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Abstract :  Studies have reported that both gender and adiposity influence
cardiovascular reactivity amongst adolescents. However, not much is known
about the effect of gender on the association of adiposity with cardiovascular
react ivi ty .  The current  s tudy was conducted to  learn how gender  affects
the association of adiposity with cardiovascular reactivity in the Gujarati
Ind ian  adolescen ts  so  as  to  deve lop  prevent ive  s t ra teg ies  fo r  the  loca l
population. A cross-sectional study was conducted on 428 (Girls-173, Boys-
255) Gujarati  Indian adolescents of age group 16-19 years. Adiposity was
assessed in terms of Body Mass Index (BMI), Body Fat Percentage (BF %),
Fat  Mass  (FM),  Fa t  Mass  Index (FMI)  and  Wais t  Ci rcumference  (WC).
Percentage Rise in  Pulse Rate (%RPR) and Percentage Rise in  Diastol ic
Blood Pressure  (%RDBP)  dur ing  I somet r ic  Handgr ip  Tes t  were  used  to
assess the cardiovascular reactivity to acute sympathetic stress.  Pearson’s
correlation coefficient was determined to find the association of adiposity
wi th  cardiovascular  reac t iv i ty .  Boys  were  found to  have  a  s igni f icant ly
larger WC, higher physical  f i tness and greater  %RDBP in comparison to
girls while girls had a significantly higher BF% and FMI in comparison to
boys. In both boys and girls, BMI, BF%, FMI and WC showed significant
posi t ive  associa t ion with  %RDBP with  s t ronger  corre la t ionship found in
g i r l s .  Gi r l s  a l so  showed a  s ign i f i can t  nega t ive  cor re la t ionsh ip  be tween
physical  f i tness  and vascular  react ivi ty .  I t  could thus  be concluded that
gender  a f fec ted  the  assoc ia t ion  of  ad ipos i ty  wi th  vascular  reac t iv i ty  in
Guja ra t i  Ind ian  ado lescen t  such  tha t  g i r l s  t end  to  have  a  l a rge r
correlationship between adiposity and vascular reactivity than boys which
is most likely due to lower physical fitness.
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INTRODUCTION

Pathophys io log ica l  imbalances  in
card iovascu la r  au tonomic  ac t iv i ty ,
ca rd iovascu la r  reac t iv i ty  to  phys ica l  and
menta l  s t ress ,  insu l in  sens i t iv i ty ,  l ep t in
sens i t iv i ty ,  p lasma l ip id  p rof i l e ,  vascu la r
endothe l ia l  func t ion  and  func t ion ing  of
Renin-Angiotensin System (RAS) have been
implicated in the obesi ty associated r ise in
b lood  pressure  (1 ,  2 ) .  Cent ra l  (Viscera l )
adiposity is shown to have a larger influence
on  the  ca rd iovascu la r  r i sk  fac tors  fo r
hyper tens ion  as  compared  to  per iphera l
adiposi ty  across  a l l  the  age groups (3 ,  4) .
However ,  s tud ies  have  a l so  repor ted  tha t
d i f fe rences  ex i s t  in  the  e t iopa thogenes i s
of  hyper tens ion  across  var ied  e thn ic
populations, age groups and gender (5, 6, 7,
8, 9). A study conducted by us on the Gujarati
Ind ian  ado lescen ts  showed tha t  ad ipos i ty
had significant positive correlationship with
pulse  p ressure  amongs t  boys  whi le  an
ins ign i f ican t  cor re la t ionsh ip  in  g i r l s
suggest ing that  gender  d i f ferences  exis t  in
the risk of obesity associated rise in blood
pressure  amongs t  the  Guja ra t i  Ind ian
adolescen ts  (10) .  S ince  exaggera ted
cardiovascular  react ivi ty  is  associated with
obesity and is considered as a risk factor for
hyper tens ion  (1 ,  11) ,  i t  i s  essen t ia l  to
understand how gender influences the effect
of  adiposi ty on cardiovascular  react ivi ty in
Gujara t i  Ind ian  ado lescen ts  and  to  know
which  of  the  ad ipos i ty  ind ices  has  a
predominant  e f fec t  on  the  ca rd iovascu la r
reactivity according to gender so as to help
in  f raming  gu ide l ines  fo r  p reven t ive
m e a s u r e s .

MATERIALS AND METHOD

A cross -sec t iona l  s tudy  was  conduc ted

from January 2007 to March 2008 after the
approva l  f rom the  human research  e th ica l
commit tee  o f  the  ins t i tu te  and  ob ta in ing
informed consen t  f rom the  par t i c ipan ts  o r
the i r  pa ren t /guard ian .  Adolescen ts  o f  age
group  16-19  years ,  bo th  boys  and  g i r l s ,
studying in school and colleges in the local
popula t ion ,  and who had a t ta ined a  tanner
s tage  of  a t  l eas t  4  by  se l f - repor t ing  were
recruited for the study irrespective of their
soc ioeconomic  c lass  (12) .  A to ta l  o f  428
subjects (Girls-173, Boys-255) were recruited
into the s tudy by mult is tage sampling.

Assessment  o f  ad ipos i ty

Adiposity was assessed in a standardized
state of clothing. The body weight (Wt) was
recorded bare footed to the nearest  0.5 kg.
The height was measured using meter scale
without footwear to the nearest 5 cm. Body
Mass  Index  (BMI)  was  ca lcu la ted  as  the
weight (kg) divided by the square of height
(m2). Body Fat Percentage (BF %) and Total
Body  Fa t  Mass  (FM)  were  assessed  by
bioe lec t r i ca l  impedance  technique  us ing
Omron Body Fat Monitor HBF -302.  Fat Mass
Index (FMI) was calculated as the Fat Mass
(kg)  divided by the  square  of  height  (m2) .
BMI, BF%, FM and FMI were used as indices
of peripheral adiposity. Waist circumference,
a known index of central (visceral) adiposity
was measured a t  the  midpoint  between the
lower  cos ta l  marg in  and  the  h ighes t  po in t
on the i l iac  crest  to  the nearest  0 .5 cm at
the end of normal expiration  (10, 13).

Assessment  o f  phys ica l  ac t iv i ty  s ta tus  and
phys ica l  f i tness

The par t ic ipants  were  a lso assessed for
the i r  phys ica l  ac t iv i ty  s ta tus  and  phys ica l
f i tness  which  a l so  tends  to  a f fec t  the
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Pressure  ins t rument .  The  par t ic ipants  were
than  asked  to  per form i somet r ic  handgr ip
exercise at an intensity of 30% MVC for 1
minute in the sitting posture. Pulse rate and
Blood Pressure were measured at  1  minute
from the non-exercising arm. The Percentage
Rise  in  Pu lse  ra te (%RPR) ,  Sys to l ic  Blood
Pressure  (%RSBP)  and  Dias to l ic  Blood
Pressure (%RDBP) due to isometric exercise
were  ca lcu la ted  f rom the  pre -exerc i se  and
1-minute exercise values.  %RPR and %RDBP
were considered as the indicator of vascular
react ivi ty to sympathetic  s tress (15).

Stat i s t i ca l  ana lys i s

Mean and  S tandard  Devia t ion  were
calculated for the independent and dependent
var iables .  Pearson’s  corre la t ion  coeff ic ient
was determined to assess the relationship of
various indices of adiposity with %RPR and
%RDBP.

RESULTS

Table  I  and  I I  show tha t  boys  had  a
s ign i f ican t ly  g rea te r  weigh t ,  l a rger  WC,
higher  phys ica l  f i tness  and  la rger  %RDBP

card iovascu la r  au tonomic  reac t iv i ty .
Part icipants  reported their  physical  act ivi ty
status on a scale of 0 to 7 using the NASA/
Johnson  Space  Cent re  Phys ica l  Act iv i ty
Rating scale (14). The NASA/Johnson Space
Center Physical Activity Rating (PA-R) scale
has been developed to provide an assessment
score of 0-7 on a person’s level of regular
physical activity. There are a series of eight
s ta tements  about  rou t ine  phys ica l  ac t iv i ty .
Participants are to select only one response
tha t  bes t  descr ibes  the i r  phys ica l  ac t iv i ty
leve l .  Phys ica l  F i tness  was  measured  in
te rms  of  Pred ic ted  VO 2max based  on  the
gender ,  age ,  physica l  ac t iv i ty  s ta tus  as  on
NASA/Johnson  Space  Cente r  Phys ica l
Act iv i ty  Sca le  and  body fa t  percentage  as
calculated by the formula shown below :

Female ,  PVO2 max =  50 .513  +  1 .589
(PA-R) – 0.289 (age) – 0.552 (% body fat)

Male, PVO2 max = 56.376 + 1.589 (PA-
R) – 0.289 (age) – 0.552 (% body fat)

Cardiovascu lar  react iv i ty

The  card iovascu la r  reac t iv i ty  was
assessed by measuring the changes in pulse
rate and blood pressure during an Isometric
Hand Grip Test. The participants were asked
to do maximum voluntary contraction using
the  handgr ip  dynamometer  wi th  the
dominant  hand .  Three  a t tempts  were  made
a t  in te rva l s  o f  1  minute  and  the  h ighes t
reading amongst the attempts was considered
as  the  maximum volun ta ry  cont rac t ion
(MVC) for  the  par t i c ipan t .  Pu lse  ra te  and
blood  pressure  were  measured  pr io r  to
exercise at the brachial artery from the arm
not involved in exercise (non-exercising arm)
us ing  the  Omron  T8  Automat ic  Blood

TABLE I : Sub jec t  cha rac te r i s t i c s .

V a r i a b l e s Gir l s  (173) Boys  (255)

Age, yrs 16.5± 1 16.7± 1
PA-R 1.8± 0.9 3.1± 1.3**
Weight, kg 47± 9.6 52.5± 11.4**
BMI, kg/m2 19.4± 3.5 18.8± 3.2
BF% 24.11± 6.8 16.4± 5.5**
FM, kg 11.9± 5.7 9± 4**
FMI, kg/m2 4.9± 2.2 3.2± 1.6**
WC, cm 64± 6.9 67± 7.8**
PVO2max, ml/kg/min 35.7± 4.5 47.7± 4**

Figures  in  bracket  indicate  number  of  par t ic ipant
sub jec t s .  Va lues  ind ica te  Mean±SD.
*P<0 .05 ,  **P<0 .01 .
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DISCUSSION

The findings of our study show that girls
have  a  s t ronger  cor re la t ionsh ip  be tween
adiposity and vascular reactivity as compared
to boys despite having a lower cardiovascular
reactivity in comparison to boys. This finding
may be explained by the fact that girls have
a  s ign i f ican t ly  lower  phys ica l  f i tness  in
comparison to boys and since physical fitness
shows a significant negative correlationship
with vascular reactivity amongst girls ,  i t  is
possible that the low physical fitness in girls
pred isposes  them to  a  g rea te r  vascu la r
react ivi ty  to  acute  sympathet ic  s t ress .  This
view is  supported by the observations that ,
f i t  individuals show significantly attenuated
hear t  ra te  and  sys to l ic  b lood  pressure
reac t iv i ty  and  a  t rend  towards  a t t enua ted
diastolic blood pressure reactivity (16, 17).

The finding that boys show a significantly
larger  vascular  react iv i ty  in  comparison to

as  compared  to  g i r l s  whi le  g i r l s  had  a
signif icant ly greater   BF% and FMI.  Table
III and IV shows that in both girls and boys,
BMI, BF%, FMI and WC showed significant
cor re la t ionsh ip  wi th  %RDBP,  wi th  g i r l s
showing  a  s t ronger  cor re la t ionsh ip  than
boys.

TABLE I I : Cardiovascular study variables characteristics
in Gujarati  Indian adolescents.

Variables Girls (173) Boys (255)

PR,  Pu l se /min 88± 12 80± 11**
% R P R 18.2± 12 19.4± 11
SBP,  mmHg 111± 9.4 115± 10.3**
DBP,  mmHg 75.7± 7.8 73.4± 7.6*
%RDBP,  mmHg 15.6± 10.3 20.6± 12.9**

Figures  in  bracket  indicate  number  of  par t ic ipant
sub jec t s .  Va lues  ind ica te  Mean±SD.  *P<0 .05 ,
**P<0.01 ,  %RPR:  Percentage  Rise  in  Pulse  Rate
a t  1  minu te  o f  I somet r i c  Handgr ip  exerc i se
%RDBP:  Percen tage  Rise  in  Dias to l i c  B lood
Pressure  a t  1  minu te  o f  I somet r i c  Handgr ip
e x e r c i s e .

TABLE I I I : Corre la t ionship  of  adiposi ty  indices  and
phys ica l  f i tness  wi th  ca rd iovascu la r
reac t iv i ty  in  Guja ra t i  Ind ian  ado lescen t
g i r l s  (n=173) .

Explana tory  var iab le % R P R % R D B P

Weigh t ,  kg –0 .04 0 .18*
BMI,  kg /m 2 0 . 0 1 0 .57**
B F % –0 .007 0 .27**
FM,  kg –0 .04 0 .31**
FMI,  kg /m 2 –0 .03 0 .83**
WC,  cm 0 . 0 6 0 .26**
P V O 2m a x 0 .003 – 0 . 2 7 * *

Values  ind ica te  Pearson’s  cor re la t ion  coef f ic ien t
( r ) .  *P<0 .05 ,  **P<0 .01 ,  %RPR :  Pe rcen tage
Rise  in  Pu l se  Ra te  a t  1  minu te  o f  I somet r i c
Handgr ip  exe rc i se ,  %RDBP :  Pe rcen tage  Rise
in  Dias to l i c  B lood  Pressure  a t  1  minu te  o f
I somet r i c  Handgr ip  exe rc i se ,  PVO 2max :
Pred ic ted  VO 2max.

TABLE IV : Corre la t ionsh ip  of  ad ipos i ty  ind ices  and
phys ica l  f i tness  wi th  ca rd iovascu la r
reac t iv i ty  in  Guja ra t i  Ind ian  ado lescen t
boys  (n=255) .

Explana tory  var iab le % R P R % R D B P

Weigh t ,  kg –0 .08 0 .12*
BMI,  kg /m 2 –0 .04 0 .28**
B F % 0 . 1 7 0 . 0 9
FM,  kg 0 . 0 1 0 .22**
FMI,  kg /m 2 0 .3 0 .47**
WC,  cm –0 .06 0 .17**
P V O 2m a x –0 .11 –0 .07

Values  ind ica te  Pearson’s  cor re la t ion  coef f ic ien t
(r) .  *P<0.05,  **P<0.01,  %RPR – Percentage Rise
in  Pulse  Rate  a t  1  minute  of  Isometr ic  Handgrip
exerc i se ,  %RDBP – Percen tage  Rise  in  Dias to l i c
Blood  Pressure  a t  1  minu te  o f  I somet r i c
Handgrip exercise, PVO 2max – Predicted VO2max.
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girls may be explained by the fact that since
the age group under  considerat ion is  post -
puber ta l ,  i t  may happen that  the  male  and
female  sex  hormone  may be  in f luenc ing
the  vascu la r  respons ivess  to  s t ress .  Th is
view is supported by various studies which
have  repor ted  a  decreased  inc idence  of
cardiovascular disease (CVD) in premenopausal
compared  wi th  pos tmenopausa l  women
and  the  female  sex  hormone  Es t rogen  i s
be l ieved  to  have  pro tec t ive  e f fec t s  in  the
card iovascu la r  sys tem.  Exper iments
conduc ted  in  adu l t  female  an imals  have
shown tha t  es t rogen  induces  endothe l ium-
dependent  vascu la r  re laxa t ion  v ia  the
n i t r i c  ox ide  (NO) ,  p ros tacyc l in ,  and
hyperpo la r iza t ion  pa thways .  Also ,  sur face
membrane estrogen receptors (ERs) decrease
in t race l lu la r  f ree  Ca2+ concen t ra t ion  and
perhaps protein kinase C-dependent vascular
smooth muscle contract ion (18).

A s tudy  conduc ted  to  de te rmine  the
ef fec t s  o f  sex  hormone  leve l s  on  aor t i c
reac t iv i ty  in  female  ra t s  wi th  metabol ic
syndrome (MS) found that  vasoconstriction
was larger in intact MS and ovariectomized
MS +  tes tos te rone  aor tas  than  in  in tac t
Cont ro l  and  ovar iec tomized  Cont ro l  +
testosterone,  respect ively.  Vasodilat ion was
reduced in intact MS and ovariectomized MS
+ testosterone compared with intact control,
ovar iec tomized  con t ro l  +  t es tos te rone ,
ovariectomized MS, and ovariectomized MS
+ estradiol .  The results  suggest  endothel ial
dysfunction in intact MS and ovariectomized
MS +  tes tos te rone ,  bu t  p ro tec t ion  by
ovar iec tomy +  es t rad io l  in  MS due  to
hormone (19).

Our  f indings  a l so  sugges t  tha t  v iscera l
adiposity as indicated by waist circumference

though  has  a  lower  cor re la t ionsh ip  wi th
vascu la r  reac t iv i ty  in  compar i son  to  to ta l
adiposity it  seems to be more influential in
increas ing  vascu la r  respons iveness  to
sympathet ic  s t ress  than the  to ta l  fa t  mass .
This  v iew is  suppor ted  by the  observat ion
that despite having a significantly lower BF%
and FMI than girls, boys show a significantly
higher %RDBP than gir ls .  This is  probably
because  boys  have  a  s ign i f ican t ly  l a rger
wais t  c i rcumference  in  compar i son  to
gir ls .

Similar findings have also been reported
by  o ther  s tud ies  which  were  conduc ted  to
learn the pathogenesis of high blood pressure
associated with an increase in adiposity.  A
study conducted on 46 White and 49 Black
normotens ive  ado lescen ts  wi th  fami ly
histories of essential hypertension found that
a f te r  con t ro l l ing  fo r  per iphera l  ( tha t  i s ,
t r iceps skinfold) and overall  ( that  is ,  BMI)
ad ipos i ty ,  the  g roup  wi th  h igher  Wais t  to
Hip  Rat io  exh ib i ted  grea te r  SBP ( tha t  i s ,
peak  response  minus  mean  pre -s t ressor
level) to all three stressors and greater DBP
reactivity to postural change and cold pressor
(all P<0.05). The study concluded that Central
ad ipos i ty  appears  to  adverse ly  in f luence
hemodynamic functioning during adolescence
(3).

Another  s tudy examined the associat ion
between central adiposity, measured by waist
circumference,  and cardiovascular reactivity
to  s t ress  among 106 Whi te  and 105 Black
adolescen ts ,  approximate ly  50% of  whom
were  g i r l s .  Par t i c ipan ts  engaged  in  4
labora tory  t asks  whi le  ca rd iovascu la r
reactivity measures were taken. Independent
of  body  mass  index ,  race ,  and  gender ,
par t i c ipan ts  wi th  a  g rea te r  wais t
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circumference exhibited greater systolic blood
pressure  reac t iv i ty  and  d ias to l ic  b lood
pressure reactivity (boys only). Results from
the study suggested that central adiposity is
assoc ia ted  wi th  b lood  pressure  reac t iv i ty
early in  l i fe ,  especial ly  in  adolescent  boys
(20).

C o n c l u s i o n

It can thus be concluded from our study
tha t  though  boys  tend  to  have  a  h igher
vascu la r  reac t iv i ty  to  acu te  sympathe t ic
stress than girls, girls tend to show a greater
cor re la t ionsh ip  be tween  ad ipos i ty  and
vascular reactivity due to low physical fitness
and therefore low physical fitness predisposes
girls  to the adverse effects  of  adiposity on
the  vascula ture .  I t  i s  a l so  concluded  f rom
the  s tudy  tha t  v i scera l  ad ipos i ty  seems  to
be  the  type  of  ad ipos i ty  which  in f luences
vascu la r  reac t iv i ty  to  g rea te r  ex ten t  than
to ta l  ad ipos i ty  amongs t  Guja ra t i  Ind ian
adolescents .
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