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Abstract :  The early prediction of pregnancy-induced hypertension (PIH)
is  based on the demonstrat ion of  increased sympathet ic  act ivi ty in  ear ly
par t  o f  p regnancy .  However ,  the  mechanisms  tha t  inc rease  sympathe t ic
activity in PIH have not yet been fully elucidated. Therefore, in the present
s tudy we have invest igated the  l ink of  a lbumin-globul in  ra t io  (AGR) to
sympathovagal  imbalance in PIH pat ients .  Spectral  analysis  of  HRV was
performed in three groups of subjects (Group I:  normal pregnant women;
Group II:  pregnant women with risk factors for PIH, but did not develop
PIH; Group III: pregnant women with risk factors and developed PIH) and
their biochemical parameters including AGR were recorded. It was observed
that  LF-HF rat io ,  the  most  sensi t ive indicator  of  sympathovagal  balance
was significantly high (P<0.01) since early pregnancy in group III compared
to other groups, which was considerably correlated with AGR in group III
(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

In  deve lop ing  count r ies  o f  sou th-eas t
Asia,  pregnancy-induced hypertension (PIH)
accounts for about 12% of maternal deaths,
which is mainly due to its late diagnosis and

inadequate treatment (1, 2). The clinical and
labora tory  charac te r i s t i cs  o f  hyper tens ion
induced  by  pregnancy  a re  d i f f i cu l t  to
d i f fe ren t ia te  f rom those  of  hyper tens ion
present during but independent of pregnancy
(3).  PIH usually develops late in pregnancy
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and  in  some,  the  dysfunc t ion  progresses
rap id ly  (4 ) .  Hence ,  in  the  absence  of
met iculous  and repeated screening a t  shor t
intervals ,  ear ly diagnosis  of  PIH is  missed
and patient reports in the advanced stage of
the  d i sease ;  and  there fore ,  th i s  usua l ly
creates difficulty in the management of the
dysfunction. PIH has been proposed to be a
s ta te  of  sympathe t ic  overac t iv i ty  in  which
placenta is believed to play an important role
as  only  removal  of  the  p lacenta  fo l lowing
delivery usually cures the disease (5). It was
sugges ted  tha t  some vasocons t r ic to rs
re leased  f rom abnormal  p lacen ta  increases
sympathetic activity in PIH, nevertheless the
exact nature of these chemicals is yet to be
identified (5). Though the etiology of PIH is
no t  exac t ly  known,  i t  has  been  c lea r ly
documented that the disease is characterized
by low circulating volume and high vascular
res i s tance  (5 ,  6 ) .  The  vascu la r  res i s tance
primarily depends on basal sympathetic tone,
as  systemic blood vessels  have exclusively
sympathetic innervation (7). It was observed
that sympathetic activity slowly increases in
th i rd  t r imes te r  in  normal  normotens ive
pregnancy (8), which is exaggerated in PIH,
and therefore, it was suggested that changes
in baroreceptor sensitivity and sympathovagal
tone  in  ea r ly  p regnancy  can  be  used  to
predict the development of PIH (9).

Recen t ly ,  i t  has  been  proposed  tha t
de terminat ion  of  sympathovagal  ba lance  i s
the most  important  autonomic funct ion test
and spectral analysis of heart rate variability
(HRV)  i s  a  very  sens i t ive  ind ica tor  o f
sympathovaga l  ba lance  fo r  es tab l i sh ing
diagnosis and assessing prognosis of diseases
tha t  occur  due  to  au tonomic  dysfunc t ions
(10).  A study by Sasika et  al  has proposed
tha t  se r ia l  assessment  o f  ca rd iovascu la r

control in the form of baroreflex gain, HRV
and blood pressure  var iabi l i ty  shows ear ly
s igns  of  pre-ec lampsia  (11) .  Other  s tud ies
have  a l so  repor ted  a l t e ra t ions  in  u te r ine
perfusion, HRV and blood pressure variability
as  ear ly  predictors  of  PIH (12-14) .  Recent
repor t s  f rom our  l abora tory  ind ica tes
reduc t ion  in  to ta l  power  o f  HRV,  wi th
increased  low f requency  (LF)  power  as
percen tage  of  to ta l  compared  to  h igh
f requency  (HF)  power  (15) ,  ind ica t ing  the
increased  sympathe t ic  ac t iv i ty  caus ing
sympathovagal  imbalance (SVI) in the early
par t  o f  p regnancy  in  PIH,  which  i s
exaggerated to produce PIH in later part of
pregnancy (16).

To bes t  of  our  knowledge,  no  research
has  been  conduc ted  ye t  to  unders tand  the
b iochemica l  a l t e ra t ion  in  p lasma due  to
placental  abnormali t ies  that  lead to SVI in
PIH. Therefore, in the present study we have
assessed  the  assoc ia t ion  of  b iochemica l
parameters  wi th  the  sympathovaga l
imbalance  de te rmined  by  spec t ra l  ana lys i s
of HRV and analyzed its importance in early
predic t ion,  pathophysiology and prevent ion
of this dysfunction in Indian population.

MATERIALS AND METHODS

The present study was conducted in the
cl inical  polygraph laboratory of  department
of  phys io logy ,  Jawahar la l  ins t i tu te  o f
postgraduate medical education and research
(J IPMER) ,  Pondicher ry ,  Ind ia .  Af te r
obtaining approval of the project plan from
research and ethics committees of  JIPMER,
230  subjec t s  (50  in  cont ro l  g roup ,  180  in
s tudy  group)  were  rec ru i ted  f rom the
outpa t ien t  un i t  o f  the  obs te t r i cs  and
gynecology department  of  JIPMER. Writ ten
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informed consent was obtained from all  the
participants prior to init iation of the study.
Subjec ts  of  s tudy group inc luded pregnant
women who had risk factors for PIH and of
cont ro l  g roup  inc luded  normal  p regnant
women wi thout  any  r i sk  fac tor  fo r  PIH.
Inc lus ion  c r i t e r ia  fo r  the  s tudy  group
included established risk factors for PIH (17)
such  as  fami ly  h i s to ry  of  p reec lamps ia ,
p reec lamps ia  in  p rev ious  p regnancy ,
extremes of reproductive age, BMI > 35, DBP
> 80 mm Hg at the first visit, first pregnancy,
mul t ip le  p regnancy ,  under ly ing  medica l
condi t ions  (diabetes  mel l i tus ,  renal  disease
pre-exis t ing  hyper tens ion)  e tc .  Subjec ts  of
cont ro l  g roup  (group  I ) ,  inc luded  normal
pregnant ladies who had none of the above-
ment ioned  r i sk  fac tors  fo r  PIH.  Subjec t s
rece iv ing  ora l  con t racep t ives  p r io r  to
pregnancy  were  exc luded  f rom both  the
control  and s tudy groups.

Twelve subjects in the control group and
seven  subjec ts  in  the  s tudy  group  d id  no t
tu rn  up  for  second  and  th i rd  t r imes te r
record ings .  Therefore ,  these  sub jec t s  were
excluded f rom the  s tudy.  Rest  a l l  subjects
(38 in the control group and 173 in the study
group)  a t t ended  obs te t r i cs  OPD for  the i r
regu la r  check-ups  and  a l so  repor ted  to
polygraph  labora tory  of  phys io logy
depar tment  fo r  record ing  of  var ious
parameters  a t  a l l  th ree  t r imes te rs  o f
pregnancy .  Accord ing ly ,  th ree  record ings
were  per formed on  a l l  sub jec t s  a t  th ree
d i f fe ren t  t imes ;  the  1s t  record ing  a t
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  p rev ious  records  o f  obs te t r i cs  and
gynecology department of JIPMER indicated

that  PIH usual ly occurs af ter  32nd weeks) .
The  sub jec t s  repor ted  to  po lygraph
labora tory  about  two hours  a f te r  a  l igh t
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
Corpora t ion ,  Japan)  non- invas ive  b lood
pressure  moni tor .

Spectra l  ana lys i s  o f  HRV

Following 10 minutes  of  supine res t  in
po lygraph  labora tory  ( room tempera ture
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 II ECG
was  acqui red  a t  a  ra te  o f  1000  samples /
second during supine rest using BIOPAC MP
100 data acquisi t ion system (BIOPAC Inc. ,
USA) .  The  da ta  was  t rans fe r red  f rom
BIOPAC to  a  windows-based  PC wi th
Acqkowledge 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  Acqkowledge sof tware  and saved in
ASC-II format which was later used offline
for short  term HRV analysis.  HRV analysis
was done using the HRV analysis  software
vers ion  1 .1  (Bio-s igna l  Ana lys i s  g roup ,
F in land) .  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 (ms2).
Different  frequency domain indices such as
low f requency  component  expressed  as
normal ized  un i t  (LFnu) ,  h igh  f requency
component  expressed  as  normal ized  un i t
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Krammer post-hoc was used in analyzing the
da ta  ac ross  the  th ree  g roups .  S tudent ’ s
paired t test was used to detect the level of
s ign i f icance  wi th in  the  g roups .  The
assoc ia t ion  be tween  LF-HF ra t io  wi th
b iochemica l  parameters  was  assessed  by
Pearson corre la t ion  analys is .  The P  values
less than 0.05 were considered significant .

RESULTS

211 subjects (n=38 in group I, n=146 in
group  I I  and  n=27  in  g roup  I I I )  a t t ended
obstet r ics  OPD regular ly  and also reported
to  po lygraph  labora tory  a t  a l l  th ree
t r imes te rs  o f  p regnancy  for  record ing  of
var ious  parameters .  However ,  two subjec ts
of group III developed PIH before 31st week
of pregnancy and therefore, they do not have
31st  week recordings .  Rest  of  the  subjects
of  g roup  I I I  deve loped  PIH be tween  32nd
week and term.  Out  of  173 women having
risk factors for  PIH, 27 (15.6%) developed
P I H .

Genera l  parameters

There was no significant difference in age
between the  subjec ts  of  cont ro l  group and
study groups. The body weight and BMI of
subjects who developed PIH (group III) was
s ign i f ican t ly  h igher  than  the  subjec ts  who
did  no t  deve lop  PIH (group  I I )  and  the
subjects of control group (group I) at all the
three  recorded  weeks  of  p regnancy  (Table
I). Though, the increase in BW and BMI was
progressive from 12th week to 31st week of
pregnancy in al l  the groups,  the data  were
s ta t i s t i ca l ly  h igh ly  s ign i f ican t  (P<0 .001)
only in group II and only body weight was
just  significant (P<0.05) in group I  at  31st
w e e k .

(HFnu) and LF/HF rat io ,  were calculated.

Est imat ion  o f  b iochemica l  parameters

After the recordings at the polygraph lab,
the subject was taken to clinical biochemistry
lab  of  b iochemis t ry  depar tment  fo r  b lood
sample collection and estimation of following
biochemica l  parameters .  The  b iochemica l
parameters  were  es t imated  wi th  Bayer ’s
express plus random blood analyzer (Bayer’s
Co.  USA) by  col lec t ing  2 ml  of  b lood by
venipunc ture  as  par t  o f  the  rou t ine
investigations at all trimesters of pregnancy.

The parameters  s tudied  were :

1. Random blood sugar

2 . Tota l  se rum pro te in

3 . Serum a lbumin

4. Serum globul in

5. Albumin-globulin (A:G) ratio

6 . Serum urea

All  subjects  were fol lowed up t i l l  term
and any incidence of PIH was recorded. Out
of  173  s tudy  sub jec t s ,  27  deve loped  PIH
during their course of pregnancy. Hence, at
the end of the study, subjects of study group
were  d iv ided  in to  two groups ;  Group  I I :
subjects  who did not  develop PIH (n=146),
and Group III:  subjects who developed PIH
(n=27).

Stat i s t i ca l  ana lys i s  o f  data

SPSS version 13 was used for statistical
ana lys i s .  Al l  the  da ta  were  expressed  as
Mean±SD.  One-way ANOVA wi th  Tukey-
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At 12th week, BHR of groups II and III
was  s ign i f ican t ly  h igher  (P<0 .05 ,  P<0 .01
respectively) than group I,  and of group III
was  h igher  than  group  I I  (P<0 .01) .  The
difference in BHR of groups II and III with
group I  became more s ignif icant  (P<0.001)
at  24th week,  when the difference between
groups II and III ceased statistically. At 31st
week, BHR of only group III was statistically
s ign i f ican t  (P<0.05)  f rom group  I .  Wi th
advancement  o f  p regnancy ,  though  the
increase in BHR of group I was statistically
significant (P<0.001) at 31st week compared
to  12 th  week  va lue ,  and  of  g roup  I I  was
higher at 24th week (P<0.001) and 31st week
(P<0.001) compared to its 12th week value,

the increase was not  s ignif icant ly different
in group III .

SBP of group III was significantly more
than  group  I  (P<0 .001)  in  a l l  the  th ree
record ings  and  group  I I  (P<0 .01)  a t  12 th
week ,  which  became more  s ign i f ican t
(P<0.001) ,  compared with group II  a t  24th
and  31s t  weeks  of  p regnancy .  Though  the
increase in  SBP of  group III  a t  31st  week
was significantly higher (P<0.001) compared
to its 12th week recordings, the increase was
not significant in groups I and II.

At  12 th  week ,  DBP of  g roup  I I I  was
s ign i f ican t ly  h igher  than  group  I  and  I I

T A B L E I : Compar ison  of  age ,  body weight  (BW),  body mass  index  (BMI) ,  basa l  hear t  ra te  (BHR),  sys to l ic
b lood  p ressure  (SBP)  and  d ias to l i c  b lood  p ressure  (DBP)  o f  the  sub jec t s  o f  d i f f e ren t  g roups
(Group I:  control  subjects with normal pregnancy; Group II:  subjects with r isk fac to r s  bu t  d id  no t
develop PIH; Group III: subjects with risk factors and developed PIH;) at different weeks of pregnancy.

P a r a m e t e r s Group  I Group  I I Group  I I I P  va lue
a t  d i f f .  weeks (n=38) ( n = 1 4 6 ) ( n = 2 7 )

At  12 th week:
Age  (y r ) 24 .21± 3 . 1 2 23 .82± 4 . 5 0 25 .14± 3 . 9 4 0 .318
BW (kg) 49 .84± 10 .70 49 .14± 8 . 7 5 57 .40± 21.28** ,## 0 .003
BMI (Kg/m 2) 20 .26± 3 . 9 8 20 .40± 3 . 0 3 24 .04± 8 .95** ,## 0 . 0004
BHR (per  min) 74 .44± 13 .77 80 .94± 12 .58* 90 .14± 17.89** ,## < 0 . 0 0 0 1
SBP (mm Hg) 103 .60± 9 . 3 2 106 .58± 9 . 7 7 113 .03± 11.55*** ,## 0 .001
DBP (mm Hg) 59 .34± 7 . 7 8 60 .45± 7 . 6 4 65 .66± 7.19** ,## 0 .002

At  24 th week:
BW (kg) 52 .81± 10 .81 51 .69± 8.84 ƒ 60 .59± 21.78**,### 0 .002
BMI (Kg/m 2) 21 .47± 4 . 0 1 21 .47± 3.06ƒƒ 25 .36± 9.17** ,### 0 .000
BHR (per  min) 78 .92± 13 .72 87 .90± 11.39*** ,ƒƒƒ 91 .18± 16 .78*** 0 .0001
SBP (mm Hg) 104 .44± 7 . 9 2 104 .80± 9 .638 120 .81± 13.92*** ,  ### < 0 . 0 0 0 1
DBP (mm Hg) 59 .89± 6 . 1 4 59 .80± 6 .920 72 .296± 10.167*** ,###,ƒ < 0 . 0 0 0 4

At  31 st week:
BW (kg) 56 .28± 10.81 ƒ 54 .77± 8.90ƒƒƒ,aa 64 .46± 22.19**,### 0 .001
BMI kg /m 2 22 .89± 4 . 0 0 22 .74± 3.07ƒƒƒ,aa 25 .93± 10.55* ,## 0 .008
BHR (pe r  min) 87 .08± 14.40ƒƒƒ,a 91 .42± 13.24ƒƒƒ,a 96 .15± 14 .09* 0 .030
SBP (mm Hg) 104 .77± 8 . 2 6 107 .14± 10 .63 128 .55± 11.73*** ,###,ƒƒƒ < 0 . 0 0 0 1
DBP (mm Hg) 62 .00± 7 . 7 9 62 .93± 7.88 ƒ,a 81 .55± 10.19*** ,###,ƒƒƒ,aa < 0 . 0 0 0 1

The  va lues  a re  Mean±SD;  S ta t i s t i ca l  ana lys i s  was  done  by  one-way  ANOVA and  pos t -hoc  by  Tukey-
Krammer  mul t ip le  compar i son  t e s t .  The  *  mark  ind ica tes  compar i son  wi th  g roup  I  and  the  # mark
ind ica tes  compar i son  wi th  g roup  I I .  *P<0 .05 ;  **P<0 .01 ;  ***P<0 .001 ;  #P<0.05 ;  ##P<0.01 ;  ###P<0.001 .  The
ƒ ind ica tes  compar i son  wi th  12 th week  and  the  a ind ica tes  compar i son  wi th  24 th week .  ƒP<0.05;  ƒƒP<0 .01 ;
ƒƒƒP<0 .001;  aP<0.05 ;  aaP<0.01 .  (n=25  in  g roup  I I I  a t  31 st week) .
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(P<0.01) ,  which  became more  s ign i f ican t
(P<0.001)  a t  24 th  and  31s t  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 II (P<0.05) and group III
(P<0.001).

HRV parameters

LFnu of  g roup  I I I  was  s ign i f ican t ly
higher  than group I  at  12th (P<0.05),  24th
(P<0.001) and 31st (P<0.05) week recordings
and the difference between group II and III
was significant (P<0.05) only at  24th week
(Table II).  Though, the increase in LFnu of
31st week of groups I and II was significantly
h igher  (P<0 .05  and  P<0.001  respec t ive ly)
compared to their 12th week recordings, the
increase was not significant for group III .

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

group II) only at 12th week (not at 24th and
31st weeks). Moreover, the decrease in HFnu
at  31s t  week  compared  to  12 th  week  was
significant (P<0.001) only in group II, not in
group I and III.

The LF-HF ratio of group III at 12th week
was significantly more (P<0.01) compared to
group  I  and  I I .  The  s ign i f icance  be tween
group I  and III  decreased at  24th and 31st
week  record ings ,  when  the  s ign i f icance
ceased  be tween  group  I I  and  I I I .  Though ,
the LF-HF rat io of  31st  week recording of
groups  I  and  I I  was  s ign i f ican t ly  h igher
(P<0.01 and 0.001 respectively) compared to
their 12th week recordings, the increase was
not significant in group III .

Biochemica l  parameters

Though random b lood  sugar  (RBS)  in
group III subjects was significantly high (P
value <0.001) compared to group II and group

TABLE I I : Compar i son  of  HRV ind ices  o f  the  sub jec t s  o f  d i f fe ren t  g roups  (Group  I :  con t ro l  sub jec t s  wi th
normal  p regnancy ; Group  I I :  sub jec t s  wi th  r i sk  f ac to r s  bu t  d id  no t  deve lop  PIH;  Group  I I I :
sub jec t s  wi th  r i sk  f ac to r s  and  deve loped  PIH; )  a t  d i f f e ren t  weeks  o f  p regnancy

HRV ind ices Group  I Group  I I Group  I I I P  va lue
a t  d i f f .  weeks (n=38) ( n = 1 4 6 ) ( n = 2 7 )

At  12 th week:
L F n u 42 .61± 20 .66 47 .75± 20 .78 57 .24± 24 .13* 0 .0241
H F n u 55 .64± 20 .90 52 .05± 20 .73 42 .76± 21 .13* 0 .0435
LF/HF ra t io 1 . 1 6± 1 . 0 4 1 . 5 0± 1 . 3 0 2 . 4 1± 2 .00** ,## 0 . 0013
At  24 th week:
L F n u 45 .92± 20 .37 52 .34± 20 .34 64 .91± 20 .76*** ,# 0 . 0013
H F n u 50 .07± 20 .37 47 .65± 20 .34 40 .23± 21 .16 0 .1411
LF/HF ra t io 1 . 3 8± 1 . 0 4 1 . 7 1± 1 . 4 4 2 . 3 0± 1 .98* 0 .0452
At  31 st week:
L F n u 54 .51± 22.83 ƒ 58 .10± 19.60ƒƒƒ,a 67 .64± 23 .93* 0 .0448
H F n u 45 .48± 22 .83 41 .75± 19.61ƒƒƒ,  a 36 .35± 18 .93 0 .2149
LF/HF ra t io 2 . 0 1± 1.20ƒƒ, a 2 . 2 4± 1.42ƒƒƒ, aa 2 . 9 5± 2 .07* 0 .0405

The  va lues  a re  Mean±SD;  S ta t i s t i ca l  ana lys i s  was  done  by  one-way  ANOVA and  pos t -hoc  by  Tukey-
Krammer  mul t ip le  compar i son  t e s t .  The  *  mark  ind ica tes  compar i son  wi th  g roup  I  and  the  # mark
indicates  comparison wi th  group I I .  *P<0.05;  **  P<0.01;  ***P<0.001;  #P<0.05;  ##P<0.01;  ###P<0.001.  The ƒ

ind ica tes  compar i son  wi th  12 th week  and  the  a i nd ica tes  compar i son  wi th  24 th week .  ƒP<0 .05 ;  ƒƒP<0 .01 ;
ƒƒƒP<0 .001;  aP<0.05 ;  aaP<0.01 .  (n=25  in  g roup  I I I  a t  31 st week) .
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I subjects, at all the three gestational weeks
(Table  I I I ) .  RBS was  s ignif icant ly  h igh in
group II  at  31st  week compared to i ts  own
12th and 24th week recordings.

Tota l  p ro te in  conten t  was  s ign i f ican t ly
low (P value <0.01) in group III compared to
group  I  a t  12 th  week ,  which  was  reduced
further  at  24th and 31st  week compared to
groups I and II (P value <0.001). Total protein
was signif icantly reduced in al l  the groups
a t  31s t  week  compared  to  the i r  own 12 th
recordings. In groups I and III the reduction
a t  31s t  week  was  s ign i f ican t  compared  to
the i r  24 th  week  record ing  and  a l so ,  the
reduc t ion  was  s ign i f ican t  a t  24 th  week
compared to  their  12th week recording.

Though  there  was  no  s ta t i s t i ca l ly
s ign i f ican t  d i f fe rence  in  a lbumin  leve l
between the groups at 12th and 24th weeks
record ings ,  in  g roup  I I I  a t  31s t  week
albumin level was significantly less (P value
<0 .01)  compared  wi th  g roup  I I ,  and  a l so
compared to i ts  own 12th week value.   At
12th week, globulin was reduced significantly
(P  va lue  <0 .001)  in  g roups  I I  and  I I I
compared to the value of  group I .  At  24th
and  31s t  weeks ,  the  g lobul in  con ten t  was
reduced  s ign i f ican t ly  (P  va lue  <0 .001)  in
group III  compared to the groups I  and II ,
and also compared to its own 12th week value
(P value <0.01).

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

 TABLE II I : Compar i son  o f  b iochemica l  pa ramete r s  o f  the  sub jec t s  o f  d i f fe ren t  g roups  (Group  I :  con t ro l
subjec ts  wi th  normal  pregnancy;  Group I I :  subjec ts  wi th  r i sk  fac tors  bu t  d id  not  deve lop  PIH;
Group  I I I :  sub jec t s  wi th  r i sk  f ac to r s  and  deve loped  PIH)  a t  d i f f e ren t  weeks  o f  p regnancy .

P a r a m e t e r s Group  I Group  I I Group  I I I P  va lue
a t  d i f f .  weeks (n=38) ( n = 1 4 6 ) ( n = 2 7 )

At  12 th week:
RBS (mg/d l ) 65 .92± 16 .32 73 .96± 15 .03* 98 .85± 24.32***, ### 0 .000
TP (mg/dl ) 7 .616± 0 . 7 3 7 .012± 0 . 6 4 7 . 2 0± 0 .76** 0 .000
Albumin  (mg/d l ) 3 . 6 8± 0 . 3 8 3 . 5 3± 0 . 3 6 3 .671± 0 . 4 6 0 .061
Globul in  (mg/d l ) 3 . 9 5± 0 . 7 8 3 . 4 5± 0 . 5 8 * * * 3 . 3 3± 0 . 8 5 * * * 0 .000
A: G Rat io 0 . 9 3± 0 . 2 9 1 . 0 2± 0 . 4 3 1 . 1 0± 0.34***, # 0 .020
Urea  (mg/d l ) 18 .69± 3 . 4 5 18 .23± 5 . 2 3 18 .13± 3 . 9 5 0 .236

At  24 th week:
RBS (mg/d l ) 66 .12± 15 .32 73 .61± 1 3 . 2 0 * * 99 .03± 30.21*** ,### 0 .000
TP (mg/dl ) 7 . 2 1± 0 . 6 3 6 . 7 1± 0.48***, ## 5 . 8 7± 0.58***, ### 0 .000
Albumin  (mg/d l ) 3 . 5 2± 0 . 3 5 3 . 4 5± 0 . 5 1 3 . 3 5± 0 . 3 5 0 .547
Globul in  (mg/d l ) 3 . 6 4± 0 . 6 7 3 . 2 2± 0 . 6 2 2 . 4 5± 0.59***, ### 0 .234
A: G Rat io 0 . 0 9± 0 . 2 7 1 . 0 7± 0 . 4 7 * * * 1 . 3 6± 0.31***, ### 0 .002
Urea  (mg/d l ) 18 .96± 3 . 6 5 18 .23± 5.23 ƒ 19 .63± 3 . 7 2 0 .350

At  31 st week:
RBS (mg/d l ) 70 .11± 16 .62 92 .81± 15 .62*** 107 .32± 26.24*** ,### 0 .000
TP (mg/dl ) 6 . 6 1± 0 . 5 0 6 . 8 8± 0 .46** 5 . 3 7± 0.53***, ### 0 .000
Albumin  (mg/d l ) 3 . 2 6± 0 . 3 6 3 . 4 6± 0 .42* 3 . 1 2± 0.63## 0 .003
Globul in  (mg/d l ) 3 . 3 4± 0 . 8 5 3 . 4 2± 0 .62** 2 . 1 4± 0.53***, ### 0 .000
A: G Rat io 0 . 9 7± 0 . 3 6 1 . 0 1± 0 . 4 8 1 . 4 5± 0.42***, ### 0 .000
Urea  (mg/d l ) 18 .52± 3 . 7 8 18 .65± 6 . 1 2 20 .65± 4 . 8 5 0 .219

The  va lues  a re  Mean±SD;  S ta t i s t i ca l  ana lys i s  was  done  by  one-way  ANOVA and  pos t -hoc  by  Tukey
mul t ip le  compar i son  t e s t .  The  *  mark  ind ica tes  compar i son  wi th  g roup  I  and  the  # mark  ind ica tes
compar i son  wi th  g roup  I I .  *P<0 .05 ;  **P<0 .01 ;  ***P<0 .001 ;  #P<0.05 ;  ##P<0.01 ;  ###P<0.001 .  RBS:  random
blood  sugar ;  TP:  to ta l  p ro te in ;  A:  G Ra t io :  a lbumin  g lobu l in  ra t io .  (n=25  in  g roup  I I I  a t  31 st week) .



Indian J Physiol  Pharmacol 2011; 55(2) Cor re la t ion  o f  AG ra t io  wi th  SVI  in  P IH 135

was  s ign i f ican t ly  more  compared  to  the
values of group I (P value <0.001)  and group
II (P value <0.05). At 24th and 31st weeks,
A:G ratio in group III was further increased
(P value <0.001)  compared to the values of
group I and group II, and also compared to
i ts  own 12th week value.

The  se rum urea  was  no t  s ign i f ican t ly
d i f fe ren t  be tween  groups  a t  a l l  the
gestational weeks. However, serum urea was
signif icant ly  high (P<0.05)  in  group I I I  a t
31st  week compared to  i t s  own 12th  week
va lue .

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

in LFnu in group III in comparison to group
I  in  recordings  a t  a l l  the  three  gesta t ional
weeks  dep ic t s  sympathe t ic  overac t iv i ty  in
PIH subjects  throughout  pregnancy s tar t ing
from 12th week, as LFnu primarily reflects
sympathe t ic  modula t ion  of  hear t  func t ions
(10). The increase in sympathetic activity in
PIH group compared to control subjects was
maximum in  second t r imes te r  as  the  leve l
of significance was highest (P<0.001; Table
I I )  a t  24 th  week  record ing  and  was  a l so
signif icant  compared to group II .  However,
with progress of pregnancy, the progressive
increase in sympathetic activity as reflected
by increased LFnu was not significantly high
in  PIH subjec ts  a t  31s t  week compared to
the i r  12 th  week  va lue  as  the  increase  in
sympathe t ic  tone  was  a l ready  h igh ly
signif icant  in  these  subjects  f rom the  f i rs t
trimester itself,  whereas the increase at 31st

week  was  mi ld ly  h igh  (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  sub jec t s  had  min imal
sympathet ic  act ivi ty at  12th week.  Though,
o thers  have  a l ready  repor ted  sympathe t ic
overact ivi ty  in  PIH by spectral  analysis  of
HRV (1, 14, 15),  their reports indicate that
the sympathetic activation occurs mostly in
second tr imester  of  pregnancy,  whereas the
presen t  s tudy  revea ls  a  s ign i f ican t  r i se  in
sympathe t ic  d i scharge  f rom f i r s t  t r imes te r
itself. This difference in the time of onset of
sympathetic overactivity could be due to lack
of  adequa te  da ta  o f  f i r s t  t r imes te r  o f
pregnancy in the previous studies or the PIH
subjec t s  o f  the  p resen t  s tudy  ( Ind ian
popula t ion)  might  have  a  d i f fe ren t
sympathe t ic  sens i t iv i ty  f rom o thers .  The
present study is the first  report  on spectral
ana lys i s  o f  HRV in  PIH f rom Ind ian
subcon t inen t .

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

12th week 24th week 31st week

r p r p r p

R B S 0.010 0.210 0.015 0.180 0.032 0.102
T P –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
U r e a 0.011 0.210 0.020 0.160 0.031 0.108

The  P  va lues  l e s s  than  0 .05  was  cons ide red
s ign i f ican t .  RBS:  random b lood  sugar ;  TP:  to ta l
p ro te in ;  AGR:  a lbumin  g lobu l in  r a t io .

DISCUSSION

In the  present  s tudy,  s ignif icant ly  high
BHR, SBP and DBP in group III  compared
to both group I and group II at all the three
record ings  sugges t  tha t  sub jec t s  who
developed PIH later in pregnancy had altered
card iovascu la r  parameters  f rom the  f i r s t
tr imester  of  pregnancy.  Significant  increase
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HFnu represents vagal modulation of SA
nodal  discharge (10) ,  which was decreased
in  group  I I I  compared  to  g roup  I  a t  12 th
week  record ing ,  dep ic t ing  tha t  the re  was
some degree  of  vaga l  wi thdrawal  in  PIH
subjec t s  in  1s t  t r imes te r  in  add i t ion  to
sympathetic overactivity.  However,  decrease
in vagal modulation in PIH group compared
to other  two groups was not  s ignif icant  in
second and third trimesters, reflecting a less
vaga l  modula t ion  of  ca rd iac  ac t iv i t i es
compared to sympathetic modulation towards
la te r  par t  o f  p regnancy  in  PIH.  However ,
s imi la r  to  the  pa t te rn  o f  sympathe t ic
stimulation, vagal withdrawal was prominent
in  group II  a t  31st  week in  comparison to
its 12th and 24th week recordings indicating
tha t  inh ib i t ion  in  vaga l  modula t ion
cont r ibu tes  subs tan t ia l ly  to  au tonomic
dysfunction in women with risk factors not
developing PIH.

LF-HF ratio, the index of sympathovagal
homeostasis (10) represents balance between
sympathe t ic  and  parasympathe t ic  ac t iv i t i es
of the individual at any given time in supine
resting conditions. (18). Lesser values of this
ra t io  ind ica te  parasympathe t ic  dominance
and  grea te r  va lues  ind ica te  sympathe t ic
dominance (18). LF-HF ratio was significantly
high in group III  in comparison to group I
at all  the three trimesters of recordings. As
increase  in  LF-HF ra t io  re f lec t s  increased
sympathetic activity (10), its maximum value
(P<0.01) in group III  in f irst  tr imester and
also its significant difference from group II
further confirms the presence of sympathetic
overactivity in PIH subjects since early part
of  pregnancy that  precedes development  of
hyper tens ion .  These  f ind ings  sugges t  tha t
sympathovagal  imbalance  i s  due  mainly  to
the  increased  sympathe t ic  ac t iv i ty  than  to

the vagal withdrawal. Moreover, sympathovagal
balance in group III 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 I and II 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 II compared to group I.
In group I, the increased sympathetic activity
was not accompanied by proportionate vagal
withdrawal, whereas in group II there was a
significant decrease in vagal activity.  Thus,
the  observa t ion  of  increased  sympathe t ic
activity in normal pregnancy is in conformity
wi th  f ind ings  o f  ea r l i e r  repor t s  (1 ,  9 ) .
However ,  in  the  present  s tudy,  f indings of
signif icant  sympathovagal  imbalance due to
increased  sympathe t ic  d i scharge  and
decreased  vaga l  tone  in  women wi th  r i sk
factors  who did not  develop PIH is  a  new
observation as similar reports have not been
documented  ear l i e r .

I t  was  observed  ea r l i e r  tha t  the
immunologica l  d i s tu rbances  a re  p rominent
in  PIH (19-21) .  However ,  the  l ink  of
immunologica l  fac tors  to  sympathe t ic
overactivity has not yet been studied. In the
present study, though there was significantly
high random blood sugar,  total  protein and
AG ra t ion in  PIH group compared to  h igh
risk and control  groups in al l  tr imesters of
pregnancy (Table III) ,  correlation of LF-HF
ratio was significant only with AG ratio at
al l  the three t r imesters  in PIH group.  This
s t rongly  ind ica tes  the  immunolog ica l
association through the link of AG ratio with
alteration in sympathovagal balance in PIH.
Corre la t ion  of  increased  AG ra t io  wi th
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increased  SVI  cou ld  be  due  to  hepa t ic
al terat ion in protein synthesis  or  a l terat ion
in  produc t ion  of  p lasma pro te ins  f rom
abnormal  placenta in  PIH.   Further  s tudies
should  be  a imed  a t  def in ing  the  ro le  o f
placenta in the association of AG ratio with
SVI in PIH.

I t  has also been reported that  PIH is  a
temporary  metabol ic  syndrome in  which
insu l in  res i s tance  i s  assoc ia ted  wi th
sympathet ic  overact ivi ty ,  and though blood
pressure  normal izes  a f te r  p regnancy ,  some
degree  o f  insu l in  res i s tance  and  h igher
sympathet ic  tone cont inues  to  pers is t  (22) .
In  a  recent  s tudy,  i t  has  been invest igated
tha t  pe rs i s tence  of  insu l in  res i s tance  and
sympathetic overactivity predisposes women
who former ly  had  PIH to  ca rd iovascu la r
d i seases  (23) .  There fore ,  fu tu re  s tud ies
should  assess  the  associa t ion  of  l ip id  r i sk
fac tors  and  insu l in  res i s tance  wi th
sympathovaga l  ba lance  dur ing  and  a f te r
pregnancy in  women with  PIH.

C o n c l u s i o n

In  summary ,  the  p resen t  s tudy  c lea r ly
ind ica tes  the  p resence  of  sympathovaga l
imbalance mainly in the form of sympathetic
overac t iv i ty  s ince  12th  week of  pregnancy
in  Ind ian  women who deve lop  PIH in  the
la te r  par t  o f  p regnancy ,  which  sugges t s
the  use  o f  spec t ra l  ana lys i s  o f  HRV as  a
an early predictive tool for this dysfunction.
This  s tudy  a l so  revea l s  tha t  the  women
having risk factor for PIH (but do not develop
PIH)  deve lop  sympathovaga l  imbalance  in
the  form of  bo th  sympathe t ic  overac t iv i ty
and  vaga l  wi thdrawal  in  th i rd  week  of
pregnancy  compared  to  the i r  own ear ly
pregnancy values. AG ratio was significantly
h igh  in  PIH group  in  compar i son  to  r i sk
group  and  cont ro l  g roup  sub jec t s .  Also ,
the LF-HF ratio was significantly correlated
wi th  AG ra t io  in  PIH group  a t  a l l  the
t r imes te rs  o f  p regnancy .  Thus ,  i t  was
concluded that  AG ra t io  could  have di rec t
contribution to sympathovagal  imbalance in
P I H .
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