
INTRODUCTION

Adolescence is a period of transition between childhood and adulthood. According to World
Health Organization, 10 to 19 years of age is considered as adolescence. It is a period of growth
spurt when an individual experiences a rapid physical growth as well as physiological and psychological
changes. Adolescents attain 20% of final adult height and 50% of adult weight. Bone mass increases
by 45% during adolescence and dramatic bone remodelling occurs. Thus, this is a crucial phase of
growth in human life.

It is cited in a report by World Health Organization (2006) that according to Tanner JM
(1962), the growth velocity is slower during the early school years (5-9 years) and according to
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ABSTRACT
Adolescence is an important phase of life when rapid physical growth as well as physiological and
psychological changes take place. Undernutrition during adolescence is a major concern in developing
countries like India. This study was conducted to assess the nutritional status of adolescents studying
in upper primary (5th to 8th standard) government school of rural industrial area of Vadodara district.
Anthropometric measurements were taken on a total of 1242 children from 10 randomly selected
schools. Their nutritional status was assessed using the WHO 2007 growth reference standards in
WHO AnthroPlus software. Mean age, weight and height of the subjects were found to be 11.6±1.5
years, 29.2±7.3 Kg and 137.2±10.0 cm, respectively. Girls had significantly higher (P<0.01) mean weight
and height than boys at 11 years of age. Boys showed a significantly better (p<0.05) height than girls
at 14 years of age as well as in mid and late adolescence. The mean anthropometric indices namely
weight for age (-1.8±1.2) (for children below 10 years, height for age (-1.5±1.0) and BMI for age (-
1.4±1.2) showed a negative shift indicating a high prevalence of undernutrition in the study population.
Prevalence of underweight, stunting and thinness was found to be 42.6%, 33.7% and 34.9%, respectively.
Prevalence of underweight and stunting was found to be higher among girls compared to boys, but the
difference was not statistically significant. Thinness prevalence was statistically higher among boys
than girls. Prevalence of stunting and thinness was maximum between 9 years to 13 years. Thus, high
prevalence of undernutrition reported in the study emphasises the need of strengthening the ongoing
school health programme ensuring regular screening of school children for undernutrition.
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Srikantia (1989), 80% of adolescent growth is completed in early adolescence (10-15 years) which
is followed by marke dreduction in weight and height velocity in the post-pubertal phase (World
Health Organization, 2006). As cited in a report by WHO, Tanner (1962) showed that adolescent
growth spurt in girls begins about 10 years and peak velocity is at about 12 years. The adolescent
growth spurt in boys begins 2-3 years later than girls and peaks by 16-17 years. This age of
adolescent growth spurt varies from country to country, being lowest in developed countries and
highest in poorest countries (World Health Organization, 2006).

According to UNICEF (2012), adolescents make 18% of the World’s total population (1.2
billion). More than half of all adolescents live in Asia. India has higher number of adolescents
compared to any other country (approximately 243 million) (UNICEF, 2012). According to CENSUS
2011, there are around 253 million adolescents in India with 120 million in Gujarat. Vadodara is the
third most populous district of Gujarat and a higher proportion of population lives in rural areas
(CENSUS 2011). Industrial development is seen in some of the rural areas of Vadodara due to
which the nutritional status of adolescents is likely to be positively affected.

India has the World’s largest school feeding programme- the Mid Day Meal Programme (MS
Swaminathan Research Foundation, 2011) named as National Programme of Nutritional Support to
Primary Education (NP-NSPE) under which all the school children studying in Government and
Government aided schools, Education Guarantee Scheme (EGS) and Alternative and Innovative
Education (AIE) are provided free hot cooked Mid Day Meal. Despite such efforts towards improving
nutrition and health of children and adolescents, their nutritional status remains a matter of concern.

Thus, studying the nutritional status of school going adolescents can help in modifying the
current strategies or planning newer ones for improving health and nutrition of the future of the
nation.

METHODOLOGY
Ten Government primary schools were selected from the rural areas of Vadodara. A total of

1242 children studying in 5th to 8th standard were enrolled for the study. Informed consent was
obtained from the Principals of the schools and the parents. Height of the children was measured
using a flexible fibre-glass tape to the nearest 0.1 cm. Weight was measured using a bathroom
weighing balance to the nearest 100 gm. Nutritional status was assessed using WHO (2007) standards
for height for age and BMI for age for all the children. Weight for age was used to assess the
nutritional status of children younger than 10 years of age. According to the WHO (2007) standards,
a low weight for age (=-2SD) is known as underweight, low height for age (=-2SD) is known as
stunting and low BMI for age (=-2SD) is known as thinness. Severe undernutrition is identified by
a cut-off of =-3SD for all the three indices. Data generated was entered and analysed using
Microsoft Excel software, WHO AnthroPlus software and SPSS 22.0 software.

Ethical consideration:
This study was approved as a part of doctoral research by the departmental Ethics Committee

(Clearance Number: IECHR/2014/9)

RESULTS AND DISCUSSION
The study was conducted on 1242 children, out of which 46.5% (577) were boys and 53.5%

(665) were girls. Age of the subjects ranged from 9 years to 18 years 1 month. Mean age of
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subjects was found to be 11.6±1.5 years. There was no significant difference between the mean
age of boys (11.7±1.6 years) and girls (11.5±1.4 years) (Table 1). Age wise distribution of the
subjects showed that majority of the subjects were from 9-14 years of age with highest percentage
of boys (23.61%) in 12-13 years age group and highest percentage of girls (27%) in 11-12 years
age group (Fig. 1). Number of subjects was very less in 15-16 and 16-18 years age groups as the
study was conducted in upper primary section of Government primary schools.

Anthropometric profile :
Anthropometric data was analysed gender wise and age wise. For further analysis, children

were divided into three groups according to the stages of adolescence- pre adolescence (<10
years), early adolescence (10-13 years) as well as mid and late adolescence (>14 years). Due to a
very small number of subjects between 14-19 years of age, mid and late adolescence were combined
into one category.

The anthropometric data showed the mean weight, height and BMI of the subjects to be
29.2±7.3 kg, 137.2±10.0 cm and 15.3±2.4 kg/m2, respectively (Table 1).

Fig. 1 : Population pyramid

 

Table 1 : Anthropometric measurements of the subjects (Mean±SD) 
 Female Male Total 

Age (years) 11.5±1.4 11.7±1.6 11.6±1.5 

Weight (kg) 29.3±7.4 29.0±7.2 29.2±7.3 

Height (cm) 137.2±9.6 137.2±10.5 137.2±10.0 

BMI (kg/m2) 15.4±2.4 15.2±2.3 15.3±2.4 
 

There was no significant difference in mean weight of boys (29.0±7.2) and girls (29.3±7.4).
However, the age wise data showed that girls had a significantly (p<0.01) higher mean weight
(29.4±6.4) at 11 years of age than boys (27.6±4.6) (Table 2). There was no significant difference
in the mean weight of boys and girls in all the other age groups. Gender wise mean weight across
the phases of adolescence showed that girls had higher mean weight (29.7±6.9 kg) than boys
(28.8±6.5 kg) in early adolescence (p<0.05). However, there was no difference in the mean weight
of boys and girls in pre as well as mid and late adolescence (Table 3).

Mean height was found to be 137.2±10.5 cm among boys and 137.2±9.6 cm among girls.
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Table 2: Age wise mean weight of the subjects cross tabulated with gender (Mean±SD) 
Age (years) N All subjects Male Female ‘t’ value p 

9 165 23.3±4.5 23.4±4.3 23.3±4.7 0.202 0.103 

10 273 25.2±4.4 25.2±4.4 25.2±4.5 0.064 0.786 

11 301 28.7±5.8 27.6±4.6 29.4±6.4 -2.739** 0.005 

12 283 31.8±7.1 31.3±7.0 32.3±7.2 -1.225 0.929 

13 135 33.8±6.8 33.0±7.5 34.6±6.0 -1.417 0.165 

14 54 37.8±7.6 37.7±6.8 38.1±8.8 -0.200 0.459 

15 18 40.7±7.2 40.3±4.4 41.1±9.4 -0.230 0.066 

16-18 14 40.1±7 40.7±8.2 38.0±3.6 0.541 0.115 
 

Table 3 : Gender wise mean weight across the phases of adolescence 
Phase of adolescence (N) Male Female ‘t’ value p 

Pre (165) 23.4±4.3 23.3±4.7 0.203 0.839 

Early (992) 28.8±6.5 29.7±6.9 -2.004* 0.045 

Mid and Late (85) 38.7±7.5 38.9±8.5 -0.085 0.933 
 

Although, there was no significant difference in the height of boys and girls, age wise data revealed
that height of girls was significantly higher than that of boys at 11 years (p<0.01) whereas it was
significantly higher in boys than girls at 14 years (p<0.05) (Table 4). Boys were seen to be significantly
taller (153.1±7.9 cm) than girls (148.2±6.7 cm) in the mid and late adolescent group (p<0.01).
However, no significant difference was seen in the mean height of girls and boys in pre and early
adolescence (Table 5).

Table 4 : Age wise mean height of the subjects cross tabulated with gender (Mean±SD) 
Age (years) N Total Male Female ‘t’ value p 

9 165 126.3±5.8 126.058±5.5755 126.431±6.1103 -0.410 0.682 

10 273 131.2±6.6 131.172±6.7840 131.297±6.4580 -0.156 0.876 

11 301 136.8±7.3 135.347±6.2185 137.802±7.8092 -3.026** 0.003 

12 283 142.0±7.8 141.644±8.2545 142.293±7.4485 -0.693 0.489 

13 135 145.0±7.4 144.027±8.3707 145.932±6.2119 -1.496 0.137 

14 54 150.5±7.2 152.403±7.2722 147.664±6.3318 2.542* 0.014 

15 18 153.1±8.3 155.589±8.5206 150.556±7.7676 1.310 0.209 

16-19 13 151.2±10 153.140±9.8623 144.667±5.4721 1.909 0.102 
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Table 5 : Gender wise mean height across the phases of adolescence 
Phase of adolescence (N) Male Female ‘t’ value p 

Pre (165) 126.1±5.6 126.4±0.6 -0.410 0.682 

Early (992) 137.4±8.8 138.3±8.7 -1.566 0.118 

Mid and Late (85) 153.1±7.9 148.2±6.7 3.091** 0.003 
 

BMI was found to be 15.2±2.3 kg/m2 among boys and 15.4±2.4 kg/m2 among girls. It was
found to be higher among girls at 11 and 15 years than their male counterparts. Boys had a higher
BMI at 16-19 years of age than girls (Table 6). There was no difference in the BMI of girls and
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Table 6 : Age wise mean BMI of the subjects cross tabulated with gender (Mean±SD) 
Age (years) N All subjects Male Female ‘t’ value p 

9 165 14.6±2.4 14.7±2.7 14.4±2.2 0.662 0.509 

10 273 14.5±1.8 14.6±1.8 14.5±1.7 0.300 0.765 

11 301 15.2±2.2 14.9±1.7 15.7±2.5 -1.702 0.090 

12 283 15.6±2.5 15.5±2.5 15.8±2.4 -1.220 0.224 

13 135 16.0±2.4 15.8±2.7 16.2±2.1 -0.978 0.330 

14 54 16.6±2.8 16.1±2.0 17.4±3.6 -1.524 0.138 

15 18 17.3±2.3 16.6±0.9 17.9±3.1 -1.237 0.246 

16-19 13 17.4±2 17.2±2.3 18.1±0.4 -1.158 0.272 
 

Table 7 : Gender wise mean BMI across the phases of adolescence 
Phase of adolescence (N) Male Female ‘t’ value p 

Pre (165) 14.7±2.7 14.4±2.2 0.662 0.509 

Early (992) 15.1±2.2 15.4±2.3 -1.638 0.102 

Mid and Late (85) 16.4±1.9 17.6±3.3 -1.907 0.062 
 

boys in pre and early adolescence. Girls had a higher BMI (17.6±3.3 kg/m2) than boys (16.4±1.9
kg/m2) in mid and late adolescence. However, none of these differences were statistically significant
(Table 7).

UNDERNUTRITION AMONG UPPER PRIMARY SCHOOL CHILDREN OF RURAL INDUSTRIAL AREAS OF VADODARA

Mean weight, height and BMI were seen to be increasing with age both in boys and girls up to
16 years of age. A drop in mean anthropometric indices was seen after 16 years of age, which can
be mainly due to a lower number of subjects in the age group.

Nutritional status :
Height for age and BMI for age indicators for all the subjects and weight for age indicator for

9-10 years old subjects were used for nutritional status assessment. These indices were compared
with the WHO (2007) growth standards. According to the standards, <-2SD and <-3SD are used
ascut-offs for undernutrition and severe undernutrition, respectively. The mean anthropometric
indices showed a negative shift when compared to standards both in boys and girls.

A low weight for age compared to the standards is known as underweight. It represents short
term undernutrition. This indicator cannot be used for children above 9 years of age. The mean
WAZ was -1.8±1.1 with no significant difference between boys and girls (Table 8). Height for age
and BMI for age was analysed age and gender wise as well as between three groups based on the
phases of adolescence- pre adolescence, early adolescence as well as mid and late adolescence.

Table 8 : Gender wise mean anthropometric indices of the subjects (Mean±SD) 
 Total Male Female 

WAZ -1.8±1.2 -1.8±1.0 -1.8±1.1 

HAZ -1.5±1.0 -1.5±1.0 -1.5±1.0 

BAZ -1.4±1.2 -1.6±1.3 -1.5±1.3 
 

Height for age is an indicator which reflects long term nutritional status and a low height for
age reflects chronic nutritional deprivation in the form of stunting. Mean height for age showed no
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significant difference between boys and girls. Analysis based on phases of adolescence also showed
no difference between boys and girls. However, ANOVA showed that there was a significant
difference in the mean HAZ scores between pre, early as well as mid and late adolescence in the
subjects (p<0.01). Boys also showed a statistically significant difference across the phases (p<0.05).
However, there was no significant difference in the mean HAZ scores across the phases of
adolescence in girls (Table 9). Further, post-hoc analysis showed that the mean HAZ was statistically
lower in mid and Late Adolescence compared to pre adolescence and early adolescence. Mean
HAZ scores of subjects of pre and early adolescence showed no significant difference (Table 10).

Table 9 : Gender wise mean HAZ across the phases of adolescence 
Phase of adolescence N All subjects Male Female ‘t’ value p 

Pre 165 -1.5±0.9 -1.5±0.9 -1.5±1.0 -0.044 0.965 

Early 992 -1.5±1.0 -1.5±1.1 -1.5±1.0 0.575 0.565 

Mid and Late 85 -1.9±1.1 -1.9±1.2 -1.9±1.0 -0.150 0.881 

‘F’ value 5.871** 3.868* 2.121 

Significance 0.003 0.021 0.121 

 

 

Table 10 : LSD Post-Hoc test for mean HAZ scores of the subjects 
Phase of adolescence Male Female Total 

Pre to early 0.02 0.07 0.05 

Pre to mid and late  0.45* 0.42* 0.44** 

Early to mid and late 0.41** 0.35 0.38*** 
 

Gender wise mean BAZ across the phases of adolescence showed that there was no significant
difference in the mean BAZ scores of boys and girls in pre adolescence. However, boys showed a
significantly lower mean BAZ scores than girls in early as well as mid and late adolescence.
(P<0.05) ANOVA showed that the difference in the mean BAZ scores across the age groups was
not statistically significant (Table 11).
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Table 11 : Gender wise mean BAZ across the phases of adolescence 
Phase of adolescence N Total Male Female ‘t’ value p 

Pre  165 -1.3±1.3 -1.3±1.3 -1.3±1.3 0.110 0.913 

Early  992 -1.5±1.3 -1.6±1.4 -1.4±1.2 -2.423* 0.016 

Mid and Late  85 -1.6±1.2 -1.8±1.1 -1.3±1.3 -2.164* 0.034 

‘F’ value 2.274 2.964 0.604 

Significance 0.103 0.052 0.547 

 

 
Prevalence of undernutrition :

As shown in Fig. 2, prevalence of underweight, stunting and thinness were found to be 42.6%,
33.7% and 34.9%, respectively. Severe underweight, severe stunting and severe thinness were
seen in 16.3%, 7.1% and 12.2% subjects. Prevalence of underweight (47% vs. 35.8%) and stunting
(34.5% vs. 31.9%) were found to be higher among girls than boys. However, the difference was
not statistically significant. Boys showed a higher prevalence of thinness (38% vs. 32%) as well as
severe thinness (14.4% vs. 12.2%) compared to girls and the difference was statistically significant.
(p<0.05) (Table 12).
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Fig. 2 : Prevalence of undernutrition in subjects

 

* p<0.05

Prevalence of stunting was found to be increasing from 27.5% at 10 years to 41.5% at 13
years. Girls showed a higher prevalence of stunting in all the age groups compared to boys except
for 13 years where 43.9% boys and 39.1% girls were stunted (Fig. 3). Prevalence of stunting
across the phases of adolescence showed that girls had higher prevalence of stunting than boys in
pre and early adolescence. The trend was similar in boys and girls in mid and late adolescence.
Prevalence rose from 27.9% in pre adolescence to 41.2% in mid and late adolescence (Fig. 4).

The prevalence of thinness was seen to be increasing from the lowest (23%) at 9 years to 13
years (41.5%). There was a decrease in the prevalence after that. Boys had a higher prevalence of
thinness from 11 to 14 years than girls but the difference is not statistically significant (Fig. 5).

Prevalence of thinness was higher in girls (24.1%) than boys (21.8%) in early adolescence.
However, in early as well as mid and late adolescence, prevalence of thinness was higher among
boys as compared to their female counterparts. It was seen that prevalence was increasing from
23% in pre adolescence to 36.7% in mid early adolescence. However, it decreased to 35.3% in mid
and late adolescence. Girls showed a better decrease in prevalence from 33.6% in early adolescence
to 26.5% in mid and late adolescence indicating catch up growth. Prevalence in boys showed an
increasing trend across the groups (Fig. 6).
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Table 12 : Gender wise prevalence of under nutrition and severe under nutrition 
>-2SD -2SD to -3SD <-3SD  Sex N 

n % n % n % Chi-
square 

Significance 
‘p’ value 

Prevalence of underweight 

Male 92 59 64.1 21 22.8 12 13.0 

Female 117 62 53.0 33 28.2 22 18.8 

2.731 0.255 

Total 209 121 57.9 54 25.8 34 16.3   

Prevalence of stunting 

Male 576 392 68.1 144 25.0 40 6.9 

Female 666 436 65.5 182 27.3 48 7.2 

0.978 0.613 

Total 1242 828 66.7 326 26.2 88 7.1   

Prevalence of thinness 

Male 576 357 62.0 136 23.6 83 14.4 

Female 666 453 68.0 145 21.8 68 10.2 

6.669* 0.036 

Total 1242 810 65.2 281 22.6 151 12.2   
 

Underweight Stunting Thinness
Male Female Total
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Although, the prevalence of stunting and thinness was seen to be increasing after 15 years,
but that can be mainly due to a very small number of subjects in =16 years age group.

The results of this study showed no significant difference in mean weight and height of boys
and girls studying in upper primary schools of rural industrial area of Vadodara. Age wise data
showed that girls had a higher mean weight and height than boys at 11 years. Prevalence of
thinness was also higher among boys at 11 years. However, stunting was seen be higher among
girls than boys at 11 years despite of higher mean height of girls than boys. Boys had better mean
height than girls at 14 years of age. The prevalence of stunting was also seen to be around 11%
lower in boys than girls at 14 years. Mean height across the phases of adolescence showed that
boys had a better mean height than girls in mid and late adolescence. These difference can be due
to the fact that growth spurt occurs early in girls than boys. According to Tanner 1962 and Spear
2002 as cited in a report on adolescent nutrition (WHO, 2006), growth spurt in girls start from the
age of 10 years and is at the peak at 12 years. Boys experience growth spurt at the age of 12 years
and in a year or two it overtakes the girls.

Mean HAZ scores of the subjects were seen to be significantly lower in mid and late adolescence
compared to pre as well as early adolescence. Boys showed a similar trend but in mean HAZ
scores did not show significant difference between the three groups in girls. Girls showed significantly

Fig. 3 : Age and genderwise prevalence of
stunting

 

Fig. 4 : Prevalence of stunting across the phases
of adolescence
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Fig. 5 : Age and genderwise prevalence of
thinness

Fig. 6 : Prevalence of Thinness across the
Phases of Adolescence

 

Age in complete years
Boys Girls Total

Age in complete years
Boys Girls Total
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higher mean BAZ scores than boys in early as well as mid and late adolescence. The prevalence
of thinness was also seen to be lower in girls than boys in these groups. However, no significant
difference in mean BAZ scores was seen among the three groups according to phases of adolescence.

Many studies have reported a higher prevalence of undernutrition among adolescent boys
compared to girls. A study carried out on 10-19 years school going adolescence in peri-urban areas
of Wardha reported a higher prevalence of stunting among boys than girls. The study reported that
prevalence of stunting was higher in 10-14 years old subjects than 15-19 years olds, which however
doesn’t support the findings of this study (Dambhare et al., 2010).

A study carried out on rural and urban school going adolescents (13-17 years) reported the
prevalence of low BMI for age to be 13% and stunting 14.5. The stunting prevalence was reported
to be higher among boys compared to girls (Rani and Rani, 2016). Although, the prevalence was
very low compared to current study, the gender difference in stunting prevalence shows similar
trends as this study. Prevalence of underweight and stunting according to NCHS standards was
found to be lower in girls than boys in a study carried out in rural West Bengal. However the study
showed that prevalence was higher in 10-15 years (Early adolescence) group than 16-19 years
(Late adolescence) group (Basu et al., 2015).

Mondal and Sen (2010) in their study carried out in Rural Darjeeling reported that stunting
prevalence was higher among girls than boys, whereas boys had higher prevalence of thinness than
girls. Prevalence of stunting was reported to be increasing with age from lowest at 11 years to
highest at 17 years. In current study, the prevalence is seen to be increasing till 13 years with a drop
at 14 years. The prevalence of thinness and stunting are reported to be 42.2% and 46.6%, respectively
which is higher than the prevalence reported by current study as the former used NCHS standards.
(Mondal and Sen, 2010).

Conclusion :
Undernutrition during adolescence is a matter of concern. The study has reported a high

prevalence of underweight, stunting and thinness among school going adolescents of rural industrial
areas of Vadodara. Higher prevalence of stunting and thinness among subjects in early as well as
mid and late adolescence compared to that in pre adolescence clearly indicate compromised nutritional
status of children during the window of opportunity. The results show that nutrition and health of
both girls and boys need to be targeted through mass interventions to reduce the burden of
undernutrition.

The nutritional status of adolescent boys and girls may have varied significant implications
later on in life in terms of physical work capacity, reproductive outcomes, etc. Although NPNSPE
has been initiated by the Government of India, there is a need to strengthen the programme to
address the issue of adolescent undernutrition at the regional level.

Further studies are recommended to explore the determinants of nutritional status in this age
group in order to arrive at guidelines to combat the problem of undernutrition in adolescents.
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