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LUER YN Background-Studies have reported that both gender and adiposity influence cardiovascular reactivity
amongst adolescents and young adults. However, not much is known about the effect of gender on the
association of adiposity with cardiovascular reactivity.

Aims and objective: to learn how adiposity affects cardiovascular reactivity amongst young female individuals so as to
develop preventive strategies.

Material and methods: A cross-sectional study was conducted on 60 girls (normal weight n=30, over weight & Obese
n= 30) of age group 18-22 years. Adiposity was assessed in terms of Body Mass Index (BMI), Waist Circumference
(WC) and waist hip ratio. Rise in Pulse Rate and Rise in systolic and Diastolic Blood Pressure during Isometric Handgrip
Test were used to assess the cardiovascular reactivity to acute sympathetic stress. Pearson’s correlation coefficient was
determined to find the association of adiposity with cardiovascular reactivity.

Results: Obese and overweight girls were found to have a significantly larger WC, lower physical fitness and greater
rise in SBP& DBP in comparison to girls with normal weight. In both the groups, BMI and Waist Circumference showed
significant positive association with DBP and SBP.

Conclusions: adiposity affects the cardiovascular reactivity in young female individuals such that girls with overweight
and obese tend to have a larger correlation between adiposity and cardiovascular reactivity than girls with normal
weight and thus preventive strategies need to be devised to prevent effect of obesity on cardiac vasculature in females

INTRODUCTION

Central (Visceral) adiposity is shown to have a larger influ-
ence on the cardiovascular risk factors for hypertension as
compared to peripheral adiposity across all the age groups
(1, 2). Pathophysiological imbalances in cardiovascular au-
tonomic activity, cardiovascular reactivity to physical and
mental stress, insulin sensitivity, leptin sensitivity, plasma li-
pid profile, vascular endothelial function and functioning of
Renin-Angiotensin System (RAS) have been implicated in
the obesity associated rise in blood pressure (3, 4). How-
ever, studies have also reported that differences exist in
the etiopathogenesis of hypertension across varied ethnic
populations, age groups and gender (5). Since exagger-
ated cardiovascular reactivity is associated with obesity and
is considered as a risk factor for hypertension (1).

Obesity is associated with a greater prevalence of car
diovascular risk factors and a higher risk of cardiovascular
events, and contributes to the rise in cardiovascular mor-
bidity and mortality worldwide (7). Increased BMI is estab-
lished as an independent risk factor for cardiovascular dis-
ease (CVD). Attention has recently been drawn to alternate
measures of adiposity/obesity, such as waist circumference,
waist-to-hip ratio and waist-to-height ratio, that provide in-
formation regarding body fat distribution. Although BMI is
the established clinical measurement to estimate CVD risk
associated with excess bodyweight, there is evidence sug-
gesting that abdominal obesity could represent a better
marker of CVD risk than BMI (7). Obesity is associated with
several co-morbid conditions: dyslipidemia, hypertension,
hyperglycemia, non-alcoholic fatty liver disease (NAFLD)
and a conglomeration of conditions known as the meta-
bolic syndrome (8).

It is essential to understand which of the adiposity indices

has a predominant effect on the cardiovascular reactivity
according to gender so as to help in framing guidelines
for preventive measures. The biological mechanisms link-
ing obesity and stress reactivity are poorly understood.
Adipose tissue is now recognized as a major endocrine
organ that secretes signalling molecules playing a central
role in inflammation, weight regulation and metabolic func-
tion including cytokines (9). We set out to investigate the
relationship between adiposity, and cardiovascular reac-
tivity in a sample of healthy young female. We predicted
that women with greater adiposity would have heightened
or prolonged cardiovascular reactivity. Studies have shown
that women with a larger waist circumference or waist-hip
ratio have heightened cortisol responses to acute laborato-
ry stress, as well as impaired dexamethasone suppression
of cortisol (10-11).

Similarly, central obesity has been associated with elevated
or prolonged cardiovascular responses to acute stress in
some but not all studies and a recent report found larger
cortisol and cardiovascular responses to public speaking
stress in obese versus non-obese women (12).

AIMS AND OBJECTIVES

The current study is planned to learn how adiposity affects
the cardiovascular reactivity in the young female individu-
als so as to develop preventive strategies for that group of
population.

MATERIALS AND METHODS

Thirty (30) obese/ overweight and thirty (30) non-obese fe-
male volunteers aged between 18 and 22 years were par-
ticipated in the study. The revised BMI cut-off for Asians as
recommended by WHO were considered to classify over-
weight and obesity (6) Table-1. The purpose of the study
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was explained to all the participants. Institutional ethical
committee approval has already been taken. Pulse rate
and blood pressure was measured prior to exercise at the
brachial artery from the arm not involved in exercise (non-
exercising arm) using the Omron T8 Automatic Blood Pres-
sure instrument.

Inclusion criteria for both groups:
1) Healthy young adults aged between 18-22 years
2) Sedentary life style.

Exclusion criteria for both groups:

) Subjects with history of cardiopulmonary disease

) Chronically ill

) Medicationfor long duration,

) History of any major surgery (cardiac, pulmonary, ab-
dominal) related to study and

5) Subjects undergoing any physical conditioning pro-

gram.

POWON =

BMI will be calculated using Quetlet's index as weight (kg)
divided by (height in m)2.

BMI = Weight (Kg) / (height in meter) 2.

W/H Ratio (Waist-Hip Circumference ratio): The waist Cir-
cumference is the minimum Circumference between the
costal margin and iliac crest, measured in horizontal plane,
with the subject standing. Hip circumference is the maxi-
mum Circumference in the horizontal plane, measured over
the buttocks. The ratio of the former to the latter provides
an index of proportion of intra-abdominal fat.

TABLE1: Cut-offs of obesity and abdominal obesity for
Asian Indians vs. international criteria.

Consensus guide- |Prevalent
Variable lines for Asian International
Indians @ Criteria
Generalized obesity lz\lzo.‘r?malz 18.0- ’1\J§£3T2a£9 b
Overweight: Overweight:
(BMI cut-offs in kg/m?) |23.0-24.9 25.0-29.9°
Obesity: >25 Obesity: >30°
Abdominal obesity . . .
(Waist circumference \l\//lven. >9'0>80 c \I>/Iven. >1_O>28?3 d
cut-offs in cm) omen: omen:

Notes: @ From Consensus guidelines for Asian Indians; ®
According to World Health Organization guidelines; © Both
as per Consensus Guidelines for Asian Indians and Inter-
national Diabetes Federation; ¢ According to Modified
National Cholesterol Education Program, Adult Treatment
Panel lll guidelines.

CARDIOVASCULAR REACTIVITY: The cardiovascular reac-
tivity was assessed by measuring the changes in pulse rate
and blood pressure during an Isometric Hand Grip Test by
dynamic hand dynamometer. The participants were asked
to do maximum voluntary contraction using the handgrip
dynamometer with the dominant hand. Three attempts
were made at intervals of 1 minute and the highest read-
ing amongst the attempts was considered as the maximum
voluntary contraction (MVC) for the participant. Pulse rate
and blood pressure were measured prior to exercise at
the brachial artery from the arm not involved in exercise
(non-exercising arm) using the Omron T8 Automatic Blood
Pressure instrument. The participants were then asked to
perform isometric handgrip exercise at an intensity of 30%
MVC for 1 minute in the sitting posture. Pulse rate and

Volume : 6 | Issue : 6 | June 2016 | ISSN - 2249-555X | IF : 3.919 | IC Value : 74.50

Blood Pressure was measured at 1 minute from the non-
exercising arm. The percentage rise in pulse rate, systolic
blood pressure and diastolic blood pressure due to iso-
metric exercise was calculated from the pre-exercise and
1-minute exercise values. Mean and Standard Deviation
was calculated for the independent and dependent vari-
ables. Pearson’s correlation coefficient was determined to
find the association of adiposity and gender with cardio-
vascular reactivity.

OBSERVATIONS AND RESULTS

Table 1.1 & 1.2 depicts Mean and standard deviation of
anthropometric profile of study population. The BMI, waist
circumference and waist hip Ratio were significantly higher
amongst Obese & Overweight individuals compared to
Normal weight individuals (P< 0.005 one tailed & P<0.001
two tailed)

TABLE 1.1- GROUP STTISTICS AND INDEPENDENT
SAMPLE TEST FOR ANTHROPOMETRIC PROFILE OF
STUDY POPULATION

Group Statistics

Variables Group [N Mean |Std. Deviation
30 20.66 [1.31

30 25.53 [3.21

30 27.03 [2.23

30 30.63 [3.45

30 35.81 [2.23

30 40.46 12.93

30 0.75 ]0.055

30 1.0000 |0.058

BMI (Kg/m?)

Waist (Inches)

Hip (Inches)

N[=|N|= N[N —

Waist/Hip Ratio

Table 1.2- GROUP STTISTICS AND INDEPENDENT SAM-
PLE TEST FOR ANTHROPOMETRIC PROFILE OF STUDY
POPULATION

Independent Samples Test

Levene's Test
for Equality ~|t-test for Equality of Means
of Variances

. Mean
; Sig. (2-|8:
F Sig. |t Df - Differ-
tailed) once
BMI Ejsﬂgg”ances 7.51 0.008 |-7.683 |58  [0.0001 |-4.87
(Kg/ -
m3  [Equal varances 7.683 |38.44 [0.0001|-4.87

not assumed

Equal variances
assumed 9.23 10.004 |-4.790 |58 0.0001 |-3.60

Equal variances
not assumed -4.790 |49.58 0.0001 |-3.60

Waist

Equal variances
P assumed 2.71 10.105 |-6.908 |58 0.0001 |-4.65

Equal variances
not assumed -6.908 |54.177)0.0001 |-4.65

.. |Equal variances
>Nﬁi|;t assumed 69.75|0.0001(-24.331 (58 0.0001 |-.24

Equal variances
Ratio nat assumed -24.331 {29.000(0.0001 |-.24

Group 1= Normal weight, Group 2= Over weight & Obese

Table 2.1 & 2.2 depicts Mean and standard deviation of
Blood Pressure Pulse profile of study population. There
was increase in SBP, DBP, & PR after exercise in both the
group but it was significant only for changes in the pulse
rate (P< 0.014 for 1 tailed & 0.031 fo4 2 tailed & for SBP,
DBP P>0.05 one tailed & two tailed)
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TABLE 2.1 GROUP STTISTICS AND INDEPENDENT
SAMPLE TEST FOR BLOOD PRESSURE PULSE PROFILE
OF STUDY POPULATION
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ercise, PR Before = Pulse rate Before start of exercise, PR
After = Pulse rate After exercise

Group Statistics Table 3.1-3.2 depicts Mean and standard deviation of
— Blood Pressure Pulse profile before and after exercise in
Group [N Mean Std. Deviation the of study population when both the groups taken to-
SBP Before 1 30 [11430 [8.91 gether. When paired t test was applied it was observed
2 30 116.23 10.51 that there was significant increase in SBP, DBP, & PR after
1 30 [119.07 9.69 exercise when we considered both the groups as a single
SBP After 2 30 112293 12.06 group (P= 0.0001 two tailed)
DBP Before L 30 6943 1630 TABLE 3.1 PAIRED SAMPLE STATISTICS AND CORRE-
2 30 70.40 7.03 LATIONS OF BLOOD PRESSURE PULSE PROFILE OF
1 30 [72.83 6.80 STUDY POPULATION
DBP After
2 30 |77.37 10.45 Paired Samples Statistics
PR Before 1 30 [74.27 8.38 Mean N Std. Deviation
2 30 [79.20 8.87
SBP Before (115.27 |60 [9.716
1 30 [83.73 12.11 Pair 1
PR After 5 30 8867 1860 SBP After  [121.00 |60 [11.025
TABLE 2.2 GROUP STTISTICS AND INDEPENDENT by o |DBPBefore 6992 160 16,639
SAMPLE TEST FOR BLOOD PRESSURE PULSE PROFILE DBP After  [75.10 60 ]9.040
OF STUDY POPULATION PR Before 76.73 60 (8.914
Independent Samples Test Pair 3
PR After 86.20 60 [10.708
Levene’s
fest for |t-test for Equality of Means TABLE 3.2 PAIRED SAMPLE STATISTICS AND CORRE-
Voo s LATIONS OF BLOOD PRESSURE PULSE PROFILE OF
STUDY POPULATION
Sig. Mean - -
F Sig. |t Df (- Differ- Paired Samples Correlations
tailed) [ence

Equal
variances |1.67 |0.201|-.768 |58 0.446 |-1.93
SBP  |assumed
Before |Equal vari-
ances not -.768 |56.4910.446 |-1.93
assumed
Equal
variances [1.624(0.21 |-1.368|58 0.177 |-3.86
SBP  [assumed
After |Equal vari-
ances not -1.368|55.44 10.177 |-3.86
assumed
Equal
variances [1.038(0.31 |-.561 |58 0.577 |-.967
DBP |assumed
Before |Equal vari-
ances not -.561 |57.32|0.577 |-.96
assumed
Equal
variances |2.1970.144|-1.990|58 0.051 |-4.53
DBP |assumed
After |Equal vari-
ances not -1.990149.8510.052 |-4.53
assumed
Equal
variances |0.025(0.874|-2.213|58 0.031 |-4.93
PR assumed
Before |Equal vari-
ances not -2.213157.81 [0.031 |-4.93
assumed
Equal
variances |6.4580.014(-1.819|58 0.074 |-4.93
PR assumed
After |Equal vari-
ances not -1.819152.32 [0.075 |-4.933
assumed

Group 1= Normal weight, Group 2= Over weight &
Obese, SBP Before= Systolic Blood Pressure Before start of
exercise, SBP After = Systolic Blood Pressure after of ex-
ercise, DBP Before = Diastolic Blood Pressure Before start
of exercise, DBP After = Diastolic Blood Pressure after ex-

N |Correlation |[Sig.

Pair 1 |SBP Before & SBP After [60 |.574 0.0001
Pair 2 |DBP Before & DBP After {60 |.595 0.0001
Pair 3 |PR Before & PR After 60 |.676 0.0001

TABLE 3.3 PAIRED SAMPLE STATISTICS AND CORRE-
LATIONS OF BLOOD PRESSURE PULSE PROFILE OF
STUDY POPULATION

Paired Samples Test
Paired Differ-
ences
Sig. (2-
Std-, t df tailed)
Mean |Devia-
tion
. SBP Before —
Pair 1 SBP After -5.733 9.644 |-4.605|59 |0.0001
. DBP Before —
Pair 2 DBP After -5.183 |7.373 |-5.446|59 |0.0001
. PR Before —
Pair 3 PR Aftor -9.467 |8.066 |-9.091|59 |0.0001

SBP Before= Systolic Blood Pressure Before start of exer-
cise, SBP After = Systolic Blood Pressure after of exercise,
DBP Before = Diastolic Blood Pressure Before start of ex-
ercise, DBP After = Diastolic Blood Pressure after exercise,
PR Before = Pulse rate before start of exercise, PR After =
Pulse rate after exercise

Table 4.1-4.2 depicts descriptive statistics and auto corre-
lations of mean and standard deviation of Blood Pressure
Pulse profile before and after exercise in the of study pop-
ulation based on BMI when both the groups taken togeth-
er. There was significant increase in SBP, DBP, & PR after
exercise when we considered both the groups as a single
group and when we correlated the data before and after
exercise (P= 0.0001 two tailed)
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TABLE 4.1 DESCRIPTIVE STATISTICS AND CORRELA- DBP Before 699167  16.63910 60
TION OF BLOOD PRESSURE PULSE PROFILE OF STUDY
POPULATION DBP After 75.1000 9.03984 60
Descriptive Statistics PR Before 76.7333 8.91365 60
Variables Mean Std. Deviation |N PR After 86.2000 10.70846 0
SBP Before 115.2667 9.71608 60
SBP After 121.0000  |11.02539 60 BMI( Kg/m?) 23.0981  |3.45776 60
TABLE 4.2 DESCRIPTIVE STATISTICS AND CORRELATION OF BLOOD PRESSURE PULSE PROFILE OF STUDY POPULA-
TION
Correlations
Control Variables SBP Before|SBP After |DBP Before |DBP After PR Before |PR After
Correlation 1.000 517 0.635 0.342 -.001 -.110
SBP Before Significance (2-tailed) |. .0001 0.0001 0.008 0.995 0.409
Df 0 57 57 57 57 57
Correlation 517 1.000 0.57 0.505 -.127 -.059
SBP After Significance (2-tailed) |.0001 R 0.0001 .0001 0.340 0.655
Df 57 0 57 57 57 57
Correlation .635 .577 1.00 0.582 0.140 0.061
DBP Before Significance (2-tailed) |.0001 .0001 . 0.0001 0.289 0.646
BMI Df 57 57 0 57 57 57
Kg/m? Correlation .342 .505 0.58 1.000 0.041 -.005
DBP After Significance (2-tailed) [.008 .0001 0.0001 R 0.760 0.972
Df 57 57 57 0 57 57
Correlation -.001 -127 0.140 0.041 1.000 0.668
PR Before Significance (2-tailed) [.995 .340 0.289 0.760 0.0001
Df 57 57 57 57 0 57
Correlation -.110 -.059 0.061 -.005 0.668 1.000
PR After Significance (2-tailed) [.409 .655 0.646 972 0.0001
Df 57 57 57 57 57 0

SBP Before= Systolic Blood Pressure Before start of exer-
cise, SBP After = Systolic Blood Pressure after of exercise,
DBP Before = Diastolic Blood Pressure Before start of ex-
ercise, DBP After = Diastolic Blood Pressure after exercise,
PR Before = Pulse rate before start of exercise, PR After =
Pulse rate after exercise

From-Figure 1 depicts graphical representation of mean
and standard error of mean of Blood Pressure Pulse profile
before and after exercise in the of study population (Nor-
mal weight & Overweight & Obese group) based on BMI

FIGURE 1: BLOOD PRESSURE PULSE PROFILE IN THE
STUDY GROUPS BEFORE AND AFTER EXERCISE
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DISCUSSION
We investigated the association between adiposity meas-
ures and cardiovascular reactivity responses using a mul-

tiple linear regression approach, descriptive statistical
approach and independent sample test and paired test.
Three aspects of physiological response were analyzed:
baseline anthropometrics profiles, cardiovascular reactiv-
ity (computed as the change in levels of Blood pressure
pulse profiles between baseline and isometric hand grip
test). This time adiposity measures (BMI, waist circumfer-
ence and waist Hip ratio) were also included as covariates,
since adiposity is a major determinant of stress reactivity.
Results are presented as mean and standard deviation with
standard errors of mean. Associations between adiposity
measures and cardiovascular reactivity are illustrated by
displaying the mean cardiovascular response to isometric
hand grip test.

The findings of our study show that obese & overweight
girls have a stronger correlation between adiposity and
cardiovascular reactivity as compared to normal weight
girls. This finding may be explained by the fact that obese
girls have a significantly lower physical fitness in compari-
son to normal weight girls and since physical fitness shows
a significant negative correlation with cardiovascular reac-
tivity amongst normal weight girls, it is possible that the
low physical fitness in obese & overweight girls predispos-
es them to a greater cardiovascular reactivity to acute sym-
pathetic stress. This view is supported by the observations
that, fit individuals show significantly attenuated heart rate
and systolic blood pressure reactivity and a trend towards
attenuated diastolic blood pressure reactivity (13-14). Our
findings also suggest that visceral adiposity as indicated by
waist circumference though has lower correlations with vas-
cular reactivity in comparison to total adiposity it seems to
be more influential in increasing cardiovascular responsive-
ness to sympathetic stress than the BMI. Similar findings
have also been reported by other studies which were con-
ducted to learn the pathogenesis of high blood pressure
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associated with an increase in adiposity. A study conduct-
ed on 46 White and 49 Black normotensive adolescents
with family histories of essential hypertension found that
after controlling for peripheral (that is, triceps skinfold) and
overall (that is, BMI) adiposity, the group with higher Waist
to Hip Ratio exhibited greater SBP (that is, peak response
minus mean pre-stressor level) to all three stressors and
greater DBP reactivity to postural change and cold pres-
sor (all P<0.05). The study concluded that Central adiposity
appears to adversely influence hemodynamic functioning
during adolescence (15).

Another study examined the association between central
adiposity, measured by waist circumference, and cardiovas-
cular reactivity to stress among 106 White and 105 Black
adolescents, approximately 50% of whom were girls. Par-
ticipants engaged in 4 laboratory tasks while cardiovascular
reactivity measures were taken. Independent of body mass
index, race, and gender, participants with a greater waist
circumference exhibited greater systolic blood pressure re-
activity and diastolic blood pressure reactivity. Results from
the study suggested that central adiposity is associated
with blood pressure reactivity early in life (16). Prolonged
sympathetic reactivity to acute stress has been shown to
predict future hypertension in initially normotensive sam-
ples as well as an increased risk of cardiac events in pa-
tients with documented cardiovascular disease (17).

Although few studies have examined the prospective re-
lationship between acute cytokine responses and car-
diovascular risk, and one previous study showed that IL-6
responses to laboratory stress were predictive of 3-year
elevations in BP in men and women from the Whitehall II
cohort (18, 19).

A major limitation in the current study is that it is a cross-
sectional study which is a useful but a weak tool in assess-
ing the relationship between two variables. Another major
limitation is the lack of the study of sex hormones and
their influence on the study variables.

CONCLUSION

It can thus be concluded from our study that though over-
weight & obese individuals tend to have a higher cardio-
vascular reactivity to acute sympathetic stress than normal
weight girls, they tend to show a greater correlation be-
tween adiposity and vascular reactivity due to low physi-
cal fitness and therefore low physical fitness predisposes
girls to the adverse effects of adiposity on the vasculature.
It is also concluded from the study that visceral adiposity
seems to be the type of adiposity which influences car-
diovascular reactivity to greater extent than total adipos-
ity amongst young female individuals. Further study may
be conducted to search for further evidence in this line by
studying the influence of sex hormones on the relation-
ship and studying the relationship during the two phases
of menstrual cycle.

SUMMARY

Studies have reported that both gender and adiposity in-
fluence cardiovascular reactivity amongst adolescents and
young adults. However, not much is known about the ef-
fect of gender on the association of adiposity with car-
diovascular reactivity. The current study was conducted to
learn how adiposity affects cardiovascular reactivity in the
amongst young female individuals so as to develop pre-
ventive strategies. A cross-sectional study was conducted
on 60 girls (normal weight n=30, over weight & Obese n=
30) of age group 18-22 years. Adiposity was assessed in
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terms of Body Mass Index (BMI), Waist Circumference (WC)
and waist hip ratio. Rise in Pulse Rate and Rise in systolic
and Diastolic Blood Pressure during Isometric Handgrip
Test were used to assess the cardiovascular reactivity to
acute sympathetic stress. Pearson’s correlation coefficient
was determined to find the association of adiposity with
cardiovascular reactivity. Obese and overweight girls were
found to have a significantly larger WC, lower physical fit-
ness and greater rise in SBP& DBP in comparison to girls
with normal weight. In both the groups, BMI and Waist
Circumference showed significant positive association with
DBP and SBP. It could thus be concluded that adiposity af-
fects the cardiovascular reactivity in young female individu-
als such that girls with overweight and obese tend to have
a larger correlation between adiposity and cardiovascular
reactivity than girls with normal weight. Nevertheless, our
findings throw some light on the potential mechanisms
linking obesity, stress and cardiovascular reactivity in young
females. BMI, waist circumference and waist-to-hip ratio
measurements are all useful tools for assessing adiposity/
obesity in clinical practice, and should be evaluated with
other cardio-metabolic risk factors to refine cardiovascular
reactivity stratification.
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