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Alteration in autonomic reactivity from hypothyroid to euthyroid status
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Abstract
This study was carried out on 25 hypothyroid patients attending the OPD of Govt. Medical College Jammu before their
treatment started and after treatment when they attained euthyroid status. The parameters recorded and the tests used were pulse
rate, blood pressure, orthostasis, cold pressor test, mental arithmetic and corrected QT interval [QTc] for assessment of
sympathetic reactivity and valsalva ratio, heart rate response, expiratory-inspiratory ratio [E:I ratio], heart rate variability,
standing-lying ratio [S:L ratio] and 30:15 ratio for assessment of parasympathetic reactivity. Our findings show significant
improvement in parasympathetic reactivity after a hypothyroid subject became euthyroid with L_thyroxine treatment. For
sympathetic reactivity only some parameters recorded significant improvement.
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Introduction
The autonomic system is the part of nervous
system mainly responsible for involuntary unconscious
functions within the body’s organs. The autonomic
system has sympathetic and parasympathetic parts that
maintain body homeostasis.
Dysautonomia is when abnormal autonomic
function negatively affects a person’s health. Among
dysautonomias
featuring
altered
sympathetic
noradrenergic
function
are
hyperthyroidism
[noradrenergic
inhibition]
and
hypothyroidism
[noradrenergic activation].[1]
Clinical characteristics of hypothyroidism are
essentially diametrically opposed to those associated
with hyperthyroidism.
The clinical picture of hyperthyroidism is
suggestive of increased sympathetic activity[2,3], but
assessments of sympathetic activity suggests that
sympathetic outflow is either unchanged or
reduced.[4,5,6,7]
In contrast — whereas several clinical features of
hypothyroidism are
consistent
with reduced
sympathetic activity — indirect techniques suggest that
sympathetic activity is elevated.[8,9]

But in both hypothyroidism and hyperthyroidism
— the influence of parasympathetic nervous system on
heart arte seems to be reduced.[10,11,12]
The mechanism for the change in resting levels of
sympathetic and parasympathetic outflow are unknown.
Could be due to a variety of mechanisms— including
direct effects [excess or depletion] of thyroid hormone
in central regions involved in autonomic regulation or
changes in cardiovascular reflex systems that control
the autonomic nervous system.
Thyroid hormone replacement therapy is generally
effective and beneficial in relieving symptoms and
signs. This evidence supports the hypothesis that
thyroid hormone deficiency causes decreased
sympatho-adrenergic activity.
Data about the recovery of autonomic reactivity
following treatment of hypothyroids with hormone
replacement is scarce.
This study was undertaken to evaluate autonomic
reactivity in hypothyroids after they attained a
euthyroid state following thyroid hormone replacement
and compare this with their autonomic status before
replacement therapy began.
Material and Methods
This study was carried out on patients attending
endocrinology OPD of Government Medical College
Jammu.
Twenty five patients who had just been diagnosed
as hypothyroids were selected and their autonomic
reactivity assessed before they began replacement
therapy.
These patients were selected on the basis of clinical
features suggestive of decreased thyroid function and
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laboratory findings of decreased T 3 and T4 and TSH
more than 5 mIU/L.
Patients with diseases known to affect autonomic
function — like diabetes mellitus, renal diseases,
psychiatric disorders or cardio-vascular disorders —
were excluded from the study.
None of the patients was on any medication.
The procedure was explained to the patients in
their own language and their consent obtained. Then
autonomic function tests were carried out on these
patients.
Subsequently thyroxine was prescribed to these
patients by the treating clinician and they were told to
get T3, T4 and TSH estimation done every fortnight and
come to the OPD again with the test reports so that the
dose of thyroxine required for replacement could be
titrated.
When these patients attained a euthyroid state autonomic function tests were again carried out on
them.
Autonomic function testing
Standardized procedure was adopted for autonomic
testing.
ECG was recorded by a simple compact
electrocardiograph [BPL-cardiart] unit. All the ECG
recordings were carried out with Lead-II.
The battery of tests done were:
For assessing Sympathetic reactivity:
1. Basal pulse rate by the palpatory method.
2. Blood pressure by auscultatory method.
3. Orthostasis - Change in B.P being determined as
the difference between the reading while supine
and standing.(13)
4. Cold pressor test - The maximal B.P reading
obtained with a hand in 4C water being taken as
the index of response. Blood pressure is recorded at
the end of thirty seconds of immersion and at the
end of sixty seconds thereafter in the opposite
arm.(14)
5. Mental arithmetic - Blood pressure is recorded
after the subject is made to solve some
mathematical problem.(15)
6. Corrected QT interval [QTc] - QT interval was
measured from the ECG and then standardized by
converting it to QTc. For this Bazett’s formula was
used.(16)
QTc (seconds) = QT interval (in seconds)
R-R interval (in seconds)
For assessing parasympathetic reactivity parameters
used were:

1.

2.

3.

4.

5.
6.

7.

Pulse rate - It can be used for assessing both
parasympathetic and sympathetic reactivity
because of the dual innervation of heart.
Valsalva ratio - Calculated as ratio between
maximal R-R interval after release of strain and
maximal R-R interval during the strain.(17)
Heart rate response - The response being taken as
the difference in heart rate in supine and erect
positions.(18)
Expiratory-Inspiratory ratio - Taken as the ratio of
longest R-R interval during expiration to shortest
R-R interval during inspiration.(19,20)
Heart rate variability - Is the maximum and
minimum heart rate during quiet breathing.
Standing-Lying ratio - Being the ratio of longest RR interval during five beats before lying down to
shortest interval during ten beats after lying
down.(21)
30:15 ratio - Being the ratio of R-R interval at beat
30 to R-R interval at beat 15 after standing up from
supine position.

Statistical analysis
Statistical analysis was carried out using student
“t” test - where the mean values of all parameters tested
were compared between the hypothyroid subjects
before treatment and after they attained euthyroid state
following replacement therapy.
Results
Table 1 shows values of parameters reflecting
sympathetic activity in hypothyroid patients before and
after L-thyroxine therapy.
Of these parameters significant difference was
observed in the subjects in their blood pressure - both
systolic and diastolic - in their hypothyroid state and
after they became euthyroid with replacement therapy.
Similar significant difference in the pre-medication
phase and post-medication phase was also observed in
the subjects when blood pressure was recorded on
change in posture.
This shows an improvement in autonomic
reactivity and better cardiovascular compliance in these
subjects after they became euthyroid with treatment.
And in our study other parameters reflecting
sympathetic reactivity- i.e. pulse rate, the change in
both systolic and diastolic blood pressures during cold
pressor test and mental arithmetic, as well as QTc did
show difference in the hypothyroid phase and euthyorid
phase - but it was not statistically significant.
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Table 1: Comparison of sympathetic reactivity
Pre-medication Post-medication t-value
-1.678
76.358.93
81.3511.92
Systolic
2.58221
136.724.26
117.827.40
Diastolic
2.22517
90.89.62
84.310.99
Systolic
4.27285
10.05.46
2.47.02
Diastolic
8.11586
7.33.38
1.00.10
Systolic
1.877
9.97.55
5.58.96
Diastolic
1.5115
8.16.34
58.06
Systolic
1.68725
6.86.64
3.28.35
Diastolic
1.45172
4.65.72
26.89
1.45172
0.4120.024
0.3720.029

Parameters
Pulse
Blood Pressure
Orthostasis
Cold pressor
test
Mental
arithmetic
QTc

p-value
> 0.05
< 0.05 [S]
< 0.05 [S]
< 0.05 [S]
< 0.05 [S]
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05

Table 2 shows values of parameters reflecting parasympathetic activity in subjects before and after treatment.
Most of these parameters recorded an improvement in parasympathetic reactivity in the subjects after they
received L-thyroxine and attained a euthyroid status.

Parameters
Valsalva ratio
Heart rate response
Expiratory
inspiratory ratio
Heart rate
avriability
Sitting lying ratio
30:15
Ratio

Table 2: Comparison of parasympathetic reactivity
Pre-medication Post-medication
t-value
-5.5723
1.480.147
1.7390.18
2.3715
15.459.79
9.756.97
-4.1957
1.130.07
1.2830.108

p-value
< 0.05 [S]
< 0.05 [S]
< 0.05 [S]

11.105.31

17.256.36

-3.7114

< 0.05 [S]

1.030.10
1.0030.37

0.8860.10
1.1260.06

5.0911
-1.6407

< 0.05 [S]
> 0.05

Table 3 shows serum free T3 and T4 levels and TSH values of patients in their hypothyroid state and when they
became euthyroid after treatment.

Parameter
fT3
fT4
TSH

Table 3: Thyroid hormone profile
Pre-medication
Post-medication
t-value
-7.6859
1.320.46
3.041.02
-3.7528
1.621.09
4.203.26
5.7569
32.4026.32
2.041.59

Serum levels of fT3 and fT4 of the subjects were
increased in their euthyroid state as compared to their
hypothyroid state; whereas the TSH levels of subjects
decreased when after treatment they achieved euthyroid
state. The difference before and after treatment in these
parameters was statistically highly significant.
Discussion
Variations from euthyroid status affect virtually all
physiological systems and effects on cardiovascular
system are particularly pronounced. Changes in thyroid
status are associated with changes not only in cardiac
and vascular function - but also in autonomic regulation
of cardiovascular system.
Thyroid hormones have prominent effects on the
heart and peripheral vascular system by direct action on
these tissues and by indirect influences - at least in part

p-value
< 0.001 [HS]
<0.001 [HS]
<0.001 [HS]

due to changes at the autonomic nervous system
level.(22,23)
The mechanisms suggested for autonomic
disturbances in thyroid disorders include a high level of
plasma adrenaline with a post-receptor sensitization(2,9),
a decreased chronotropic response to -adrenergic
stimulation or adrenergic sensitivity(24), increase in
thyrotropin releasing hormone which directly
influences the sympathetic outflow and direct effect of
thyroid hormone on heart(23).
In the present study - we found that there was
significant increase in parasympathetic reactivity on
achieving euthyroid state. The sympathetic reactivity
also improved after L-thyroxine supplementation.
These findings are consistent with the findings of
Inukai et al.(11) and Kahaly(25) as well as with the
findings of Lakshmi et al.(26)
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Thyroxine therapy appears to restore vagal activity
and alters the relative contribution of systems that
maintain resting B.P and heart rate [cardiovascular
function].
Foley et al.(27) in their study observed that
hypothyroid rats have depressed arterial baroreflex
function and elevated dependence on resting
sympathetic tone to both the heart and vasculature.
Mahajan et al. in their study reported autonomic
dysfunction in both subclinical hypothyroids and
hypothyroid patients. Sympathetic function abnormality
was more prominent and there was also selective
parasympathetic dysfunction.(28)
Some studies have reported a hypofunctional
parasympathetic system based on analysis of heart rate
recovery and R-R variations in ECG.(25,29)
Inukai et al. referred to a group of patients as
masked hypothyroids [normal T 3, T4 and high TSH]
and found no change in parasympathetic function.(11)
Galetta et al. found a decrease in sympathetic vagal
balance characterized by decreased cardiovascular
sympathetic and vagal modulation in hypothyroid
patients.(30)
However an increase in sympathetic and decrease
in parasympathetic activity has also been suggested.(31)
Some authors have even reported that the decrease
in parasympathetic activity normalizes following
restoration to euthyroid state.(25,26,32)
Cacciatore et al. found that thyroid deficiency is
associated with increased sympathetic influence on
heart-but said that hypothyroids and controls may not
differ when evaluated by traditional autonomic function
tests. They suggested that power spectral analysis was
more sensitive.(10)
Reviewing many studies Heemestra et al.
postulated that heterogeneity in the study population
and cause and duration of disease may be responsible
for the varied response observed in all these cases.(33)
Our study is a small group study with 25 subjects
only and we believe that a study on larger number of
subjects may further clarify the contradictory trend
observed by different studies.
Conclusion
On basis of the findings of our study - we suggest
that replacement therapy with L-thyroxine in
hypothyroids causes significant improvement of
cardiovascular autonomic reactivity and maintains
resting blood pressure and heart rate - thereby
decreasing risk of cardiovascular disease.
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