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Abstract

Background: Cardiovascular morbidities have been reported in hypothyroidism. Aims: The objective of this study is to investigate the
link of sympathovagal imbalance (SVI) to cardiovascular risks (CVRs) and the plausible mechanisms of CVR in hypothyroidism. Materials
and Methods: Age-matched 104 females (50 controls, 54 hypothyroids) were recruited and their body mass index (BMI), cardiovascular
parameters, autonomic function tests by spectral analysis of heart rate variability (HRV), heart rate response to standing, deep breathing
and blood pressure response to isometric handgrip were studied. Thyroid profile, lipid profile, immunological and inflammatory markers
were estimated and their association with low-frequency to the high-frequency ratio (LF-HF) of HRYV, the marker of SVI was assessed by
multivariate regression. Results: Increased diastolic pressure, decreased HRYV, increased LF-HE, dyslipidemia and increased high-sensitive
C-reactive protein (hsCRP) were observed in hypothyroid patients and all these parameters had significant correlation with LF-HE BMI
had no significant association with LF-HE. Atherogenic index (B 1.144, P = 0.001) and hsCRP (B 0.578, P = 0.009) had independent
contribution to LF-HFE. LF-HF could significantly predict hypertension status (odds ratio 2.05, confidence interval 1.110-5.352, P = 0.008)
in hypothyroid subjects. Conclusions: SVI due to sympathetic activation and vagal withdrawal occurs in hypothyroidism. Dyslipidemia
and low-grade inflammation, but not obesity contribute to SVI and SVI contributes to cardiovascular risks.
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Introduction as hyperthyroidism.** However, sympathovagal

imbalance (SVI) due to increased sympathetic activity

Hypothyroidism is among the common endocrine  has been reported in hypothyroidism.>* In addition,
diseases accounting for 2-15% of diseases in the general ~ one report indicates that autonomic neuropathy in
population. In India, hypothyroidism is the second  hypothyroidism is due to increased vagal tone that
most metabolic disorder, next to diabetes mellitus.”) ~ partly subsides with thyroxine therapy.” We have
Hypothyroidism in general is a prominent hypometabolic recently reported that SVIin hypothyroidism in females
state and sympathetic activities are anticipated to be 18 due to sympathetic activation and vagal withdrawal./
less in this condition as sympathetic activation is a Increased parasympathetic tone is beneficial for cardiac

common manifestation of hypermetabolic state such health and poor vagal tone is associated with increased
cardiovascular morbidities.”? Though cardiovascular

o re o uncommon iy pothy i

the pathophysiologic mechanisms of cardiovascular
Website: dysfunctions in hypothyroidism has not yet been fully
WWW.najms.org elucidated.

Quick Response Code:

DOI: Chronic SVIL5! inflammation,*'”! obesity™! and
10.4103/1947-2714.118921 hyperlipidemia™! are reported to be associated with
cardiovascular risks (CVRs). Though obesity is a common
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clinical feature of hypothyroidism™ and obesity has
been reported to induce autonomic imbalance,?!! until
date no study has assessed the link of obesity to SVI in
hypothyroidism. There is a report of increased CVRs in
hypothyroidism™! and recently one report has suggested
that insulin resistance and increased plasma level of
insulin, C-peptide and lipoproteins in hypothyroid
patients increases their risk for cardiovascular diseases.”!
Though hyperlipidemia is a biochemical hallmark of
hypothyroidism® and there are reports of inflammation
in subclinical hypothyroidism,*! to best of our
knowledge no study has been conducted to date to assess
the contribution of hyperlipidemia and inflammation
to SVI in the causation of cardiovascular morbidities in
hypothyroidism. Therefore, in the present study we have
assessed the magnitude of SVIin hypothyroidism and its
plausible link to the CVRs in this condition. In addition
to the classical autonomic function tests (CAFTs)
to assess sympathovagal balance,®! recently power
spectral analysis of heart rate variability (HRV) has been
documented as a sensitive measure of sympathovagal
balance.®! Therefore, in the present study we have
used HRV analysis to assess SVI in hypothyroidism. As
hypothyroidism is more common in females compared
with males with the male-female ratio 1:6-8,12! in the
present study we have assessed the contribution of
obesity, dyslipidemia and inflammation to SVl in female
hypothyroid patients.

Materials and Methods

The present study was conducted in the Department
of Physiology, Jawaharlal Institute of Postgraduate
Medical Education and Research (JIPMER), Pondicherry,
India. After obtaining approval of the project plan from
Research and Ethics Committees of JIPMER, 104 female
subjects (50 euthyroid subjects and 54 hypothyroid
patients) were recruited from the endocrinology clinic
of JIPMER Hospital. Written informed consent was
obtained from all the participants prior to initiation of the
study. Subjects of study groups were freshly diagnosed
untreated female hypothyroid patients.

Inclusion criteria

Female patients freshly diagnosed as primary
hypothyroids, before initiation of the treatment were
included for the study. Control group had gender and
age-matched healthy euthyroid individuals.

Exclusion criteria

Patients, who were already on treatment for
hypothyroidism, known cases of diabetes mellitus,
hypertension, heart diseases, autonomic failure or
endocrine disorders and those receiving chronic
medications were excluded from the study. Females

receiving oral contraceptives, females in the
perimenopausal age and who had attained menopause
were also excluded from the study.

Brief procedure

The subjects reported to polygraph laboratory at about 8
am without breakfast. Height and weight were measured
to calculate body mass index (BMI). Following 10 min of
supine rest in polygraph laboratory (room temperature
maintained at 25°C), the following recordings were done.

Recording of baseline heart rate (HR), blood
pressure (BP) and HRV

Baseline HR and BP were recorded in the left arm after
10 min of rest in the supine position using automatic
BP monitor (Omron Healthcare Co. Ltd., Kyoto, Japan).
For the recording of short-term HRV, the procedure
as described earlier®! and recommendation of the
task force on HRV was followed.”*! For the purpose,
electrocardiography (ECG) electrodes were connected
and Lead Il ECG was acquired at a rate of 250 samples/s
during supine rest using BioHarness 2 data acquisition
system (BIOPAC Inc., Goleta, CA, USA). The data was
transferred from BioHarness to a windows-based PC
with AcqKnowledge software version 4.1.0. (BIOPAC
Inc., Goleta, CA, USA). Ectopics and artefacts were
removed from the recorded ECG. HRV analysis was
performed using the HRV analysis software version 1.1
(Bio-signal Analysis Group, Kuopio, Finland). Frequency
domain indices such as total power (TP), low-frequency
power expressed in normalized unit (LFnu), high-
frequency power expressed in normalized unit (HFnu),
ratio of low-frequency to high-frequency power (LF-
HEF ratio) and time domain indices such as mean of the
peak of R to R wave of ECG (mean RR), square root of
the mean squared differences of successive normal to
normal intervals (RMSSD), standard deviation of normal
to normal interval (SDNN), the number of interval
differences of successive NN intervals greater than 50
ms (NN50) and the proportion derived by dividing
NN50 by the total number of NN intervals (pNN50)
were recorded.

Other autonomic functions tests

Three CAFTs were performed following the standard
procedures.!

Lying to standing test

In this test, HR and BP response to standing was assessed.
The BP and ECG were recorded in the supine position.
The subject was instructed stand up in 3 s. The ECG was
continuously recorded during the procedure. The BP was
recorded every 40 s by automatic BP monitor (Omron,
SEM-1, Kyoto, Japan) until 5" min. 30:15 ratio (ratio
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of maximum RR interval at 30" beat to minimum RR
interval at 15 beat following standing) was calculated.

Deep breathing test

The subject in sitting posture, the HR and respiration
monitoring was done from ECG recording and
stethographic respiratory tracings recorded on the
multichannel polygraph (Nihon-Kohden, Tokyo, Japan).
A baseline recording of ECG and respiration was taken
for 30 s. The subject was asked to take slow and deep
inspiration followed by slow and deep expiration such
that each breathing cycle lasted for 10 s, consisting of six
breathing cycles per minute. E:I ratio (ratio of average
RR interval during expiration to average RR interval
during inspiration in six cycles of deep breathing) was
calculated from ECG tracing.

Isometric handgrip test

The baseline BP was recorded. The subject was asked
to press handgrip dynamometer at 30% of maximum
voluntary contraction for 2 min. The BP was recorded at
1*min and 2" min of contraction. ADDBP . (maximum
rise in diastolic blood pressure above baseline) was
noted.

Measurement of biochemical parameters

A total 5 ml of fasting blood sample was collected. The
serum was separated from the blood samples of all
the subjects for estimation of biochemical parameters.
Free triiodothyronine 3 (fT3), free thyroxine (fT4) and
thyroid stimulating hormone (TSH) were assayed by
chemiluminiscence method using the kits of Siemens
Healthcare Diagnostics Inc., USA. Lipid profile (total
cholesterol, triglycerides, high density lipoprotein [HDL],
low density lipoprotein [LDL] and very low density
lipoprotein [VLDL]) were assessed using fully automated
analyzer (AU400, Olympus, USA). Anti-thyroperoxidase
antibody (anti-TPO Ab), anti-thyroglobulin antibody
(anti-TG Ab) and immunoglobin E (IgE) were estimated
by indirect immunoenzymatic colorimetric method
using enzyme-linked immunosorbent assay (ELISA)
kits (Dia Metra, Segrate, Italy). The high-sensitive
C-reactive protein (hsCRP) was estimated by the enzyme
immunoassay method using ELISA kit (dbc Diagnostics
Biochem Canada Inc., Canada).

Statistical analysis

SPSS version 19 (SPSS Software Inc., Chicago, IL, USA)
and GraphPad InStat Softwares (GraphPad Software Inc.,
San Diego, CA, USA) were used for statistical analysis.
All the data were presented as mean + SD. Normality
of data was tested by Kolmogorov Smirnov test. For
parametric data, the level of significance between the
groups was tested by Student’s unpaired f-test and

for non-parametric data; the Welch’s corrected t-test
was used. The association between LF-HF and various
parameters was assessed by Pearson’s correlation
analysis. The independent contribution of various factors
to LF-HF ratio was assessed by multiple regression
analysis. Bivariate logistic regression was performed
for the prediction of BP (normotension) status in control
subjects and hypertension status in hypothyroid patients
by LF-HF ratio. P values are lesser than 0.05 were
considered to be statistically significant.

Results

There was no significant difference in age of control and
hypothyroid subjects [Table 1]. BMI of hypothyroids
was significantly more compared with that of controls

Table 1: Age, BMI, basal CV, HRV and CAFT
parameters of control and hypothyroid subjects

Parameters Controls Hypothyroids P value
(n=50) (n=54)

Age, BMI and CV

parameters
Age (years) 25.48+5.61 27.20+4.67 0.091
BMI (kg/m?) 20.83+2.95 26.53£3.52 0.000
BHR (min™) 75.60+5.60 71.29+6.55 0.005
SBP (mmHg) 108.56+8.37 109.44+9.80 0.624
DBP (mmHg) 71.78+5.12 78.64+7.25 0.000
MAP (mmHg) 83.88+6.74 88.96+7.25 0.004

HRYV parameters
TP (ms?) 918.02+£329.14  374.94+125.09 0.000
LFnu 35.27+15.88 57.68+20.10 0.000
HFnu 64.36+21.60 42.18+15.72 0.000
LF-HF ratio 0.53+0.24 1.18+0.32 0.000
Mean RR (s) 0.793+0.11 0.841+0.12 0.036
RMSSD (ms) 55.99+18.36 42.47+12.30 0.000
SDNN (ms) 44.72412.76 26.50£5.45 0.000
NN50 59.46+14.30 42.42+11.54 0.000
pNN50 29.12+5.61 20.12+4.81 0.000

CAFT parameters
30:15 ratio 1.21£0.16 1.44+0.10 0.000
E:I ratio 1.42+0.13 1.12+0.14 0.000
ADBP, 22.40£5.70 30.30£6.10 0.000

Data presented are mean+SD; P<0.05 were considered statistically significant.
RR:Peak of R to R wave of ECG; SD: Standard deviation; BMI: Body mass index;
CV: Cardiovascular; BHR: Basal heart rate; SBP: Systolic blood pressure; DBP:
Diastolic blood pressure; HRV: Heart rate variability; MAP: Mean arterial
pressure; TP: Total power; LFnu: Normalized low-frequency power; HFnu:
Normalized high-frequency power; CAFT: Conventional autonomic function
test; RMSSD: The square root of the mean of squares of the differences between
adjacent NN intervals; SDNN: Standard deviation of normal to normal interval;
NN50: The number of interval differences of successive NN intervals greater
than 50; pNN50: The proportion derived by dividing NN50 by the total number
of NN intervals; 30:15 ratio: The ratio of maximum RR interval at 30" beat
to minimum RR interval at 15" beat following standing; E:I ratio: The ratio
of average RR interval during expiration to that of during inspiration in six
cycles of deep breathing; DDBP,, .: The maximum rise in DBP above baseline
following 30% of maximum voluntary contraction by isometric handgrip
method; LF-HF ratio: ratio of low-frequency power to high-frequency power
of heart rate variability
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(P =0.000). The basal heart rate of hypothyroid patients
was significantly less (P = 0.005) compared with that of
euthyroid subjects. Though, there was no significant
difference in systolic blood pressure (SBP), the diastolic
blood pressure (DBP) (P = 0.000) and mean arterial
pressure (MAP) (P = 0.004) were significantly more in
hypothyroid patients compared with the control subjects
[Table 1].

TP of HRV spectrum, HFnu were reduced significantly
(P = 0.000) and LFnu and LF-HF ratio were increased
significantly (P = 0.000) in hypothyroid group [Table 1].
The time domain indices of HRV (mean RR, RMSSD,
SDNN, NN50, pNNb50) were significantly decreased (P =
0.000) in hypothyroid group compared with the control
group. The 30:15 ratio and ADBP . were significantly
increased (P = 0.000) and E:I ratio was significantly
decreased (P = 0.000) in hypothyroids compared to that
of euthyroids [Table 1].

There was a significant decrease (P = 0.000) in fI3 and
fT4 and increase in TSH (P = 0.000) in hypothyroid
group compared to the euthyroid group [Table 2]. Total
cholesterol, triglyceride, LDL, VLDL were increased
(P = 0.000) and HDL (P = 0.000) was decreased in
hypothyroid patients. All the lipid risk factors were
significantly high (P = 0.000) in hypothyroid subjects.
Levels of anti-TPO Ab, anti-TG antibody and hsCRP

were increased (P = 0.000) and the level of IgE was not
significantly altered in hypothyroid group compared to
the control group [Table 2].

LF-HF ratio was not significantly correlated with any of
the parameter except fT3 (P = 0.026) in the control group
[Table 3]. In hypothyroid group, there was a significant
correlation of LF-HF ratio with all cardiovascular
parameters, thyroid and lipid profile parameters, lipid
risk factors and inflammatory and immunological
markers except BMI, SBP and IgE [Table 3]. Multiple
regression analysis revealed independent contribution
of MAP (B 0.298, P = 0.020), hsCRP (8 0.578, P = 0.009),
atherogenic index (AI) (8 1.144, P =0.001) to LH-HF ratio
[Table 4]. Bivariate logistic regression [Table 5] showed
significant prediction of LF-HF to hypertension status
(odds ratio [OR] 2.05, confidence interval [CI] 1.110-5.352,
P =0.008) in hypothyroid subjects, but the prediction
was not significant in control subjects (OR 0.54, CI 0.37-
2.115, P = 0.170).

Discussion

In the present study, significant increase in LF-HF
ratio in female hypothyroid patients compared to their
age-matched controls [Table 1] indicates the presence
of considerable SVI in these patients, as LH-HF ratio
is a sensitive marker of sympathovagal balance.l>%]

Table 2: Thyroid profile, lipid profile, lipid risk factors, immunological and inflammatory markers of control and

hypothyroid subjects
Parameters Controls (1=50) Hypothyroids (1=54) P value
Thyroid profile
Free-T3 (pg/mL) 2.95+0.91 1.500+0.50 0.000
Free-T4 (ng/dL) 1.340+0.55 0.620+0.28 0.000
TSH (uIU/mL) 3.75+1.28 97.63%55.82 0.000
Lipid profile
TC (mg/dL) 161.44+14.87 279.72+44.12 0.000
TG (mg/dL) 70.34+16.08 125.07+23.25 0.000
LDL-cholesterol (mg/dL) 94.95+15.19 216.22+45.10 0.000
VLDL-cholesterol (mg/dL) 15.00+2.99 25.13+4.41 0.000
HDL-cholesterol (mg/dL) 51.48+7.83 38.37+5.71 0.000
Lipid risk factors
TC/HDL 3.190+0.50 7.60+2.19 0.000
TG/HDL 1.380+0.34 3.40+1.05 0.000
LDL/HDL 1.900+0.46 5.91+1.99 0.000
Al 0.120+0.11 0.500+0.14 0.000
Immunological parameters
Anti-TPO Ab (IU/mL) 133.75+£31.16 423.94+77.15 0.000
Anti-TG Ab (IU/mL) 2.000£0.62 77.454£51.33 0.000
IgE (IU/mL) 213.56+42.08 211.05+40.37 0.757
Inflammatory marker
hsCRP (ng/mL) 584.834205.53 1057.30+239.65 0.000

Data presented are meantSD; P<0.05 were considered statistically significant. AI=Log10 (TG/HDL); TSH: thyroid stimulating hormone; Anti-TPO Ab: Anti-
thyroperxidase antibody; Anti-TG Ab: Anti-thyroglobulin antibody; IgE: Immunoglobulin E; hsCRP: high-sensitive C-reactive protein; LDL: Low-density lipoprotein;
VLDL: Very low-density lipoprotein; HDL: High-density lipoprotein; TC: Total cholesterol; TG: Triglycerides; Al: Atherogenic index; SD: Standard deviation
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Increase in LF-HF ratio indicates increased sympathetic
activity.! This was further supported by increase in
LFnu (P = 0.000) in hypothyroid group, as increased LFnu
is an index of increased cardiac sympathetic drive.**!
In hypothyroid subjects, significant decrease in HFnu
(P = 0.000) indicates decreased parasympathetic tone
in these patients, as HFnu represents vagal drive to the

Table 3: Correlation of LH-HF with various
parameters of control and hypothyroid subjects

Parameters Controls (#=50) Hypothyroids (1=54)
r P r P
BMI —-0.025 0.861 0.181 0.189
BHR 0.018 0.900 —-0.746 0.000
SBP 0.230 0.108 0.108 0.438
DBP —-0.082 0.571 0.832 0.000
MAP 0.066 0.648 0.825 0.000
Free-T3 0.315 0.026 -0.283 0.038
Free-T4 0.247 0.084 -0.864 0.000
TSH -0.168 0.244 0.312 0.022
TC 0.094 0.517 0.841 0.000
TG 0.002 0.990 0.841 0.000
HDL 0.141 0.330 -0.821 0.000
LDL 0.023 0.872 0.844 0.000
VLDL 0.007 0.963 0.852 0.000
TC/HDL —-0.083 0.568 0.860 0.000
TG/HDL —0.080 0.579 0.870 0.000
LDL/HDL -0.073 0.615 0.858 0.000
Al —0.086 0.552 0.841 0.000
Anti-TPO Ab 0.130 0.369 0.852 0.000
Anti-TG Ab -0.013 0.927 0.190 0.028
hsCRP —-0.200 0.165 0.784 0.000

P<0.05 were considered statistically significant. BMI: Body mass index; BHR:
Basal heart rate; SBP: Systolic blood pressure; DBP: Diastolic blood pressure;
MAP: Mean arterial pressure; TSH: thyroid stimulating hormone; TC: Total
cholesterol; TG: Triglycerides; HDL: High-density lipoproteins; LDL: Low-
density lipoproteins; VLDL : Very low-density lipoproteins; Al: Atherogenic
index; Anti-TPO Ab: Anti-thyroperxidase antibody; Anti-TG Ab: Anti-
thyroglobulin antibody; hsCRP: high-sensitive C-reactive protein; LH-HF:
Low frequency-high-frequency

heart.?*?1 This was supported by a significant reduction
in TP of HRV in hypothyroid group, as TP in general
indicates the vagal modulation of cardiac function.?*"!
Moreover, all time-domain indices (mean RR, RMSSD,
SDNN, NN50, pNN50) were significantly less in
hypothyroid subjects [Table 1] further indicating the
decreased vagal tone in these subjects, as time-domain
indices of HRV represent cardiac parasympathetic drive.
Thus, it is evident from the present study that SVI in
hypothyroid patients is due to the concomitant increase
in sympathetic activity and decrease in vagal activity,
that corroborates with our earlier report® and the
report of Cacciatori ef al.[® Further, there was increased
autonomic reactivity in these patients as evident from
changes in CAFT parameters [Table 1]. HR response
to standing (30:15 ratio) and deep breathing (E:I ratio)
are parasympathetic function tests and BP response to
isometric handgrip (ADBP,, ) is sympathetic function
test.l'”l Significantly high 30:15 ratio and decreased
E: ratio in hypothyroid subjects reflects lower vagal
reactivity in hypothyroids.”®! A heightened diastolic
pressure response to isometric handgrip (ADBP,, ) in
these subjects reflects increased sympathetic reactivity,
as increase in DBP in handgrip test depends primarily
on the vascular resistance that reflects sympathetic
response.™ Thus, findings of the present study
substantiate that the SVI in hypothyroidism is due to
increased sympathetic activity and reactivity, along
with decreased parasympathetic activity and reactivity.

Though LF-HF ratio, the marker of sympathovagal
balance,?*?! was correlated with T3, T4 and TSH in
hypothyroid subjects [Table 3], multivariate regression
did not show independent contribution of these
parameters to LF-HF [Table 4]. Therefore, alteration in
SVI in hypothyroidism does not appear to be directly
linked to the level of thyroid hormones and TSH. Though
SVl is linked to the plasma level of thyroid hormones
and TSH in hyperthyroidism (state of thyroid excess),?*”

Table 4: Multiple regression analysis of LF-HF ratio (as dependable variable) with various other associated factors

(as independent variables) in hypothyroid group

Independent variables Standardized regression 95% CI P values
coefficient beta Lower bound Upper bound
MAP 0.298 0.004 0.023 0.020
hsCRP 0.578 0.283 3.214 0.009
Atherogenic index 1.144 0.329 2.236 0.001
Anti-TPO Ab 0.344 -0.002 0.005 0.435
Anti-TG Ab -0.077 —0.001 0.000 0.260
Free T3 —-0.092 —-0.031 0.014 0.286
Free T4 -0.110 -0.115 0.100 0.276
TSH 0.211 0.000 0.001 0.077

P<0.05 were considered statistically significant. MAP: Mean arterial pressure; hsCRP: high-sensitive C-reactive protein; Anti-TPO Ab: Anti-thyroperxidase antibody;
Anti-TG Ab: Anti-thyroglobulin antibody; TSH: thyroid stimulating hormone; CI: confidence interval; LF-HF ratio: ratio of low-frequency power to high-frequency

power of heart rate variability
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Table S: Bivariate logistic regression analysis of BP
status or hypertension status (as dependent variable)
with LF-HF ratio (as independent variable) in the
control group and hypothyroid group after adjusting

for age and BMI
Control group Hypothyroid group
OR (95% CI) P value OR (95% CI) P value

0.54 (0.37-2.115) 0.170 2.05 (1.110-5.352) 0.008

P<0.05 considered as significant. OR: odds ratio; LF-HF ratio: ratio
of low-frequency power to high-frequency power of heart rate variability;
CI: confidence interval; BMI: Body mass index; BP: Blood pressure

findings of the present study does not illustrate the
association of autonomic imbalance with thyroid profile
in hypothyroidism (thyroid deficiency state).

One may suggest that significantly high BMI in
hypothyroid subjects [Table 1] could be a major
contributor to SVI in this dysfunction, as increased
adiposity has been reported to cause vagal inhibition
and sympathetic overactivity.***'l However, obesity
in hypothyroidism is not primarily due to excess
adiposity as increase in bodyweight in thyroid
deficiency state is mostly due to accumulation of
water and mucopolysaccharides in subcutaneous
tissues.’ Moreover, there was no significant correlation
of LF-HF ratio with BMIin hypothyroid patients [Table 3].
Therefore, contribution of increased BMI to SVI in
hypothyroidism appears to be negligible.

Though the exact cause of SVIin hypothyroidism cannot
be fully ascertained from the present study, it appears that
SVlis linked to the degree of hyperlipidemia. Not only
there was significant dyslipidemia (hypercholesterolemia,
triglyceridemia, high LDL-hypercholesterolemia,
high VLDL-hypercholesterolemia and low HDL-
cholesterolemia) and increased lipid risk factors [Table 2]
in hypothyroid subjects compared to the control subjects,
but also all these factors were significantly correlated
with LF-HF ratio [Table 3]. Moreover, the Al had
significant independent contribution to LF-HF ratio
[Table 4]. From among the lipid risk factors assessed
in the present study, we selected Al for the regression
model, as Al has recently been reported to be the better
indicator of CV risk.® Other lipid risk factors were
excluded from the same regression model to avoid
multicolinearity. Hyperlipidemia is very common in
hypothyroidism™ and hypercholesterolemia has been
reported to be associated with increased sympathetic
activity.B*#*! Thus, from findings of the present study
it appears that chronic and profound hyperlipidemia
could be a major contributor to SVI in hypothyroidism.

There is a report of low-grade immunological
inflammation in thyroid deficient subjects.*! In the

present study hsCRP, anti-TPO Ab and anti-TG Ab
were more in hypothyroid subjects compared to
that of control subjects. The hsCRP was significantly
correlated with LF-HF and had significant independent
contribution to LF-HF ratio. It has been reported that
CRP influences cardio-respiratory health through
alteration in autonomic functions.®! Therefore, low-
grade inflammation might play a significant role in the
genesis of SVI in hypothyroidism. However, anti-TPO
and anti-TG antibodies had no significant contribution
to LF-HF ratio [Table 5]. Therefore, it is unlikely that
immunological markers contribute to the genesis of SVI
in hypothyroidism.

There are reports of increased CVRs in conditions of
SVLM“®linflammation*'”! and hyperlipidemia.”! As such
there are reports of increased CVRs in subclinical and
overt hypothyroidism.'*#!In the present study, SVI was
associated with dyslipidemia, increased lipid risk factors
and low-grade inflammation. A report has suggested
that lipid risk factors and CRP are better markers of
cardiovascular dysfunctions in females compared to the
other predictors of adverse cardiovascular events such
as apolipoproteins.’”! Moreover, the reduction in HRV
per se has been reported as an important CVR.¥¥! In
the present study, magnitude of HRV (TP of HRV) was
grossly reduced in hypothyroid subjects predisposing
them to CVR [Table 2]. Furthermore, DBP and MAP
had significant link to LF-HF ratio (SVI) in hypothyroid
subjects [Tables 3 and 4]. Recently we have reported
the close association of SVI with increased vascular
tone and hypertension status that increases CVRs in
prehypertensives.*”! In the present study, LF-HF ratio
had significant prediction for hypertension status in
hypothyroid subject [Table 5]. Therefore, we presume
that SVI in hypothyroidism contributes to CVRs in
hypothyroidism.

In the present study, CVRs observed in hypothyroid
patients are hypertension, decreased HRV, dyslipidemia
and low-grade inflammation that are associated with SVI.
It appears that dyslipidemia and inflammation contribute
to the SVI, which contributes to the hypertension status.
Thus, considerable SVI, sustained hyperlipidemia and
chronic low-grade inflammation in hypothyroid patients
predispose them to increased risk of cardiovascular
morbidity and mortality. As such hypothyroidism
is a chronic disorder that takes months and years to
achieve euthyroidism even after judicious treatment,
especially in developing countries like India where
patients’ compliance is poor. Therefore, further research
warrants the assessment of the efficacy of hypolipidemic
and ant-inflammatory therapy on alleviation of SVI in
hypothyroidism. Hypothyroid subjects should also be
encouraged to adapt non-pharmacological therapies
such as pranayamic breathing exercises and yoga, as
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reports from our laboratory and others have documented
reduction of sympathetic activity and improvement
of vagal activity following practice of such life-style
modification programs.*#?l Limitation of the present
study is that we have not assessed cardiac dysfunctions
by radio-imaging techniques and their possible
correlation with SVI in hypothyroid subjects.

Conclusions

In this study, HRV was found to be grossly reduced
in hypothyroid patients predisposing them to
cardiovascular morbidities. SVI in hypothyroid subjects
was due to the concomitant increased sympathetic and
decreased vagal activities, which was contributed by
dyslipidemia and low-grade inflammation. SVI s linked
to hypertension status in these patients. As chronic
SVI, hypertension, hyperlipidemia and inflammation
are known CVR factors, further research should be
conducted to assess if improvement in sympathovagal
homeostasis can improve the cardiovascular health in
hypothyroid subjects.

Acknowledgment

We acknowledge the intramural financial assistance from
Jawaharlal Institute of Postgraduate Medical Education and
Research (JIPMER) as Intramural PhD Research Grant for
supporting this study.

References

1. Vanderpump MP. The epidemiology of thyroid disease.
Br Med Bull 2011;99:39-51.

2. Delange F, de Benoist B, Burgi H, ICCIDD Working Group.
International Council for Control of Iodine Deficiency
Disorders. Determining median urinary iodine concentration
that indicates adequate iodine intake at population level. Bull
World Health Organ 2002;80:633-6.

3. Bricker LA, Such F, Loehrke ME, Kavanaugh K. Intractable
diarrhea in hyperthyroidism: Management with beta-
adrenergic blockade. Endocr Pract 2001;7:28-31.

4.  Noh JY, Nakamura Y, Ito K, Inoue Y, Abe Y, Hamada N.
Sympathetic overactivity of intraocular muscles evaluated by
accommodation in patients with hyperthyroidism. Thyroid
1996;6:289-93.

5. Galetta F, Franzoni F, Fallahi P, Tocchini L, Braccini L,
Santoro G, et al. Changes in heart rate variability and QT
dispersion in patients with overt hypothyroidism. Eur J
Endocrinol 2008;158:85-90.

6. Matsukawa T, Mano T, Gotoh E, Minamisawa K, Ishii M.
Altered muscle sympathetic nerve activity in hyperthyroidism
and hypothyroidism. ] Auton Nerv Syst 1993;42:171-5.

7. Xing H, Shen Y, Chen H, Wang Y, Shen W. Heart rate
variability and its response to thyroxine replacement
therapy in patients with hypothyroidism. Chin Med J (Engl)
2001;114:906-8.

8.  Karthik S, Pal GK, Nanda N, Hamide A, Bobby Z, Amudharaj
D, et al. Sympathovagal imbalance in thyroid dysfunctions in

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

females: Correlation with thyroid profile, heart rate and blood
pressure. Indian ] Physiol Pharmacol 2009;53:243-52.
Hadley DM, Dewey FE, Freeman JV, Myers JN, Froelicher VF.
Prediction of cardiovascular death using a novel heart rate
recovery parameter. Med Sci Sports Exerc 2008;40:1072-9.
Inal S, Karako¢ MA, Kan E, Ebing FA, Toriiner FB, Aslan M.
The effect of overt and subclinical hypothyroidism on the
development of non-dipper blood pressure. Endokrynol Pol
2012;63:97-103.

Schultz M, Kistorp C, Raymond I, Dimsits J, Tuxen C,
Hildebrandt P, et al. Cardiovascular events in thyroid disease:
A population based, prospective study. Horm Metab Res
2011;43:653-9.

Mayer O Jr, Simon J, Filipovsky J, Plaskova M, Pikner
R. Hypothyroidism in coronary heart disease and its
relation to selected risk factors. Vasc Health Risk Manag
2006;2:499-506.

Biondi B. Cardiovascular effects of mild hypothyroidism.
Thyroid 2007;17:625-30.

Thayer JF, Yamamoto SS, Brosschot JF. The relationship of
autonomic imbalance, heart rate variability and cardiovascular
disease risk factors. Int ] Cardiol 2010;141:122-31.

Pal GK, Pal P, Nanda N, Amudharaj D, Adithan C.
Cardiovascular dysfunctions and sympathovagal imbalance
in hypertension and prehypertension: Physiological
perspectives. Future Cardiol 2013;9:53-69.

Slopen N, Koenen KC, Kubzansky LD. Childhood adversity
and immune and inflammatory biomarkers associated with
cardiovascular risk in youth: A systematic review. Brain
Behav Immun 2012;26:239-50.

Myhrstad MC, Retterstel K, Telle-Hansen VH, Ottestad I,
Halvorsen B, Holven KB, et al. Effect of marine n-3 fatty acids
on circulating inflammatory markers in healthy subjects
and subjects with cardiovascular risk factors. Inflamm Res
2011;60:309-19.

Sehested TS, Hansen TW, Olsen MH, Abildstrem SZ,
Rasmussen S, Ibsen H, et al. Measures of overweight and
obesity and risk of cardiovascular disease: A population-
based study. Eur ] Cardiovasc Prev Rehabil 2010;17:486-90.
Rana JS, Boekholdt SM, Kastelein JJ, Shah PK. The role of
non-HDL cholesterol in risk stratification for coronary artery
disease. Curr Atheroscler Rep 2012;14:130-4.

Nanda N, Bobby Z, Hamide A. Oxidative stress and
protein glycation in primary hypothyroidism. Male/female
difference. Clin Exp Med 2008;8:101-8.

Liatis S, Tentolouris N, Katsilambros N. Cardiac autonomic
nervous system activity in obesity. Pediatr Endocrinol Rev
2004;1 Suppl 3:476-83.

Mariotti S, Cambuli VM. Cardiovascular risk in elderly
hypothyroid patients. Thyroid 2007;17:1067-73.

Purohit P, Mathur R. Hypertension association with serum
lipoproteins, insulin, insulin resistance and C-Peptide:
Unexplored forte of cardiovascular risk in hypothyroidism.
N Am J Med Sci 2013;5:195-201.

Tiiremen EE, Cetinarslan B, Sahin T, Cantiirk Z, Tarkun I.
Endothelial dysfunction and low grade chronic inflammation
in subclinical hypothyroidism due to autoimmune thyroiditis.
Endocr ] 2011;58:349-54.

Pal GK, Pal P. Autonomic function tests. In: Textbook of
Practical Physiology. 3 ed. Chennai: Universities Press; 2010.
p- 282-90.

Malliani A. Heart rate variability: From bench to bedside. Eur
J Intern Med 2005;16:12-20.

560 North American Journal of Medical Sciences | September 2013 | Volume 5 | Issue 9 |




Syamsunder, ¢z a/.: Sympathovagal imbalance and CV risks in hypothyroidism

27. Heartrate variability: Standards of measurement, physiological 36. JaeSY, Heffernan KS, Yoon ES, Lee MK, Fernhall B, Park WH.

interpretation and clinical use. Task force of the European The inverse association between cardiorespiratory fitness
society of cardiology and the North American society of and C-reactive protein is mediated by autonomic function:
pacing and electrophysiology. Circulation 1996,93:1043-65. A possible role of the cholinergic antiinflammatory pathway.
28. Cacciatori V, Gemma ML, Bellavere F, Castello R, De Gregori Mol Med 2009;15:291-6.
ME, Zoppini G, et al. Power spectral analysis of heart rate in 37. Ridker PM, Rifai N, Cook NR, Bradwin G, Buring JE. Non-
hypothyroidism. Eur ] Endocrinol 2000;143:327-33. HDL cholesterol, apolipoproteins A-I and B100, standard
29. Burggraaf J, Tulen JH, Lalezari S, Schoemaker RC, De lipid measures, lipid ratios, and CRP as risk factors for
Meyer PH, Meinders AE, et al. Sympathovagal imbalance cardiovascular disease in women. JAMA 2005;294:326-33.
in hyperthyroidism. Am J Physiol Endocrinol Metab ~ 38. Kiviniemi AM, Tulppo MP, Wichterle D, Hautala AJ,
2001;281:E190-5. Tiinanen S, Seppénen T, et al. Novel spectral indexes of heart
30. DangardtF, Volkmann R, ChenY, Osika W, Mdrild S, Friberg rate variability as predictors of sudden and non-sudden
P. Reduced cardiac vagal activity in obese children and cardiac death after an acute myocardial infarction. Ann Med
adolescents. Clin Physiol Funct Imaging 2011;31:108-13. 2007;39:54-62.

39. Laitio T, Jalonen J, Kuusela T, Scheinin H. The role of heart
rate variability in risk stratification for adverse postoperative
cardiac events. Anesth Analg 2007;105:1548-60.

31. Simonds SE, Cowley MA, Enriori PJ. Leptin increasing
sympathetic nerve outflow in obesity: A cure for obesity or
a potential contributor to metabolic syndrome? Adipocyte

2012;1:177-81. 40. Pal GK, Pal P, Lalitha V, Amudharaj D, Nanda N, Dutta TK,

32. Jameson JL, Weetman PL. Disorders of the thyroid gland. In: et al. Increased vascular tone due to sympathovagal
Fauci AS, Braunwald E, Kasper DL, Hauser SL, Longo DL imbalance in normotensive and prehypertensive offspring
Jameson JL, et al., editors. Harrison’s Principles of Internal of hypertensive parents. Int Angiol 2012;31:340-7.

Medicine. New York: McGraw-Hill; 2008. p. 2224-47. 41. Pal GK, Velkumary S, Madanmohan. Effect of short-term

. . tice of breathing exercises on autonomic functions in
33. Popa CD, Arts E, Fransen ], van Riel PL. Atherogenic index prac ) . o
and high-density lipoprotein cholesterol as cardiovascular risk normal human Volu.nteers. Indian ] Med Res 2004;120:115-21.
determinants in rheumatoid arthritis: The impact of therapy ~ 42- Sengupta P. Health impacts of yoga and pranayama: A state-
with biologicals. Mediators Inflamm 2012;2012:785946. of-the-art review. Int ] Prev Med 2012,3:444-58.

34. Lewagdgwski ,]’ Sinski Mf Bidiu}( J, Abramczyk I.)’ How to cite this article: Syamsunder AN, Pal GK, Pal P, Kamalanathan CS,
Dobosiewicz A, Ciarka A, et al. Simvastatin reduces sympathetic Parija SC, Nanda N. Association of sympathovagal imbalance with
activity in men with hypertension and hypercholesterolemia. cardiovascular risks in overt hypothyroidism. North Am J Med Sci
Hypertens Res 2010;33:1038-43. 2013;5:554-61.

35. Smith CC, Prichard BN, Betteridge DJ. Plasma and platelet Source of Support: This work has been supported by Jawaharlal Institute
free catecholamine concentrations in patients with familial of Post-Graduate Medical Education and Research as Intramural PhD
hypercholesterolaemia. Clin Sci (Lond) 1992;82:113-6. Research Grant. Conflict of Interest: None declared.

New features on the journal’'s website

Optimized content for mobile and hand-held devices

HTML pages have been optimized of mobile and other hand-held devices (such as iPad, Kindle, iPod) for faster browsing speed.

Click on [Mobile Full text] from Table of Contents page.

This is simple HTML version for faster download on mobiles (if viewed on desktop, it will be automatically redirected to full HTML version)

E-Pub for hand-held devices

EPUB is an open e-hook standard recommended by The International Digital Publishing Forum which is designed for reflowable content i.e. the
text display can be optimized for a particular display device.

Click on [EPub] from Table of Contents page.

There are various e-Pub readers such as for Windows: Digital Editions, 0S X: Calibre/Bookworm, iPhone/iPod Touch/iPad: Stanza, and Linux:
Calibre/Bookworm.

E-Book for desktop

One can also see the entire issue as printed here in a ‘flip book” version on desktops.
Links are available from Current Issue as well as Archives pages.

Click on @ View as eBook

North American Journal of Medical Sciences | September 2013 | Volume 5 | Issue 9 | 561




