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Abstract
Objectives To ascertain the utility of the new pan Indian 2015 IAP references in rural South Indian children and the ability of new
IAP charts to recognise children with abnormal cardiometabolic risk factors in 10 to 16 y age group.
Methods Among school health camps conducted at two centres of Tamil Nadu– rural Vellore and rural Erode- height, weight,
waist circumference, blood pressure, triceps skin-fold thickness and body fat percentage were measured by trained pediatricians
and Z-scores calculated. The anthropometric measures were studied as per IAP 2015 references and compared to other national
and international references. Their utility in identification of malnutrition and cardiometabolic risk ascertained.
Results A total of 420 children (210 from Erode and 210 from Vellore) in the age group of 10 to 16 y were included in the study.
New IAP references recognized more short stature (4.2 vs. 3%), wasting (11 vs. 1.5%) and overweight (14.2 vs. 13.2%) children
compared to old IAP charts. The Z-scores of anthropometric measures as per New IAP 2015 references had significant corre-
lation with old IAP and other international data (p < 0.05). It was noted that new IAP charts could detect 83.3%, old IAP
chart 50% and WHO 83.3% of subjects with malnutrition. New IAP charts could detect 70.3% cardiometabolic risk associated
with over nutrition compared to old IAP (57.4%) and WHO (51.8%).
Conclusions There is a significant prevalence of both under nutrition and overweight in rural setting. IAP 2015 reference is useful
to diagnose children with under nutrition and overweight including abnormal cardiometabolic risk.
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Introduction

Growth is a barometer of well being in any given child. The
Indian Academy of Pediatrics (IAP) came out with growth
charts for Indian children constructed across India in 1993
by K N Agarwal. This was the first pan Indian references

useful for Indian children [1]. Subsequently, the World
Health Organisation came out with WHO 2007 standards
based on the Multicentre Growth Reference Study, which rec-
ommended paediatricians all over the world to use this chart
for children less than 5 y [2]. For children more than 5 y,
WHO recommends to use country specific growth charts.
Indian Academy of Pediatrics came with growth monitoring
guidelines in 2007. WHO recommends updating of growth
charts every 10 y to take into account the secular trends.
Hence, the Indian Academy of Pediatrics came out with the
Pan Indian 2015 references for pediatricians to follow [3].
These charts are unique as they take into account the secular
trends. Also, they have redefined abnormal growth parameters
linking to disease states, making the chart more prescriptive in
nature. Since the IAP adapted the new charts for Indian chil-
dren, numerous publications have emerged on its utility for
Indian children. Researchers have ascertained the utility of
these references in hospital based data [4], School going urban
children [5–9], low socioeconomic children [10], semi urban
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children [11], and specific communities [12]. Researchers
have also attempted to compare the rural and urban children
using the new references [13, 14]. However, none have looked
into impact of the new charts on exclusive rural population
and relationship between children with abnormal anthropo-
metric parameters and established risk factors, in, South
India. Hence, the present study was performed, to ascertain
the utility of the new pan Indian 2015 IAP references in rural
south Indian children and the ability of new IAP charts to
recognise children with abnormal health risk factors in 10 to
16 y age group.

Material and Methods

The present study was a cross-sectional study and was con-
ducted over a period of 1 year. Two centres of Tamil Nadu to
be representative of different parts of state were selected –
rural Vellore and rural Erode. Two schools from these two
regions were selected, to represent rural children of Tamil
Nadu. School health camps were conducted in these selected
schools and every consecutive child studying in the school
between fifth and tenth grade was recruited. Prior approval
from Institution review board and school authorities were ob-
tained. Children with known systemic disease including car-
diac, liver, renal disease and syndromic children were exclud-
ed. Anthropometric assessments –height, weight, waist cir-
cumference, blood pressure, triceps skin fold thickness and
body fat percentage were measured [15–18] as per standard
guidelines. Height was measured using a calibrated
stadiometer with child standing without shoe or socks, with
feet parallel on an even platform, stretching fullest, arms hang-
ing on the sides, and buttocks, scapula and heels touching the
rod. The head is held erect with lower border of the eye orbit in
the same horizontal plane as the external canal of ear
(Frankfurt plane). The head piece is lowered to touch the top
of the head [15]. Weight was measured with minimal clothing
using calibrated electronic weighing scale. Weighing scale is
checked for zero and weighed standing to nearest 50 g [15].
Waist circumference was measured with a non-stretchable
tape, exerting the same standard pressure on the tape at the
midpoint of the lower rib cage and the iliac crest to the nearest
0.1 cm in standing position in end tidal expiration by a single
pediatrician [16]. Blood pressure measured using adequate
size cuff (covers two-third size of arm, bladder encircles
40% of arm circumference). After adequate exposure below
shoulder and placing right arm on table with elbow flexed and
palm facing ceiling, the cuff was wraped around arm 2 cm
above cubital fossa crease with tube medial to biceps brachii
tendon. Systolic Blood Pressure (SBP) was obtained by pal-
pation. In auscultatory method, stethoscope was kept medial
to biceps brachi tendon and inflated to 20 mmHg more than
systolic BP noted by palpation. Reappearance of first sound

on deflation was taken as systolic BP and point where sound
was no longer heard was taken as Diastolic Blood Pressure
(DBP). Triceps skin-fold thickness (TSFT) was measured
using Harpenden’s skin fold callipers between olecranon
proess of ulna (elbow) and acromion process of scapula
(shoulder), a point was marked on back of arm [17]. Body
fat (BF) percentage was measured using hand-held body fat
monitor based on bioelectrical impedance. Body Mass Index
(BMI) was calculated from the formula, BMI =Weight (kg)/
[Height (in m2)]. The measured parameters were entered into
excel sheet. Short stature was defined as height < 3rd percen-
tile. From the BMI value calculated, wasting was defined as
BMI <3rd percentile and overweight as BMI >23rd adult
equivalent, based on IAP 2015 references. Definitions of ab-
normal health risk factors are summarised in Table 1. Z-score
for height, BMI, waist circumference, systolic and diastolic
blood pressure, triceps skin-fold thickness and body fat per-
centage were calculated. These were compared to new IAP
[3], old IAP [1], CDC [21], British [22] and WHO growth
references [2]. The study was approved by the institutional
ethics committee.

From a previous study on prevalence of overweight and
obesity among 5–16 y in semi-urban areas of Coimbatore
[11], sample size was calculated within 20% variability in
the estimated prevalence with 95% confidence as 420. Data
was entered to Microsoft excel data sheet and was analyzed
using SPSS 22 version software. Categorical data was repre-
sented in the form of frequencies and proportions. Chi-square
test was used as test of significance for qualitative data.
Continuous data was represented as mean and SD. Paired t
test was used as the test of significance for paired data.
Pearson test was used for correlation. MS Excel and SPSS
were used to obtain Scatter plots. p value of <0.05 was con-
sidered as statistically significant after assuming all the rules
of statistical tests..

Results

In the present study, 420 children who were studying in the
schools were recruited consecutively through a school camp

Table 1 Definition of abnormal risk factors

Health risk factor Definition

Undernourished Triceps skin fold thickness < −1.6SD [19]

Body fat percentage < 2nd percentile [20]

Abnormal cardiometabolic
risk

Waist circumference > 70th percentile [16]

Triceps skin fold thickness > 70th
percentile [17]

Body fat percentage > 75th percentile [18]

646



Indian J Pediatr 88(7): –(July 2021) 649645

(210 children were from rural Erode and 210 from rural
Vellore). Table 2 illustrates the demographic, anthropometric
and cardiometabolic parameters of children in the two centres.
The children from both the centres were comparable in the
study parameters. Subsequent data presented represents chil-
dren from both the rural centres. The anthropometric parame-
ters were classified as abnormal (short stature, wasting and
overweight) as per the new IAP, old IAP, WHO standards,
CDC standards and British references. New IAP chart could
detect 4.2% short stature, 11% wasting and 14.2% over-
weight. New IAP charts detected more short stature (4.2%
vs. 3%), wasting (11 vs. 1.5%) and overweight (14.2% vs.
13.2%) than old IAP charts. Comparison of abnormal growth
detected by new IAP charts vs. other international standards
(Fig. 1) showed, short stature was detected by 4.2%, 11.3%,
32.5%, 11.2% as per New IAP, WHO, CDC, British charts
respectively. Wasting was detected by new IAP, WHO, CDC,
British charts as 11%, 30.9%, 44.5%, and 29% respectively.
Overweight was detected by new IAP, WHO, CDC, British
charts as 14.2%, 11.8%, 16.8%, and 13.5% respectively.

The anthropometric parameters were converted into Z-
scores and correlation analysis between the Z-scores calculat-
ed by the different standards and IAP 2015 references was
performed. A significant linear correlation of height Z-scores
as per new IAP 2015 charts vs. all other growth references
(data not presented) was observed.

Among 420 children, 6 (1.4%) had at least one health risk
factor associated with malnutrition which included 5 (1.2%)
children with low triceps skin fold thickness and 2 (0.47%)
with low body fat percentage; of which new IAP chart could
detect 83.3%. Among 420 children, 54 (12.8%) children had
at least one cardiometabolic risk factor, which included 40
(9.5%) with high waist circumference, 49 (11.7%) with high

triceps skin-fold thickness and 40 (9.5%) with high body fat
percentage; of which new IAP charts could detect 70.3%. On
comparison of new IAP charts with old IAP and WHO charts
to detect malnutrition showed, new IAP could detect 83.3%,
old IAP chart 50% and WHO 83.3% malnutrition. New IAP
charts could detect 70.3% cardiometabolic risk associated
with overnutrition compared to old IAP (57.4%) and WHO
(51.8%).

Z-scores of abnormal cardiometabolic risk factors [waist
circumference, blood pressure, triceps skin-fold (TSF) thick-
ness and body fat (BF) percentage] were compared across
different BMI cut-offs of wasting, normal and overweight as
per the new IAP references; was found to have linear relation.
Themean values of waist circumference Z-scores, Blood pres-
sure Z-scores, TSF Z-scores and BF Z-scores increased from
wasting to overweight children classified as per the new IAP
references (Fig. 2).

General health advice was given to all children who partic-
ipated in the health camp. Children who had overnutrition and
abnormal cardiometabolic risk factors were given advice on
healthy living. Children with undernutrition were advised and
dietary advice was provided. Children suspected to have un-
derlying disorders, were referred to appropriate centres for
further management.

Discussion

The authors have described the results of their study on the
new IAP charts and rural south Indian children. Previous re-
search has tested the utility of the new IAP references across
India [4–13]. The present study dogmatically points to the
presence of a double burden of malnutrition and overnutrition
in the rural south Indian children and the superiority of the
new IAP references in early recognition of these children. The
authors observed that 1.4% of subjects had risks associated
with undernutrition in the present study. Percentage of cardio-
metabolic risk (CMR) in present study of 420 children in age
group of 10–16 y was 12.8%. Similar study atWardha includ-
ing 405 children in 10–19 y showed CMR of 9.9% [23]. Study
from Ecuador [24] in 770 children between 10 and 16 y
showed adolescents from rural area had 2.8 times metabolic
risk than urban area (p < 0.05). Although these studies have
used lipid profile as a marker of cardiometabolic risk, authors
used non-invasive markers like triceps skin-fold thickness
(TSFT) and waist circumference as markers of CMR. This
highlights that rural India is also passing through a secular
trend and needs an updated growth reference to tackle the
double whammy of over and under nutrition.

The present study showed more overweight children were
picked up by new IAP vs. Old IAP (14.2% vs. 13.2%) refer-
ences. Also, the percentage of overweight and obese children
was higher than the WHO 2007 (11.8%) references as well.

Table 2 Comparison of study parameters in the two selected schools

Characteristics Erode (n = 210) Vellore (n = 210)

Demographic data

Males (number) 123 138

Age (in years) 14.0 ± 1.4 13.2 ± 1.6

Females (number) 87 72

Age (in years) 14.2 ± 1.6 13.5 ± 1.6

Height (cm) 155.7 ± 11.5 152.0 ± 11.7

Weight (kg) 41.4 ± 11.01 41.0 ± 11.83

Body mass index (kg/m2) 17.4 ± 4.0 17.3 ± 3.9

Waist circumference (cm) 63.6 ± 11.2 61.7 ± 9.5

Systolic blood pressure (mmHg) 99.3 ± 12.6 99.5 ± 11.0

Diastolic blood pressure (mmHg) 67.2 ± 8.3 64.9 ± 6.4

Body fat percentage (%) 17.7 ± 5.7 18.5 ± 9.6

Triceps skin-fold thickness (mm) 9.3 ± 5.0 9.6 ± 5.1

Waist circumference Z-scores −2.2 ± 1.6 −2.3 ± 1.5
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This in in line with the previous reports from Rajkot [6],
Coimbatore [11], Pune [14] and Jammu & Kashmir [4]. The
probable explanation is that IAP 2015 references were con-
structed based on the WHO recommendations of excluding
subjects with weight for height > +3SD. Thus, normalisation
of obesity was meticulously avoided and resulted in a robust
reference.

New IAP charts could detect 70.3% cardiometabolic risk
associated with overnutrition compared to old IAP (57.4%)
and WHO (51.8%). The IAP 2015 references are prescriptive
in nature for the BMI cut-offs. The cut-offs are linked to car-
diometabolic risks in adults as recommended by the
International Obesity Task Force (IOTF). Because of the pre-
scriptive nature of these cut-offs, a significantly higher per-
centage of subjects with cardiometabolic risks were detected
by the BMI cut-offs.

In the present study, more thin children were picked up by
new IAP vs. old IAP but similar to WHO. The authors have
demonstrated that the new IAP charts are capable of
recognising these children who have a low TSFT and low
body fat. A similar observation was made in a study from
Pune [14] wherein WHO overestimated and old IAP charts
underestimated wasting. A study fromNewDelhi have shown
that the mean BMI SD scores calculated as per theWHO 2007
references was lower and Agarwal 1992 references was higher
than the BMI SD scores calculated as per the IAP 2015 refer-
ences [5]. In contrast, authors fromRajkot observed that lesser
thin children were recognised by IAP 2015 references [6].
This may be attributable to the fact that they have used the
5th percentile to define thinness; the present study has adopted
the −2 SD cut-off to recognise under nutrition.
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Additional estimation of serum albumin and lipid profile in
the undernourished and overnourished subjects could not be
performed due to logistic reasons. However, the current con-
sideration of using low TSFT and low BF for malnutrition has
been defined previously [19, 20]. Researchers have used a
TSFT cut-off of < −1.6 SD (considered synonymous to albu-
min depletion) to identify malnutrition in cancer patients [19].
In the present study, authors have used high waist circumfer-
ence, BF and TSFT for cardiometabolic risk assessment
[16–18]. The authors could not perform DEXA scan to assess
body fat and Tanners stage of present subjects due to practical
difficulties in a camp setting.

To conclude, there is significant prevalence of both under
nutrition and overweight in rural setting. IAP 2015 reference
is useful to diagnose children with under nutrition and over-
weight including abnormal health risk.
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