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where substantial alterations in cardiovascular system are 
observed. The blood volume, cardiac output, stroke volume 
begin to change after the first trimester to accommodate the 
growing fetus.[1–7] It might be anticipated that the baroreflex 
function would be decreased in pregnancy due to physio-
logical hypervolemia. Systemic vascular resistance is also 
decreased to hemodynamic changes. Arterial blood pressure 
shows a progressive fall in the first and middle trimester. The 
cardiovascular sympathetic nervous activity shifted to higher 
sympathetic modulation in late pregnancy.[8] Aortocaval com-
pression is one of the important factor associated with this. 
The parasympathetic activity is also different from the pre 
pregnant state.

The cardiovascular modification are of value not only to 
maternal adaptation to pregnancy but also in nurturing the 

Background: Women exhibit large variations in behavior and hormones during different phases of their reproductive 
life. Emotions, hormones are much under command of autonomic nervous system. During pregnancy a woman’s body 
focuses its primary attention to nurture the new one and the body automatically prioritizes the needs of her unborn. The 
autonomic nervous system is known to play a major role in cardiovascular regulation in pregnancy, which is associated 
with lots of changes in hemodynamics, including blood pressure, cardiac output and also in systemic vascular resistance. 
Objective: The present study was done to evaluate the autonomic (sympathetic and parasympathetic) nervous system 
sequentially during the three trimesters of pregnancy.
Materials and Methods: Total 90 healthy pregnant women having no major illness, were considered for the study and 
grouped as group I 30 subjects of first trimester, group II 30 subjects of second trimester and group III, 30 subjects of third 
trimester. All subjects were evaluated by CANWIN–Cardiac Autonomic Neuropathy Analyser.
Result: Women in group I show normal parasympathetic function plus mild parasympathetic (PNS) dysfunction; and 
moderate sympathetic (SNS) dysfunction .Women in group II shows mild PNS dysfunction with moderate SNS  dysfunction. 
Women in group III shows moderate parasympathetic and sympathetic dysfunction.
Conclusion: The autonomic dysfunction starts from the first trimester of pregnancy. The present study thus can be an 
effective tool to anticipate the pregnancy related cardiovascular complications such as pregnancy induced hyperten-
sion, pre-eclampsia thereby decreasing the morbidity, and improving the outcome of pregnancy of healthy mother and 
healthy baby.
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Introduction

A well synchronized interplay between the sympathetic 
and parasympathetic system is mandatory to deal with 
 cardiovascular adaptations in various pathophysiological 
condition. One of the most precious situations is pregnancy 
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Table 1 shows the group wise distribution of mean and stand-
ard deviation of age, height, weight, BMI reflecting that the 
groups were statistically comparable at the start of the study. 
Table 2 shows the group wise distribution of mean and stand-
ard deviation for parasympathetic tests in the three groups. 
As evident from the table, women in group II and III has mild 
to moderate parasympathetic dysfunction. Table  3 shows 
the group wise distribution of mean and standard deviation 
of sympathetic tests in the three groups. As can be seen, 
women in the three groups showed moderate sympathetic 
dysfunction. Table  4 shows group wise distribution of ANS 
tests interpretation. Thus, it shows that women in group  I 
had normal parasympathetic function plus mild to moderate 
parasympathetic dysfunction and moderate sympathetic dys-
function. Women in group II showed mild parasympathetic 

growing fetus, failure of which may be associated with com-
plication like pregnancy induced hypertension, pre-eclampsia 
and eclampsia.[5]

So the present study was undertaken to monitor the 
sequential changes in the autonomic activity in the three tri-
mesters of pregnancy; with an objective to find the relation 
between pregnancy and cardiovascular functions as well as 
prediction of cardiovascular risk during pregnancy.

Materials and Methods

 After having the institutional ethical committee approval, the 
study was done on 90 healthy normotensive pregnant females 
in the age group of 18–28 years attending the Antenatal Clinic 
of Pravara Rural Hospital, Loni regularly. Pregnancy was con-
firmed by urinary human chorionic gonadotrophin determina-
tion test. Informed written consent was taken from the study 
participants after having explaining them the study protocol. 
Subjects having any illness in the present or past, hyperten-
sion, diabetes, cardiovascular abnormality, bad obstetric  his-
tory, history  of previous abortion, previous caesarean section 
were excluded from the study.

Subjects were grouped as follows;

GROUP I: 30 subjects of first TRIMESTER 
GROUP II: 30 subjects of second TRIEMSTER 
GROUP III: 30 subjects of third TRIMESTER 

Following cardiovascular sympathetic and parasympathetic 
tests were carried out with analyzer CANWIN, it is window based 
cardiac autonomic neuropathy analyzer with interpretation.  

Sympathetic tests
1. Blood pressure response to standing /Orthostatic postural 

hypotension
2. Blood pressure response to sustained handgrip 

Parasympathetic tests
1. Resting heart rate /minute
2. Heart rate response to deep breathing (Expiratory/

Inspiratory ratio)
3. Heart rate response to Valsalva maneuver
4. Heart rate response to standing (30:15 ratio)

Precautions during measurements
1. Test were carried out only after the subjects were relaxed 
2. Subjects were advised to have light breakfast and empty 

their bladder before commencing the tests
3. All tests were performed in 60 minute in under resting con-

ditions between 9–12 noon as described by Voss et al.[15] to 
avoid the effects of circadian rhythms on heart rate

Result

A total of 90 pregnant women were included in the present 
study, the results are depicted below in the form of tables. 

Table 1: Demographic characteristics of the groups 

Parameters Group I 
(n = 33)

Group II 
(n = 33)

Group III 
(n = 34)

Mean ± SD Mean ± SD Mean ± SD

Age (Years) 22.06 ± 2.78 21 ± 1.66 21.94 ± 2.39
Height (Cm) 155 ± 4.99 155.79 ± 5.38 154.73 ± 4.81
Weight (Kg) 48.14 ± 0.074 47.68 ± 7.14 50.45 ± 8.03
BMI 20.01 ± 2.47 19.62 ± 2.18 21.08 ± 3.18

Table 2: Parasympathetic tests in the three groups

Para-sympathetic 
tests

Group I 
(n = 33) 

Group II  
(n = 33) 

Group III  
(n = 34) 

Mean ± SD Mean ± SD Mean ± SD 

RHR /min 80.48 ± 10.22 89.82 ± 12.94 94.18 ± 16.74
E : I Ratio 1.26 ± 0.142 1.19 ± 0.107 1.17 ± 0.12
30 : 15 Ratio 1.12 ± 0.160 1.10 ± 0.15 1.08 ± 0.133
Valsalva Ratio 1.56 ± 0.258 1.51 ± 0.25 1.39 ± 0.35

Table 3: Sympathetic tests in the three groups

Sympathetic  
tests

Group I  
(n = 33)

Group II  
(n = 33)

Group III  
(n = 34)

Mean ± SD Mean ± SD Mean ± SD

OHT 2.91 ± 2.92 4.09 ± 3.38 5.38 ± 3.47
HGT 7.91 ± 7.14 4.54 ± 5.3 10.97 ± 4.2

Table 4: Group wise distribution of ANS interpretation

Group I  
(n = 33)

Group II 
(n = 33)

Group III 
(n = 34)

Parasympathetic 
tests

Normal/Mild Mild Mild/Moderate

Sympathetic tests Moderate Moderate Moderate

ANS dysfunction Mild + Moderate Moderate Moderate
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dysfunction and moderate sympathetic dysfunction. Women 
in group III showed moderate parasympathetic and sympa-
thetic dysfunction. So, in group II, both the sympathetic and 
parasympathetic functions are more affected as seen by sta-
tistically significant results in resting heart rate and expiratory 
to inspiratory ratio.

Discussion

Summarizing the autonomic changes separately in dif-
ferent trimesters of pregnancy, it was observed that, women 
in group-I, had mild  autonomic nervous system dysfunction. 
Women in group-II showed moderate autonomic nervous sys-
tem dysfunction, wheras women in group-III demonstrated 
moderate autonomic nervous system dysfunction with mild 
parasympathetic dysfunction plus moderate sympathetic 
dysfunction.

On comparison among the three groups, in group II the 
parasympathetic dysfunction is more in comparison to group 
I as evident by statistically highly significant (p < 0.01) and 
significant (p < 0.05) results in resting heart rate and expir-
atory to inspiratory ratio, respectively. In group II the sym-
pathetic dysfunction was also more as compared to group I 
with statistically significant result in - sustained hand grip test 
(p < 0.05). On comparison of parasympathetic tests and sym-
pathetic tests in group II and III it was found that, in group 
III the parasympathetic dysfunction is more in comparison to 
group II when compared with the mean values, however  sta-
tistically non significant results were found in  the parasym-
pathetic tests among group II and group III.  The sympathetic 
dysfunction was found to be more in group II when compared 
to group III and statistically highly significant (p < 0.01) results 
in-sustained hand grip test were obtained.

Thus these results indicate that

 ● ANS dysfunctions start from the first trimesters of preg-
nancy.

 ● These autonomic dysfunctions goes on increasing in 
severity as the pregnancy advances i.e. autonomic dys-
function is directly proportional to number of weeks of 
 pregnancy.

 ● The autonomic dysfunction is by both parasympathetic and 
sympathetic autonomic dysfunction but mainly because of 
the parasympathetic dysfunction. 

The results indicates that sympathetic activity was 
decreased more in second trimester, less in first trimester and 
least in last trimester of pregnancy i.e. towards prepregnant 
level. In the early pregnancy an overall decrease in vascular 
tone leads to systemic vasodilatation and rise in arterial com-
pliance, there is a possible role of release of vasopressin,[14] 
which  causes hemodilution and with a reduction in viscosity, 
which potentiates fall in vascular resistance and  contributing  
to fall in afterload.

Also, There is evidence that increased nitric oxide (NO) 
activity plays a major role for the pregnancy-associated drop 

in systemic resistance, as depicted in study done by Morris 
et al.[10]  Another important contribution is by circulating estro-
gens[6,9] progressively during pregnancy which may stimu-
late vascular function directly or indirectly via increased NO 
availability.

Other factors contributing are increased concentrations 
of circulating prostaglandins[6,11] increased heat production by 
the developing fetus and development of a low-resistance cir-
culation in the pregnant uterus. 

  With further increase in the gestational age, aortocaval 
compression caused by the enlarging gravid uterus further 
compromises venous return and cardiac output leading to a 
shift in sympathetic nervous activity towards an even higher 
sympathetic and lower vagal modulationin the third trimester 
of pregnancy.[2,3,10]

These findings emphasize that the most important maternal 
adaptation to pregnancy take place by change in cardiovas-
cular sympathetic activity for the better perinatal outcome.[12–14]

The changes in the parasympathetic nervous system may 
be due to the following:

 ● The increase in heart rate in third trimester is consistent 
with the finding that vagal baroreflex was significantly 
 decreased in healthy women in third trimester. Heart rate 
variability and baroreflex sensitivity are reduced in preg-
nancy in comparison with nonpregnant state.[15]

 ● Explaining the parasympathetic responses, the increase 
in the heart rate could be attributed to the reduced vagal 
baroreflex in third trimester. Study performed by Ekholm 
et al.,[4] also reflected a decrease in heart rate variability 
and baroreflex sensitivity during pregnancy and returned 
to normal level after pregnancy.

 ● Valdes et al.[14] also found a decrease in baroreflex sensi-
tivity in late pregnancy.

Thus winding up, the parasympathetic dysfunction goes 
on increasing as pregnancy advances.

However, Ashwini et  al.,[1]  did not find much significant 
difference in parasympathetic activity on comparison among 
pregnant and non pregnant females, whereas the sympa-
thetic was found higher in the first trimester of pregnancy in 
comparison to non pregnant women.

In the study done by Vikhe et al.,[17], altered cardiovascular 
indices were observed in pregnancy, thereby supporting the 
present work.

In the work done by Silver et al.,[13] shows similarity with 
the present study concluded that there is inhibition of resting 
parasympathetic activity with an increment of the sympathetic 
modulation during third trimester of pregnancy in comparison 
to first and non pregnant level. Thus, there is symapthovagal 
imbalance in later stages of pregnancy.

The author Ekholm et al.[4] demonstrated decreased para-
sympathetic responsiveness during pregnancy which returns 
to normal after delivery.

Thus this kind of study with use of non invasive methods 
is an area of keen interest, with least risk to maternal as well 
as fetal well being.
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As in routine normal pregnancy these tests are not carried 
out, an improvisation can be done in antenatal care where in 
the present era most of the pregnancies are in women who 
are working, multitasking with more demanding life.

It may also be helpful if diagnose is early, apart from 
endanger to the mother and new born, it will lessen the eco-
nomic burden on health care delivery system.

However, further studies should definitely be carried out 
for correlation of autonomic nervous functions with hormonal 
imbalance. More effort has to be done for confirmation of such 
existence. One important limitation is availability of the equip-
ments in the government set up, so that ubiquitously such 
noninvasive tests can be made accessible.

Conclusion

Thus, the present study has a shown the ample amount of 
physiological changes the body has to adapt for nurturing the 
baby in fetus. Such studies are therefore important in early 
diagnosis of any cardiovascular monitoring in pregnancy, 
detecting abnormalities at early stage and thereby improving 
the outcome of pregnancy.
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