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Introduction
Cardiovascular diseases (CVDs) such as coronary heart 
disease and stroke are the largest causes of death in 
developing countries and one of the main contributors of 
disease burden.[1,2] Hypertension increases the attendant 
risks of heart disease stroke and is the major cause of 
morbidity and mortality due to CVDs.[3] More than a 
quarter of the world’s adult population had hypertension 

in the year 2000 and is projected to increase by 29% in 
2025.[4] Hypothyroidism is a listed cause of secondary 
hypertension.[5,6] A high prevalence of hypertension was 
shown in hypothyroid patients above 50 years of age.[7] 
However, hypothyroidism as a cause of hypertension 
has often been overlooked, with the prevalence ranging 
from 0-50% owing to the variation in ethnicities, age 
groups, different ranges of hypothyroidism, the range 
of systolic blood pressure  (SBP) and diastolic blood 
pressure (DBP) considered as criteria.[8] Using the World 
Health Organization’s (WHO) criteria for hypertension, 
namely blood pressure (BP) greater than 160/95mm Hg; 
the prevalence of hypertension in the hypothyroidism is 
3 times that of age–matched euthyroid patients.[7]

Epidemiological studies in India have shown that 
hypertension is present in at least 25% of urban and 
10% of rural adult populations.[9] Some recent studies 
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from Jaipur reported a 36.9% prevalence of hypertension 
in the urban population of Jaipur.[10] However, there 
is gross dearth of epidemiological, cross–sectional 
and correlative data for non–communicable diseases 
like hypertension, diabetes mellitus  (DM) etc., from 
Jodhpur region, the second most populous town of 
Rajasthan. The prevalence of various forms of secondary 
hypertension depends upon the nature of the population 
studied and how extensive the evaluation is. There are 
no available data to define the frequency of secondary 
hypertension in the general population, although in 
middle aged males it has been reported to be 6%.[11] 
Despite the widespread efforts to improve education 
and enhance public awareness, about 33% of the persons 
with hypertension are still undiagnosed and about 
50% of those diagnosed are adequately controlled.[12] 
Thus, intensive efforts are needed by the public health 
planners to diagnose the hypertensive patients at an 
early stage and initiate treatment especially in diseases 
like hypothyroidism, which are important causes of 
undiagnosed hypertension.

Identifying novel biomarkers would help an early 
diagnosis of hypertensive patients and prove to be 
important in patient care, management and prevent severe 
clinical outcomes like coronary artery disease  (CAD), 
CVDs, stroke etc.

An ever increasing frequency of hypertensive 
hypothyroid patients reporting to our outpatient clinics 
implored us to explore the biochemical frontiers that 
may associate with the raised BP in these patients as an 
easy, non invasive way to manage the patients early on.

Materials and Methods
The current study was conducted as a part of three year Ph. 
D research program. The study protocol was approved by 
the institutional ethics committee. We planned to screen 
the newly diagnosed hypothyroid patients reporting 
to the outpatient endocrinal clinics, with biochemical 
parameters that are important independent markers of 
CVD risk and to correlate them with SBP and DBP for a 
possible risk of CVD due to hypertension. We included 
250 age matched  (age – 47  ± 12.5 years) subjects  (100 
healthy controls  [HC]–50  females and 50  males, 150 
hypothyroid–110  females and 40  males)  [Table  1 and 
Figure 1].

Selection of HC
We selected the HC from outdoor patients who reported 
with complains like pain abdomen, fever, general 
seasonal illnesses but were found to have no disease and 
did not have hypertension, DM, CVDs etc., Such patients 
were informed of the type of study and they volunteered 

for it. These subjects were screened for thyroid function 
and were euthyroid.

Selection of hypothyroid patients
The hypothyroid patients were selected randomly 
from those reporting to the endocrine clinics during 
the study duration with complains of weight gain 
and hypertension. Such patients were screened for 
thyroid function and on finding to be hypothyroid were 
selected for the study and the remaining parameters 
done with them. There were a higher percentage of 
females reporting with hypothyroidism than males. 
The hypothyroid patients selected in the study were age 
matched with the HC [Table 1 and Figure 1]

Inclusion criteria
Patients should be:
1.	 Age matched
2.	 Have typical hypothyroid symptomatology, 

confirmed by evaluating triiodothyronine  (T3), 
thyroxine (T4), thyroid stimulating hormone (TSH).

3.	 Overt hypothyroid (TSH > 10 µIU/ml)

Figure 1: Age-wise distribution of healthy controls and hypothyroid 
patients 

Table 2: BMI of healthy controls and hypothyroid patients
Subjects Males 

Mean±S.D. 
(kg/m[2])

Females 
Mean±S.D. 

(kg/m[2])

P value 

Healthy controls 20.38±3.15 22.16±3.33 <0.0001* 
Hypothyroid  28.7±4.44 28.73±5.12 <0.0001*
*HS: Highly significant

Table 1: Age distribution of healthy controls and 
hypothyroid patients
Subjects Age (Mean±S.D.) P
Hypothyroid females 44.63±11.30 0.81*
Hypothyroid males 45.44±10.17
Healthy control females 47.58±9.45 0.27*
Healthy control males 45.44±10.17
* NS: Non significant
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Exclusion criteria
Patients should not be:
1.	 Pre diagnosed hypothyroid to rule out the effect of 

drugs.
2.	 Diagnosed diabetics taking drugs or insulin.
3.	 Taking anti‑hypertensive/diuretics/hypolipidemic 

drugs.
4.	 Have any other secondary cause of hypertension.
5.	 Should be non–smoker and non–tobacco chewer.

The weight of subjects was taken in light clothing and 
height without shoes for calculating body mass index (BMI). 
Clinical examination of patients was done and SBP – DBP 
recorded in sitting position by auscultatory method. Patients 
were considered hypertensive based on the Joint National 
Committee (JNC – 7) on Prevention, Detection, Evaluation, 
and Treatment of High Blood Pressure (as > 139/89 mm 
of Hg.) Biochemical analysis of fasting blood samples was 
done using fully automated analyser (Chemwell, Ark Co.)
1.	 Fasting blood sugar (FBS) – enzymatically
2.	 Thyroid function tests (TFT) (T3, T4, TSH) – by solid 

phase sandwich ELISA.

The detection limit of the Biomerica TSH ELISA 
‑0.03µIU/ml; sensitivity of T4 –0.05µg/dl and T3 0.2 ng/ml.
1.	 Insulin  –  by ELISA  (solid phase sandwich 

ELISA – Magiwel Co. sensitivity < 1.5 µIU/ml and 
minimal detectable concentration ‑ 0.5 µIU/ml.

2.	 C  –peptide  –  by ELISA by solid phase sandwich 
ELISA – Magiwel Co. sensitivity < 0.3 ng/ml.

3.	 Insulin resistance  (IR) was calculated by using 
the Homeostasis model assessment insulin 
resistance (HOMA – IR) formula –

Fasting IR =

Fasting blood glucose mmol l  
 Fasting insuli

/( )
× nn IU ml

22 5
µ /

.
( ) � (1)

[Fasting glucose in mg/dl is converted into mmol/l by 
multiplying with conversion factor of 0.05551]

•	 Lipid profile – enzymatically.
•	 A p o  p r o t e i n s  a p o   – B  a n d  a p o – A 1 –

Immunoturbidimetrically (DAIICHI)

Statistical analysis
The data were expressed as mean  ± SD. Statistical 
analysis was done using the unpaired t–test to find 
out the significance and compare the mean values of 
male and female and HC and hypothyroid patients. 
The Spearman’s coefficient of correlation assessed the 
significant  [S] or non  –  significant correlation  [NS] of 
the various biochemical parameters with hypertension 
in the HC and hypothyroid adults. The statistical 
evaluations were done using computer software from 
www.graphpad.com. P p < 0.05 were considered as [S] 
and the P > 0.05 were considered as [NS].

Results
There was a female preponderance  (73.3%) among 
the hypothyroid patients. BMI of hypothyroid female 
patients was significantly raised as compared with the 
males. [Table 2] Of the total hypothyroid patients, 43.99% 
were hypertensive in the current study; with diastolic 
hypertension as compared to the HC [Table 3].

The gender based analysis of hypertension has shown 
a  [NS] difference amongst the male and female 
counterparts in both HC and hypothyroid patients (with 
an exception of higher DBP in the hypothyroid males 
than in females) [Table 4].

Furthermore, the biochemical parameters of the 
hypothyroid patients showed grossly deranged 
TFT, hyperglycaemia, hyperinsulinemia and raised 
C – peptide levels [Table 5]. The hypothyroid patients 
were observed to be highly insulin resistant. There 
was a deranged lipid profile in the hypothyroid 
patients, with hypercholesterolemia characterised by a 
significantly raised levels of cholesterol and cholesterol 
rich lipoproteins and raised atherogenic apo –B levels 
and reduced cardio – protective apo – A1. The CVD risk 
of hypothyroid patients was higher than HC as the TC/
HDLc and apo – B/apo –A1 ratios were significantly 
raised.

The gender based biochemical profiles helped rule out 
the effect of female gender preponderance as there 

Table 3: Blood pressure of healthy controls and 
hypothyroid patients
Blood pressure Healthy controls Hypothyroid P value 
SBP (mm Hg) 115.10±3.87 132.60±12.18 <0.0001*
DBP (mm Hg) 78.32±3.64 88.79±8.02 <0.0001*
*HS: Highly significant; SBP: Systolic blood pressure;  
DBP: Diastolic blood pressure

Table 4: Blood pressure of healthy controls and hypothyroid patients based on sex
Blood pressure Healthy control 

males
Healthy control 

females
P value Hypothyroid 

males
Hypothyroid 

females
P value

SBP (mm Hg) 115.48±3.81 114.72±3.93 0.32* 135.64±12.39 131.47±12.02 0.06*
DBP (mm Hg) 78.72±3.52 77.92±3.75 0.27* 91.03±8.01 87.91±7.89 0.03**
SBP: Systolic blood pressure; DBP: Diastolic blood pressure; * NS: Non significant; ** S: Significant
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was [NS] difference in all the biochemical parameters. 
Thus, the females, though higher in number, did not 
influence the overall results owing to comparable 
biochemical profiles [Table 6].

Correlative analysis
There was a  [NS] association of SBP and DBP with 
various CVD risk factors in HC [Table 7]. However, in the 
hypothyroid patients there was a strong association of SBP 
and DBP with – serum insulin, HOMA – IR, C – peptide 
and with TC/HDLc. There was a  [NS] and negative 
association of BMI with SBP and DBP of hypothyroid 
patients and a [NS] but positive association of CVD risk 
ratio apo –B/apo –A1 with SBP and DBP [Table 8].

There was an associated rise of BP and other CVD 
risk parameters with the severity of hypothyroidism 
as shown by linear regression of serum TSH with 
SBP, DBP, HOMA  –  IR, TC/HDLc and apo  –  B/
apo – A1 [Figure 2a‑e].

Discussion
Hypertension is a major risk factor for CVDs and on 
better control can lead to prevention of 300,000 of the 
1.5 million annual deaths from CVDs in India.[11] Our 
observations in the current study of hypothyroid female 
preponderance and a typically raised BMI  (more in 
females than males) than the HC is in‑sync with many 

Table 5: Biochemical profile of healthy controls and 
hypothyroid patients
Biochemical 
profile

Healthy 
controls

Hypothyroid P value

T3 (µg/ml) 1.25±0.39 0.47±0.21 <0.0001*
T4 (µg/ml) 7.85±5.69 3.17±1.35 <0.0001*
TSH (µIU/ml) 2.10±1.33 32.61±20.96 <0.0001*
FBS (mg/dl) 83.53±11.23 142.49±65.07 <0.0001*
Insulin (µIU/ml) 16.73±4.24 41.78±23.27 <0.0001*
HOMA – IR 3.33±0.78 17.29±15.61 <0.0001*
C – peptide (ng/dl) 1.46±1.08 3.45±1.93 <0.0001*
T.Chol (mg/dl) 177.99±17.57 213.50±38.95 <0.0001*
TG (mg/dl) 128.32±22.42 187.91±39.12 <0.0001*
HDL (mg/dl) 41.43±5.29 42.99±4.70 0.0094**
LDLc (mg/dl) 111.31±17.09 132.09±34.90 <0.0001*
apo – A1 (mg/dl) 140.75±10.20 139.76±17.40 0.0014**
apo – B (mg/dl) 82.90±10.94 175.58±34.56 <0.0001*
T.Chol./HDLc 4.34±0.54 5.03±1.13 <0.0001*
apo–B/apo–A1 0.59±0.08 1.29±0.34 <0.0001*
* NS: Non–significant; ** VS: Very significant; T3: Triiodothyronine, 
T4: Tetraiodothyronine; TSH: Thyroid stimulating hormone; FBS: Fasting 
blood sugar; HOMA: IR: Homeostasis model assessment insulin resistance; 
T.Chol: Total cholesterol; TG: Triglycerides; HDL: High density lipoprotein; 
LDLc: Low density lipoprotein; apo: A1: Apoprotein A1; apo-B: Apoprotein 
B; T.Chol./HDL: Total cholesterol to HDL ratio; apo B/apo A1: Apo B to apo 
A1: ratio

Figure 2: (a) Correlation of serum TSH with SBP in Hypothyroid 
patients. (b) Correlation of serum TSH with DBP in Hypothyroid 
patients. (c) Correlation of serum TSH with HOMA – IR in 
hypothyroid patients. (d) Correlation of serum TSH with TC/HDLc 
in hypothyroid. (e) Correlation of serum TSH with apo – B/ apo – A1 
in hypothyroid patients

d

c
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a
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workers.[13,14] Raised BMI in itself is an independent cause 
of hypertension[15] and CVDs. A  higher percentage of 
hypothyroid patients presented specially with diastolic 
hypertension.[7] Biochemically, these patients showed 
fasting hyperglycaemia, hyperinsulinemia, raised 
HOMA – IR, C – peptide, grossly atherogenic dyslipidaemia 
with the raised levels of TC, triglycerides (TG), low density 
lipoprotein (LDLc), high density lipoprotein (HDLc) and 
apo – B and reduced apo – A1.[16‑20]

Hyperinsulinemia, as observed in the current study, is an 
independent cause of CVDs because raised insulin levels:
1.	 Are unable to stimulate release of nitric oxide (NO) 

from endothelial cells which causes hypertension.
2.	 Have been shown to enhance the sympathetic activity.
3.	 Have been shown to cause sodium retention.

According to an estimate, approximately 25–47% 
of patients with hypertension present with IR or 
impaired glucose tolerance (IGT). A number of putative 
mechanisms[21] have been proposed, that IR or reactive 
hyperinsulinemia, or both, actually cause hypertension 
and the recent observations that insulin sensitizing 
agents attenuate the development of hypertension 
lend credence to this hypothesis.[22] Furthermore, 
the significantly raised values of C–peptide in the 
hypothyroid patients observed in current study and 
several others[23‑28] suggests a compensating state for the 
hyperglycemia, achieved by an increased conversion 
of proinsulin to Insulin and C–peptide. The raised C–
peptide in hypothyroid patients has been shown to 
enhance the turnover of serum TSH,[29] deteriorating the 
hypothyroid state further.

Hypothyroidism has been generally considered 

Table 6: Biochemical profile based on sex of healthy controls and hypothyroid patients
Biochemical profile Healthy controls P value Hypothyroid P value

Females Males Females Males
T3 (µg/ml) 1.28±0.4 1.22±0.38 0.49* 0.48±0.22 0.44±0.20 0.38*
T4 (µg/ml) 8.77±7.69 6.93±2.15 0.10* 3.16±1.21 3.04±1.21 0.60*
TSH (µIU/ml) 1.97±1.38 2.23±1.29 0.33* 33.14±22.72 31.61±15.13 0.69*
FBS (mg/dl) 85.12±11.24 81.94±11.11 0.15* 140.52±63.99 149.18±68.89 0.4*
Insulin (µIU/ml) 16.50±4.6 16.96±3.89 0.58* 41.72±23.6 41.54±22.8 0.96*
HOMA–IR 3.39±0.89 3.27±0.65 0.46* 16.99±15.39 18.22±16.60 0.67*
C–peptide (ng/dl) 1.54±1.50 1.38±0.32 0.44* 3.46±1.97 3.39±1.85 0.85*
T.Chol (mg/dl) 176.07±16.0 179.91±18.98 0.27* 213.33±41.57 213.51±31.36 0.98*
TG (mg/dl) 126.49±23.1 130.16±21.79 0.41* 184.97±40.38 196.77±34.72 0.1*
HDL (mg/dl) 41.18±5.6 41.68±5.01 0.63* 42.75±4.83 43.79±4.25 0.23*
LDLc (mg/dl) 110.41±17.9 112.19±16.39 0.60* 133.48±37.57 130.52±26.43 0.65*
apo–A1 (mg/dl) 139.10±10.99 142.40±9.17 0.10* 139.75±17.08 140.55±18.07 0.8*
apo–B (mg/dl) 80.04±9.11 85.77±11.93 0.008** 178.63±31.14 170.98±31.73 0.19*
T.Chol./HDLc 4.33±0.58 4.35±0.51 0.88* 5.06±1.22 4.91±0.83 0.46*
apo–B/apo–A1 0.57±0.07 0.60±0.08 0.11* 1.3±0.34 1.24±0.34 0.35*
* NS: Non–significant; ** VS: Very significant; T3: Triiodothyronine; T4: Tetraiodothyronine; TSH: Thyroid stimulating hormone; FBS: Fasting blood sugar; 
HOMA–IR: Homeostasis model assessment insulin resistance; T.Chol: Total cholesterol; TG: Triglycerides; HDL: High density lipoprotein; LDLc: Low density 
lipoprotein; apo–A1: Apoprotein A1; apo–B: Apoprotein B; T.Chol./HDL: Total cholesterol to HDL ratio; apo B/apo A1: Apo B to apo A1=ratio.

Table 7: Correlative analysis of systolic blood pressure 
and diastolic blood pressure with potential cardiovascular 
diseases risk factors in hypothyroid patients

SBP DBP
BMI r=−0.103 P=0.2* r =−0.115 P=0.159*
Insulin r=0.215 P=0.0078*** r=0.226 P=0.0053***
HOMA–IR r=0.207 P=0.010** r=0.217 P=0.0074***
C–peptide r=0.195 P=0.016** r=0.205 P=0.0116**
T. Chol/
HDL

r=0.248 P=0.0021** r=0.270 P=0.0008****

apo‑B/
apo‑A1

r=0.099 P=0.226* r=0.067 P=0.413*

*NS: Non – significant; **S: Significant; ***VS: Very significant;  
****HS: Highly significant; BMI: Body mass index;  
HOMA – IR : Homeostasis model assessment insulin resistance; T.Chol./
HDL: Total cholesterol to HDL ratio, apo B/apo A1: apo B to apo A1=ratio; 
SBP: Systolic blood pressure; DBP: Diastolic blood pressure

Table 8: Correlative analysis of systolic blood 
pressure and diastolic blood pressure with potential 
cardiovascular diseases risk factors in healthy controls

SBP DBP
BMI r=0.112 P=0.92* r=0.0112 P=0.92*
Insulin r=0.039 P=0.7* r =−0.159 P=0.13*
HOMA–IR r=0.056 P=0.62* r =−0.047 P=0.64*
C–peptide r=0.129 P=0.23* r =−0.009 P=0.92*
T. Chol/HDL r=0.060 P=0.55* r=0.055 P=0.58*
apo‑B/apo‑A1 r=0.03 P=0.76* r=0.038 P=0.70*
*NS: Non–significant; BMI: Body mass index; HOMA–IR: Homeostasis 
model assessment insulin resistance; T.Chol./HDL: Total cholesterol to HDL 
ratio, apo B/apo A1: apo B to apo A1=ratio; SBP: Systolic blood pressure; 
DBP: Diastolic blood pressure
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as CVD risk factor in majority of studies, mainly 
because of its association with elevated serum TC and 
LDLc as observed in current study. Dyslipidaemia 
in hypothyroidism probably results from reduced 
catabolism of lipoproteins, a phenomenon that may 
be explained by a decreased expression of lipoprotein 
receptors.[30,31]

The dyslipidaemia in the hypothyroid patients worsens 
by an associated IR,[21] and IR is the major abnormality 
driving CVDs owing to the fact that insulin resistant fat 
cells do not store TGs and thus initiate dyslipidaemia. 
Furthermore, the IR at the level of adipose tissue leads 
to a high rate of exchange of TGs between very low 
density lipoprotein (VLDL) and HDLc, such that the TG 
rich HDLc particles are unable to retain their apo ‑ A1 
and clears via the renal tubules, reducing the levels of 
apo –A1 and the reverse cholesterol transport. Also the 
cholesterol esters  (CEs) rich VLDL particle gradually 
transform to the small dense LDL particles, which are 
richer in cholesterol and more prone to oxidation posing 
a greater threat of CVDs.

A strong association of HOMA–IR in hypothyroidism 
with serum lipids like TC, TG, LDLc, HDLc and apo – B 
in the hypothyroid patients adds up to their risk of 
CVDs.[21,23]

The correlation of SBP and DBP with insulin and 
IR in the hypothyroid patients of the current study 
suggests a rise in both, with the deterioration of 
the IR state in hypothyroidism, probably due to the 
volume – dependent hypertension.[22]

An association of SBP and DBP with C–peptide in these 
hypothyroid patients further indicates rise of both 
SBP and DBP with progressing hypothyroidism and 
emphasizes the enhanced risk of CVD due to IR with 
a deteriorating state of hypothyroidism. The strong 
association of the SBP and DBP with the CVD risk ratio 
TC/HDLc of the hypothyroid patients’ hints raised CVD 
risk in the hypothyroid patients with a worsening of 
hypertensive state.

Conclusion
An enhanced CVD risk in the newly diagnosed 
hypothyroid patients of Jodhpur region was due to 
the strong association of SBP and DBP with CVD risk 
factors. The study suggested that a routine screening 
of the newly diagnosed hypothyroid patients, not 
only traditional lipid profile but also FBS, insulin, IR, 
C – peptide, apo – B and A1 as important markers of 
CVD risk for managing the hypothyroid patients early 
and preventing progression into high risk category for 
CVDs.

Limitation
The study provides important correlative data of 
various biochemical parameters and hypertension in 
the hypothyroid patients; however we included only 
the overt hypothyroid patients and left out subclinical 
hypothyroids  (SCHs), which form a very important 
chunk of the thyroid disorder patients. Thus, further 
studies including the SCHs should be performed. 
Besides the study is an observational study and not a 
controlled study therefore further studies designed as 
controlled studies maybe performed for standardizing 
the correlative analysis observed in the current study.
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