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Correlation of Baseline and Isometric Exercise-induced Blood
Pressure with Total Body Fat Percentage and Body Mass Index
in Female Medical Students
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Background and Aim: Studies on obese and nonobese Indian girls from minority community, spending less time in outdoor activities due
to conservative restrictions imposed on them, are scanty in literature. The aim of this study were as follows: (1) Recording Baseline systolic
(SBP) and diastolic blood pressure (DBP) and pressor response to isometric exercise and (2) Measurement of total body fat% (TBF), visceral
fat (VF), body age (BA) and correlations with each other and with body mass index (BMI). Methods: Ninety female medical students
(aged 18-22 years) filled up a detailed questionnaire and were classified as obese (BMI >30), overweight (BMI>25-30, clubbed with obese,
n=24) and nonobese (BMI<25, n=66) groups. Baseline DBP and SBP and DBP and SBP at 1, 2 and 3 min of isometric exercise (hand grip
dynamometer Test at 30% of T value) were recorded. The TBF%, VF and BA were obtained using HBF-362 Karada scan. Student’s
t-test, Independent and paired sample comparison, Pearson’s correlation coefficient, and linear regression analysis were done. Results: High
baseline DBP, SBP and SBP at 2 and 3 minutes of isometric exercise in the obese group (P < 0.002, 0.003, <0.04 and <0.007 respectively)
correlated positively with BMI (= 0.4,0.4,0.35 and 0.38 respectively; P < 0.001). Significant (P < 0.001) positive correlation among TBF%,
VF, versus BA (= 0.9 and 0.88, respectively) and TBF % versus VF (» = 0.8) and linear relationship with BMI (P < 0.001, » = 0.95, 0.89,
and 0.95; BA, TBF, and VF, respectively) was observed in obese group. In 50% of non-obese students having TBF% >28%, the BA was
significantly higher (P < 0.03) than rest of the controls. Conclusion: Obesity is associated with increase in baseline BP and higher pressor
response to isometric exercise. Higher BA and total TBF% can lead to cardiovascular anomalies within normal BMI limits and hence should
be considered while classifying obesity.
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15%P4 and 12%, respectively. The widely used cutoff points
in adults for overweight and obesity are BMI values of 25 and
30 kg/m?, respectively.l® Young adults of high socioeconomic
status spend most of the time indoors with computers, surfing
Internet, or watching television that reduce their daily physical
activity outdoors. They consume fat- and carbohydrate-rich

INTRODUCTION

Studies on Indian urban children have reported high
prevalence of obesity and overweight with higher incidence of
hypertension than their normal counterparts.!'! It is documented
that for any proposed value of body mass index (BMI), Indians
have higher magnitude of adiposity, abdominal obesity, and

a lower muscle mass as compared to White Caucasians.? i : :
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Adolescent and young adult obesity is a public health concern
as it has impact on physical and psychological health such
as loss of confidence and self-esteem leading to isolation
and depression.P’) Prevalence of obesity and occurrence of
hypertension in obese young adults has been reported to be

Access this article online

Quick Response Code:
Website:
www.ijcep.org

DOI:
10.4103/ijcep.ijeep_23 18

203, B Block, Manjeera Heights Phase1, Chitra Layout, NTR Nagar,
Hyderabad, Telangana - 500 074, India.
E-mail: srina_kalluri@yahoo.com

This is an open access journal, and articles are distributed under the terms of the Creative
Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to
remix, tweak, and build upon the work non-commercially, as long as appropriate credit
is given and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

How to cite this article: Kalluri SN, Bhupathi ES, Ganji V. Correlation
of baseline and Isometric exercise-induced blood pressure with total body
fat percentage and body mass index in female medical students. Int J Clin
Exp Physiol 2018;5:81-6.

.@ 2018 International Journal of Clinical and Experimental Physiology | Published by Wolters Kluwer - Medknow




Kalluri, ef al.: Correlation of blood pressure, body fat% and Body mass index

fast foods. As obesity is a disorder of energy balance, without
much expenditure of energy, the balance tilts toward energy
deposition.

Increase in BMI!U-337121 and percentage body fat®® was
significantly and positively associated with hypertension in
overweight and obese children/adolescents. Understanding
the altered hemodynamic mechanisms that form the basis of
exacerbated arterial pressure response to exercise in obese
individuals will prevent the progression to hypertension.
Studies in obese and nonobese girls belonging to minority
community are scanty in literature. These girls spend less time
in outdoor activities due to conservative restrictions imposed
on them. They are in traditional outfit which does not expose
them to much of sunlight.

MareriaLs AND METHODS

The experimental protocol was (1) to record the baseline
systolic blood pressure (SBP) and diastolic BP (DBP) and the
pressor response to isometric exercise in obese and nonobese
female medical students of the same age group, ethnicity,
socioeconomic status, belonging to same minority community
and (2) correlation of BMI, total body fat% (TBF%), visceral
fat (VF), and body age (BA) in the above groups.

Ninety female medical students were identified
(aged 18-22 years) after excluding students with past
or present history of any major illness, hypertension,
cardiovascular abnormalities, or family history of any of
these ailments. Students unwilling to join the study were also
excluded from the study.

The students were explained about the experimental procedures
and informed consent was obtained as per Helsinki declaration.
After getting signed informed consent from them, they were
administered a detailed questionnaire (Personal Data Form)
addressing various demographic and other parameters such as
their socioeconomic status, literacy status, food habits, extent
of physical activity, family history, and parental and subjective
health-related parameters.

The anthropometric data such as height and weight of the
subjects (three readings each) were measured and BMI was
calculated using standard formula. The medical students were
classified as nonobese (BMI <25), overweight (BMI >25-30),
and obese (BMI >30) as per standard protocol.! In the present
study, the overweight and obese students were clubbed together
as obese group (n = 24). The nonobese group consisted of
66 medical students.

All the subjects were explained about the experimental protocol
and were made to rest for 10 min. Their baseline DBP and SBP
were recorded (three readings each) by manual and digital
methods. An average baseline BP value was obtained for SBP
and DBP for each subject.

Isometric exercise: Hand grip dynamometer test
Recording of pressor response to isometric exercise, performed
with hand grip dynamometer (HGT), is a valuable tool to

evaluate sympathetic cardiovascular functions. The subjects
were asked to exert maximal force by gripping the hand grip
dynamometer as hard as possible for few seconds and the
maximum force exerted was noted down (T, ). After giving
rest for few minutes, each subject was asked to perform
isometric exercise at 30% ofher T value, as long as possible.
The SBP and DBP were recorded at 1, 2, and 3 min of isometric
exercise. The maximum values/ceiling values achieved and the
delta values (difference between ceiling value and baseline
value) were noted down.

Total and visceral body fat distribution and body age
With the help of body fat analyzer (OMRON body fat
analyzer, HBF-362 Karada scan that works on the principle of
bioelectrical impedance analysis), TBF% and VF (number),
were determined. The BA (computed value) was obtained
from these data on fat distribution and was compared with
the actual age.

Statistical analysis of data

The results were analyzed by Student’s ¢-test at 95% confidence
interval (paired and independent sample comparison, P <0.05).
Pearson’s correlation coefficient analysis was done to find out
the interrelationship of various parameters.

The following comparisons were done for various
parameters:

Intragroup comparison

Paired sample comparison

The mean values of SBP and DBP at 1, 2, and 3 min of
isometric exercise and maximum value were compared with
baseline values within obese or nonobese groups [Figure 1].
Only significant parameters are shown in illustrations.

Intergroup comparison

a. Independent sample comparison: The baseline values
for SBP and DBP (mean + standard error [SE]) were
compared in both the groups [Figures 1 and 2]. From

135

P<0.007

130 ]_
125 Pfyl
120 % / l """ { ______ {

Systolic Blood Pressure (SBP) mmHg ( Mean+SEM)

P<0.00 ’+
115 -7
l I%
|
110 it
7’
’l
i’ ==~ control
105
—m—obese
100
baseline SBP 1 min 2min 3min  max SBP

Figure 1: Systolic blood pressure values (mmHg, mean =+ standard error)
at baseline, at various time points and maximum values achieved during
hand grip dynamometer test in control (7 = 66) and obese (7 = 24)
groups
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the data, A (response/range) was calculated for SBP and
DBP for each subject by subtracting baseline value from
the values obtained at each time point. Comparison of
mean values of A SBP and A DBP between the obese and
nonobese groups, at each time point, i.e., 1, 2, and 3 min
of isometric exercise and maximum or ceiling value, was
done [Figure 1].

b. Pearson correlation (): (1) BMI and baseline DBP and
SBP and SBP at 1, 2, and 3 min of exercise and maximum
value were correlated with each other for any significant
association

c. TBF%, VF, BA, and BMI were correlated with each other
for any significant association

d. The curve fit/scatter plot to show inter-relationship
between the variables was done [Figures 3-5]

e. Linear regression analysis of BMI versus TBF%,
VF, and BA was done to establish the nature of
relationship.
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Figure 2: Baseline diastolic blood pressure values (mmHg, mean =+ standard
error) in control (body mass index <25, n = 66) and obese group
students (body mass index =25, n = 24)
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Figure 4: Scatter plot showing significant correlation (- = 0.88;

P < 0.001) between visceral fat and body age in both control (7 = 66)
and obese (n = 24) groups

ResuLts

The results of the present study indicated the prevalence of
obesity in young females (aged 18-22 years) as 25%. The
baseline DBP and SBP values were significantly higher in
the obese group as compared to the control group [P < 0.002
and 0.003, respectively, Figures 1 and 2]. The SBP during
isometric exercise increased significantly at 2 and 3 min
of HGT [P < 0.04 and 0.007 respectively, Figure 1]. The
maximum SBP and maximum DBP values (ceiling values)
were attained at 3 min of HGT. The BMI correlated positively
with baseline SBP and DBP and SBP at 1, 2, and 3 min of
isometric exercise (Pearson’s correlation, » = 0.4, 0.4, 0.32,
0.35, and 0.38, respectively; P < 0.001).

All the parameters correlated positively (P < 0.001) with
each other (Pearson’s correlation coefficient) showing linear
relationship between TBF% and BA [r = 0.9, Figure 3],
VF and BA [r = 0.88, Figure 4], and TBF% and VF
[» = 0.8, Figure 5]. Linear regression analysis of BMI
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Figure 3: Scatter plot showing significant correlation (- = 0.9; P < 0.001)
between total body fat% and body age in both control (n = 66) and
obese (n = 24) groups
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Figure 5: Scatter plot showing significant correlation (r = 0.8; P < 0.001)
between total body fat% and visceral fat in both control (7 = 66) and
obese (n = 24) groups
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versus BA, TBF%, and VF exhibited highly statistically
significant (P < 0.001) linear relationship (» = 0.95, 0.89,
and 0.95, respectively).

The students of obese group had TBF% more than 31%
(range: 31.4%—44.8%; mean + SE = 36.2 + 0.7, normal
values <28%("3). Forty-one percent of the obese group had VF
above the cutoff value of 9 (range 5-26, mean+ SE=9.58 + 1.1).
The BA/biological age was much more in obese subjects
(31-55 years, mean = SE = 41 £ 1.1) as compared to their
actual/chronological age (range: 18—19 years) as their TBF%
and VF content were more. In 50% of nonobese students having
TBF% >28% (BMI <25, n = 33), the BA was significantly
higher (P < 0.03) than rest of the controls. Majority (88%) of
obese students had no physical activity.

Discussion

Higher incidence of obesity at 25% in the current study as
compared to 15% in adults and adolescents?* and childhood
obesity at 6.2% and 7.4% in two cities from Indial can be
attributed to clubbing together of data from overweight and
obese students by us. In addition, the prevalence of obesity
varies in children, adolescents, and adults.[®7!

There are reports in literature indicating significant baseline
hypertension in overweight/obese children/adolescents/young
adults correlating positively with BMI.1235712141 Chhatwal
et al." observed the prevalence of hypertension as 15.33% and
43.1% in overweight and obese urban children, respectively.
The present study reports the incidence of hypertension as
12.5% against reported 12%.5!

BMI was consistently associated with SBP and DBP in all
age- and gender-matched groups.[”” BMI and body fat were
significantly and positively associated with risk of BP in
boys and girls.”) However, the same authors reported that
in girls, weight only was significantly associated with SBP
independent of age or percentage fat.l?! Overweight and obese
children had significantly higher SBP and DBP values than
controls.!!

In the present study, both baseline SBP and DBP increased with
the increasing BMI values in an older age group. Ibhazehiebo
et al.¥ found both diastolic and systolic hypertension (12%)
in medical students (BMI >30) that positively correlated with
BMI. Their study group was similar to the age group of our
subjects (18-22 years), but included male and female students.

There are also reports of isolated diastolicl'¥ or systolic
hypertension®? in obese children correlating positively with
BMI. A number of proposed mechanisms link obesity with
sympathetic nervous system (SNS) including baroreceptor
dysfunction, hypothalamic—pituitary axis dysfunction,
hyperinsulinemia/insulin resistance, hyperleptinemia, and
elevated circulating angiotensin Il concentrations.!"? However,
Simran and Vidushi*! have observed that there is impaired
function of both sympathetic and parasympathetic divisions
of autonomic nervous system in obese adults.

Regional blood flow alterations, diminished resting muscle
blood flow, and altered hemodynamic response to exercise that
demand blood flow alterations in obese children, adolescents,
and adults have been reported.l'®!1 Weight loss through diet
and exercise training significantly reduced BP levels during
HGT and increased muscle blood flow and conductance.['®!”!
It was hypothesized that reduction in BP response to isometric
exercise in obese could be due to neurovascular sympathetic
attenuation and a decrease in muscle sympathetic and overall
sympathetic activity.['8]

Significant progressive increases in SBP at 2 and 3 min of
isometric exercise (HGT) in young obese girls was observed
by us, supporting earlier reports of significant increase in SBP
at all levels of exercise in obese group medical students of
the same age group.”®! They also observed that increase in the
intensity of exercise produced marked increases in SBP, DBP,
and mean arterial pressure values.”®) The pressor response in our
studies also correlated positively with BMI. Ribeiro et al.'?
used the same study design as ours (30% maximum voluntary
contraction [MVC], 3 min) in obese children of 8—12 years age
and observed high baseline mean BP values and progressive
increase in mean BP during HGT exercise.

Some researchers have found BP parameters to rise to higher
levels in obese adolescents and young adults under conditions
of graded exercise compared with nonobese adolescents and
young adults.>!>?2 In the present experimental protocol,
subjects did not perform graded exercise.

The DBP response to HGT was not significant as compared
to controls in our study which supports the findings by
others.*¥ This could be explained as “SBP is more labile
and changes more rapidly during exercise than DBP.”B! On
the contrary, DBP response to isometric exercise is slow.
Truncated response in DBP to HGT has been documented in
young obese children,!'¥ indicating autonomic instability. The
exercise tolerance levels of the obese young adults are reported
to be considerably lower compared to controls, and exercise
tolerance levels in young female subjects are further lower
than their male counterparts.?!

Regional forearm and systemic hemodynamic responses to
exercise are abnormal in obesity and can be explained as the
basis for hypertension. Supporting this hypothesis, isometric
handgrip exercise at 25% MVC for 4 min produced significant
increase in mean heart rate, SBP, DBP, and mean pressures
without any change in stroke volume and systemic vascular
resistance in normal adolescents.!

The cutoff points for BMI of 25 kg/m? for overweight and 30
kg/m? are widely used for adults. It is well known that BMI,
TBF%, and VF are significantly associated with the risk of
having high BP. Results of the present study indicate significant
positive correlation between BMI, BA, VF, and TBF%. Further,
highly significant linear relationship of BMI with the above
parameters was established through linear regression analysis.
Whereas low SNS activity is a causative factor for development
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of obesity, SNS activation is characteristic of metabolic and
cardiovascular diseases that occur in obese individuals.** VF
has been implicated as an important depot linking obesity
with skeletal SNS activation.**! Abdominal VF is an important
adipose tissue depot linking obesity with sympathetic neural
activation in humans and hence leading to cardiovascular
diseases.**%! Metabolic syndrome, insulin resistance, release
of inflammatory cytokines such as adipokines from VF cells,
activation of renin—angiotensin—aldosterone system have all
been implicated in the pathophysiology of obesity.["->4]

Although VF has been linked to pathological activation of SN,
our results indicate TBF% to be a better predictor of BA than
VF. The basis of this statement is twofold: first, the nonobese
students (50%), having higher TBF% (>28%!"%!) and normal
VF within the cutoff value of 9 (as per the guideline values
provided along with equipment), had higher BA than their
actual chronological age. Biological age defines how time and
lifestyle have affected organs and cells and includes changes in
the physical structure of the body, performance of motor skills,
and sensory awareness as compared to other people of similar
chronological age.*" This indicates the aging process occurring
in individuals belonging to much lower chronological age that
makes them more susceptible to age-related disorders.

Second, all the obese group students had TBF% as >31% and
only 41% of the obese group had VF higher than cutoff value
of 9 (range: 9-26). Thus, it can be hypothesized that higher
TBF% and higher biological/BA can lead to cardiovascular
ailments and morbidity even if the BMI is within normal limits.
One must also consider the need for further reduction and
revision of the cutoff value for VF, as central fat distribution is
reported to be a better predictor for hypertension than overall
fat mass. In a recent study by Kanai et al.,l* change in mean
BP after weight reduction was correlated with changes in VF
and not with changes in BMI, suggesting that decrease in VF
reduces BP in obese hypertensive subjects. This dilemma has
to be sorted out and the exact role played by each of them or
VF and TBF% taken together needs to be explored further.

CoNncLusIoN

Obesity is almost invariably associated with increase in
baseline BP, SBP or DBP, or both. The pressor response to
isometric exercise is variable (systolic or diastolic or both)
and exaggerated in obese individuals. One of the causes for
the growing prevalence of obesity and its associated diseases
is a reduction in daily physical activity as obesity is the
disorder of energy balance. In our study, we have observed
that girls belonging to minority community spend most of the
time indoors after college hours without much expenditure of
energy. They are in traditional outfit during day time without
exposure to sunlight. All the female medical students belonged
to elite background and consumed fast foods. Prevention of
weight gain through regular physical activity and reduced
dietary fat intake should be the primary target for reducing
the prevalence of obesity-induced hypertension. Reduction in

TBF% and VF to reduce overall obesity and central obesity
should be aimed at as these can predispose to cardiovascular
disorders and morbidity within normal BMI limits. This can
be achieved by small changes in lifestyle.
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