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Introduction: The benefits of treating subclinical hypothyroidism are currently under debate, prevention of adverse cardiac events purporting
to be one of the main benefits. The effect of subclinical hypothyroidism on the cardiovascular health of the Indian sub-population is largely
unknown. This study was designed to examine these effects and to help guide treatment of this disorder. Methods: A cross-sectional adult
population survey was carried out in urban coastal area of central Kerala. 986 volunteers underwent complete biochemical and physical
examinations, 110 were found to have subclinical hypothyroidism (8.9%). The ten-year risk of an adverse cardiac event, was calculated using
the Framingham score algorithm. Eligible subclinical hypothyroid subjects (N = 110) and a randomly selected, age and gender matched control
group (N = 220) were compared. Results: This population was found to have high baseline levels of diabetes 19.5%, hypercholesterolemia
57.2% and systolic hypertension 24.6%. No association was found between subclinical hypothyroid status or rising TSH and Framingham 10-
year risk. While no difference between groups was noted with respect to lipid profile, a rising TSH was found to be significantly correlated with
mild worsening of the lipid profile. A significant positive correlation was found between skinfold thickness and TSH. Conclusions: Subclinical
hypothyroidism is not a contributing factor to elevated Framingham risk in this population, and while a mild effect was observed on the lipid
profile, its effect is unlikely to be clinically relevant. We hypothesize that in this population a genetic component may be responsible for the
uniquely high rates of metabolic syndrome and other endocrine diseases.

Keywords: Atherosclerosis, cardiovascular diseases, dyslipidemia, hypothyroidism, India, thyroid gland

INTRODUCTION 20 years. Westernization of diets and increase in sedentary
work along with other lifestyle shifts are possibly responsible
for its current epidemic of lifestyle diseases, the prevalence
of cardiovascular disease being comparable to or exceeding
Western countries.®! Further adding to the cardiovascular
burden of this population is the high prevalence of type
two diabetes in this population (19.5% vs. 9.3% in the US)
highlighting the effect of probable environmental and genetic
factors.!®! Furthermore, in data previously published by this
group, Kerala has been documented to have a much higher
prevalence of thyroid conditions than elsewhere (around 10%),
despite being an iodine-sufficient population,!” population data
from the United Kingdom, in the Wickham Study showed a

Disorders of the thyroid, both diverse and increasingly common,
affect several aspects of health, including major detrimental
effects on the cardiovascular system, such as the lipid profile
and blood pressures. Cardiovascular disease accounts for the
largest share of mortality in developed nations and increasingly
in developing countries. Numerous studies have shown the
negative effect of overt hypothyroidism on factors contributing
to cardiac health such as, body mass index (BMI), lipid profile,
blood pressures, endothelial function, and left ventricular
function [Figure 1].1'! Most large studies show the prevalence
of subclinical hypothyroidism at 5-10 times?* that of overt
hypothyroidism and yet less is known about this disorder of
often protean manifestations, of note is the lack of consensus
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economic, social, and cultural development in the last
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Postulated Mechanisims of Increased Cardiovascular Risk in Subclinical Hypothyroidism
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Above figure illustrates current postulated mechanisms underlying the cardiovascular effects of sub-clinical hypothyroidism. Also
shown is the relation to the Framingham score, and other parameters measured in this study.
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Figure 1: Postulated mechanisms of cardiovascular effects of subclinical hypothyroidism and its relation to study design

prevalence of around 4%. High background radiation due
to thorium-containing monazite sands or high intake of
cyanogenic glycosides found in local tapioca crops are often
proposed as explanations; however, scientific data supporting
these hypotheses are scant.

The Framingham risk score is one of the most widely used
tools in estimating cardiovascular risk. A revised score
calculator has been prepared by D’Agostino ef al. and is
used to calculate the person’s 10-year risk percentage based
on the risk factors and standard physical and biochemical
measurements.!® Parameters include the patients age, gender,
systolic blood pressure, total cholesterol, high-density
lipoprotein (HDL) cholesterol, use of hypertensive
medication, tobacco, and a diagnosis of diabetes. While
studies have shown the impact of hypothyroidism on
cardiovascular health, sparse data exists regarding
subclinical hypothyroidism and the risk score, and consensus
has been difficult to achieve regarding the implications of its
overall cardiovascular effects. It is noted that while, the risk
score per se is not validated in the subclinical hypothyroid
population, its individual parameters are precisely those
which are hypothesized to contribute the most to the excess
cardiac morbidity and mortality.

Subclinical hypothyroidism is postulated to affect the
Cardiovascular system in several ways [Figure 1]. Perturbation
of the lipid profile is thought to be due to effects of an
altered adipokine profile on low-density lipoprotein (LDL)
receptor affinity and lifespan, and inadequate T3-mediated
signaling leading to lower levels of cholesterol ester transfer

protein which is responsible for LDL to HDL conversion.!!
Decreased nitric oxide production and sensitivity of vascular
endothelial cells, along with decreased thermogenesis, are
thought to be partly responsible for the elevated systemic
vascular resistance seen. Those factors along with altered
myocyte intracellular calcium handling leading to cardiac
diastolic dysfunction are postulated to be responsible for the
increased morbidity due to congestive heart failure seen.!'”
Endothelial dysfunction along with altered pro/anticoagulant
factors are considered most likely to be the cause of increased
risk of embolic events.

Western studies such as those done by Rodondi ez al. have shown
aslight increase in cardiac morbidly and mortality associated with
subclinical hypothyroidism;!"" however, other studies, such as
those focusing on the elderly have disagreed.!' A large majority
of Western studies have shown an elevation in total cholesterol
and triglycerides.[') However, regarding Asian populations,
literature is lacking, and available literature has not come to a
consensus regarding the impact if any on cardiovascular health
profile. Several studies, for example, Choi JK ef al. in Koreal'¥]
and several studies from the Indian subcontinent show lack and
presence of!'>"1"] negative impacts on cardiac health.

Given an apparent genetic susceptibility to coronary heart
disease in the South Asian population,!"¥! and the uniquely
high rates of thyroid disease in Kerala, this begs the question,
whether subclinical hypothyroidism is a significant contributing
factor to the high rates of cardiovascular morbidity in this
community? Could subclinical hypothyroidism represent a new
modifiable risk factor for cardiac disease? The present study
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is conducted as part of the community-based Amrita Diabetes
and Endocrine Population Survey (ADEPS). Its intent being
to investigate the effect of endocrine and metabolic factors on
the community health of Kerala, here particularly to evaluate
the effect of subclinical hypothyroidism on the cardiovascular
health this population.

MareriaLs AND METHODS

Data collection

The data used was obtained as part of the ADEPS, which was
conducted in three randomly selected areas of the Ernakulam
district of Kerala. Data was obtained from community-dwelling
volunteers. The aim of the study is to investigate both diabetes
and endocrine conditions, the ideal sample size was estimated
based on an expected prevalence of 4% for endocrine conditions;
thus, a sample size of 3000 was required to have a type 1 error of
0.05 and allowable error around of 20%. Wards were considered
as the primary sampling focus and were sampled using cluster
sampling as per the WHO methodology. Fifty clusters of 7 houses
each were visited, and at the end of the first phase, 931 houses
and 3069 adults had been logged.

Ultimately 32% of the population who underwent the survey
participated in further workup. The demographic profile of the
second phase was generally similar to those in the first phase,
with a slight skew to older age. Investigations in the second phase
included physical evaluation and biochemical investigations.
A medical doctor verified medical history and performed physical
examinations. Biochemical investigations included glucose
tolerance tests, plasma glucose, thyroid function tests, lipid
profile, electrolyte measurements, and blood counts, along with
a host of other metabolic tests including liver function tests, urea,
and creatinine estimation.

Definitions and tools

We defined subclinical hypothyroidism as a thyroid-stimulating
hormone (TSH) level of >4.2 ulU/ml and free T, between 1.8
ng/ml and 0.8 ng/ml. Diabetes was defined per the current
WHO Criteria of fasting glucose greater than 126 mg/dl and
2 h postprandial of more than 200 mg/dl. Persons with blood
sugars within normal range but on medication for diabetes
were also considered as diabetic. Hypertension was defined
as a sitting systolic blood pressure of >140 mm/Hg and/or
diastolic >90 mm/Hg. Hypercholesterolemia was defined as
fasting serum total cholesterol of >200 mg/dl.

The 2011 Framingham cardiovascular risk scoring system
as set out by D’Agostino ef al. was used for analyzing the
cardiovascular risk in persons between 30 and 75 years of age.
The 10-year risk score of the patient was received as the outcome
from the algorithm.

Methodology

Our case group consisted of 110 eligible subclinical hypothyroid
patients, who satisfied our definition of biochemical evidence of
subclinical hypothyroidism. Exclusion criteria included treatment
for hypothyroidism, history of previous thyroid conditions, and

pregnancy. An age and gender-matched control group (n = 220)
was created from randomly selected patients with normal thyroid
function tests. Framingham score was calculated from persons
who had all data points required.

Statistical analysis of the data was done using SPSS version 16
(IBM analytics, Armonk, New York, USA). Students #-test was
used to compare means between the case and control groups.
Correlation analysis was performed to determine the “7” values of
the association between rising TSH on the parameters of cardiac
health. The analysis was repeated on several subgroups, including
our nondiabetic cases and matched controls, and men and women

separately. P < 0.05 was taken as statistically significant.

ResuLts

Overview of study group

As shown in Table 1, our study group contained 110 subclinical
hypothyroid with a TSH range from 4.2 ulU/L to 35.10 ulU/.
Our randomly selected euthyroid control group consisted of 220
persons with a TSH range from 0.28 to 4.16 ulU/L. Our case group
consisted of 13 persons with “severe subclinical hypothyroidism,”
i.e.,a TSH >10 ulU/ml. Our case group had a 26.4% prevalence
of Type 2 diabetes and our controls had a 28.6%, the mean fasting
blood sugar being 85.89 mg/dl (standard deviation [SD] 14.0)
in our cases and 86.5 mg/dl (SD 11.7) in our controls. The
percentage of self-reported current smokers was nearly the same
in both case and controls groups at 4.5% and 4.1%, respectively.
An analysis of our total population sample (N = 986) revealed
the prevalence of cardiovascular risk factors as follows: diabetes
19.5%, hypercholesterolemia 57.2%, and hypertension 24.6%.

Intergroup analysis

No statistically significant difference was found in the
Framingham scores between the two groups [Table 2].
However, a statistical difference was found in the skinfold
thickness, the cases having nearly 10 mm higher sum of
skinfold thickness. Contrary to our expectations, our group
of subclinical hypothyroid patients had lower systolic blood
pressure and lower CRP although these last two observations
are only approaching statistical significance.

The same test was repeated individually with males
only, females only, and nondiabetics only. In the

Table 1: Overview of study groups

Parameter, Controls Cases (with subclinical
mean (SD) (healthy) hypothyroidism)
n 220 110
Age 48.5 (15.1) 49.0 (15.1)
Gender (%)
Female 69 69
Diabetics (%) 28.6 26.4
Free T4 (ng/dl) 1.26 (0.18) 1.18 (0.19)
Free T3 (pg/ml) 2.46 (0.58) 2.48 (0.61)
TSH (ulU/ml) 1.91 (0.93) 7.67 (6.22)

TSH: Thyroid-stimulating hormone, T3: Triiodothyronine, T4: Thyroxine,
SD: Standard deviation
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Table 2: Group and correlation analysis of cardiac risk factors

Control Case P Correlation with TSH
Correlation slope (P)

Framingham 10-year risk
Mean (SD) 12.33 (12.50) 11.04 (11.84) 0.41 —0.038 (0.523)
n 189 94

Sitting systolic BP (mmHg)
Mean (SD) 129 (20) 126 (17) 0.08 —0.057 (0.311)
n 220 109

Sitting diastolic BP (mmHg)
Mean (SD) 80 (9) 79 (10) 0.44 +0.16 (0.311)
n 217 109

BMI (kg/m?)
Mean (SD) 23.21 (4.20) 23.92 (4.63) 0.16 +0.08 (0.167)
n 218 109

Skinfold thickness (mm) (sum of biceps triceps subscapular and iliac)
Mean (SD) 83 (29) 92 (33) 0.01 +0.12 (0.030)
n 218 110

Total cholesterol (mg/dl)
Mean (SD) 220 (41) 223 (46) 0.52 +0.14 (0.011)
n 220 108

LDL (mg/dl)
Mean (SD) 146 (36) 150 (40) 0.43 +0.15 (0.008)
n 220 108

HDL (mg/dl)
Mean (SD) 49 (13) 48 (11) 0.46 —0.07 (0.209)
n 220 108

Triglycerides (mg/dl)
Mean (SD) 119 (65) 125 (61) 0.40 +0.11 (0.046)
n 220 108

C-reactive protein
Mean (SD) 3.05 (5.86) 2.22(2.90) 0.08 —0.04 (0.454)
n 220 110

BP: Blood pressure, SD: Standard deviation, BMI: Body mass index, LDL: Low-density lipoprotein, HDL: High-density lipoprotein, TSH: Thyroid-stimulating

hormone

females-only analysis, largely similar results were obtained,
the only statistically significant finding being a difference
in the skinfold thickness (P = 0.039). In the males-only
analysis, no statistical significance was found between
the groups. The P value of the association between
skinfold thickness and group was 0.125. In the nondiabetic
subgroup, the effect on both skinfold thickness was
marginal with a P = 0.068; however, the effect on the
C-reactive protein (CRP) levels became more significant
with P =0.018. We would have liked to repeat analysis on
cases with TSH >10; however, our numbers were too small
to make this statistically feasible.

Correlation of parameters with thyroid-stimulating
hormone

In Table 2, we have analyzed the effect of a rising TSH on
the parameters with correlation analysis. Again, no effect
was seen on the overall Framingham 10-year risk score.
However, further analysis on the lipid profile reveals a
statistically significant correlation between rising TSH with
LDL cholesterol, total cholesterol, and triglyceride levels.

Correlation between TSH and skinfold thickness was also
positive. No effect was seen with the blood pressures, BMI,
or serological markers such as CRP or uric acid.

Thyroid-stimulating hormone stratified analysis of lipid
profile data

We further subdivided our subclinical hypothyroid cases
based on its TSH into two groups TSH <6 and TSH >8
[Table 3], the groups while being largely demographically
similar showed the same trends as were seen in the
continuous TSH analysis; however, we draw highlight to
the magnitude of the difference between the parameters at
the upper and lower levels of TSH here.

Discussion

Cardiovascular diseases account for the largest single share
of morbidity among developed nations, and many developing
nations including India. By combating modifiable risk factors
through primary prevention, the burden of cardiovascular
disease can be reduced. South Asians are known to be at
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Table 3: Thyroid-stimulating hormone stratified analysis

TSH n Mean SD Difference of means

Total <6 51 2207 40.5 +7.0
cholesterol >8 25 2277 46.3
HDL <6 51 49.4 9.9 -3.8

>8 25 456 0.11.2
LDL <6 51 1479 359 6.4

>8 25 1543 41.3
Triglycerides <6 51 119.1 459 +20

>8 25 139.1 76.7
SD: Standard deviation, TSH: Thyroid-stimulating hormone,
LDL: Low-density lipoprotein, HDL: High-density lipoprotein

increased risk for atherosclerosis even with comparable risk
factor profile to Western counterparts.t'”) Our population
perhaps as a manifestation of these presumed genetic
factors has an elevated baseline risk profile with high rates
of diabetes, hypercholesterolemia, and hypertension. Our
data fails to show any significant Framingham 10-year risk
difference between our subclinical hypothyroid population
and our controls. Existing data from the Indian subcontinent
have generally shown a trend toward increased risk in the form
of deranged lipid profile, elevated diastolic blood pressure,
and elevated CRP.U'S''1 The current American Academy
of Clinical Endocrinology consensus statements propose
that only a TSH greater than 10 ulU/ml is an indication for
treatment in view of possible elevated cardiovascular risk
and higher risk of progression to overt hypothyroidism.?"
Given our results, we feel that this consensus holds true in
this population also.

Other contrasting results include lack of elevation in the
diastolic blood pressure in subclinical hypothyroid cases
which is contrary to Sharma ef al.’s findings. Interestingly,
we have also found a mild negative correlation between the
CRP and TSH, notably this association was strongest in our
nondiabetic population who had lower baseline CRP. This
was surprising, as most studies show elevated inflammatory
markers in hypothyroidism,?'??l and as far as we are aware this
is the first such documentation of lower CRP in a subclinical
versus a normal group.

Our data does highlight a significant difference in skinfold
thickness between the populations, and a positive effect of rising
TSH on skinfold thickness; however, no effect on the BMI or
on the waist circumference has been noted. Other studies on
the Asian population such as Sridevi et al. have controlled
for BMI between their groups or have found no significant
effect between groups.!'>17 Statistically significant positive
correlations were noted between TSH and LDL cholesterol,
total cholesterol, and triglycerides. Similar results have been
reported in various other studies. However, the difference of
the means of LDL, and triglycerides between individuals in the
lower and upper ranges of TSH was negligible [ Table 3].While
a trend with rising TSH was observed, it is interesting to note
the lack of any significance when comparing between our two

groups. This is likely due to the weak effect, and small effective
range of TSH in the population. Hence, we presume that these
effects may not be clinically relevant in this population with
deranged baseline lipid profile.

While differences in lifestyle and diet may explain the
differences between our population and other Indian
populations, they would fail to explain the differences
seen between populations of the United States and
Europe with our sample group. The unique endocrine
environment here consists of some of the world’s highest
rates of hypothyroidism (despite being iodine sufficient)
and diabetes. Hormone-receptor polymorphisms and
polymorphisms in subcellular receptors have been associated
with population-wide increased risk for disease. For example,
polymorphisms of the glucocorticoid receptor are associated
with obesity and metabolic syndrome.?3! Polymorphisms in
the TSHo receptor have been associated with obesity and
elevated cholesterol in certain lineages while polymorphisms
in the TSH receptor have been associated with elevations in
TSH due to impaired negative feedback.?**3 Further research
into genetic mechanisms behind the poor cardiovascular
profile and the increased incidence of diabetes and thyroid
disorders would be beneficial in this population.

ConcLusioN

We conclude with the inference that, in this population with
elevated baseline cardiac risk and unique environmental
and perhaps genetic factors, subclinical hypothyroidism,
particularly with TSH <10 ulU/ml, does not significantly
contribute to cardiovascular risk. Negative effects on the
lipid profile and skinfold thickness were observed; however,
the relationships while statistically significant were weak.
Given our somewhat population specific findings, especially
regarding lower CRP levels in our cases versus controls,
we feel further investigation of the endocrine milieu would
uncover novel insights into the pathogenesis of this disputed
subject.
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