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Relationship between Obesity and Physical Fitnessin School-Going Children
of Anand District
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Abstract
Aim: To find the correlation between obesity and plgisiithess in school-going children.
Method: 1034 children of various schools of Anand wereoled in the study. Obesity
was evaluated using BMI, WC, WHtR and Sum of skihthickness (anterior thigh, supra-
iliac and anterior abdominal). 6 minute walk distarwas measured by the standard ATS
guidelines, as a parameter for physical fitn&sults: In 5- 11 years age-group children,
for both boys and girls, there was significant pesimoderate correlation between obesity
and physical fitness. In boys and girls of 12 —y&8rs age-group, there was no significant
relationship between obesity and physical fith€mclusion: Obesity and physical fitness
are having positive relationship with each othebifilyears age-group. However, due to
the cross-sectional type, the implications of tiuelg should be made carefully.
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Introduction

In the present world, it has been found that thevalence and secondary co-morbidities of
communicable diseases has been replaced by théamditsy rise of the non-communicable
diseases (Ellulu, 2014).In the developing countribe medical health force was working behind
the management of malnutrition and infectious diesdound in the children and adolescent’s age-
group (Kalra, 2012).WHO has listed obesity as tperhost priority in the developed as well as the
developing countries. Obesity has not only creatddige economic and health burden but has also
contributed to the grave health concerns of tharéugeneration (Ferreira et al, 2014). Obesity is
defined as the presence of excessive fat tisstieeilbody(Tenorio, 2012). Childhood obesity is
documented to be having the largest negative sffentthe overall health of the child which is
often not identified in the early stages (Brun€étQ?2, Praveen, 2016). Many of the implications of
obesity are also found to be persisting into adwth(Boddy, 2010). Some of the diseases which
are found to be secondary to obesity are typedbeties, stroke, hypertension, depression, cancer,
dyslipidemia and cardiovascular-respiratory dissagBraveen, 2016; Byrd-Williams, 2008).
Urbanization and modernization has resulted intormous changes in overall health, transport,
environment, food preferences with increasing scteme. With the increased preference of
children for junk food, leisure activities suchasnputer games, internet surfing, TV viewing and
reduction in the outdoor sports due to safety aoll bf play-grounds have promoted the imbalance
between energy intake and energy output and thustthg the foundation of obesity in children
(Ranjani et al, 2014; Beyerlein, 2011). Obesity banassessed using various laboratory and field
methods. In Asian population there is high preditecof central obesity in combination with low
muscle mass and short stature, the commonly usedures may not assess obesity with great
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accuracy. In order to yield accurate results, mldtimeasures of obesity are taken. Also, while
determining obesity, cooperation of children isessary for measurements. Majority of the results
have reported obesity being assessed by BMI, waiimference, waist height ratio and skin-fold
thickness measures (Malina, 2001; Deurenberg, 1@Hhley et al, 2011; Ostojic, 2011).The
development of cardio-respiratory diseases is Ugidn the foundation of reduced physical fithess
which is found to be associated with body compaositineasures (Dumith et al, 2010; Milanese,
2010). Physical fitness is the capacity to perfataily tasks without experiencing fatigue. It is
broadly categorised into skill-related and headitated fithess (Malina, 2001; Ganley et al, 2011).
Of the two, health-related fitness is the domairictwis documented to be getting affected the
most. Overweight/obesity and physical fithness séerbe 2 different parameters but it is found
often that the changes in one can affect the dthearied strength (Aires, 2009). Over the last few
years, it has been observed in many researches tit@odecline in the physical fithess and at the
same end childhood obesity has been reaching nepies globally. Obesity and physical fithess
both are components of health which can track febitdhood to adulthood and even in the elderly
years(Dumith et al, 2010; Aires, 2009). Last fevarngehave witnessed an increase in the prevalence
of childhood obesity with many studies done in eli#int regions of India. Due to the cultural
variations found in India, ranges of factors whidn affect the physical fitness of children are
endless. To our knowledge there are no studies ohotlee Anand district wherein the relationship
of obesity with physical fitness in children is éq@d. The benefits of the establishment of this
relationship can be multifold, as physical fitnessnore predictive for the health of it can guide i
the framing of health policies in future and thag improvement in physical fithess in childhood
can benefit an individual in the long run of life.
Materials and M ethods
The population for the research is all the schadhg children of Anand District between the age
of 5 years and 18 years. The sampling techniqued were Stratified Random Sampling to collect
the sample from the population. The population Wwamdly divided into four strata viz. i) Boys
from school of rural area, ii) Girls from school miral area, iii) Boys from school of urban area,
and iv) Girls from School of urban area. The sansj#e is calculated by using following formula.

n=2P1-P)/d

where,

n = Sample Size

Z = Z statistics for level of confidence (1.96 mststudy at 95% level of confidence)

P = Expected Prevalence

d = Level of precession (5% (0.05) in present study
Based on prevalence, of every stratum on dataatetleduring pivot phase, the sample size is 1034
out which 238 were boys from rural area, 183 wers from rural area, 273 were urban boys and
340 were urban girls.
School children from both sexes in the age-group-8 years, belonging to Government and
Private schools, located in four different geogiaphzones in Anand district were studied. The
study protocol was approved by the InstitutionaViBe Board of our Institute. A prior consent for
the study was taken from the school administratlanchildren above 7 years of age, a written
consent was taken from the school teacher in aodith the written assent given by the child. In
children below 7 years of age, a written consennfavas signed by the respective school teacher
(legal guardian). Obesity was evaluated using BMUTE Classification), Waist Circumference
(WC) and Waist-Height ratio (WHtR). The entire cohaf 1034 children and adolescents
underwent assessment of height and weight andlatitou of BMI. Height was measured using a
stadiometer with the subject standing straight viigad held in the horizontal plane. Subject’s
weight, without shoes on with light clothes on wasasured to using a digital scale. Height and
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weight measurements were taken twice and the mebmoomeasurements was used to calculate
BMI, which was defined as the ratio of body weigttbody height squared, expressed in kg/m2.
Every morning, the weighing scale and stadiometerewcalibrated with standard weight and
height respectively. The cut-off values of IOTF BMlassification, at each age and for each
gender, were used to classify children as Overwedgld Obese. Waist circumference and height
for each subject was measured with the child stapdivithout heavy outer garment and with
empty pockets, using a tape. The waist circumferemas measured at the level midway between
the lower rib margin and the iliac crest, at thebilitus, with the child breathing out gently. From
the waist circumference and height, the waist ighteratio was calculated. For physical fitness, 6
minute walk distance was calculated. It is a simpéde and well established assessment tool used
to quantify the physical fitness in individuals. Arncan Thoracic Society guidelines were followed
for the conduction of the test. The location of thst was usually allotted by the school autharitie
in a place which was within the school campus wlieege was no least number of disturbances.
The walkway was marked as 30 m in length, with aknad every 3 m. The turns in the walkway
were marked with a cone. The child was wearingstt®ol uniform with school shoes during the
performance of the test. Appropriate chair was le¢ghe starting point of the walkway, on which
the child was made to sit for 10 minutes priorhe start of the test. Before the start of the test,
following instructions were given to the child, “Maare supposed to walk for 6 minutes on this
marked distance at a comfortable pace. You arecsgupto walk back and forth around the cones.
If you feel uncomfortable or get tired then you cgtop walking. | will be providing the chair
immediately for you to sit. | will be keeping thatk of the number of laps you complete. You can
walk as fast as you can but running and joggimptsallowed. ” Then the researcher was giving a
demonstration of walking one lap, after which thhkildc performed the test. Words of
encouragement, “Keep up the good work” were tolthto child as the time passed. The test was
terminated as soon as the child complained of @&godhfort or fatigue. The number of completed
laps as well as the additional distance (numbeneters in the final partial lap) covered. The total
distance walked, rounding to the nearest metemwe#ed down ATS Statement, 2002)

Results

In the present study, obesity was evaluated usiaigtvieight ratio. Normality testing of the data
revealed that it was not normally distributed. Henspearman correlation coefficient was
calculated for various variables such as socio-eeon status, gender and age-group classification.

Tablel. Correlation between physical fitness & Obesity

Age Gender BMI WC WHItR SSFT
(years) Obese | Non- Obese | Non- Obese | Non- Obese | Non-
obese obese obese obese

5-11 Boys 0.53* | 0.30* 0.72* | 0.59* 0.04 -0.19* 0.55% 0.58*
Girls 0.63* | 0.11 0.65* | 0.56* 0.17 -0.12 0.48t 0.50*

12-18 | Boys -0.20 | 0.09 0.01 0.19* -0.15] 0.07 0.22* 0.02
Girls -0.11 | 0.04 0.21 0.06 0.12 -0.03 -0.2p  -0.01

5-11 years age-group (Obese): Boys had signifipasitive moderate correlation between 6MWD
and BMI(0.53, p<.01), WC (0.72, p<0.01)& SSFT (Q.5%0.01). Girls also had significant
positive moderate correlation between 6MWD and BEMA8, p<0.01), WC (0.65, p<0.01)& SSFT
(0.48, p <0.01). 5-11 years age-group (Non-oba3eys had significant positive low correlation
between 6MWD and BMI(0.30, p<0.01), significant piwe moderate correlation between WC
(0.59, p<0.01)& SSFT (0.58, p<0.01). Girls had #igant positive moderate correlation between
6MWD and WC (0.56, p<0.01)& SSFT (0.50, p<0.01)-1Ryears age-group (Obese): Boys had
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significant positive low correlation between onlgtlveen 6MWD and SSFT (0.22, p<0.01). Girls
did not have significant correlation between anyhef obesity parameters and 6MWD. 12 -18 years
age-group (Non-obese): Boys had significant pasitow correlation between 6MWD and WC
(0.19, p<0.01). Girl did not have significant cdateon between any of the obesity parameters and
6MWD.

Discussion

For boys of 5 -11 years of age-group, there waistian in the positive correlation in terms of BMI
between obese and non-obese group indicating libeg tvas no difference in the fitness levels of
boys with and without obesity. With the increas®&MI of boys their fithess level was also raising,
depicting that obesity was not having its deletgsi@ffect on the physical fitness of boys. This
implies that during the performance of any task cwhiequires increased energy to generate
ventilation increases the perception of discomfeith breathing and at the same time the
proportional assisted ventilation, decreases tispiiatory work of breathing in turn increasing
exercise performance and reduces dyspnea in ohdgects (Babb, 2013). Additionally, BMI
reflects adipose tissue and also muscle and bésssciation between BMI &physical fithess also
has a component of respiratory muscle strengtichitdren, increased BMI is associated with
decreased lung function. In childhood obesity, éased BMI is accompanied with absence in the
changes of spirometric values because increasedlenssength is linked with increasing lean
muscle mass (Fariaet al, 2014). It may be alsousec8MI is sex, age, level of maturity and leg
length dependent measure which cannot differenietereen fat and fat-free mass (Rerksuppaphol,
2013). BMI underestimates the cardio-metabolik risnormal weight & overestimates it in obese
children (Mokha et al, 2010) and hence may not Haen able to detect the change in physical
fitness of children due to obesity.The same appbethe difference in the positive correlation in
terms of WC and SSFT in boys with and without otyedihis clearly indicates that the pattern of
fat distribution between obesity and non-obese heymilar. WC increased with the increase in
age. WC has been rated as a good predictor ofasastiular factors, insulin resistance, blood
pressure, serum cholesterol, triglycerides and lnoditasyndrome (Bacopoulou, 2015). In terms of
WHILR, there was negative correlation of low strénigtnon-obese children. In obese children there
was no significant correlation between obesity @BRVD. This signifies that obesity did not have
negative effect on the physical fitness in boysném-obese boys, the poor strength of negative
correlation may be due to the fact that childrerowtere screened by WHtR in the non-obese
category were having appropriate weight with rafeesto their matched height. For girls of 5 — 11
years,there was positive correlation of moderatength between obesity and 6MWD in obese
group, whereas in non-obese group there was ndfisagt correlation between BMI & 6 MWD.
This may be because as per IOTF classification\Mf, Bhe non-obese group consists of individuals
who may be underweight as well as normal weightdobi. Thus, this mixed category of children
might have yielded insignificant results in non-séeroup. With reference to, WC & 6MWD and
SSFT & 6MWD, there was a small difference in therelation values between obese and non-
obese girls signalling to the fact that the pattefrfat distribution was same between both the
groups. Due to the favourable fat distribution he peripheral depots and not over the abdominal
region, obesity could not affect their fitness lsvélajority of fat is stored in subcutaneous layer
another major part of fat is stored in intra-abdwethdepots and muscles & liver which are sensitive
to insulin levels. So whenever there is an increiaséat the circulation of free fatty acids is
increased to a great extent in the portal circotatiThe ratio of visceral fat: subcutaneous fat is
stronger predictor than the total fat depositioidating that the obese individuals with high ratio
are at an increased risk than the more obese ihdils with lower ratios (Weiss, 2013).Distribution
of fat is also affected by sex hormones, in mabesintra-abdominal fat portion is more than that in
females (Ochiaiet al, 2015). Early sexual maturatio girls is also associated with the increased
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obesity prevalence of obesity (Ostojic, 2011). @bekildren have to carry heavy limbs during
exercise, so exercise intolerance is more in obes® normal children, but it is not due to a true
decrease in cardio-respiratory fitness. Past researdemonstrate that during unloaded cycling it
was observed that by just moving their fat limbsswesulting into increase in absolute oxygen
uptake, consumption of large proportion of cardispiratory reserve (Norman, 2005). Due to
obesity, children have to move larger limbs, inseshweight of body and change in breathing
mechanics, which is observed during exercise. Raspy neural drive is usually the one which
controls ventilation. But in obesity, ventilatios within normal limits relative to increased oxygen
demand but respiratory neural drive is changedvie gormal ventilation (Babb, 2013). So, in our
study, the physical fithess status of obese childvas found at nearly same level as that of non-
obese individuals. In obese children, during esercthere is higher oxygen pulse rate because it
depends on stroke volume and arteriovenous diféereuring maximum exercise, in obese
individuals the arteriovenous difference is saméasin normal weight individuals. So, the higher
oxygen which is followed by increase in stroke votuis just like people who have higher levels of
fitness. Therefore, obese people have higher phlySioess, because they are already trained to
carry excess weight which mimics resistance trgirf®ereset al, 2003). In boys and girls of 12 -18
years of age, there was no significant correlatietween BMI & 6MWD and WHtR & 6MWD in
both obese and non-obese children. In terms of WEBAV/D, there was positive correlation of low
strength in the non-obese group of boys. BMI reéfldotal obesity, but health risks are correlated
with central obesity, so many authors advocateude of WC & WHtR as compared to BMI
(Rodea-Montero, 2014; Zhang, 2016). WC can idgri0% of children as being truly positive
(high waist circumference and high trunk fat massiruly negative (low waist circumference and
low trunk fat mass) as measured by DXA (Taylor, @0@Waist-height ratio is a better indicator
than WC, because WC may change in same age andateked individuals with varying height.
Height of children with same age and sex can ramikin 28 cm. Studies have proven that
individuals with same WC but shorter heights camehgreater metabolic risks. Also, there are
growth spurts during childhood and adolescence lwiridicates that WC would also seize to be a
better predictor for metabolic syndrome. Growtloirese adolescents does not decrease WC if their
lifestyles are not modified (Rodea-Montero, 201Byt when the correlation of height with all the
parameters of obesity and physical fithess wasyaedlit was found that there was no effect of the
child’s height irrespective of their obesity statlibus, height was influencing both the obese and
non-obese groups in a similar manner. With refezettc SSFT & 6MWD, there was positive
correlation of very low strength established in ©07he above observation again points out to the
fact that deposition of fat was more in the periphédepots than the visceral fat depots. From the
past researches, some argue that the responsertisexor any physical strenuous activity in obese
children, is in normal limits but their exercisepeaity is compromised as they have large body
mass. Some others argue that they have reducebi@eapacity because their fat mass interferes
with cardiac & pulmonary function and thus limitiagrobic response to exercise. The results are
like this because these researches have employiedis@utcome measures of obesity and physical
fithess and have studied various ethnicity indigiduvith different age (Norman, 2005). In most of
the studies involving field analysis, for evaluatiof physical fithess, 6MWT is preferred over other
laboratory tests. In our study we had used 6MWDsttaly their physical fithess because it has
following benefits such as walking is one of themal activities of life reflecting the capacity to
do daily activities (Makniet al, 2012), it is singpleasy to administer, it has low cost and can be
used in routine (Makni et al, 2012; Kanburoglul20Roush, 2006; Geiger et al, 2010; Ulrich et
al, 2013) validated to have high correlation witbridoads, HR, oxygen saturation & dyspnoea
responses when compared with standard cycle ergggnéteadmill exercise tests (Makniet al,
2012; Kanburoglu, 2014; Roush, 2006; Ulrich et24113), direct correlation with quality of life
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which enables an individual to cope against disgaseess and remain independent (Makniet al,
2012; Ulrich et al, 2013), provides opportunity esaluate patient in a timely, practical and
economical manner (Makniet al, 2012; Ulrich et2d13), repeated measurements are possible as
the patient has to be evaluated in a disease msigre manner(Makniet al, 2012; Geiger et al,
2010; Ulrich et al, 2013) relationships found beaweSMWD and crude power and / or HR at
which fat oxidation reaches its maximum is the mastful information in targeting the planning of
training procedure (Makni et al, 2012; Geiger e8l10. However, there are various drawbacks of
6MWD as it may not change with increase in age bseaf ever-changing hormones and energy
levels or discrepancy of inner motivation of chéddrat different ages. During a self-paced test,
motivation is very important and no qualifying eria for a 6MWT in children have been
identified. 6MWD does not differ between active amty active but it can differentiate between
sedentary and very active individuals (Kanburoglad4). 6MWD is influenced by height, weight,
ethnical background, age and developmental stdgereTis lack of validity to describe 6MWD in
percentage as in adults, it can be interpretedtiteainfluence of age and other growth parameters
has a huge influence on 6MWD values in childrenc@mpared to adults (Ulrich et al, 2013). It
may also be possible that the normal weight childreour study might have central obesity with
high levels of cardio-metabolic risks compared hose without central obesity. Obese children
with central obesity have higher risks of cardicshelic parameters than those without central
obesity — this is indicative of the variant of olyesvhich is labelled as metabolically healthy obes
& metabolically obese normal weight (Mokha et &01@). Metabolic syndrome is a temporary
phenomenon because researches show that obegserrhilldo grew up as non-obese adults had the
same level of risks as those individuals who wexeen obese. 30% of obese individuals can be
metabolically healthy (Tendera-Malecka, 2014). Met& syndrome is not defined well in
paediatric population because of the following oeas 1. Lack of centralized obesity measures, 2.
Lack of normal ranges of insulin assays, 3. Metahmhrameters appearing abnormal in adults are
actually moderate in children, 4. Laboratory partmrseare defined by the threshold value but many
a times these values reflect the gradual developofahis risk in process which gets hidden in the
threshold value range, 5. Ethnic background inctiillren also denote the variations in which lipid
gets deposited in the various parts of our bodycllacts as a strong indicator of the insulin
resistance and cardiovascular risks (Weiss, 2088)tAlefinition of Metabolic syndrome consists
of elevated TG level, reduced HDL — C level, rai&f elevated fasting glucose, increased WC.
Almost all definitions have included the presenteame combinations of these factors rather than
the presence of all factors rather than the presehall factors. So only, obesity in childhood has
been considered as a strong predictor of metalsglicirome. But as compared to obesity, lipid
partitioning is considered as a major factor fotabelic syndrome rather than the level of obesity
(Weiss, 2013). At this point it is not possible ittentify the children in our study of having
metabolic syndrome, because WC is the only paramtech was studied in the present study.
Also, metabolic syndrome is difficult to define éhildren because the normal reference range of
HDL, TG, WC & BP are lacking, MS cannot be diagrbge children <6 years of age, visceral fat
distribution which is critical for MS in childrennd cardiovascular diseases in adults, can be
measured best by WC, but reference values of WGtexnly for few countries, but no
organization considers WC as the standard meaBuegalence of metabolic syndrome in children
has been documented between 21 % and 68% (Das). Zithér contributing factors are the family
history of diabetes, cardiovascular disease, lovthbiveight, early versus late growth and
maturation patterns, socio-economic status in bbibdi, sedentary behaviour & specific dietary
constituents (Weiss, 2011) which can also affeetghysical fitness of children at a varying impact
level.
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The design of the study is cross-sectional in matwhich limits the implication of causal-
relationship between obesity and physical fitn@sge study of other factors related to obesity such
as the dietary pattern, levels of physical activifgnetics and built-in environment. With regarmals t
6MWD, the lack of normal healthy values of childignders the clinical application of this test in
the pediatric age-group.

Conclusion

Obesity and physical fitness are having positivelenate relationship with each other in boys and

girls of 5-11 years age-group. But the same kincetaftionship was not observed in children of 12-

18 years age-group. However, the confounding faaidnich might have obscured the results of the

study need to be considered before taking thetsestithe study for future clinical practice.
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