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Abstract : The early prediction of pregnancy-induced hypertension (PIH)
is based on the demonstration of increased sympathetic activity in early
part of pregnancy. However, the mechanisms that increase sympathetic
activity in PIH have not yet been fully elucidated. Therefore, in the present
study we have investigated the link of albumin-globulin ratio (AGR) to
sympathovagal imbalance in PIH patients. Spectral analysis of HRV was
performed in three groups of subjects (Group I: normal pregnant women;
Group Il: pregnant women with risk factors for PIH, but did not develop
PIH; Group Ill: pregnant women with risk factors and developed PIH) and
their biochemical parameters including AGR were recorded. It was observed
that LF-HF ratio, the most sensitive indicator of sympathovagal balance
was significantly high (P<0.01) since early pregnancy in group Ill compared
to other groups, which was considerably correlated with AGR in group |1l
(PIH subjects). It was suggested that alteration in AGR could have direct
contribution to the sympathovagal imbalance that plays a critical role in the
genesis of PIH.
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INTRODUCTION inadequate treatment (1, 2). The clinical and

laboratory characteristics of hypertension

In developing countries of south-east induced by pregnancy are difficult to
Asia, pregnancy-induced hypertension (PIH) differentiate from those of hypertension
accounts for about 12% of maternal deaths, present during but independent of pregnancy
which is mainly due to its late diagnosis and (3). PIH usually develops late in pregnancy
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and in some, the dysfunction progresses
rapidly (4). Hence, in the absence of
meticulous and repeated screening at short
intervals, early diagnosis of PIH is missed
and patient reports in the advanced stage of
the disease; and therefore, this wusually
creates difficulty in the management of the
dysfunction. PIH has been proposed to be a
state of sympathetic overactivity in which
placenta is believed to play an important role
as only removal of the placenta following
delivery usually cures the disease (5). It was
suggested that some vasoconstrictors
released from abnormal placenta increases
sympathetic activity in PIH, nevertheless the
exact nature of these chemicals is yet to be
identified (5). Though the etiology of PIH is
not exactly known, it has been clearly
documented that the disease is characterized
by low circulating volume and high vascular
resistance (5, 6). The vascular resistance
primarily depends on basal sympathetic tone,
as systemic blood vessels have exclusively
sympathetic innervation (7). It was observed
that sympathetic activity slowly increases in
third trimester in normal normotensive
pregnancy (8), which is exaggerated in PIH,
and therefore, it was suggested that changes
in baroreceptor sensitivity and sympathovagal
tone in early pregnancy can be used to
predict the development of PIH (9).

Recently, it has been proposed that
determination of sympathovagal balance is
the most important autonomic function test
and spectral analysis of heart rate variability
(HRV) is a very sensitive indicator of
sympathovagal balance for establishing
diagnosis and assessing prognosis of diseases
that occur due to autonomic dysfunctions
(10). A study by Sasika et al has proposed
that serial assessment of cardiovascular
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control in the form of baroreflex gain, HRV
and blood pressure variability shows early
signs of pre-eclampsia (11). Other studies
have also reported alterations in uterine
perfusion, HRV and blood pressure variability
as early predictors of PIH (12-14). Recent

reports from our laboratory indicates
reduction in total power of HRV, with
increased low frequency (LF) power as

percentage of total compared to high
frequency (HF) power (15), indicating the

increased sympathetic activity causing
sympathovagal imbalance (SVI) in the early
part of pregnancy in PIH, which is

exaggerated to produce PIH in later part of
pregnancy (16).

To best of our knowledge, no research
has been conducted yet to understand the
biochemical alteration in plasma due to
placental abnormalities that lead to SVI in
PIH. Therefore, in the present study we have
assessed the association of biochemical
parameters with the sympathovagal
imbalance determined by spectral analysis
of HRV and analyzed its importance in early
prediction, pathophysiology and prevention
of this dysfunction in Indian population.

MATERIALS AND METHODS

The present study was conducted in the
clinical polygraph laboratory of 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,
230 subjects (50 in control group, 180 in
study group) were recruited from the
outpatient unit of the obstetrics and
gynecology department of JIPMER. Written
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informed consent was obtained from all the
participants prior to initiation of the study.
Subjects of study group included pregnant
women who had risk factors for PIH and of
control group included normal pregnant
women without any risk factor for PIH.
Inclusion criteria for the study group
included established risk factors for PIH (17)
such as family history of preeclampsia,
preeclampsia in previous pregnancy,
extremes of reproductive age, BMI > 35, DBP
>80 mm Hg at the first visit, first pregnancy,
multiple pregnancy, underlying medical
conditions (diabetes mellitus, renal disease
pre-existing hypertension) etc. Subjects of
control group (group 1), included normal
pregnant ladies who had none of the above-
mentioned risk factors for PIH. Subjects
receiving oral contraceptives prior to
pregnancy were excluded from both the
control and study groups.

Twelve subjects in the control group and
seven subjects in the study group did not
turn up for second and third trimester
recordings. Therefore, these subjects were
excluded from the study. Rest all subjects
(38 in the control group and 173 in the study
group) attended obstetrics OPD for their
regular check-ups and also reported to
polygraph laboratory of physiology
department for recording of various
parameters at all three trimesters of
pregnancy. Accordingly, three recordings
were performed on all subjects at three
different times; the 1st recording at
completion of 1st trimester (towards end of
12th week), the 2nd recording at completion
of 2nd trimester (towards end of 24th week),
and the 3rd recoding at the end of 31st week
(as previous records of obstetrics and
gynecology department of JIPMER indicated
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that PIH usually occurs after 32nd weeks).
The subjects reported to polygraph
laboratory about two hours after a light
breakfast devoid of coffee or tea. Height and
weight were measured to calculate body mass
index (BMI). Blood pressure (BP) was
recorded using Colin PressMate 8800 (Colin
Corporation, Japan) non-invasive blood
pressure monitor.
Spectral analysis of HRV

Following 10 minutes of supine rest in
polygraph laboratory (room temperature
maintained at 25°C), basal heart rate (BHR)
and blood pressures (diastolic and systolic)
were recorded. For recording of short-term
HRV, recommendation of the Task Force on
HRV was followed (18). For the purpose, ECG
electrodes were connected and Lead Il ECG
was acquired at a rate of 1000 samples/
second during supine rest using BIOPAC MP
100 data acquisition system (BIOPAC Inc.,
USA). The data was transferred from
BIOPAC to a windows-based PC with
Acgkowledge software version 3.8.2. Ectopics
and artifacts were removed from the recorded
ECG. RR tachogram was extracted from the
edited 256 sec ECG using the R wave detector
in the Acgkowledge software and saved in
ASC-1l format which was later used offline
for short term HRV analysis. HRV analysis
was done using the HRV analysis software
version 1.1 (Bio-signal Analysis group,
Finland). Mean RR was measured in
second(s). Variance, defined as power in a
portion of the total spectrum of frequencies
was measured in milliseconds squared (ms?).
Different frequency domain indices such as
low frequency component expressed as
normalized wunit (LFnu), high frequency
component expressed as normalized unit
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(HFnu) and LF/HF ratio, were calculated.

Estimation of biochemical parameters

After the recordings at the polygraph lab,
the subject was taken to clinical biochemistry
lab of biochemistry department for blood
sample collection and estimation of following
biochemical parameters. The biochemical
parameters were estimated with Bayer’s
express plus random blood analyzer (Bayer’s
Co. USA) by collecting 2 ml of blood by
venipuncture as part of the routine
investigations at all trimesters of pregnancy.

The parameters studied were :
1. Random blood sugar
2. Total serum protein
3. Serum albumin
4. Serum globulin
5. Albumin-globulin (A:G) ratio

6. Serum urea

All subjects were followed up till term
and any incidence of PIH was recorded. Out
of 173 study subjects, 27 developed PIH
during their course of pregnancy. Hence, at
the end of the study, subjects of study group
were divided into two groups; Group II:
subjects who did not develop PIH (n=146),

and Group Ill: subjects who developed PIH
(n=27).
Statistical analysis of data

SPSS version 13 was used for statistical
analysis. All the data were expressed as
Mean+SD. One-way ANOVA with Tukey-
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Krammer post-hoc was used in analyzing the
data across the three groups. Student’s
paired t test was used to detect the level of

significance within the groups. The
association between LF-HF ratio with
biochemical parameters was assessed by

Pearson correlation analysis. The P values
less than 0.05 were considered significant.

RESULTS

211 subjects (n=38 in group I, n=146 in
group Il and n=27 in group Ill) attended
obstetrics OPD regularly and also reported
to polygraph laboratory at all three
trimesters of pregnancy for recording of
various parameters. However, two subjects
of group Il developed PIH before 31st week
of pregnancy and therefore, they do not have
31st week recordings. Rest of the subjects
of group Ill developed PIH between 32nd
week and term. Out of 173 women having
risk factors for PIH, 27 (15.6%) developed
PIH.
General parameters

There was no significant difference in age
between the subjects of control group and
study groups. The body weight and BMI of
subjects who developed PIH (group Ill) was
significantly higher than the subjects who
did not develop PIH (group Il) and the
subjects of control group (group 1) at all the
three recorded weeks of pregnancy (Table
I). Though, the increase in BW and BMI was
progressive from 12th week to 31st week of
pregnancy in all the groups, the data were
statistically highly significant (P<0.001)
only in group Il and only body weight was
just significant (P<0.05) in group | at 31st
week.



132 Pal et al

Indian J Physiol Pharmacol 2011; 55(2)

TABLE |: Comparison of age, body weight (BW), body mass index (BMI), basal heart rate (BHR), systolic
blood pressure (SBP) and diastolic blood pressure (DBP) of the subjects of different groups

(Group I: control subjects with normal pregnancy; Group Il: subjects with risk factors but did not

develop PIH; Group Ill: subjects with risk factors and developed PIH;) at different weeks of pregnancy.
Parameters Group | Group Il Group Il P value
at diff. weeks (n=38) (n=146) (n=27)
At 12t week:
Age (yr) 24.21+£3.12 23.82+4.50 25.14+3.94 0.318
BW (kg) 49.84+10.70 49.14+8.75 57.40+£21.28**# 0.003
BMI (Kg/m?) 20.26+£3.98 20.40+£3.03 24.04+£8.95**# 0.0004
BHR (per min) 74.44+£13.77 80.94+12.58* 90.14+£17.89**# <0.0001
SBP (mm Hg) 103.60+9.32 106.58+9.77 113.03+11.55%**# 0.001
DBP (mm Hg) 59.34+7.78 60.45+7.64 65.66+7.19** 0.002
At 24™ week:
BW (kg) 52.81+10.81 51.69+8.84f 60.59+21.78** ### 0.002
BMI (Kg/m?) 21.47+4.01 21.47+3.06/7 25.36+£9.17** ## 0.000
BHR (per min) 78.92+13.72 87.90+£11.39***./ff 91.18+16.78*** 0.0001
SBP (mm Hg) 104.44+7.92 104.80+9.638 120.81+£13.92%%**. ### <0.0001
DBP (mm Hg) 59.89+6.14 59.80+6.920 72.296+10.167**=* 41 <0.0004
At 31st week:
BW (kg) 56.28+10.811 54.77+8.90//1.2 64.46+£22.19%* 0.001
BMI kg/m? 22.89+4.00 22.74+£3.07/f1a 25.93+£10.55*# 0.008
BHR (per min) 87.08+14.401112 91.42+13.241112 96.15+14.09* 0.030
SBP (mm Hg) 104.77+8.26 107.14+10.63 128.55+11.73***.##11f <0.0001
DBP (mm Hg) 62.00+£7.79 62.93+7.8812 81.55+£10.19*** ###[ff.aa <0.0001

The values are MeanxSD; Statistical analysis was done by one-way ANOVA and post-hoc by Tukey-

Krammer multiple comparison test.

The * mark

indicates comparison with group |

and the

# mark

indicates comparison with group Il. *P<0.05; **P<0.01; ***P<0.001; *P<0.05; #P<0.01; #**#P<0.001. The
findicates comparison with 12" week and the ? indicates comparison with 24" week. 'P<0.05; /P<0.01;
ff1P<0.001; #P<0.05; 2P<0.01. (n=25 in group Ill at 31t week).

At 12th week, BHR of groups Il and 11l
was significantly higher (P<0.05, P<0.01
respectively) than group I, and of group IlI
was higher than group Il (P<0.01). The
difference in BHR of groups Il and Il with
group | became more significant (P<0.001)
at 24th week, when the difference between
groups Il and Il ceased statistically. At 31st
week, BHR of only group Ill was statistically
significant (P<0.05) from group I. With
advancement of pregnancy, though the
increase in BHR of group | was statistically
significant (P<0.001) at 31st week compared
to 12th week value, and of group Il was
higher at 24th week (P<0.001) and 31st week
(P<0.001) compared to its 12th week value,

the increase was not significantly different
in group IlI.

SBP of group IlIl was significantly more
than group | (P<0.001) in all the three
recordings and group Il (P<0.01) at 12th
week, which became more significant
(P<0.001), compared with group Il at 24th
and 31st weeks of pregnancy. Though the
increase in SBP of group Il at 31st week
was significantly higher (P<0.001) compared
to its 12th week recordings, the increase was
not significant in groups | and II.

At 12th week, DBP of group IlIl was
significantly higher than group | and Il
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(P<0.01), which became more significant
(P<0.001) at 24th and 31st weeks of
pregnancy. Though, the increase in DBP at
31st week was not significant compared 12th
week recording in group I, the increase was
significant in group Il (P<0.05) and group Il
(P<0.001).
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group I1) only at 12th week (not at 24th and
31st weeks). Moreover, the decrease in HFnu
at 31st week compared to 12th week was
significant (P<0.001) only in group II, not in
group | and III.

The LF-HF ratio of group Il at 12th week
was significantly more (P<0.01) compared to

HRV parameters group | and Il. The significance between
group | and IIl decreased at 24th and 31st
LFnu of group Il was significantly  week recordings, when the significance

higher than group | at 12th (P<0.05), 24th
(P<0.001) and 31st (P<0.05) week recordings
and the difference between group Il and Il
was significant (P<0.05) only at 24th week
(Table I1). Though, the increase in LFnu of
31st week of groups | and Il was significantly
higher (P<0.05 and P<0.001 respectively)
compared to their 12th week recordings, the
increase was not significant for group IlI.

The decrese in HFnu in group Il was
significant (P<0.05) compared to group | (not

ceased between group Il and Ill. Though,
the LF-HF ratio of 31st week recording of
groups | and Il was significantly higher
(P<0.01 and 0.001 respectively) compared to
their 12th week recordings, the increase was
not significant in group III.

Biochemical parameters

Though random blood sugar (RBS) in

group Il subjects was significantly high (P
value <0.001) compared to group Il and group

TABLE 1l: Comparison of HRV indices of the subjects of different groups (Group I: control subjects with
normal pregnancy; Group Il: subjects with risk factors but did not develop PIH; Group IlI:
subjects with risk factors and developed PIH;) at different weeks of pregnancy

HRV indices Group | Group Il Group Il P value

at diff. weeks (n=38) (n=146) (n=27)

At 12" week:

LFnu 42.61+20.66 47.75+20.78 57.24+24.13* 0.0241

HFnu 55.64+£20.90 52.05%£20.73 42.76+21.13* 0.0435

LF/HF ratio 1.16+1.04 1.50+1.30 2.41+2.00%*# 0.0013

At 24" week:

LFnu 45.92+20.37 52.34+20.34 64.91+£20.76%**# 0.0013

HFnu 50.07+£20.37 47.65+20.34 40.23+21.16 0.1411

LF/HF ratio 1.38+1.04 1.71+1.44 2.30+1.98* 0.0452

At 31%t week:

LFnu 54.51+22.83f 58.10+£19.607/7:2 67.64+23.93* 0.0448

HFnu 45.48+22.83 41.75+19.61/1f 2 36.35+£18.93 0.2149

LF/HF ratio 2.01+1.20ff 2 2.24+1.421f1 aa 2.95+2.07* 0.0405

The values are Mean+SD; Statistical analysis was done by one-way ANOVA and post-hoc by Tukey-
Krammer multiple comparison test. The * mark indicates comparison with group | and the # mark
indicates comparison with group Il. *P<0.05; ** P<0.01; ***P<0.001; *P<0.05; **P<0.01; **#P<0.001. The
indicates comparison with 12" week and the ? indicates comparison with 24" week. P<0.05; f/P<0.01;
[ffP<0.001; ®P<0.05; 3P<0.01. (n=25 in group Ill at 31%t week).
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I subjects, at all the three gestational weeks
(Table 111). RBS was significantly high in
group Il at 31st week compared to its own
12th and 24th week recordings.

Total protein content was significantly
low (P value <0.01) in group IlIl compared to
group | at 12th week, which was reduced
further at 24th and 31st week compared to
groups I and Il (P value <0.001). Total protein
was significantly reduced in all the groups
at 31st week compared to their own 12th
recordings. In groups | and Il the reduction
at 31st week was significant compared to
their 24th week recording and also, the
reduction was significant at 24th week
compared to their 12th week recording.
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Though there was no statistically
significant difference in albumin level
between the groups at 12th and 24th weeks
recordings, in group Il at 31st week
albumin level was significantly less (P value
<0.01) compared with group II, and also
compared to its own 12th week value. At
12th week, globulin was reduced significantly
(P value <0.001) in groups Il and Il
compared to the value of group |. At 24th
and 31st weeks, the globulin content was
reduced significantly (P value <0.001) in
group Il compared to the groups | and II,
and also compared to its own 12th week value
(P value <0.01).

At 12th week, the A:G ratio in group Il

TABLE 1Il: Comparison of biochemical parameters of the subjects of different groups (Group I: control
subjects with normal pregnancy; Group Il: subjects with risk factors but did not develop PIH;
Group Ill: subjects with risk factors and developed PIH) at different weeks of pregnancy.
Parameters Group | Group Il Group Il P value
at diff. weeks (n=38) (n=146) (n=27)
At 12t week:
RBS (mg/dl) 65.92+16.32 73.96+15.03* 98.85+£24,32%** ##i 0.000
TP (mg/dl) 7.616+£0.73 7.012+0.64 7.20+0.76** 0.000
Albumin (mg/dl) 3.68+0.38 3.53+0.36 3.671+£0.46 0.061
Globulin (mg/dl) 3.95+0.78 3.45+0.58*** 3.33+0.85*** 0.000
A: G Ratio 0.93+0.29 1.02+0.43 1.10+£0.34%** # 0.020
Urea (mg/dl) 18.69+3.45 18.23+£5.23 18.13%£3.95 0.236
At 24™ week:
RBS (mg/dl) 66.12+15.32 73.61+£13.20** 99.03+£30.21***.## 0.000
TP (mg/dl) 7.21+0.63 6.71+0.48*** # 5.87+0.58*** ## 0.000
Albumin (mg/dl) 3.52+0.35 3.45+£0.51 3.35+£0.35 0.547
Globulin (mg/dl) 3.64+0.67 3.22+0.62 2.45+0.59%** @ 0.234
A: G Ratio 0.09+0.27 1.07£0.47*** 1.36+0.31%** ## 0.002
Urea (mg/dl) 18.96%3.65 18.23+5.23f 19.63+£3.72 0.350
At 31t week:
RBS (mg/dl) 70.11+16.62 92.81+£15.62*** 107.32+£26.24*** % 0.000
TP (mg/dl) 6.61+0.50 6.88+0.46** 5.37+£0.53**=* ## 0.000
Albumin (mg/dl) 3.26+0.36 3.46x0.42* 3.12+0.63* 0.003
Globulin (mg/dl) 3.34+0.85 3.42+0.62** 2.14+0.53*** @ 0.000
A: G Ratio 0.97+0.36 1.01+0.48 1.45+0.42%** ## 0.000
Urea (mg/dl) 18.52+£3.78 18.65%6.12 20.65%£4.85 0.219

The values are MeantSD; Statistical analysis was done by one-way ANOVA and post-hoc by Tukey

multiple comparison test. The * mark indicates comparison with group |

and the # mark indicates

comparison with group Il. *P<0.05; **P<0.01; ***P<0.001; *P<0.05; #*#P<0.01; *##P<0.001. RBS: random
blood sugar; TP: total protein; A: G Ratio: albumin globulin ratio. (n=25 in group Ill at 31t week).
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was significantly more compared to the
values of group | (P value <0.001) and group
Il (P value <0.05). At 24th and 31st weeks,

A:G ratio in group Ill was further increased
(P value <0.001) compared to the values of
group | and group Il, and also compared to

its own 12th week value.

The serum urea was not significantly
different between groups at all the
gestational weeks. However, serum urea was
significantly high (P<0.05) in group IIl at
31st week compared to its own 12th week
value.

LF/HF ratio was significantly correlated
with A:G ratio at all trimesters of pregnancy
in PIH subjects (group Ill) (Table 1V).

TABLE 1V : Correlation of LF/HF ratio with
biochemical parameters of subjects of PIH
group (n=27).

12t week 240 week 31t week
r p r p r p

RBS 0.010 0.210 0.015 0.180 0.032 0.102

TP -0.230 0.086 -0.312 0.078 -0.352 0.059

AGR 0.380 0.042 0.416 0.013 0.486 0.008

Urea 0.011 0.210 0.020 0.160 0.031 0.108

The P values less than 0.05 was considered
significant. RBS: random blood sugar; TP: total
protein; AGR: albumin globulin ratio.

DISCUSSION

In the present study, significantly high
BHR, SBP and DBP in group IlIl compared
to both group I and group Il at all the three
recordings suggest that subjects who
developed PIH later in pregnancy had altered
cardiovascular parameters from the first
trimester of pregnancy. Significant increase
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in LFnu in group Il in comparison to group
I in recordings at all the three gestational
weeks depicts sympathetic overactivity in
PIH subjects throughout pregnancy starting
from 12th week, as LFnu primarily reflects
sympathetic modulation of heart functions
(10). The increase in sympathetic activity in
PIH group compared to control subjects was
maximum in second trimester as the level
of significance was highest (P<0.001; Table
I1) at 24th week recording and was also
significant compared to group Il. However,
with progress of pregnancy, the progressive
increase in sympathetic activity as reflected
by increased LFnu was not significantly high
in PIH subjects at 31st week compared to
their 12th week value as the increase in
sympathetic tone was already highly
significant in these subjects from the first
trimester itself, whereas the increase at 31%
week was mildly high (P<0.05) in normal
pregnant women and very high (P<0.001) in
women with risk factors who did not develop
PIH as these subjects had minimal
sympathetic activity at 12th week. Though,
others have already reported sympathetic
overactivity in PIH by spectral analysis of
HRV (1, 14, 15), their reports indicate that
the sympathetic activation occurs mostly in
second trimester of pregnancy, whereas the
present study reveals a significant rise in
sympathetic discharge from first trimester
itself. This difference in the time of onset of
sympathetic overactivity could be due to lack
of adequate data of first trimester of
pregnancy in the previous studies or the PIH
subjects of the present study (Indian
population) might have a different
sympathetic sensitivity from others. The
present study is the first report on spectral
analysis of HRV in PIH from Indian
subcontinent.
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HFnu represents vagal modulation of SA
nodal discharge (10), which was decreased
in group Il compared to group | at 12th
week recording, depicting that there was
some degree of vagal withdrawal in PIH
subjects in 1st trimester in addition to
sympathetic overactivity. However, decrease
in vagal modulation in PIH group compared
to other two groups was not significant in
second and third trimesters, reflecting a less
vagal modulation of cardiac activities
compared to sympathetic modulation towards
later part of pregnancy in PIH. However,
similar to the pattern of sympathetic
stimulation, vagal withdrawal was prominent
in group Il at 31st week in comparison to
its 12th and 24th week recordings indicating
that inhibition in vagal modulation
contributes substantially to autonomic
dysfunction in women with risk factors not
developing PIH.

LF-HF ratio, the index of sympathovagal
homeostasis (10) represents balance between
sympathetic and parasympathetic activities
of the individual at any given time in supine
resting conditions. (18). Lesser values of this
ratio indicate parasympathetic dominance
and greater values indicate sympathetic
dominance (18). LF-HF ratio was significantly
high in group Ill in comparison to group |
at all the three trimesters of recordings. As
increase in LF-HF ratio reflects increased
sympathetic activity (10), its maximum value
(P<0.01) in group Il in first trimester and
also its significant difference from group 1l
further confirms the presence of sympathetic
overactivity in PIH subjects since early part
of pregnancy that precedes development of
hypertension. These findings suggest that
sympathovagal imbalance is due mainly to
the increased sympathetic activity than to
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the vagal withdrawal. Moreover, sympathovagal
balance in group Ill was increased (P<0.05)
in second and third trimesters in the absence
of significant decrease in vagal tone as HFnu
did not change significantly at 24th and 31st
weeks. The LF-HF ratio in group | and Il at
31st week was more in comparison to their
12th and 24th week recordings, indicating a
progressive increase in sympathetic activity
in these two groups, in which the increase
was more in group Il compared to group I.
In group |, the increased sympathetic activity
was not accompanied by proportionate vagal
withdrawal, whereas in group Il there was a
significant decrease in vagal activity. Thus,
the observation of increased sympathetic
activity in normal pregnancy is in conformity
with findings of earlier reports (1, 9).
However, in the present study, findings of
significant sympathovagal imbalance due to
increased sympathetic  discharge and
decreased vagal tone in women with risk
factors who did not develop PIH is a new
observation as similar reports have not been
documented earlier.

It was observed earlier that the
immunological disturbances are prominent
in PIH (19-21). However, the link of
immunological factors to sympathetic
overactivity has not yet been studied. In the
present study, though there was significantly
high random blood sugar, total protein and
AG ration in PIH group compared to high
risk and control groups in all trimesters of
pregnancy (Table 1I1), correlation of LF-HF
ratio was significant only with AG ratio at
all the three trimesters in PIH group. This
strongly indicates the immunological
association through the link of AG ratio with
alteration in sympathovagal balance in PIH.
Correlation of increased AG ratio with
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increased SVI could be due to hepatic
alteration in protein synthesis or alteration

in production of plasma proteins from
abnormal placenta in PIH. Further studies
should be aimed at defining the role of

placenta in the association of AG ratio with
SVI in PIH.

It has also been reported that PIH is a
temporary metabolic syndrome in which
insulin resistance is associated with
sympathetic overactivity, and though blood
pressure normalizes after pregnancy, some
degree of insulin resistance and higher
sympathetic tone continues to persist (22).
In a recent study, it has been investigated
that persistence of insulin resistance and
sympathetic overactivity predisposes women
who formerly had PIH to cardiovascular
diseases (23). Therefore, future studies
should assess the association of lipid risk
factors and insulin resistance  with
sympathovagal balance during and after
pregnancy in women with PIH.
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Conclusion

In summary, the present study clearly
indicates the presence of sympathovagal
imbalance mainly in the form of sympathetic
overactivity since 12th week of pregnancy
in Indian women who develop PIH in the
later part of pregnancy, which suggests
the use of spectral analysis of HRV as a
an early predictive tool for this dysfunction.
This study also reveals that the women
having risk factor for PIH (but do not develop
PIH) develop sympathovagal imbalance in
the form of both sympathetic overactivity
and vagal withdrawal in third week of
pregnancy compared to their own early
pregnancy values. AG ratio was significantly
high in PIH group in comparison to risk
group and control group subjects. Also,
the LF-HF ratio was significantly correlated
with AG ratio in PIH group at all the
trimesters of pregnancy. Thus, it was
concluded that AG ratio could have direct
contribution to sympathovagal imbalance in
PIH.
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