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Abstract 

Introduction:  Various physiological conditions are known to influence functional activity of ANS and one such state is 
pregnancy. Pregnancy is associated with profound but temporary and reversible hemo-dynamic changes in mother to 
support fetal development and growth but without permanent deleterious effects in the mother. Material & Methods:  
Functional status of Autonomic Nervous System during 1st, 2nd and 3rd trimester of pregnancy was studied in 75 pregnant 
women in all three trimesters of pregnancy (25 each) and results were compared among them and with another 25 non-
pregnant women taken as control. Parasympathetic activity was assessed by Standing to Lying down ratio, 30:15 ratio, 
Valsalva ratio and Tachycardia ratio. The assessment of sympathetic activity was done by tests viz. CPT, HGT and GSR. 
Results: Parasympathetic activity was significantly reduced in 3rd trimester of pregnancy in comparison to non-pregnant 
controls as well as 1st and 2nd trimesters. The sympathetic activity showed significant rise in sympathetic nervous system 
activity during 3rd trimester of pregnancy in comparison with the changes in non-pregnant controls as well as 1st & 2nd 
trimester of pregnancy. Conclusion: Although ANS play a central role in the adaptation of hemodynamic to various 
demands of pregnancy yet its failure to achieve the required goal during different trimesters of pregnancy is poorly 
understood and needs to be investigated. This havoc of sympatho-vagal modulation in pregnancy can be attributed to 
orthostatic dys-regulation occurring due to deficiency of autonomic nervous control mechanisms in pregnancy and we 
have tried to prove this in our study. 
 
Key words: Pregnancy trimesters, sympatho-vagal modulation, ANS activity, orthostatic hypotension, cardiovascular 
regulation.  
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Introduction 

1. Autonomic Stress and normal Pregnancy:   
Autonomic nervous system controls the vegetative 
functions of body without our conscious control. 
Parasympathetic division of ANS governs the functions 
during rest like gastric emptying and anabolic part of 
metabolism and sympathetic activation is involved in 
the preparation of body for stress and physical activity. 
Both serves to maintain the optimal internal 
environment of the body and achieves this by 
mechanisms that regulate blood pressure, fluid and 
electrolyte balance, and body temperature [1]. ANS is  
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directly involved in tonic, reflex, and adaptive control 
of autonomic function, and integrates autonomic 
functions with hormonal, immuno-modulatory and pain 
controlling mechanisms to internal and external 
environmental challenges [2]. Various physiological 
conditions are known to influence functional activity of 
ANS and one such state is pregnancy. Pregnancy is 
associated with profound but temporary and reversible 
hemo-dynamic changes in the mother to accommodate 
and support fetal development and growth but without 
permanent deleterious effects in the mother [3]. 
Increase in the resting heart rate in the pregnant women 
is explained by increased Bainbridge reflex occurring 
due to the increase in the end diastolic volume caused 
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by hemo-dilution [4]. During pregnancy there is an 
increase in the blood volume, heart rate and cardiac 
output while peripheral resistance and resting blood 
pressure decreases [5]. 

Endocrinal and neural regulatory mechanisms affecting 
the cardiovascular system undergo changes even during 
normal progression of pregnancy. Hypothalamic-
pituitary-adrenal axis (HPA) reacts to sustained anxiety 
and depression. Change in physiological hemodynamics 
during pregnancy may affect uterine circulation, in turn 
decreasing blood flow reaching the decidua, and thus 
affecting the implantation site [6]. Increased levels of 
circulating catecholamines play an adverse role in the 
emotional centers of the brain which causes an 
increased steroidogenesis. The endocrinal 
manifestations of these increased steroid hormones 
cause volume overload, which ultimately puts stress on 
the autonomic activity. Suggested factors leading to 
orthostatic hypotension include impaired vascular 
innervations, high plasma nor-epinephrine 
concentrations, decreased α‐receptor sensitivity, 
β‐receptor hypersensitivity [7] and other researchers 
added baro-receptor dysfunction in the above list [8]. 
Orthostatic deregulation is also known to lead to 
spontaneous abortion, low birth weight babies and still 
births.  

Although ANS plays a central role in the adaptation of 
circulation to various demands of pregnancy still its 
failure to achieve the required goal during different 
trimesters of pregnancy is poorly understood and needs 
to be investigated. This carnage can be attributed to the 
orthostatic dys-regulation occurring due to deficiency of 
autonomic nervous control mechanism in pregnancy as 
we have tried to prove this in our study.  

2. Autonomic Stress testing: In 1960 a simple finding 
of absence of circulatory reflexes in diabetic neuritis 
started an era to diagnose autonomic disorders by using 
circulatory reflexes. The changes in blood pressure and 
heart rate due to Valsalva maneuver [9]. The concept 
for autonomic testing began developing at the turn of 
the 19th century with a number of experiments done in 
those days in basic neurophysiology [10].  

These original tests were developed over time into a 
rigorously defined, standardized series of autonomic 
tests that are useful in the clinical assessment and care 
of patients with suspected autonomic disorders. 
Autonomic testing has been widely used in clinical 
practice for 50 years, with decades of extensive 

experience and thousands of studies published on its use 
[11].  

Most of the classic cardiovascular reflex tests provide 
information of the overall integrity of the baroreflex arc. 
Afferent and central integrity of the baroreflex arc 
cannot be accessed directly.  

The common approach is to evaluate the integrity of the 
efferent pathways. If these are normal, the disturbance 
is supposed to be on the afferent or central site of the 
arterial baroreflex arc. The overall integrity of the 
baroreflex arc can be assessed by analyzing the heart 
rate and blood pressure responses to orthostatic posture 
or Valsalva straining [12]. By placing the hand in ice 
water or exercise, such as sustained handgrip are 
selective physiological stressors to test the efferent 
sympathetic pathways. Selective evaluation of efferent 
cardiac vagal pathways can be performed by the forced 
breathing maneuver against the closed glottis [13] [14] 
[15]. 

Spectral analysis of the heart period (RR interval) and 
systolic arterial pressure variability also provide 
information on the intact sympathetic and 
parasympathetic pathways and their balance [16].  

Material and Methods  

This study was conducted on 100 normal healthy 
women (75 pregnant & 25 non-pregnant) in the age 
group of 20-40 years taken from the OPD and wards of 
Obstetrics and Gynecology Department of Guru Nanak 
dev Hospital Amritsar, Amritsar. 

Subjects were divided in four groups: 

• Group I : 25 non-pregnant women as control group 

• Group II : 25 pregnant women in 1st trimester of 

pregnancy 

• Group III : 25 pregnant women in 2nd trimester of 

pregnancy 

• Group IV : 25 pregnant women in 3rd trimester of 

pregnancy. 

 
None of these women were suffering from any serious 
illness which could be affecting the functioning of 
autonomic nervous system viz. Diabetes mellitus, 
Hypertension or Neuro-psychiatric disorders. A verbal 
and written consent was taken from each subject and the 
nature of tests was explained to them. 
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Following anthropometric measurements and ANS 
function tests were done: 

1) Anthropometry: Height (cm) and Weight (kg)  
 Pulse, B.P. by Sphygmomanometer       

2) ANS Function Tests: 
  (a ) For functional status of Para-sympathetic  
 
Nervous System 

 1) Standing to Lying down ratio-S/L Ratio  
 2) 30:15 Ratio  

3) Valsalva Ratio   
4) Tachycardia ratio  
  
All these tests were done on ECG machine. 

  (b) For functional status of Sympathetic 
Nervous System:  

   1) Cold pressor test –CPT  
   2) Hand Grip test- HGT  
   3) Galvanic Skin Resistance –GSR  

 These tests were done on Polyrite Machine 

 

Statistical analysis: 

Table I: Comparative study of parasympathetic function tests in the four groups (n=100*). 

Parameters Group I 

Mean ±SD 

Group II 

Mean ±SD 

Group III 

Mean ±SD 

Group IV 

Mean ±SD 

S/L ratio 1.19±0.11 1.23±0.07 1.21±0.12 1.03±0.10 

30:15 ratio 1.03± 0.07 1.02 ±0.07 1.04± 0.06  1.07± 0.04 

Valsalva ratio 1.62± 0.21 1.66± 0.30 1.53± 0.33 1.46± 0.30 

Tachycardia ratio 0.82± 0.07 0.81± 0.23 0.82± 0.13 0.76± 0.12 

* 25 in each group S/L ratio: Standing to lying down ratio, 

Table II: Comparative study of parasympathetic function tests in the four groups (n=100*). 

Parameters II v/s I III v/s I IV v/s I III v/s II I V v/s II IV v/s III 

S/L ratio >0.05 >0.05 <0.001** >0.05 <0.001** >0.05 

30:15 ratio >0.05 >0.05 <0.05* >0.05 <0.05* <0.05* 

Valsalva ratio >0.05 >0.05 <0.05* >0.05 <0.05* >0.05 

Tachycardia ratio >0.05 >0.05 <0.05* >0.05 >0.05 >0.05 

p-Value ( *Significant **Highly Significant). 

Table I & II showing mean value for S/L ratio was highly significant (p <0.001**) in the 3rd trimester (group IV) 
compared to the controls (group I), 1st (group II) & 2nd trimester (group III) of pregnancy. mean value of 30:15 ratio 
showed significant (p <0.05*) changes in the 3rd trimester (group IV) compared with controls (group I), the 1st trimester 
(group II) and 2nd trimester (group III) of pregnancy (p<0.05).  

Mean value of Valsalva ratio showed significant (p<0.05*) results in the 3rd trimester (group IV) compared to controls 
(group I) and the 1st trimester (group II) of pregnancy (p<0.05). The mean value of Tachycardia ratio also showed 
significant (p<0.05*) variation between 3rd trimester (group IV) and control group I (p<0.05). From these tests it was 
concluded that parasympathetic activity decreased in the 3rd trimester of pregnancy. 
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Table III: Comparative study of sympathetic function tests in the four groups (n=100). 

Parameters Group I 

Mean ±SD 

Group II 

Mean ±SD 

Group III 

Mean ±SD 

Group IV 

Mean ±SD 

1. CPT  

Rise in SBP 

(mmHg) 

14.80±5.51 14.88±5.29 15.12±7.07 18.32±5.96 

Rise in DBP 

(mmHg) 

11.44±5.40 11.84±7.09 12.64±6.37 13.44±6.70 

2. HGT  

Rise in SBP 

(mmHg) 

13.28±6.40 12.56±4.95 13.76±7.22 14.48±7.44 

Rise in DBP 

(mmHg) 

15.36±6.47 15.76±5.06 16.24±8.23 18.76±4.28 

3. GSR 

(K Ohm) 

162.04±7.27 161.08±8.56 162.08±9.70 151.00±8.82 

CPT: Cold Pressure Test; HGT: Hand Grip Test; GSR: Galvanic Skin Resistance; SBP: Systolic Blood Pressure; DBP: 
Diastolic Blood Pressure 

Table IV: Comparitive study of sympathetic function tests in the four groups (n=100). 

Parameters II v/s I III v/s I IV v/s I III v/s II I V v/s II IV v/s III 

1. CPT  

SBP 

(mmHg) 

>0.05 >0.05 <0.05* >0.05 <0.05* >0.05 

DBP 

(mmHg) 

>0.05 >0.05 >0.05 >0.05 >0.05 >0.05 

2. HGT  

SBP 

(mmHg) 

>0.05 >0.05 >0.05 >0.05 >0.05 >0.05 

DBP 

(mmHg) 

>0.05 >0.05 <0.05* >0.05 <0.05* >0.05 

3. GSR (K Ohm) >0.05 >0.05 <0.05* >0.05 <0.05* <0.05* 

p-Value ( *Significant **Highly Significant) 

Table III &IV showing mean value for rise in Systolic B.P. in response to CPT significantly changed (p<0.05*) in 3rd 
trimester (18.32± 5.96) of pregnancy when compared to non-pregnant controls (14.80±5.51) and 1st trimester 
(14.88±5.29) of pregnancy (p<0.05*). No significant difference its mean value for rise in systolic B.P. response to Hand 
Grip Test (HGT) during 3 trimesters of pregnancy compared to each other and to that of non-pregnant controls 
(p>0.05*). While the mean value for rise in mean diastolic value significantly higher (p<0.05*) in 3rd trimester 
(18.76±4.28) of pregnancy as compared to non-pregnant controls. Galvanic Skin Response (GSR): Its mean value is 
showing significant decrease in 3rd trimester (151.00±8.82) of pregnancy as compared to the control (162.04±7.27) and 
compared to the 1st trimester (161.08±8.56*) and 2nd trimester (162.08±9.70) of pregnancy (p<0.05*) also.  
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Discussion 

A number of studies have reported that there are 
dynamic changes in the internal milieu during, 
pregnancy which is associated with blunting of 
cardiovascular responsiveness to physical challenge. A 
fairly extensive body of research throughout globe has 
confirmed by doing well known cardiovascular reflex 
maneuvers, such as attempted forced exhalation against 
a closed glottis (Valsalva maneuver), changes in 
electrocardiogram during changes in posture (S/L 
ration, 30:50 ratio) and changes in systolic Blood 
Pressure during isometric exercise (e.g., hand grip). 
These studies on autonomic nervous system functions 
have demonstrated that there is heart rate variability and 
abnormal catecholamine responses to these challenges 
during pregnancy [17, 18, 19].  

Present study was conducted in order to have an in 
depth assessment of changes occurring in functional 
activity of ANS (both parasympathetic and sympathetic 
NS) involved in periods of 1st, 2nd and 3rd trimester of 
pregnancy and to compare these changes with each 
other and with those of non-pregnant women. The 
parasympathetic activity was significantly reduced in 3rd 
trimester of pregnancy in comparison to non-pregnant 
controls, 1st and 2nd trimesters as assessed by S/L ratio 
which was highly significant in the 3rd trimester 
(p<0.05) [20]. 30:15 ratio [21] also showed significant 
changes in the 3rd trimester (group IV) compared with 
controls and 1st and 2nd trimester of pregnancy. Valsalva 
ratio [22] and Tachycardia ratio [23] showed similar 
significant variation in 3rd trimenter. While the 
responses to various sympathetic tests viz. CPT, HGT 
and GSR showed a significant rise in sympathetic 
nervous activity during 3rd trimester of pregnancy in 
comparison to the changes in non-pregnant controls and 
1st & 2nd trimester of pregnancy. These findings of CPT 
HGT and GSR [21, 22, 23] during 3rd trimester of 
normal pregnancy suggested that an increased 
sympathetic modulation is associated with an increase 
in resting peripheral sympathetic neural discharge 
having vaso-constrictor properties. A previous study by 
Kuo CD et al indicated that autonomic nervous activity 
shifted towards a lower sympathetic and higher vagal 
modulation in the first trimester, and changed towards a 
higher sympathetic and lower vagal modulation in the 
third trimester as gestational age increased [24]. The 
balance between the hemodynamic changes of 
pregnancy and aorto-caval compression caused by the 
enlarging gravid uterus may be responsible for the 
biphasic changes in autonomic nervous activity during  

 

pregnancy. Our findings confirmed higher sympathetic 
and lower parasympathetic modulation of autonomic 
functions in late pregnancy. In another study [25] 
researchers demonstrated that sympathovagal balance is 
shifted progressively from a higher vagal modulation 
towards a higher sympathetic modulation, and the 
recumbent position activated vagal activity. It was 
suggested that increased sympathetic activity in late 
pregnancy could affect the duration of labor. Our 
findings on sympathetic tests viz. CPT, HGT and GSR 
have confirmed such higher sympathetic modulation 
especially in the third trimester. Our findings also 
corroborate with the study of rise in heart rate starting 
between 2-5 weeks and continuing into the 3rd trimester 
of pregnancy [26]. The basic cause that comes out from 
our study is the "stress response" to increasing load on 
circulatory system. Such modulations in autonomic 
sympathetic activity induced by different physiological 
stress conditions, e.g. hypoxia, exposure to cold, 
physical training etc. is already proved by a study [27]. 
Pregnancy is similar stress condition on body of mother. 
There is decrease in vagal activity and the activation of 
sympathetic system occurring at increasing loads on 
body. When a non pregnant women lie down, the 
typical response of the autonomic nervous system is 
sympathetic suppression and vagal stimulation because 
gravitational stress is unloaded. However, this response 
is reversed when women in late pregnancy assume a 
supine position. There is reversal in the autonomic 
response in late pregnancy [28]. Our finding conclude 
the same.  

So it is concluded that in normal pregnancy a 
rearrangement of autonomic nervous tone occurs which 
could be interpreted as a shift towards a higher 
sympathetic and lower parasympathetic activity during 
3rd trimester of pregnancy by the growing uterus and 
orthostatic dys-regulation occurring due to deficiency of 
autonomic nervous control mechanism during 
pregnancy as proved earlier by a study [29]. 

Conclusions/ summary 

• Our findings corroborate with the study of rise in 
heart rate starting between 2-5 weeks and 
continuing into the 3rd trimester of pregnancy cf. 
Hunter S, Robson SC [26].  

• So it is concluded that in normal pregnancy a 
rearrangement of autonomic nervous tone occurs 
which could be interpreted as a shift towards a  
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higher sympathetic and lower parasympathetic activity 
during 3rd trimester of pregnancy for which aorto-caval 
compression by the growing uterus cf. Kuo CD et al 
[24] and orthostatic dys-regulation occurring due to 
deficiency of autonomic nervous control mechanism 
during pregnancy cf. Neeta Bachlaus [29] may be 
suggested as the main causative factor. A good blend of 
rest and physical exercise, and recommended postural 
changes while lying down would save the mother of 
many ANS modulations.  
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