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Background: Metabolic Syndrome is a group of factors that predispose to cardiovascular diseases.
The prevalence of metabolic syndrome is rising rapidly. Recently, a few studies have suggested that
lower thyroid function in the reference range may be associated with metabolic syndrome, but the
issue remains unsettled. We aimed to elucidate the relationship between thyroid function and
components of metabolic syndrome in a sample of euthyroid Pakistani population. Methods: This
analytical, cross-sectional study was conducted at the Department of Physiology, University of
Health Sciences, Lahore, Pakistan, and extended over a period of 12 months. It included 100 subjects
with metabolic syndrome in the study group and thirty subjects without metabolic syndrome in the
control group with age ranging 45–55 years. Both groups had normal thyroid function. After a
detailed history and clinical examination, fasting blood was analysed for glucose, triglycerides, high
density lipoprotein-cholesterol along with thyroid-stimulating hormone (TSH) and free thyroxine.
Results: Serum TSH was significantly higher in study group than in control group (p=0.040). Serum
free thyroxine values of study group were slightly but not significantly lower than those of control
group. Serum TSH correlated significantly and positively with serum triglycerides in all subjects and
with waist circumference and diastolic blood pressure in men. Serum TSH showed a positive and
linear relationship with the number of components of metabolic syndrome (p=0.016) in all subjects.
Conclusion: High-normal TSH is associated with metabolic syndrome and its components. There
may be increased risk of cardiovascular diseases with high-normal TSH levels.
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INTRODUCTION
1

Metabolic syndrome (MS) is a group of risk factors that
predispose to cardiovascular diseases (CVD). They
include: central obesity, raised triglycerides (TG), low
high-density lipoprotein cholesterol (HDL-C), raised
blood pressure (BP) and raised fasting blood glucose.
Presence of three or more of these risk factors indicates
MS. It is also associated with a pro-thrombotic and a
pro-inflammatory state.2
The MS has reached epidemic proportions in
most countries.3 Prevalence of MS in USA has been
found to be 23.7%.4 It is becoming one of the major
health issues in developing countries including those of
Asia which increasingly have chronic noncommunicable diseases along with infectious diseases
and under-nutrition. Prevalence of MS in Pakistan
ranges between 18–46%.5 Metabolic syndrome was
found to be highly prevalent (77.2%) in an urban Indian
diabetic cohort with greater prevalence in women than
men.6
The increasing prevalence of MS is related to
increase in obesity due to increasing caloric
consumption and sedentary lifestyles.7,8 Excess
abdominal fat is more closely related to components of
MS than total body fat. This is specially the case in
Asian population, who may have a predisposition to
abdominal obesity.9 Insulin resistance is a common

underlying pathogenic mechanism. It has been
suggested that TG levels and TG/HDL-C ratio are
surrogate markers for insulin resistance.10 Also, multiple
products are released from white adipose tissue, which
have been implicated in development of MS. These
include: non-esterified fatty acids (NEFAs),
inflammatory cytokines, plasminogen activator
inhibitor-1 and resistin.11
Variants of a number of genes affecting lipid
and glucose metabolism, like the genes for β3-adrenergic
receptor, lipoprotein lipase and hormone sensitive lipase
may increase the risk of MS.12 Genetic predisposition
interacting with environmental influences could
plausibly lead to development of MS.13
It has been shown that MS and its components
are associated with higher risk of cardiovascular
diseases.14 CVD has become the leading cause of death
in many developing countries and 80% of worldwide
deaths from CVD occur in these countries.15
Thyroid hormones affect lipid metabolism,
carbohydrate metabolism, blood pressure and energy
homeostasis.16,17 Studies have given evidence of these
effects of thyroid hormones in thyroid disease and
recent data have suggested that there may be some
association between serum thyroid function in the
normal range and components of MS.18
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Thyroid-stimulating hormone (TSH) correlates
directly with insulin resistance, TG and indirectly with
HDL-C in subjects within normal thyroid function.19
Decreasing thyroid function in the normal range is
associated with occurrence of obesity and hence can
potentially contribute to the development of MS.20 TSH
levels were found to be significantly associated with MS
in post-menopausal Korean women, who had normal
thyroid function.21 A cross-sectional study on South
Indian patients demonstrated an association between
hypothyroidism (overt and sub-clinical) and MS and
showed that women with MS are at greater risk of
developing hypothyroidism.22
The above limited evidence indicates that
lower thyroid function in the reference range may be
associated with MS. We proposed to elucidate the
relationship of thyroid function with components of
metabolic syndrome in euthyroid Pakistani subjects.

MATERIAL AND METHODS
This was an analytical, cross-sectional study that
extended over a period of 12 months (from February
2009 to January 2010). It was conducted at the
Department of Physiology, University of Health
Sciences, Lahore, Pakistan. One hundred subjects with
MS comprised the study group and 30 subjects without
MS were in the control group. Age range was 45–55
years, both groups were clinically euthyroid and had
normal thyroid function. Three or more of the following
five criteria indicated MS2:
 Raised BP (systolic BP ≥130 mm Hg or diastolic BP
≥85 mm Hg) or drug treatment for raised BP.
 Central obesity (waist circumference ≥90 Cm in men
and ≥80 Cm in women).
 Raised fasting blood glucose (≥100 mg/dl) or drug
treatment for raised blood glucose.
 Raised serum TG (≥150 mg/dl).
 Low serum HDL-C (<40 mg/dl in men and <50
mg/dl in women).
Reference ranges for thyroid function tests23:
 Serum TSH: 0.465–4.68 mIU/l
 Serum free T4: 10–28.2 ρmol/l
Subjects with thyroid disease, those with
history of thyroid drug use, history of steroid use and
those who have had thyroid surgery were excluded from
the study. History was obtained from the subjects and
clinical examination was conducted. Systolic and
diastolic BP was measured after 5 minute rest. Waist
circumference was measured at the level of top of the
iliac crest in a horizontal plane, at the end of normal
expiration.2
Five ml of venous blood was drawn in the
morning after an overnight fast of 8–12 hours. Serum
was separated after centrifugation, aliquoted and stored
at a temperature of -80 °C until analysis.
Glucose level was measured on the day of
sample collection by glucose oxidase method using
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Microlab® 300 semi automated analyser. Serum TG and
HDL-C were measured by enzymatic-colorimetric
technique using kits by AMP Diagnostics in Metrolab®
2300 automated analyser. Serum TSH and free T4 levels
were measured by immunodiagnostic method using kits
by Ortho-Clinical Diagnostics, Johnson and Johnson,
High Wycombe, United Kingdom, in Vitros® EciQ
analyser. All subjects gave written informed consent to
participate in the study.
The data were analysed using SPSS-16.
Qualitative variables were expressed as percentage (%).
The non-normally distributed quantitative variables
were expressed as median (Interquartile Range: IQR)
and the normally distributed quantitative variable was
expressed as Mean±SEM. Chi-square test, MannWhitney U-test and independent-samples t-test were
applied to observe group differences. Spearman’s rank
correlation was applied to observe correlations, p<0.05
was considered as statistically significant.

RESULTS
There were no significant differences between the
median age of the study and control groups (p=0.671).
Distribution of men and women along with menopausal
status of the women in the study and control groups was
not significantly different (p>0.05). Significantly greater
number of subjects in the study group had history of
diabetes, raised BP and dyslipidemia (p<0.001). History
of CVD was present in 3% of study group subjects but
none in the control group. This difference was not
statistically significant (p=0.340). Subjects in the study
group had significantly higher family history of diabetes
and hypertension compared to the control group
(p=0.002 and 0.005 respectively). Abdominal obesity
was present in 94% of study group, and 66.70% of the
control group subjects. This difference was statistically
significant (p<0.001) (Table-1).
Median (IQR) waist circumference was
significantly greater in the study group as compared to
the control group (p=0.003). Median systolic BP,
diastolic BP and fasting serum glucose were
significantly higher in study group (p<0.001) when
compared to the control group. Median serum TG were
markedly higher in study group than in control group.
This difference was statistically significant (p<0.001).
Median (IQR) serum HDL-C in study group was 42.99
(38.11–48.22) mg/dl and in control group was 42.34
(38.14–56.23) mg/dl. This difference was not
statistically significant (p=0.270). Median serum
TG/HDL-C ratio was higher in study group compared to
control group. This difference was statistically
significant (p<0.001).
Median serum TSH was higher in study group
than in control group. This difference was statistically
significant (p=0.040). Mean±SEM serum free T4 values
of study group were 15.08±0.21 ρmol/l while those of
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control group were 15.17±0.38 ρmol/l. This difference
was not statistically significant (p=0.840) (Figure-1,
Table-1).
Serum TSH had statistically significant
positive correlation with serum TG but had statistically
insignificant correlation with HDL-C. The correlation in
all subjects, of serum TSH with waist circumference,
SBP, DBP and serum glucose was statistically
insignificant (Table-2).
Spearman’s rank correlation analysis in men
(n=56) showed statistically significant positive
correlation of serum TSH with waist circumference
and DBP, but no significant correlation was seen with
SBP, serum glucose, serum TG and serum HDL-C
(Table-3).
Spearman’s rank correlation analysis in
women (n=74) showed that serum TSH had statistically
significant positive correlation with serum TG but had
no significant correlation with waist circumference,
SBP, DBP, serum glucose and serum HDL-C (Table-4).
Serum TSH showed statistically significant
positive correlation with serum TG/HDL-C ratio in
study group but not in control group. Serum TSH had
statistically significant positive correlation with the
number of components of MS of all subjects. As TSH
values increased in a linear fashion, the number of
components of MS increased (Figure-2).
Table-1: Baseline characteristics of the study and
control groups
Study group Control group
p
(n=100)
(n=30)
48
49.00
Age (Years)
0.671
(46–51)
(46–52)
Male (%)
43
43.30
0.974
Gender
Female (%)
57
56.70
0.974
Post menopausal (%)
43.86
47.06
0.816
History of Diabetes/IGT (%)
71
0
<0.001***
History of raised BP (%)
89
13.33
<0.001***
History of dyslipidemia (%)
56
3.33
<0.001***
History of CVD (%)
3
0
0.340
Family history of diabetes (%)
46
16.67
0.002**
Family history of
34
10.00
0.005**
hypertension (%)
Abdominal Obesity (%)
94
66.70
<0.001***
98
90
0.003**
Waist Circumference (Cm)
(93.25–104) (84–100.5)
130
112.50
<0.001***
Systolic BP (mmHg)
(130–150) (110–121.25)
90
80
<0.001***
Diastolic BP (mmHg)
(80–90)
(70–80)
134.50
78
<0.001***
Serum Glucose (mg/dl)
(100.75–177.50) (73–86.5)
163.75
96.16
<0.001***
Serum TG(mg/dl)
(132.28–251.12) (75.98–152.35)
42.99
42.34
0.270
Serum HDL-C (mg/dl)
(38.11–48.22) (38.14–56.23)
4.17
2.45
<0.001***
Serum TG/HDL-C ratio
(2.84–6.02) (1.77–3.11)
1.80
1.61
0.040*
Serum TSH (mIU/l)
(1.14–2.32) (1.05–1.84)
15.08
15.17
0.840
Serum free T4 (ρmol/l)
±0.21
±0.38
Data are given as %, median (IQR) or Mean±SEM
*Significant at the 0.05 level, **Significant at 0.01 level,
***Significant at 0.001 level

Table-2: Correlation between serum TSH and
components of MS in all subjects
Serum TSH
Correlation
p
Coefficient
Waist Circumference (cm)
0.118
0.180
Systolic BP (mm Hg)
0.001
0.989
Diastolic BP (mm Hg)
0.100
0.255
Serum Glucose (mg/dl)
0.019
0.830
Serum TG (mg/dl)
0.282
0.001**
Serum HDL-C (mg/dl)
-0.167
0.057
**Significant at 0.01 level

Table-3: Correlation between serum TSH and
components of MS in men
Serum TSH
Correlation Coefficient
p
Waist Circumference (cm)
0.314
0.018*
Systolic BP (mm Hg)
0.121
0.374
Diastolic BP (mm Hg)
0.361
0.006**
Serum Glucose (mg/dl)
0.019
0.830
Serum TG (mg/dl)
0.150
0.269
Serum HDL-C (mg/dl)
-0.101
0.460
*Significant at 0.05 level. **Significant at 0.01 level

Table-4: Correlation between serum TSH and
components of MS in women
Serum TSH
Correlation Coefficient
p
Waist Circumference (cm)
0.001
0.991
Systolic BP (mm Hg)
-0.106
0.369
Diastolic BP (mm Hg)
-0.097
0.410
Serum Glucose (mg/dl)
-0.039
0.742
Serum TG (mg/dl)
0.345
0.003**
Serum HDL-C (mg/dl)
-0.210
0.072
**Significant at 0.01 level

Figure-1: Comparison of median (IQR) serum
TSH level of the study and control groups
(*significant at 0.05 level)

Figure-2: Correlation between TSH and number
of components of MS in all subjects
*Significant at 0.05 level
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DISCUSSION
Thyroid function affects lipid metabolism, carbohydrate
metabolism and blood pressure which are also affected
in MS.16,17 Studies have given evidence that thyroid
function is associated with MS in thyroid disease, and
recently a few studies have suggested that this
association may extend into the normal reference range
of thyroid function.18.
Serum TG and TG/HDL-C ratio, which are
surrogate markers for insulin resistance10, were
significantly elevated in study group compared to
control group. This indicates that the study group may
have greater insulin resistance than the control group.
Insulin resistance is said to be a common underlying
abnormality in MS.11 Roos et al18 and Fernandez et al24
demonstrated that TSH is associated with insulin
resistance. Our study supports this observation.
In our study, TSH levels significantly
positively correlated with waist circumference in men.
Thyroid hormones affect thermogenesis16 and body
energy expenditure, so a lower thyroid function (free T4)
may potentially lead to obesity and associated increased
waist circumference. Roos et al18 showed a positive
relationship of low normal thyroid function with waist
circumference in both men and women.
Our study also showed that TSH levels
significantly positively correlated with DBP in men.
Low thyroid function can increase peripheral vascular
resistance and activate the sympatho-adrenal system,
leading to increase in BP, particularly DBP.17 In the
study by Park et al21, correlation analysis showed a
positive relationship of TSH with BP, in
postmenopausal women.
In our study, TSH levels significantly
positively correlated with TG levels in all subjects. This
may be due to impaired lipolysis which accompanies
increased TSH levels.19 This confirms the finding of
Fernandez et al.24 However, Kim et al25 showed that low
normal thyroid function (free T4) is negatively related to
TG levels. The present study also showed positive
correlation of serum TSH with serum TG in women.
Park et al21 showed similar finding in women but their
subjects were postmenopausal, while our study included
both pre- and postmenopausal subjects. Our study
showed no correlation of serum TSH with serum HDLC. Other studies18,21,26 have also shown that thyroid
function (free T4 or TSH) is not related to HDL-C. Our
study also showed that free T4 correlated inversely with
TSH, as expected. This is in keeping with the findings
of Fernandez et al.24
Our study showed that TSH was significantly
higher in the subjects with MS compared to those
without MS. Free T4 levels were not significantly
different between the study and control groups. Park et
al21 also showed that TSH was associated with MS, but
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that study was done in postmenopausal women and did
not include a control group.
Thyroid-stimulating
hormone
correlated
positively with waist circumference and DBP in men,
with TG in women, and in all subjects. So the
relationship between TSH and MS and its components
was different according to gender. This has also been
shown in a previous study done in Chinese population.25
Our study has demonstrated that thyroid
function decreased as the number of components of MS
increased. This implies that subjects with lower thyroid
function had greater number of components of MS.
Therefore thyroid function in the low-normal range was
related to increased presence of MS. A relationship
between thyroid function (free T4) and number of
components of MS was shown by Lin et al in Chinese
population.26 Our study has shown a similar relationship
but with thyroid function parameter of TSH instead of
free T4.
A higher history of CVD was seen in the study
group compared to the control group, but the difference
was insignificant and a relationship between TSH and
CVD was not demonstrated. A prospective study
including a large cohort may show a relationship of
TSH with CVD.27
Thyroid-stimulating hormone is a much more
sensitive indicator of thyroid function than thyroxine.
Even very small changes in thyroid hormone levels lead
to marked shift in TSH level. This would explain the
presence of a relationship of MS with TSH but not with
thyroxine in our subjects.28
There were several possible reasons for the
presence of the positive relationship between lownormal thyroid function (high-normal TSH) and MS.
One possibility was that low-normal thyroid function
may have led to development of MS. Insulin resistance,
which is said to be an underlying abnormality in MS, is
enhanced by lower thyroid function. It has been
demonstrated that thyroid hormones activate and
stimulate the expression of some important candidates
for regulating insulin sensitivity, including uncoupling
protein, β-2 adrenergic receptor and peroxisome
proliferator-activated receptor γ.24,26 The stimulation of
insulin sensitivity by thyroid hormones may only occur
in the physiological range of thyroid function and
hyperthyroidism could reduce insulin sensitivity.26,29,30
Another plausible explanation could be that a
pathogenic abnormality of MS leads to low thyroid
function.26 Chronic inflammation has been proposed to
be an important factor in the aetiology of insulin
resistance and MS. Increased inflammatory cytokine
levels including those of IL-6 and TNF-α were found
in subjects with obesity and MS11,26 Study by Shantha
et al22 on South Indian subjects showed that subjects
with MS, who had sub-clinical hypothyroidism had a
significantly elevated inflammatory marker (high
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sensitivity C reactive protein). In non-thyroidal illness,
inflammatory cytokines suppressed thyroid function
by acting at the hypothalamic-pituitary or thyroid
level.26,31 Chronic inflammation in our subjects with
MS may have suppressed their thyroid function.
The relationship between thyroid function and
MS could be indirect, through a common underlying
factor, which may have led to simultaneous changes in
thyroid function and in components of MS. This factor
could be genetic24,25 or environmental.24,25,32,33
Our study has limitations. It is cross-sectional
in design, so a causal relationship between low-normal
thyroid function and MS cannot be ascertained. The
sample size is small. Direct measures of insulin
resistance were not undertaken in this study. However
MS is a well known clinical expression of insulin
resistance, which we studied. We also determined serum
TG and TG/HDL-C ratio, which are recognised
surrogate markers for insulin resistance. Systemic
inflammatory markers like IL1, IL6 and TNF-α were
not measured. We did not measure, blood triiodothyronine levels, the active form of thyroid
hormone in tissues.34 Tri-iodothyronine acts in
association with insulin to modulate glucose and lipid
homeostasis.35

CONCLUSIONS
Our results showed significantly higher serum TSH
levels in subjects with MS compared to those without
MS. Serum TSH correlated positively with components
of MS. High-normal TSH is associated with MS and its
components. There may be increased cardiovascular
risk with high-normal TSH.
Future larger studies should also include direct
measures of insulin resistance along with determination
of inflammatory markers and blood tri-iodothyronine
levels to further elaborate the relationship between
thyroid function and MS.
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