37 123±4.24 145.33±11.84 0.0136*
Diastolic blood pressure (mmHg) 83.76±8.71 78±2.82 93.66±5.85 0.0111*
Waist circumference (cm) 79.15±11.38 92.5±0.70 89.16±6.21 0.0016*
Blood glucose (mg/dl) 97.15±13.75 104±29.69 120.5±29.62 0.0137*
Triglycerides (mg/dl) 158.33±54.98 288±15.55 200.83±69.71 <0.0001*
High‑density lipoprotein cholesterol (mg/dl) 46.31±5.48 45.5±7.77 49.66±2.50 0.4574
*P-value <0.05

Table 4: Correlation of components of metabolic syndrome with thyroid profile
Parameters Thyroid‑stimulating hormone FT3 FT4

r‑value P‑value r‑value P‑value r‑value P‑value
Systolic blood pressure (mmHg) 0.1211 0.2501 −0.1081 0.2848 −0.1245 0.2190
Diastolic blood pressure (mmHg) 0.1586 0.1310 −0.0333 0.7444 −0.0101 0.9213
Waist circumference (cm) 0.5858 <0.0001* −0.1720 0.0870 −0.3245 0.0009*
Blood glucose (mg/dl) 0.0720 0.4952 −0.0892 0.3785 −0.0550 0.5867
Triglycerides (mg/dl) 0.0720 0.4952 −0.2469 0.0136* −0.1981 0.0483*
High‑density lipoprotein cholesterol (mg/dl) −0.210 0.0436* −0.0686 0.5014 0.0127 0.9002
*P-value <0.05
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A study in India by Shantha et al. found subclinical 
hypothyroidism in 21.9% and overt hypothyroidism in 7.4% 
metabolic syndrome patients.[10] Similarly, a study by Meher 
et al.[17] showed a high prevalence of subclinical hypothyroidism 
(22%) and overt hypothyroidism (4%) in the metabolic syndrome 
patients. Thus, it can be seen that there is a high proportion of 
subclinical hypothyroidism in patients with metabolic syndrome.

Metabolic syndrome is a mixture of risk factors for the 
development of cardiovascular diseases (CVDs). There 
are studies which have associated thyroid dysfunction 
and especially subclinical hypothyroidism with metabolic 
syndromes.[18,19] Thus, the detection of thyroid dysfunction in 
patients in metabolic syndrome and their treatment may help 
in reducing the already existent high incidence of CVDs.

Limitation

Since this is a cross-sectional study, causality cannot be 
proved. Factors such as alcohol, diet, and physical activity 
could have acted as confounding factors and these have not 
been taken into account. Only TSH values were considered 
for classifying the study population into different groups.

CONCLUSION

Higher prevalence of overt and subclinical hypothyroidism in 
metabolic syndrome as seen in our study may have a harmful 
effect on cardiovascular health. Hypothyroidism will lead to 
increased lipid levels and hypertension leading to increased 
risk for CVD. The effects due to metabolic syndrome and 
hypothyroidism may be compounded to increase the risk for 
CVD. Thus, assessing thyroid function in metabolic syndrome 
patients may help identify patients at high risk for CVD.
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