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Abstract:
Background: Recent studies on children attending private or governmental schools
in India have reported increasing rates of obesity. The aim of this study was to exam-
ine body composition and activity levels of children attending non-formal schools
both in the community and in sheltered care.
Methods: Sixty-five children were recruited. Anthropometric data was taken on all
children. Activity levels of children residing in the community were assessed with
accelerometers.1 Activity levels of girls living in sheltered accommodation were
assessed using a questionnaire. 
Results: No child was obese. Thirty two percent were underweight. Higher rates of
underweight were seen in the community children, and among females. Activity lev-
els among those in sheltered accommodation were high, (mean of 15 hours a week).
Less than half the community dwelling children achieved the recommendation of 60
minutes moderate activity a day. Activities carried out consisted mainly of informal
play. Children reported having little access to organised sport and physical education.
Conclusions: Obesity was not seen in these subjects living in underprivileged areas
in urban India. Children in sheltered accommodation reported meeting physical activ-
ity recommendations while objective results revealed that most children in the com-
munity did not. However, comparisons cannot be made between groups as methods
of data collection differed.

Introduction
Rates of obesity and obesity related diseases are increasing worldwide. The USA,
UK, and many other countries around the world have reported increasing levels of
overweight, obesity and associated medical problems in children.2 Much of the blame
for this has been laid upon the “western lifestyle”. Increased availability of processed
food,3 and the replacement of physical activity with television viewing and
videogame use among children have been linked strongly with obesity and related
diseases.4 In developing countries rates of obesity are lower, but may be catching up.5

India is among the fastest growing economies in the world with an estimated
GDP growth in 2009 of 6.1.6 Its recent wealth has led to a phenomenon called the
double burden disease (where a country has medical problems relating to obesity
alongside malnutrition).7 Due to the growing economy there is an increase in the
availability of processed foods and sedentary occupations, both risk factors for obe-
sity. Additionally, as an ethnic group, Asian Indians are more likely to manifest high
adiposity, insulin resistance, metabolic perturbations, and lower muscle mass than
Caucasian children.8 For a given BMI Indians have a higher percentage of body fat
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and more visceral fat than other populations.9 This is present at birth and throughout
childhood as well as into adulthood. 

With the nutrition transition underway, Indian people are changing their food
consumption habits to those of the western world. It is presumed that it may take
longer to change activity behaviours. Asian Indians have been shown in several stud-
ies to have lower levels of physical activity than other races.10,11 Even when living in
the United Kingdom, Indian people have been shown to have significantly lower lev-
els of activity than the general population. Levels of activity are particularly lower
among Indian women.12 Patterns of physical activity have also been shown to be dif-
ferent, with less participation in organised sport.13

The prevalence of overweight/obesity in urban children in Delhi rose from
16% in 2002 to 24% in 2006. Approximately 30% of Indian children in private
schools in India have been reported to be overweight or obese, compared to 11% in
government schools.14 A recent review on obesity, overweight, and undernutrition in
India reported that “the prevalence of overweight and obesity has increased slightly
over the past decade, but in some urban and high socioeconomic status groups it
reached a relatively high level”.15 It is also reported that “factors associated with
under-nutrition need closer examination and prevention of obesity should be targeted
at the high-risk groups simultaneously.” Anthropometric data on children who regu-
larly attend school are easily gathered. The challenge lies in documenting the anthro-
pometrics of the most underprivileged children who are not enrolled in government
schools, often due to their family travelling to cities to find work.

The lower socioeconomic classes in India traditionally display higher rates of
malnutrition and tend to be underweight rather than overweight. However, there are
several known risk factors for the development of obesity which lie with the under-
privileged. These include: low levels of maternal education; poor access to health
care; fewer opportunities for physical activity; and specific to those living in highly
populated urban areas or in shelter homes, a lack of space in which to exercise.16

Several studies have reported higher levels of cardiovascular disease among the illit-
erate and slum populations in India.17 Despite all these risk factors however, obesity
will only become a problem if sufficient food is available. With the nutrition transi-
tion underway, food is becoming more available to everyone in India. 

Current evidence suggests that school-age youth should participate daily in 60
minutes or more of moderate to vigorous physical activity that is developmentally
appropriate, enjoyable, and involves a variety of activities.18 Aerobic exercise is rec-
ommended for all children for optimal health status, but despite these health recom-
mendations, low activity and high inactivity levels among children has been report-
ed in many countries around the world,19 and is known to play a large part in the
increased levels of paediatric obesity seen today. In the past there was a lack of objec-
tive measures to measure physical activity in children. Now new devices are avail-
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able which are valid,20 easy to use and provide accurate measures of activity levels
in children. 

The overall aim of this study was to measure the anthropometrics and physi-
cal activity levels of underprivileged urban children in India living in the communi-
ty and in shelter homes. A secondary aim was to compare results with published
activity level recommendations for children.

Methodology:
Subjects:
All children were recruited through a juvenile justice aid centre in South Delhi.
Community dwelling males and females (CDM/CDF n=12, aged 7-14 years) were
recruited from four non formal education centres in the slum area of one of India’s
oldest and largest unauthorised colonies. These children were enrolled in non formal
education centres with the view to being mainstreamed into formal government
school. Most would have worked from an early age with no previous education.
Community dwelling children lived with their families, and although the area in
which they live is densely populated with few open spaces, they were free to walk,
play and exercise outside. All community children were recruited through a talk given
by the principal investigator which was translated by the school teachers to parents
and children. 

Non-community dwelling females (NCDF, n=28, aged 7-15 years), were
recruited from a shelter home. These girls were permitted to leave the shelter only to
attend school and for special circumstances. They, therefore, carried out most of their
activity in the grounds of the shelter itself which had space inside and out, including
a garden, to exercise in. The girls followed a general timetable which incorporated
school, bed time, homework and chores, and they were encouraged to spend three
hours of leisure time outside each day. 

Non community dwelling males (NCDM, n=25, aged 10-16 years), were
recruited from a juvenile detention centre. They were not permitted to leave the
grounds in which they lived and strictly followed a daily regime which included exer-
cise time. They had access to a large open space in which they played various games,
including sports.

Ethical approval:
Ethical approval was granted by the Trinity College, Faculty of Health Sciences,
research ethics committee. This research was conducted in India, and specifically
inner city Delhi as an area which is currently undergoing the nutrition transition, and
where a lot of children live in densely populated areas. Additionally the principal
investigator had previously worked with people in this area of Delhi.
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Measures and Procedures:
Anthropometrics:
Height, weight and skinfold thickness of all children were recorded. Measurements
were taken by a trained investigator in the presence of an unbiased observer. Height
was measured to the nearest cm with a tape measure against a wall. Weight was meas-
ured to the nearest kg with digital scales. BMI was calculated as kg.m-2. Skin fold
measurements were taken as outlined by Gore et al 2000.21 This involved lightly grip-
ping a fold of skin and subcutaneous fat with a skinfold calliper, and reading the dial
at 2 seconds. All skin fold sites were measured on the right hand side while the par-
ticipant was standing, by the same individual with the same instrument, a Harpenden
callipers (10g mm-2 pressure). Skin fold thickness was measured at the biceps, tri-
ceps, subscapular and suprailiac sites. Body fat percentage was estimated through
skinfold measurement using the Durnin Womersley equation as an indication of body
composition.22

Assessment of activity levels:
There are a number of ways to measure the physical activity levels of children. In a
free living situation, available objective measures include doubly labelled water,23

heart rate monitoring, pedometers and accelerometers. Subjectively, questionnaires
can be used. The ideal method of measuring activity levels in children is with
accelerometry. However methods which would be considered most appropriate by
the researcher cannot always be employed. As seen in this study, some of the logis-
tics of monitoring activity are within the control of the researcher, others are not.
Girls who were in shelter care were not permitted to wear activity monitors as their
minders did not want them to feel different in any way from other children at school.
Activity levels of the non-community dwelling boys were not recorded due to the
strict confidentiality rules in operation in the detention centre in which they were
residing.

Girls abiding in the shelter home completed the modifiable activity question-
naire for adolescents (MAQA24) through an interview with the principal investigator
in the presence of a translator. The first question asked how many days in the pre-
ceding fourteen days did the child participate in at least twenty minutes of hard exer-
cise. Hard exercise was explained to each child as exercise that resulted in heavy
breathing and a faster heart beat. The second question asked how many days in the
preceding fourteen days did the child carry out at least twenty minutes of light exer-
cise. Light exercise was explained to each child as exercise that did not result in
heave breathing or a fast heart beat. The next question asked how many hours a day
during a normal week was spent watching television and videos, or playing comput-
er or video games. Participation in any competitive sports, and how the children trav-
elled to school were also recorded. The final questions involved reporting activity in
the past year in terms of weekly frequency and usual duration of each session. The
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number of months that each activity was performed over the past year and the aver-
age weekly time devoted to it. 

The MAQA was chosen as its questions were straight forward and easy to
translate. It was also suitable in terms of its results which can be reported in terms of
energy expended in regular activity in MET hours per week, and results can be com-
pared to other studies.25 This questionnaire has been shown to be valid and reliable.26

As the MAQA is designed for adolescents and the children in the shelter home were
as young as 7 years, where children were unsure of the answers to questions their
guardians were consulted.

Activity levels of the community dwelling children were objectively meas-
ured with an accelerometer, (the RT3 triaxial accelerometer). This is a noninvasive
device which, similar to a pedometer, is clipped onto the participant’s clothes at the
level of the right hip. It measures acceleration in three planes, therefore giving accu-
rate information on activity levels when worn. The RT3 accelerometer has been
found to be valid in the measurement of physical activity among boys and men27 and
among children.28 It’s reliability has also been established.29 The children recruited
were asked to wear the accelerometer for a period of twenty four hours. 

Statistical analysis:
Results were analysed by JMP Version 7.1 (SAS for Windows, NC, USA). Results
are expressed as mean ±SD with p<0.05 considered significant. 

Results:
Anthropometrics
Twelve community dwelling children (6 male) and 53 non-community dwelling chil-
dren (25 male) were recruited. Table I describes their anthropometrics. Children were
aged 12.35 ± 2.42 years, BMI was 17.14 ± 2.72kg/m2 and body fat % was 14.87 ±
5.32%.

Anthropometric results were compared to the WHO (World Health
Organisation) international BMI for age z scores.30 Although the WHO charts are
designed to be used internationally, the use of one set of cut off points for all races
has been disputed due to clear genetic differences in the growth of children.31

Therefore population specific references were also employed to analyse anthropo-
metric data gathered.32

According to the WHO guidelines, two non community dwelling (NCD)
males were overweight (between 85th and 97th percentile). Three fell between the 3rd

and 15th centiles. One NCD female was in the thinness category (below the 3rd per-
centile), nine were between the 3rd and 15th centiles and none were overweight (Table
II). One community dwelling (CD) male, and two CD females were in the thinness
category (below the 3rd percentile) while, one CD female and one CD male were in
the severe thinness category. One CD female and two CD males were between the
3rd and 15th percentiles. No community dwelling child measured was overweight.
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Using references specific to Indian children published by Khadikar et al,33

no child was considered overweight, only two were below the 3rd percentile (those
that were in the severe thinness category using the WHO cut off points). Twenty one
of the NCD males were within the 25th to 75th percentiles. One was between the 75th

and 85th, and three were between the 10th and 25th. Sixteen of the NCD females were
within the 25th to 75th percentiles. Eleven were between the 10th and 25th and one girl
was between the 3rd and 10th (Table II). 

All community dwelling children were below the 50th percentile. Four lay
between the 10th and 25th percentiles (all male), while four were between the 3rd and
10th percentile (one male). Two children fell below the 3rd percentile (one male).
Table II represents the number of children in each of the centile categories.
Differences between the two references are slight, as seen in the results. 

Table I- Subject characteristics
* Age of two boys was estimated by their guardian. CDF, community dwelling
females. CDM, community dwelling males. NCDF, non-community dwelling
females. NCDM, non-community dwelling males. 

Age (years) Height (cms) Weight (kgs) BMI (kg.m-2) Body fat (%)

ID Mean Std Dev Mean Std Dev Mean S t d
Dev

Mean Std Dev Mean Std Dev

All (N=65) 12.35 2.42 144.45 13.28 36.85 11.76 17.14 2.72 14.87 5.32
CDF 11.17 1.83 140.17 9.6 29.2 9.23 14.51 2.77 16.48 6.02
CDM 10.67 1.97 134.33 8.36 26.02 4.9 14.34 1.67 8.33 2.43
NCDF 11.18 2.09 136.39 8.54 30.48 6.76 16.16 1.79 19.14 3.58
NCDM 14.36* 1.52 156.92 9.32 48.41 8.03 19.54 1.76 11.28 2.47
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Table II – Number of participants, and percentage of total children, in refer-
ence centiles

Activity results:
Community dwelling children:
Twelve children (6 males) were provided with accelerometers to wear for a 24 hour
period. The results are as shown in Table III. Cut off points for inactive, light, mod-
erate and vigorous exercise were used as outlined by Rowlands et al.34 Ten hours
were deducted from the inactive minutes of each child’s results as time spent asleep.
This method has been used in similar studies and was done to give a more realistic
idea of the time spent inactive during waking hours.35 Children spent an average of
465.42 minutes being inactive, 303.25 minutes carrying out light activity, 65 minutes
moderate and 5.83 minutes in vigorous activity in a 24 hour period. A significant dif-
ference between genders was found for inactive and light activity. On average the rec-
ommendations for activity levels in children as outlined by Strong et al36 were
reached. However of the twelve children assessed, seven did not accumulate the rec-
ommended 60 minutes moderate activity in a day.

India specific reference percentiles (Khadilkar et al)
Percentiles < 3 3-10 10-25 25 - 50 50 - 75 75-85
CDF (N=6) 1 3 0 2 0 0
CDM (N=6) 1 1 4 0 0 0
NCDF (N=28) 0 1 11 13 3 0
NCDM (N=25) 0 0 3 9 12 1
ALL (N=65) 2 (3.1%) 5 (7.7%) 18 (27.7%) 24 (37%) 15 (23%) 1 (1.5%)

WHO percentiles
Percentiles < 3 3-15 15 - 50 50 - 85 85 - 97
CDF (N=6) 3 1 2 0 0
CDM (N=6) 2 2 2 0 0
NCDF (N=28) 1 9 14 4 0
NCDM (N=25) 0 3 7 13 2
ALL (N=65) 6 (9.2%) 15 (23%) 25 (38.5%) 17 (26.2%) 2 (3.1%)
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Table III - Activity levels of community-dwelling children- Minutes in each
intensity category

Activity levels of non-community dwelling girls (n=26):
Twenty six girls living in sheltered accommodation completed the MAQA. Results
are presented in Table IV. Nine children (35%) reported carrying out at least 20 min-
utes of hard exercise in the last 14 days, and did so on an average of 2.69 days dur-
ing that time. This consisted mainly of running races and tag. Of these nine children,
four carried out hard exercise for at least 20 minutes everyday. Twenty four girls
(92%) reported carrying out at least 20 minutes of light exercise in the past 14 days,
and did so on an average of 12.54 days during this time. The average hours reported
watching television in a week was 10.3 ± 04.12. Only one child reported not watch-
ing television in the last 7 days. Every girl walked to school everyday. Yoga classes
were organised for all girls in the shelter home for two months during the summer.
These classes were 90 minutes long, and ran 6 days a week. Some girls carried out
self directed yoga when the classes were over. Other activities reported by the girls
were dancing, school physical education, tag and skipping. No child was involved in
organised competitive sports. Their reported play time out of doors was included in
the calculation of their total activity hours and MET hours. No child had access to
computer games or bicycles. Total hours spent being physically active in an average
week in the year was calculated for each girl as per the questionnaire instructions,37

and was 15.38 ± 4.98 hours. Using the compendium of physical activities38 to attrib-
ute MET values to the activities reported, MET hours a week were calculated. The
mean MET hours in a week were 72.15 ± 24.22. Strong et al39 recommend 60 min-
utes of moderate activity on all days of the week, this would amount to approximately
49 MET hours a week (1 hour x 7 days x 7 METS). Twenty girls (77%) reported
achieving this recommendation.

Group Inactive Light Moderate Vigorous Moderate +
Vigorous

Mean SD Mean SD Mean SD Mean SD Mean SD

All (n=12) 465.42 192.52 303.25 151.48 65.00 66.24 5.83 9.86 70.83 75.16
CDF 535.00 229.39 234.17 165.46 63.00 87.62 7.67 13.69 70.67 100.87
CDM 395.83 131.51 372.33 107.93 67.00 44.36 4.00 4.29 71.00 47.48
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Table IV, Objectively measured activity levels of non-community dwelling girls,
N= 26

Discussion:
The increasing rate of obesity and obesity related disease in adults and children in
India in recent years has sparked a number of studies. Many of these however have
failed to capture the anthropometric data of the most underprivileged children, for
whom there are several additional risk factors including poor maternal education and
lack of space and opportunity to exercise. This study measured the anthropometrics
and activity levels of underprivileged children in urban India. 

Anthropometrics:
Children’s BMI for age in this study were compared with the WHO,40 and population
specific reference charts.41 Although the WHO reference is internationally recog-
nised, references specific to Indian children were also used as they are argued by
some to be more relevant.42 Only two children measured were overweight according
to the WHO charts, none were overweight when using population specific charts.
Although Khadilkar et al’s reference values are derived from affluent Indian children
(“mostly middle-class Hindu Bengalis who belonged to upper castes such as
Brahmin, Baidya, and Kayastha and some lower castes.”), they may be considered
the standard, since populations on which references are based should not be subject
to nutritional constraints and should have full access to health care, therefore reflect-
ing true growth potential.43 Thirty eight percent of children were below the 25th cen-
tile according to the India specific reference. Of these 40% were living in the com-
munity, and 64% were female. The low rates of overweight, alongside problems of

Mean Std Dev Min Max
Days in last 14 where 20
mins hard exercise was
carried out

2.69 4.71 0 14
Days in last 14 where 20
mins light exercise was
carried out

12.54 4.18 0 14
Hours of television view-
ing  in average week

9.90 4.51 0 20
Total activity minutes in
an average day

131.91 42.73 21.33 211.43
Total hours activity in an
average week

15.39 4.99 2.49 24.67
MET hours in an average
week

72.15 24.22 8.72 116.14
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undernutrition seen among the lower socioeconomic classes support the results of a
recent review by Wang et al44 and other similar studies.45 This would indicate that
problems of excess weight among children have not yet begun to affect the least
affluent. 

Low BMI however does not always mean low body fat percentage, as BMI is
simply weight adjusted for height. Skinfold thickness, although an indirect method of
estimating body fat percentage, was employed as it is the most practical and appro-
priate for epidemiological studies where laboratory equipment is not available. In
general Asians have a lower BMI for the same body fat percentage, age and sex than
Caucasians.46 Body fat percentage as measured using skin fold thickness was on
average quite low (14.87%) among all children and below that measured in children
in other studies.47

Activity levels:
Current recommendations for children are to carry out at least 60 minutes of moder-
ate to vigorous activity daily.48 Objectively measured activity data revealed that
urban underprivileged community dwelling children are on average reaching this tar-
get. However minutes of moderate plus vigorous activity ranged from 8 to 270 min-
utes in 24 hours. Seven of the 12 children (over 58%), did not achieve the recom-
mended cut off. Of these four were female, one boy and one girl were in the thinness
category, and one boy was in the severe thinness category. Their low levels of activ-
ity may have been an energy conservation mechanism. Females spent  more time
inactive, and carried out less light activity than their male peers. There was no dif-
ference in moderate or vigorous activity between genders. This finding is different to
similar studies who have reported girls as spending less time in moderate to vigorous
activity than boys.49 Although accelerometers are recommended to be worn for a
minimum of four days50 to get a good representation of a child’s activities, one day’s
activity in this cohort is likely to represent a typical day’s activity since the children
did not participate in extracurricular activities, therefore each day was quite similar
to the next. The duration of 24 hours was agreed upon with school teachers as the
duration most likely to give worthwhile information while reducing the chances of
the device being stolen or broken in the community, a genuine concern of the school
teacher.

Thirty five percent of the non community dwelling girls who completed the
survey carried out at least 20 minutes of hard activity in the 14 days preceding the
administration of the questionnaire. This is low, but may be explained by the type of
activities carried out, which were mainly informal playing. Natural child play is inter-
mittent in nature and is unlikely to be high in intensity for 20 consecutive minutes.
The children carried out hard activity on average 3 days in 14 and light activity over
12 days in 14. It is encouraging that all but two girls reported carrying out at least 20
minutes of light activity in the previous 14 days, and that they were active on most
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days. Of concern however, only three girls reported carrying out physical education
at school. Activity carried out by the girls consisted mainly of play time outside their
shelter home, and through walking to school.

Girls living in the shelter home were active for an average of 2 hours a day.
This is above the recommended 60 minutes.51 The girls surveyed reported expend-
ing over 72 MET hours in an average week, however there was a large range. This
highlights the role individual choice has to play in activity patterns, even at an early
age. Although each girl was given the same opportunities for exercise, and all lived
in the same environment, some reported spending as little as 2.5 hours being active
in a week. A similar trend was seen with television viewing with some girls choosing
to watch no television and others accumulating up to 20 hours viewing in a week. 

Low numbers recruited, specifically in the community, mean that the results
found may not be totally representative. Finally while the accelerometers and ques-
tionnaire used in this study attempt to measure the same thing, their results are not
comparable. 

Cultural differences impacted on the study at times. A translator was needed
for all communication with parents, guardians and the children themselves. The vol-
untary nature of all aspects of the study had to be re-iterated as those recruited, and
their guardians were not familiar with the voluntary nature of research. Skinfold
measurements on girls were conducted out of view of any boys or men as this
involved exposure of the abdomen. As noted above, the principal investigator was
advised by school teachers to allow children to have accelerometers for a period of
only 24 hours as they felt there was a high risk of the equipment being stolen or lost
in the community.

Conclusion:
This paper provides a cross sectional view of the anthropometrics and activity levels
of underprivileged children in urban India, living in both community and non com-
munity settings. Results show no obesity and little overweight. On the contrary, there
is a high rate of underweight, in particular among those living in the community. Both
objectively measured and subjectively reported activity levels were at or above rec-
ommended values on average. Of concern however was the fact that 58% of children
living in the community did not achieve the recommended sixty minutes of moderate
activity a day. 
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