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ABSTRACT

Background: Changes, in thyroid status, have pronounced effects on cardiovascular system reflecting autonomic dysfunction 
and increased morbidity. Exact interaction between autonomic nervous activity and thyroid hormones is controversial. 
Aims and Objective: The cold pressor test (CPT) was used to evaluate cardiac autonomic function in thyroid patients 
and compared with age and sex-matched healthy controls (18-45 years). Materials and Methods: This was a prospective 
case–control study. By clinical examination and serum levels of (T3, T4 and TSH) three groups hypothyroid, hyperthyroid 
and control group were categorized and blood pressure (BP) responses to CPT were evaluated in these groups. Statistical 
analysis was performed using student’s t-test. Results: In hyperthyroid group, rise in systolic BP after CPT is not as that 
of control group. However, the difference in mean rise is statistically highly significant. While in hypothyroid group rise 
in diastolic BP is statistically highly significant as compared to that of control group. Conclusion: In hypothyroidism, 
lack of direct action of thyroid hormones is compensated by increased basal sympathetic tone which exhibits blunted 
sympatho - excitatory responses leading to aortic stiffness and resistance. This prevents fall in systolic pressure and further 
reduces vagal tone. Hence, rise in systolic BP after CPT declined but insignificant (P > 0.05). In hyperthyroidism, significant 
decrease (P < 0.01) in the rise in systolic BP after CPT suggests reduced parasympathetic and sympathetic activity. In 
hypothyroidism, a significant rise in diastolic BP after CPT (P < 0.01) suggests impaired response to beta receptors, over 
activity of alpha receptors and endothelial dysfunction resulting in increased peripheral resistance. In hyperthyroidism, 
insignificant rise (P > 0.05) in diastolic BP after CPT suggests direct action of thyroid hormone on vascular smooth 
muscles causing vasodilatation and reduced vagal tone decreasing sympathetic activity. Thus, the study revealed thyroid 
dysfunction leads to sympathovagal imbalance affecting cardiac autonomic function.
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INTRODUCTION

Thyroid hormone acts on almost every organ and system 
of the body. Changes, in thyroid status, are associated with 
changes not only in cardiac and vascular functions but also in 
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autonomic regulation of cardiovascular (CV) system.[1,2] On 
reviewing the literature, a great deal of uncertainty persists 
regarding the exact interaction between autonomic functions 
and thyroid hormones in controlling the various organ 
systems.[3] The clinical picture of hyperthyroidism suggests 
increase in sympathetic activity but the plasma norepinephrine 
levels are normal or decreased.[4] Hypothyroidism shows 
reduced sympathetic activity.[1] However, the plasma 
norepinephrine levels are increased.[4]

Temperature and other environmental stressors are known to 
affect heart rate (HR) and blood pressure (BP). Sudden and 
increasingly painful cold stress causes massive discharge of 
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the sympathetic nervous system and release of norepinephrine. 
This sympathetic discharge triggers responses in the CV 
system that includes arteriolar constriction, increased HR and 
increased cardiac contractility. These responses combine to 
increase BP (known as the pressor response),[5] and testing a 
subject with cold stress in this fashion is known as the cold 
pressor test (CPT). The CPT has been used clinically to 
evaluate cardiac autonomic function[6] and as an experimental 
pain stimulus[7] as an index for screening subjects for 
hypertension.[8,9] The CV response to the CPT can predict the 
future development of hypertension. Studies have indicated 
that persons who are at increased risk for developing early 
hypertension, show stronger vascular reactions to the CPT than 
others.[10] CPT as a standard stimulus to study the vasomotor 
response was introduced in 1932 (Hines and Brown, 1936). 
The subjects who showed greater response in his study were 
called hyper-reactors. Some of these hyper-reactors may 
possibly be candidates for hypertension in future.[11,12] This 
motivated us to undertake the present study. In the study, 
we have evaluated the cardiac autonomic status by assessing 
the effect of CPT to BP responses in adult hyperthyroid and 
hypothyroid patients. This will serve as an important step in the 
management of thyroid disease. Studies have suggested that 
very good metabolic control can achieve reversal of autonomic 
abnormalities decreasing the morbidity of thyroid patients.[13,14]

Objectives

1.	 Primary objective: To evaluate the cardiac autonomic 
status in adult hyperthyroid and hypothyroid patients by 
CPT.

2.	 Secondary objective: To study the correlation between 
thyroid status and the autonomic functions regulating 
CV system.

MATERIALS AND METHODS

The present quantitative, prospective, and comparative case–
control study was conducted in the department of Physiology, 
in D. Y. Patil Medical College, Kolhapur, during the period of 
May 2015 to August 2016. This study was approved by the 
institutional ethical committee. After the ethical committee 
clearance, clinically diagnosed and untreated 30 hyperthyroid 
and 30 hypothyroid patients of age group 18 to 45 years 
were assessed and compared with age and sex-matched 30 
healthy controls. The prevalence of thyroid disease was 
found to be high in females than males, hence each group 
comprised of 25 females and five males.[15] The effect of CPT 
on BP responses was studied to evaluate cardiac autonomic 
functions. Patients suffering from others conditions known 
to affect autonomic functions were excluded from the study, 
e.g., diabetes mellitus, coronary heart disease, electrolyte 
imbalance, leprosy, anemia, and pregnancy.

All the patients and controls were taken from Dr. Milind 
Patwardhan’s Endocrine Research Center, Miraj. Based on 

general history, clinical examination and hormonal assays 
of T3, T4 and TSH, they were categorized as hyperthyroid, 
hypothyroid and Normal/Control group. Permission was 
taken from the Head of the center. Informed consent for 
experimentation was obtained from all patients and healthy 
controls. All subjects were tested under similar laboratory 
conditions. The subjects were allowed an hour to get 
familiarized with experimental and environmental conditions. 
The nature of the CPT was explained to subjects beforehand 
to allay their apprehension. Laboratory thermometer was 
used to record the temperature of ice-cold water so as to 
maintain the temperature at 4°C in CPT.

Procedure: CPT: Subject was asked to take rest in supine 
position for 15 min.

Then in sitting position, subject’s BP was recorded by 
sphygmomanometer with 12 cm cuff width first by palpatory 
and then by auscultatory method. Then, subject was asked to 
place one hand in freezing 4°C water for 1 min. At the end of 
it, systolic and diastolic BP was measured from the other arm 
before removing the hand from cold water. Normally, there is 
increase in systolic BP by 10-20 mm of Hg and diastolic BP 
by 0-10 mm of Hg.[12]

Statistical analysis is performed using SPSS version 23. 
Numerical data are expressed as Mean ± S.D. Quantitative 
data, i.e., the difference in systolic and diastolic BP s before 
and after CPT between the study groups (Thyroid patients, 
i.e., hypothyroid and hyperthyroid with healthy age and sex 
matched controls) was evaluated using unpaired student’s 
t-test. P < 0.05 was considered statistically significant.

RESULT

The mean values of difference (mean rise) in systolic BP 
after CPT in hypothyroid is decreased as compared to 
control group. However, this difference in mean rise is 
statistically insignificant (Table 1, Graph 1). The mean value 
of the difference (mean rise) in systolic BP after CPT in 
hyperthyroid group is declined as compared to control group. 
This difference in mean rise is statistically highly significant 
(Table 1, Graph 1).

The mean value of the difference (mean rise) in diastolic BP 
after CPT in hypothyroids is increased. This difference in 
mean rise is statistically highly significant (Table 2, Graph 2). 
The mean value of difference (mean rise) in diastolic BP after 
CPT in hyperthyroids is declined. This difference in mean 
rise is statistically insignificant (Table 2, Graph 2).

DISCUSSION

In this study, CPT was performed to evaluate cardiac 
autonomic function and assess the integrity of the 
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the mean value of difference (mean rise) in systolic BP after 
CPT decreased but statistically insignificant P > 0.05 (95% 
confidence interval: ± 5.19, Range: 9.61-19.99) as compared 
to control group (Table 1 and Graph 1). These findings are 
similar to the studies done by Foley and Hasser,[1] Klein and 
Ojamaa,[13] and Fazio et al.[14]

They suggest that thyroid status alters the balance of  
sympathetic to parasympathetic tone in the heart. 
Hypothyroidism alters the relative contribution of systems that 
maintain resting BP and HR with predominant sympathetic 
influence at rest. There is increased basal sympathetic tone to 
compensate for thyroid hormone deficiency, and this reduces 
reflex activation of sympathetic system during stress and 
exercise. As noted by some investigators, it further results 
in hypofunctioning of parasympathetic tone.[16,17] Some 
investigators expressed their views that hypothyroidism alters 
the responsiveness to sympathetic stimulation by modulating 
adrenergic receptor functions. There is decreased response to 
beta-adrenergic stimulation leading to aortic stiffness (impaired 
elastic properties of aorta) resulting in aortic resistance which 
further prevents fall in systolic BP. Furthermore, number of 
beta-adrenergic receptors is decreased.[18]

Few studies suggest that there is a decrease in the direct 
chronotropic and ionotropic effect of thyroid hormone on 
SA node and myocardium by significant reductions in the 
transcription of pacemaker channels and decrease in vagal 
activity in hypothyroids compared to control group.[14,16,19] So 
no much increase in HR, no increase in force of contraction. 
Hence, cardiac output and systolic BP is not much enhanced 
(blunted systolic BP response in hypothyroid) than that in 
control group.

Table 1: Comparison of rise of systolic BP. (mm of Hg) after cold pressor test between hypothyroid, control and 
hyperthyroid groups

Systolic blood pressure
Status Mean+SD Diff in mean rise t P Significance

Before test  After test Rise in systolic BP
Hypothyroid 123.8±18.68 138.6±16.4 14.8±14.49 3.66 1.03 P>0.05 Nonsignificant
Control group 126.66±16.02 145.13±17.07 18.46±12.95 8.46 2.85 P<0.01 Highly significant
Hyperthyroid 134.4±16.23 144.4±19.09 10±9.79

SD: Standard deviation, BP: Blood pressure

Table 2: Comparison of rise of diastolic BP. (mm of Hg) before and after cold pressor test between hypothyroid, control 
and hyperthyroid groups

Diastolic blood pressure
Status Mean+SD Diff in mean rise t P Significance

 Before test After test Rise in diastolic BP
Hypothyroid 83.27±10.63 100.26±12.5 17±11.81 7.4 2.92 P<0.01 Highly significant
Control group 80.67±8.23 90.26±8.9 9.6±7.24 2.6 1.15 P>0.05 Insignificant
Hyperthyroid 83.8±10 90.8±11.34 7±9.97

BP: Blood pressure, SD: Standard deviation

Graph 1: Rise in Systolic BP after CPT

Graph 2: Rise in Diastolic BP after CPT

sympathetic and parasympathetic system in thyroid patients 
and compared with healthy subjects. In hypothyroid patients, 
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The mean value of the difference (mean rise) in systolic BP 
after CPT in hyperthyroid group is declined as compared 
to control group. However, this difference in mean rise is 
statistically highly significant P < 0.01 (95% confidence 
interval: ± 3.5, Range: 6.5-13.5 (Table 1 and Graph 2). 
These findings are in accordance with Foley and Hasser[1] 
The probable reason suggested is increased T3 and T4 leads 
to unbalanced sympathovagal tone, i.e., decreased vagal 
tone and normal or reduced sympathetic tone.[2,3] Few 
investigators expressed the view that the effects of thyroxin 
and catecholamines are additive.[20] Our study is similar to 
that done by Shuvy et al. in hyperthyroid subjects.[21]

Few studies report that systolic BP is increased in 1/3rd of 
hyperthyroid patients which is due to the inability of the 
vascular system to accommodate the increase in stroke 
volume.[19,20] Our study is similar to that of Biondi et al.[22] 
which reports that in hyperthyroidism compliance of 
the arterial tree is decreased due to increase in the rate of 
contraction. The metabolic rate of the body is increased. To 
fulfill these increased metabolic demands, certain adaptive 
changes occur in the CV system. Effects of thyroid hormone 
on peripheral circulation play a central role in regulating 
CV performance. By reducing systemic vascular resistance, 
thyroid hormones shift blood from arterial tree to venous 
compartment, increasing venous return to the heart.

At the same time by increased HR and improving ventricular 
diastolic function, (increased transmitral protodiastolic 
pressure gradient, i.e., increased atrial pressure) and 
shortening of left ventricular isovolumetric relaxation time 
there is early mitral valve opening and early left ventricular 
filling by enhanced ventricular suction. This allows the 
increased venous return to be accommodated without relevant 
changes in left ventricular end diastolic volume (either it is 
increased or may remain constant).

Thus, there is synergistic interaction between increased HR 
and ventricular preload. So cardiac output is increased or 
may remain constant, similarly the systolic BP is increased or 
may remain constant in hyperthyroidism.

The increased HR reduces the dynamic compliance of the 
arterial tree and increases the aortic input impedance which 
in turn increases systolic BP. The increase in systolic BP 
counteracts the marked reduction in diastolic BP and thus 
maintains mean arterial pressure and increases the pulse 
pressure. In addition, T4 modulates rate of transcription 
of multiple genes which increases synthesis of transport 
proteins.[11,23]

The rise in diastolic B.P after CPT in hypothyroid group is 
statistically highly significant P < 0.01 (95% confidence 
interval: ± 4.23, Range: 12.77-21.23) as compared to that 
of control group (Table 2 and Graph 2). These findings 
are similar to those of Matsukawa et al. and J. Burggraff 

et al. In hypothyroidism, the muscle sympathetic nerve 
reactivity is exaggerated leading to increased systemic 
vasculature resistance (SVR). There is altered response to 
β receptors and over activity of α receptors. Furthermore, 
Noradrenaline secreted at nerve terminals has potent action 
on α receptors.[24,25] Few studies have suggested that nitric 
oxide (NO) is involved in controlling the regulation of 
vascular tone. During CPT increased shear stress stimulates 
endothelial cells to release NO which mediates relaxation 
of microcirculatory smooth cells and increases perfusion. 
Thyroid dysfunction can alter capacities for the formation and 
response to NO.[26] Even the mild form of thyroid hormone 
deficiency impairs vascular function by damaging endothelial 
function at the level of the peripheral vasculature.[27-30] This 
is associated with increased vascular smooth muscle tone, 
arterial stiffening and intima - media thickness. T3 rapidly 
stimulates phosphatidylinositol 3 - kinase/Akt signaling and 
increases nitric acid synthase activity “nitric oxide synthase” 
in endothelial cells by a receptor - mediated nongenomic 
action and thus induces vasodilatation.[31-33] So in hypothyroid, 
patients response to CPT leads to severe vasoconstriction. 
This results in marked increase in diastolic pressure.

In our study, the magnitude of rise in diastolic B.P. after CPT in 
hyperthyroid group is declined but statistically not significant 
P > 0.05 (95% confidence interval: ± 3.57, Range: 3.43-10.57) 
(Table 2 and Graph 2). These findings are similar to those of 
Foley and Hasser[1,25] which suggests that in hyperthyroidism 
the sympathetic activity is normal or reduced. Excess of 
thyroid hormone leads to vasodilatation due to direct action of 
T3 on vascular smooth muscles leading to relaxation. Another 
mechanism is due to excessive endothelial NO production, 
vascular reactivity is exaggerated because of enhanced 
sensitivity of the endothelial component. Hence, the rise in 
diastolic BP is same as that seen in normal subjects.

Hypothyroidism or hyperthyroidism account for some of the 
change in autonomic outflow at rest and for altered regulation 
of autonomic functions in response to various stresses.[34] Our 
study shows similar findings to that of Mahajan et al., where 
they have found primarily sympathetic function abnormality 
along with selective parasympathetic dysfunction in 
hypothyroid patients.[35] Other studies have demonstrated 
that endothelial dysfunction of the peripheral vasculature 
is reversible in subclinical hypothyroid patients after 
replacement therapy with L thyroxine. L thyroxine restored 
NO availability thereby resulting in TSH normalization.[18,36,37]

A potential limitation of our study is that we did not measure 
HR during the CPT, which has shown good reproducibility in 
short-term test studies.

Other studies have shown that timely treatment can achieve 
reversal of autonomic abnormalities, decreasing the morbidity 
of thyroid patients.[12,14,17-20,25,29]
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Further studies: To evaluate reversal of autonomic 
abnormalities in thyroid patients taking treatment and have 
achieved euthyroid status by autonomic function tests.

CONCLUSION

From the result of this study, it can be concluded that thyroid 
dysfunction leads to sympathovagal imbalance leading to 
cardiac autonomic disturbance. In hypothyroidism, lack 
of direct action of thyroid hormones is compensated by 
increased basal sympathetic tone. This exhibits blunted 
sympathoexcitatory responses further reducing vagal tone. 
There is altered responsiveness to sympathetic stimulation, 
i.e., impaired response and decrease in the number to beta 
receptors. However, the impaired response leads to aortic 
stiffness (impaired elastic properties) resulting in aortic 
resistance, which further prevents fall in systolic pressure. 
Hyperthyroidism leads to low excitability of cardiac vagal 
motor neurons, reducing parasympathetic activity. At the 
same time, direct action of thyroid hormone on SA node 
and myocardium has additive effect to sympathetic system 
resulting in hyperadrenergic state. But in the presence of 
reduced vagal tone, the sympathetic activity appears to be 
enhanced, though it is normal or reduced.

In hypothyroidism, there is impaired response to beta 
receptors leading to over activity of alpha receptors and 
increase sympathetic activity in the smooth muscles of 
vessels, resulting in increased systemic vascular resistance. 
In addition increased left ventricular end-systolic volume 
also contributes to rise in diastolic BP. In hyperthyroidism, 
excess of thyroid hormone has direct action on vascular 
smooth muscles leading to vasodilatation. Furthermore, 
the reduced vagal tone leads to decreased sympathetic 
activity. Thus, evaluation of the effect of thyroid state on CV 
system will serve as an important step in the management 
of thyroid disease. CPT, one of the non-invasive autonomic 
function tests will be useful in early detection of autonomic 
abnormalities. Timely treatment can achieve reversal of 
autonomic abnormalities, decreasing the morbidity of thyroid 
patients.
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