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Background/purpose
Overweight and obesity during childhood and adolescence have been identified as
a major health problem. In Egypt, increasing rates of obesity in children and
adolescents are an emerging concern and have a great impact on the
healthcare system. The aim of the study was to compare between nonobese
and obese children and adolescents with respect to maximum oxygen
consumption, resting heart rate, systolic blood pressure (BP), diastolic BP,
pulse pressure, and mean arterial pressure (MAP).
Participants
A total of 360 children and adolescents, aged 7–18 years (the children were aged
7–12 years and adolescents were aged >12–18 years), participated in this study.
Methods
BMI was computed for all participants to categorize them into two groups: the
nonobese group, which included normal-weight participants, and the obese
group, which included overweight and obese participants. One-mile endurance
run test was completed by all participants. Maximal oxygen consumption was
predicted using a specific equation. Heart rate, systolic BP, diastolic BP, pulse
pressure, and MAP were assessed at rest. Age differences were investigated in
both groups.
Results
Significant differences in all measured variables were found between nonobese
and obese groups (P<0.05). There was significant interaction effect between group
and age on all measured variables (P<0.05).
Conclusion
Childhood and adolescence obesity affects cardiovascular performance. It
decreases aerobic fitness and increases resting BP, heart rate, pulse pressure,
and MAP. Adolescents are affected more than children.
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Introduction
Obesity is an independent risk factor for cardiovascular
disease (CVD). The last two decades of the previous
century have witnessed dramatic increase in healthcare
costs because of obesity and related issues among
children and adolescents [1,2]. During the past 3
decades, childhood and adolescent obesity (defined
as age-specific and sex-specific BMI at ≥95th
percentile) has increased threefold to sixfold, with
the rate of increase dependent on age, sex, and
ethnicity [3].

Worldwide, children are becoming overweight and
obese at progressively younger ages [4]. In 2014, the
global number of overweight children under the age of
5 years was estimated to be over 42 million, with 31
million of them living in developing countries [5]. In
developed countries, the prevalence of overweight and
obesity in children and adolescents increased by a
magnitude of two to five times in the last quarter of
d by Wolters Kluwer - Medk
the 20th century [6,7]. In almost all the developed
countries, the prevalence has been increasing in a
similar way in children and adolescents. At least 20
million children under the age of 5 years were
overweight in 2005 [5].

Egyptians are considered the fattest among African
populations, with nearly 70 percent of the country’s
adult population being overweight or obese. It is also
ranked 14th in the world with respect to obesity,
according to the WHO statistics issued for the year
2010 [8]. The high prevalence of overweight and obese
children and adolescents in Egypt signals a very
alarming trend as seen in the comparison between
the two national surveys of 2004 and 2001 [9].
now DOI: 10.4103/1110-6611.209878

mailto:gehanmosaad@gmail.com


28 Bulletin of Faculty of Physical Therapy, Vol. 22 No. 1, January-June 2017
In Egypt, the prevalence of overweight and obesity
among primary school children was estimated in Port
Said and Alexandria, and a relatively high prevalence
was found [7,10].

Overweight and obese children and adolescents have a
high probability of becoming overweight or obese as
adults [11,12]. Obesity in childhood, even without the
presence of overt complications, has been shown to be a
significant predictor of future morbidity and mortality
in adulthood [13].

Maximum oxygen uptake (VO2 max) is generally
considered the best measure of cardiorespiratory
fitness [14]. VO2 max reflects the physical fitness
of a person [15]. Moreover, although VO2 max has
a major genetic component, it is greatly influenced by
the participants activity level, thereby serving also to
assess activity levels [14]. This has meant that the
determination of VO2 max is a routine procedure in
research projects to assess the cardiovascular capacity
of the participants. Obese children had lower relative
VO2 max compared with nonobese children [16].

Several studies have investigated the relationship
between adiposity in children and the cardiovascular
capacity. Sorof et al. [17] have found that blood
pressure (BP) increases with BMI in children. Obese
children are three times more likely to have
hypertension compared with nonobese children [18].
Obese children who have high BP were at increased
risk for developing serious cardiac problems [19].
Resting pulse rate is positively associated with BP
and adiposity [20]. Mean arterial pressure (MAP)
was found to be elevated in obese and overweight
school children [21]. However, there is lack of
literature regarding the interaction effect between
body weight and age on the measured variables in
children and adolescents.

This study was conducted to examine the main and
interaction effects of obesity and age regarding VO2

max, resting heart rate (RHR), systolic blood pressure
(SBP), diastolic blood pressure (DBP), pulse pressure
(PP), and MAP.
Methods
Study design
An observational, cross-sectional study was approved
by the ethical committee of the Faculty of Physical
Therapy, Cairo University. The independent variables
of this study were weight (obese and nonobese) and age
(children and adolescents), whereas the dependent
variables were VO2 max, RHR, SBP, DBP, PP, and
MAP.
Participants
The study population comprised school and college
students from grade 1 primary school to first grade high
school education, aged 7–18 years [22]. School
students were selected from nine public schools in
Giza and college students were selected from three
faculties in Cairo University, which agreed to share our
work. They were chosen from the Cairo University
zone to enable the 1-mile endurance run at Cairo
University Courts. Totally, 500 participants were
screened, from whom 360 students were selected
and they continued the study. In each institute, 30
participants (15 nonobese and 15 overweight or obese)
were selected. All the participants were required to
bring a consent form written and signed by their
parents before their participation in the study.

Eligible participants were categorized into the nonobese
group, which included 180 normal-weight participants,
and the obese group, which included 180 overweight and
obese participants. Eligibility criteria for participants were
being normal, overweight, or obese, as defined byWHO
2006 [5]. The nonobese group included normal-weight
(fifth to <85% percentile) students. The obese group
included overweight (85th to <95th percentile) and
obese (≥95th percentile) students. Exclusion criteria
included being underweight (<5%) or extremely obese
(BMI ≥120% of the 95th percentile of BMI-for-age or
BMI ≥35.0 kg/m2), having syndromal obesity, having a
chronic illness, takingmedications associated with weight
change, and inability to complete the presidential 1-mile
run test.
Measurements
Assessments were made by the research teammembers.
Height was measured in centimeters and weight in
kilograms for computation of BMI. BMI-for-age
percentiles were computed from the growth charts of
WHO 2006 [5].
Aerobic fitness (maximum oxygen consumption)
Evaluation of aerobic fitness was performed by
calculation of VO2 max. VO2 max was predicted
from the 1-mile endurance run time using age, sex,
and BMI-specific equation: VO2 max (ml/kg/min)=
(0.21×(age×sex code))−(0.84×BMI)−(8.41×mile time)
+(01.34×mile time×mile time)+(108.94), where age is
in years, sex code is 0 for female participants and 1 for
male participants, BMI is in kg/m2, and mile time is in
minutes [23].
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Cardiovascular capacity
Resting heart rate, systolic blood pressure, diastolic blood

pressure, pulse pressure, and mean arterial pressure

RPR, SBP, andDBPwere assessed three times (with 1-
min re-filling period) in the right arm at the level of the
heart. Assessments of BPweremade after 5min of quiet
seated rest using Omron HEM 7120 E IntelliSense
Automatic Blood Pressure Monitors (Model: M2
Basic (HEM-7120-E), Serial No: 20140804386VG,
OMRON Healthcare Co., Ltd. Koyoto, Japan, Made
in Vietnam) and appropriately sized cuffs. When errors
or disparate readings occurred, BP assessment was
repeated by auscultation (sphygmomanometer and
stethoscope). PP was computed as SBP minus DBP.
MAP was computed as the sum of DBP and one-third
PP. Measurements were taken in a quiet environment
and confidentiality was maintained [24].
Table 1 Frequency distribution of sex and age between
nonobese and obese groups

Nonobese group
(n=180) [n (%)]

Obese group
(n=180) [n (%)]

P
value

Sex

Boys 80 (44.44) 67 (37.22) 0.671

Girls 100 (55.56) 113 (62.78)

Age stage

Children 70 (38.9) 90 (50) 0.245

Adolescents 110 (61.1) 90 (50)

BMI % 30.88 (24.9) 93.22 (6.32)

P<0.05, significant.

Table 2 Descriptive statistics and multiple pairwise
comparison tests (post-hoc tests) for maximum oxygen
consumption, resting heart rate, systolic blood pressure,
diastolic blood pressure, pulse pressure, and mean arterial
pressure in the tested groups without regard to age effect

Parameters Nonobese
group (n=180)

Obese group
(n=180)

P value
Data analyses
All statistical analyses were performed using the statistical
package for the social sciences program, version 20, for
Windows (SPSS; SPSS Inc., Chicago, Illinois, USA).
Before the final analysis, data were screened for normality
assumption and for the presence of extreme scores. This
was done as a prerequisite for parametric calculation of the
analysis ofdifference andanalysis of relationshipmeasures.
Descriptive analysis using histograms with a normal
distribution curve showed that the data were normally
distributed and did not breach the parametric assumption
for the measured dependent variables. Additionally,
testing for the homogeneity of covariance using Box’s
test revealed that there was no significant difference
(P>0.05). Box and whiskers plots of the tested variables
after removal of the outliers were determined. Normality
test of data using the Shapiro–Wilk test was used for
testingthenormalityofdata foralldependentvariables.All
these findings allowed the researchers to conduct
parametric analysis.

Two-way multivariate analysis of variance was used to
compare the variables of interest in different groups
and age and also to determine the interaction effect
between both independent variables (age and weight)
on all dependant variables. The α level was set at 0.05.
VO2 max
(ml/kg/min)

53.009±11.2 44.88±1.87 0.0001*

RHR (bpm) 99.11±12.89 122.67±4.76 0.0001*

SBP (mmHg) 107.11±16.61 129.5±5.27 0.0001*

DBP (mmHg) 77.33±5.29 88.17±5.29 0.0001*

PP (mmHg) 30.28±12.25 49.17±5.22 0.0001*

MAP (mmHg) 87.42±10.56 96.71±10.56 0.0001*

DBP, diastolic blood pressure; MAP, mean arterial pressure; PP,
pulse pressure; RHR, resting heart rate; SBP, systolic blood
pressure; VO2 max, maximal oxygen consumption. *Significant at
α<0.05.
Results
A total of 500 participants were evaluated and 360 were
included in the final dataanalysis.Theyweredivided into
twogroups: thenonobese group and theobese group, the
latter including overweight and obese participants. Each
group included 180 participants. The mean age of the
nonobese group was 14.67 years and that of the obese
group was 14.39 years. The nonobese group included
44.4% boys and 55.5% girls, whereas the obese group
included 37.2% boys and 62.7% girls. In the nonobese
group 38.8% were children and 61.1%were adolescents,
whereas in the obese group 50% were children and 50%
were adolescents. Pearson’s χ2-test showed no
significant difference in sex between groups
(P=0.671), nor any significant difference in age
category between groups (P=0.245) (Table 1).
Main effect of weight without regard to age
Considering the effect of weight on all dependent
variables, two-way multivariate analysis of variance
revealed that there was a significant difference between
the two groups for all dependent variables (F=0.107,
P=0.0001). Table 2 shows the mean±SD and multiple
pairwise comparisons (post-hoc tests) for all dependent
variables between the two groups. Multiple pairwise
comparison tests revealed that there was significant
reduction in VO2 max in the obese group compared
with the nonobese group (P<0.05), and a significant
increase in RHR, SBP, DBP, PP, and MAP (P<0.05)
in the obese group compared with the nonobese group.
Interaction effect between weight and age
Statistical analysis revealed that there were significant
differences in age effect (F=187.206, P=0.0001) and
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interaction effect (F=74.562, P=0.0001), which
indicates that the effect of the tested group (first
independent variable) on the dependant variables was
influenced by the age effect (second independent
variable) and between-participant effect (F=324.077,
P=0.0001). Table 3 presents the mean±SD and
multiple pairwise comparisons for all dependent
variables in both groups at different ages.

With regard to the age effect, multiple pairwise
comparison tests revealed that there was significant
increase (P<0.05) in DBP and a significant reduction
(P<0.05) in RHR, SBP, and PP in the children
compared with that in adolescents in the obese
group, whereas there was a nonsignificant difference
(P>0.05) in VO2 max and MAP in children compared
with that in adolescents in the obese group. There was
significant increase (P<0.05) in RHR and significant
reduction (P<0.05) in VO2 max, SBP, DBP, PP, and
MAP in the children compared with the adolescents in
the nonobese group.
With regard to weight effects, multiple pairwise
comparison tests revealed that there was significant
reduction in VO2 max in the obese group (P<0.05)
compared with that in the nonobese group among
children and adolescents, whereas there was
significant increase in RHR, SBP, PP, and MAP
(P<0.05) in the obese group among both children
and adolescents. Additionally, there was significant
increase (P<0.05) in DBP in the obese group in
children and a nonsignificant difference (P>0.05)
between the two groups in adolescents.
Table 3 Descriptive statistics and multiple pairwise comparison te
resting heart rate, systolic blood pressure, diastolic blood pressur
groups at different ages

Dependent variables Nonobese group

Adolescents Children

VO2 max 53.07±2.62 52.94±0.37

RHR 95.87±15.20 105.42±0.91

SBP 117.35±11.40 91.42±10.46

DBP 78.66±0.47 74±9.12

PP 36.64±10.08 17.42±3.83

MAP 92.51±8.11 79.8±9.41

Age effect (adolescents vs. children)

Dependent variables VO2 max RHR

Nonobese 0.0001* 0.0001*

Obese 0.831 0.001*

Weight effect (nonobese vs. obese)

Dependent variables VO2 max RHR

Adolescent 0.0001* 0.0001*

Children 0.0001* 0.0001*

DBP, diastolic blood pressure; MAP, mean arterial pressure; PP, pulse
VO2 max, maximal oxygen consumption. *P<0.05, significant at the α le
Discussion
This study extends results from previously published
studies of pediatric obesity by comparing aerobic fitness
and cardiovascular performance between nonobese
and obese children and adolescents. In addition, we
evaluated the age-related differences of these variables
between the two groups.

Aerobic fitness (maximum oxygen consumption)
The present study showed that there was a significant
difference in VO2 max between nonobese and obese
participants. The obese children and adolescents had
lower VO2 max compared with the nonobese group.
Thismay be attributed to the poor performance in the 1-
mile run as excessweight reduces activity level.Generally
speaking, being physically active is uncommon in
Egyptian culture, and this contributes to a sedentary
lifestyle and consequently to obesity [25]. Most studies
on habitual physical activity in children have found that
obese children are less active than their nonobese peers
[26–28] and have poorer fundamental movement skills
compared with their normal-weight counterparts [29].
Excessive body fat exerts an unfavorable effect on cardiac
function, particularly during exhaustive exercise [30].
Loss of weight during weight reduction programs in the
obese increases the VO2 max because of withdrawal of
fat-induced inhibitory action on oxygen utilization by
the body musculature [31]. Elevated myocardial
oxidative stress has been reported in patients with
obesity. In obese individuals there is increase in type
II muscle fibers and decrease in type I muscle fibers,
which may have an important effect on reduced oxygen
uptake [32]. The functional consequence of lower VO2
sts (post-hoc tests) for maximum oxygen consumption,
e, pulse pressure, and mean arterial pressure in the tested

Obese group

Adolescents Children

37.55±6.69 48.45±5.84

124.66±5.27 120.66±3.10

131.33±3.88 127.66±5.82

79.64±7.12 82±2.17

52.66±4.05 45.66±3.70

96.21±1.23 97.21±3.37

SBP DBP PP MAP

0.0001* 0.0001* 0.0001* 0.0001*

0.0001* 0.0001* 0.0001* 0.256

SBP DBP PP MAP

0.0001* 0.196 0.0001* 0.0001*

0.0001* 0.0001* 0.0001* 0.0001*

pressure; RHR, resting heart rate; SBP, systolic blood pressure;
vel.
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max (ml/kg/min) among obese individuals than among
nonobese individuals could be their poorer performance
in weight-dependent activities. In running, walking,
stair climbing, etc. they have more body mass to
transport, which requires and costs energy [30]. The
current results are supported by Shirur et al. [30],
Chouhan et al. [33], and Berndtsson et al. [16]. They
concluded that there was a significant reduction in VO2

max with an increase in BMI.

In contrast to the nonobese group, no age-related
differences were detected in obese children and
adolescents. This result is inconsistent with that of
Sunburg [34], who found that VO2 max/kg was
uninfluenced by age in normal-weight boys. However,
the result is consistentwith that ofBerndtsson et al. [16],
who reported that no age-related differences were found
in relativeVO2max in the obese group, in contrast to the
reference group, which saw age-related differences in
VO2 max.
Resting heart rate
The results of the present study showed that there
was a significant difference in RHR between
nonobese and obese groups, with a higher value
obtained in obese participants. This could be
attributed to sympathetic nervous system
hyperactivity [35]. Additionally, a positive
correlation between resting pulse rate and BP was
found. The current results are consistent with those
of Sorof et al. [36], who reported that a higher heart
rate was observed in obese compared with nonobese
adolescents. Also, Norman et al. [37] showed that
RHR was significantly greater in overweight than in
nonoverweight adolescents.

There was a significant difference in RHR between
children and adolescents in the nonobese and obese
groups. Pulse rate was higher in children compared
with that in adolescents in the nonobese group,
whereas it was higher in adolescents than in children in
the obese group. This suggests that the adiposity in
adolescence increases the risk for CVD more than in
childhood. This result comes in agreement with that of
Silvetti et al. [38], who reported that with increasing
age there is a progressive and significant decrease in
heart rate.
Blood pressure
A strong relationship has been established between
obesity and elevated BP for both adults and children,
which synergistically increases cardiovascular risk [39].
The association between BP and CVD indicators such
as body size or adiposity is not yet established for
children, but the association with body weight or
BMI is strong [40].

The results of the present study revealed that there was a
significant difference in SBP and DBP between the
nonobese and obese groups. The SBP and DBP were
higher in obese participants than in nonobese
participants. This may be attributed in part to arterial
stiffness, which increases MAP [41]. Chronic
inflammation is also often cited as a key etiologic
factor in the development of hypertension [41–43].
Higher SBP levels may reflect the progressive
stiffening of the arterial wall, changes in the vascular
structure, and the development of atherosclerosis [44].
The adipose tissue-derived hormone leptin has been
implicated in mediating obesity-induced increases in
BP [45]. Many studies [46,47] support current results.
They showed that at the start of turning overweight, the
effect of adiposity on BP increases fourfold.

There was a significant difference in SBP between
children and adolescents in the nonobese and obese
groups. SBP was higher in adolescents than in children
in the nonobese and obese groups. DBP differed
significantly between children and adolescents in
each group and between groups during childhood
only. It was higher in adolescents than in children in
the nonobese group and higher in children than in
adolescents in the obese group. This agrees with the
findings of Tu et al. [46], who stated that the risk for
elevated BP is increased in youth aged 10 years or older
with BMI-for-age percentile ≥85th.
Pulse pressure
It has been reported to be a more reliable marker of
CHD than either SBP or DBP in the adult population
[48]. The results of the current study showed that there
was a significant difference in PP between nonobese
and obese groups, with PP higher in obese participants
than in nonobese participants. This could be attributed
to elevated SBP and increased arterial stiffness, which
increases the MAP [44]. Change in PP for a given
stroke volume is directly related to vascular stiffness,
which could be either functional or structural in nature
[48]. The results of the current study come in line
with those of Chandramohan et al. [49], who found
that there is a significant independent association
between high PP and wide waist circumference.
They observed a significantly higher mean PP in the
obese, as well as in those with high waist circumference
(WC) and high BP.

There was a significant difference in PP between
children and adolescents in the nonobese and obese
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groups. PP values were higher in adolescents than in
children in both groups. This indicates that PP
increases with age in normal-weight children and
adolescents; it increases also with age due to
adiposity as the SBP increases with age in obese
children and adolescents.
Mean arterial pressure
The results of the current study revealed that there was
a significant difference in MAP between nonobese and
obese groups. MAP was observed to be higher in
obese participants compared with that in nonobese
participants. This is consistent with the study of
Mittal et al. [50], who found that physical inactivity
related to obesity leads to increased MAP. Hvidt [51]
also found that there was a significant difference in
MAP between obese and normal-weight children and
adolescents.

Regarding age, MAP differed significantly between
nonobese and obese children and adolescents, with
higher values seen in obese participants. It increased
significantly in adolescents more than in children in the
nonobese group only.This indicates thatMAP increases
with age in normal-weight young people, but it does not
change with age in relation to obesity. Clark et al. [24]
reported thatMAP increases from elementary tomiddle
to high school, which supports the present results.

Thus, it can be concluded that obesity in children and
adolescents lowers aerobic fitness and negatively affects
cardiovascular performance, which differs with age and
is greater in adolescents than in children.
Limitations
Since this study was confined to a single geographical
area (Giza), extrapolation of the results to other
areas requires validation by larger studies. Another
limitation is the grouping of overweight and
obese participants into a single group to enhance
recruitment. It is recommended to study each
category separately.
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