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ABSTRACT

Owing to the stern importance of nutritional intakes for the growth and shaping life long events , we aim to elucidate the nutritional
status of the schoolchildren according to the as definitions of the International Obesity Task Force (IOTF) and the Centres of Disease
Control and Prevention (CDC) in 6 to 12 year-old schoolchildren from the rural districts of the Khyber Pakhtunkhwa (KPK) province of
Pakistan. Anthropometric data was collected from 3595 schoolchildren (1811 boys and 1784 girls) in a random cluster sampling study.
Underweight, overweight and obesity was determined from body mass index (BMI) and associated with age and sex by multinomial
regression, while age was associated to BMI z-score by linear regression. Kappa statistics determined agreement/disagreement between
the two cut-offs in our data. A higher frequency of children was affected by underweight (IOTF: 29.5%, CDC: 21.1%), than overweight
(IOTF: 3.60%, CDC: 11.5%) and obesity (IOTF: 5.80%, CDC: 9.32%). There was high overweight prevalence in boys, while a positive
association of age and female sex with prevalence of underweight, and of age only for prevalence of obesity was observed. The two cut-
offs showed substantial agreement when assessing underweight {(kappa (k) = 0.78)} and obesity (k= 0.75). The frequency of
underweight prevalence was high in socioeconomically deprived districts. We hypothesize that cultural tendencies apart from other
factors were contributing to the higher prevalence and critical co-existence of underweight and obesity particularly in girls. The disparity
in our results, between CDC and IOTF cut-offs in comparison to other populations, suggest the influence of different socioeconomics,

cultural and genetic factors.
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INTRODUCTION: Globally, the occurrence of obesity has
prospectively duplicated in the years between 1990 and 2015 in
those children who were in preschool age (De Onis et al., 2010). As
compared to the developing countries which has prevalence of
(6.1%) the prevalence of obesity was however double (11.7%) in
developed countries, in spite the fact that a greater number of
affected children beyond 35 million were still in the developing
countries. Moreover, this was also highlighted by the higher obesity
prevalence in the middle and lower middle income nations than in
the economically flourished nations in the last few decades (De Onis
etal,2010). Anincrease in the prevalence of obesity and overweight
was likewise reported in school aged children of developing
countries (Janssen et al, 2005). The risk of childhood obesity
reinstation in adulthood with associated diseases was also higher.
Obesity in childhood comes with severe health complications and
consequences including difficulties in breathing, higher risks of
fractures, cardiovascular diseases, insulin insensitivities and certain
others (Dietz, 1998).Due to poor economics, underweight is also a
devastating problem in low income countries (Best et al., 2010). A
global projected decline in underweight prevalence in children
younger than five years was outlined to be 17.6% (a -34% change)
between 1990 and 2015, however, still affecting 52 million children
in the developing world (De Onis et al, 2004; Best et al., 2010). The
public health effects of underweight are delayed pubertal
maturation, poor cognitive abilities, reduced muscular potency and
work capacity (Best et al., 2010). A major constraint in the growth-
related studies was the selection of the growth charts. The cut points
of the International Obesity Task Force (IOTF) and Center of Disease
Control and Prevention (CDC) for childhood and adolescence
(Kuczmarski et al., 2000; Cole and Lobstein, 2012) have previously
shown comparability and non-comparability in results in high,
middle and low income countries (Hesketh and Ding, 2000; Wang et
al., 2002; Neovius et al., 2004; Janssen et al., 2005; Vidal et al., 2006;
Cole et al, 2007; Kelishadi et al.,, 2007; O'Neill et al.,, 2007; Tuan and
Nicklas, 2009; Caleyachetty et al, 2012; Cole and Lobstein, 2012;
Wamba et al., 2013). The IOTF references (Cole et al., 2000; Cole et
al, 2007) were more versatile for including data from six countries
in three continents, whereas CDC cut-offs were based on the
American population only. However, their use in non-reference
population was still uncertain (Hesketh and Ding, 2000; Neovius et
al., 2004; Cole et al.,, 2007). Some recent studies from Pakistan have
also highlighted the issue, but all the studies were conducted either
in the urban settings, some had a wider age range and some were

conducted in the under five years of age. All these studies show high
prevalence of underweight, overweight and obesity (Mushtaq et al.,
2011; Aziz et al, 2012; Mushtaq et al, 2012; Tanveer et al., 2024;
Atta Ullah et al,, 2023).

OBJECTIVES: The minor objective of our study was to investigate
the prevalence of these outcomes in schoolchildren in the three
rural Districts of the KPK province of North-West of Pakistan and
disparity between IOTF and CDC cut-offs applied on schoolchildren.
MATERIALS AND METHODS: This study was conducted in 3
districts Charsadda, Kohat and Karak of the KPK province in the
North-West of Pakistan (table 1). A population-based 40 cluster
sampling method was adopted to collect data from 60 (stratified by
sex equally) primary level Government schools from each district.
Per class 3-4 children in the age range between 6-12 years ensuring
randomization were selected from grade 1-5 resulting in a net
sample of 3595 children (1784 girls). Data was recorded from
healthy children by trained researchers in school premises through
planned questionnaires assessing information regarding age, sex,
place of birth, date of birth, school grade and father’s occupation.
The ethical approval was obtained from the academic council of the
University of Hazara, Mansehra, Pakistan with strict adherence to
the ethical guidelines of the declaration of Hilsinki. Standing height
and body weight were measured through standard protocols by
stadiometer (Seca 217 Mobile Stadiometer, Hamburg, Germany)
and by Tanita digital bathroom scale (HD-313; Tanita, Tokyo,
Japan), and converted into BMI (kg/m?). An sex-specific BMI related
to the age z-score was adopted from the WHO (WHO, 2007).
Quantitative data were presented as mean and standard deviation
and prevalence reported as percentages. Based on I0TF, the revised
international child BMI cut-offs; 16, 17, 18.5, 27, 30 and 35 were
considered as three levels of thinness from high to low
underweight, elevated than normal weight, obesity and morbid
obesity=obesity, respectively (Cole and Lobstein, 2012). According
to CDC cut-offs, children having a BMI below the fifth percentile,
between the 85t and 95t percentile and above 95t percentile were
categorized as underweight overweight, and obese, respectively
(Kuczmarski et al, 2000). The standardized -1 to 1 kappa scale
defined the level of agreement/disagreement between the IOTF and
CDC cut-offs (Cohen, 1960). Differences in age and sex specific
prevalence were compared by x2 test. Age and sex were associated
with outcome measures by multinomial regression analysis,
whereas association between age and BMI z-score controlled for the
district was tested
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Name of Location in KPK Topography Estimated population (in Population residing in Economic Total schools Total Children
district province millions); 2017 census rural conditions (%) situation (boys/girls) (boys/girls)
Charsadda Part of Peshawar Plain fertile 1.61 81.25 Stable 60 (30/30) 1206 (606/600)
valle
Kohat East Zflndus river, Barren intricate 0.99 73 Moderate 60 (30/30) 1194 (601/594)
southern
Karak Eastof Indusriver, Barren intricate 0.70 93 Poor 60 (30/30) 1195 (599/594)
further southern
Table 1: Description of the selected Districts.
Age Sex Mean Weight (kg) +SD Mean height (cm) +SD Mean BMI +SD
(Years) District District District District District District District District District
Charsadda Kohat Karak Charsadda Kohat Karak Charsadda Kohat Karak
6 B 26.8 +5.22 21.6 +4.10 19.0 £3.60 1.21+£0.10 1.08 +0.10 1.13 £0.07 19.2+6.25 18.8+4.78 14.7+1.57
G 26.7 +5.18 18.7 £3.00 18.7 £3.00 1.18 +0.11 1.14 +0.07 1.14+0.07) 19.8+6.90 15.9+3.72 14.3+1.29
7 B 26.4+4.61 22.0+5.61 22.7 +4.11 1.19+0.10 1.17 £0.10 1.21 £0.09 18.8+3.24 16.1+3.90 15.6+2.17
G 26.7 +4.71 20.1 +2.82 20.1 +2.82 1.21 +£0.09 1.17 £0.10 1.17+0.06 18.2+3.63 16.7+4.20 14.5+1.53
8 B 27.9+4.00 25.1 +6.11 23.1+£3.40 1.23+0.07 1.24 +0.09 1.25 +0.08 18.5+2.08 16.3+3.50 14.8+1.45
G 29.1 £5.60 22.7+3.08 22.7 +3.80 1.25 +0.10 1.24 +0.08 1.24+0.07 18.7+3.35 15.6+3.63 14.7+1.42
9 B 28.9+3.70 26.4 +5.72 26.2 +5.11 1.27+0.09 1.29 £0.08 1.30 £0.08 17.9+1.81 15.9+3.44 15.4+2.35
G 31.0 £+6.15 24.7 £3.97 24.7 £3.90 1.29 £0.10 1.30 £0.07 1.29+0.07 18.7+3.18 16.3+3.82 14.8+1.40
10 B 30.4+3.94 26.8 £6.32 28.3 +4.70 1.28+0.07 1.33 £0.08 1.34 £0.08 18.4+1.87 14.9+3.00 15.8+1.90
G 32.0 +6.41 27.0 £4.94 27.0 +4.94 1.31 £0.08 1.33 £0.07 1.33+0.07 18.6+3.05 16.4+4.23 15.2+1.93
11 B 34.0+4.90 30.9 £7.00 30.3 +6.01 1.34+0.07 1.38 £+0.09 1.39 £0.07 18.8+2.11 16.2+3.03 15.7+2.35
G 36.9 £6.60 29.7 +6.74 29.7 +6.74 1.38 £0.08 1.38 £+0.13 1.39+0.08 19.4+3.15 14.9+2.81 15.3+2.09
12 B 38.7+5.92 31.5+7.20 32.2 +6.82 1.41+0.07 1.44 +0.10 1.42 +0.09 19.4+2.03 15.2+3.30 15.9+2.13
G 40.0 £7.04 35 +6.27 35.0 +6.30 1.41 +0.08 1.45 +0.14 1.44+0.08 20.2+3.43 16.4+4.15 16.7+1.70
Table 2: Descriptive Statistics for Weight, Height and BMI among Schoolchildren Aged 6-12 Years.
BMI: body mass index, SD: standard deviation, B= Boys, G: Girls
I0TF CDC
Normal Underweight Overweight Obesity Total
(%) (%) (%) (%) (%)
Normal 1783 0 290 127 2200
(%) (49.6) (0.00) (8.07) (3.53) (61.20)
Underweight 3.2 757 0 0 1059
(%) (8.40) (21.06) (0.00) (0.00) (29.46)
Overweight 5 0 123 0 128
(%) (0.14) (0.00) (3.42) (0.00) (3.56)
Obesity 0 0 0 208 208
(%) (0.00) (0.00) (0.00) (5.79) (5.79)
Total 2090 757 413 335 3595
(%) (58.14) (21.06) (11.49) (9.32) (100)

Table 3: Cross tabulation showing categorization of growth standards based on CDC and IOTF cut-offs.

by linear regression analysis. Significant level was determined by a
p value <0.05. A software Stata version 14.1 was used for all
statistical deductions (Stata Corporation, College Station, TX).
RESULTS: Overall, the mean BMI was found higher in children in
Charsadda District as compared to Kohat and Karak, while mean
values of body weight, height, and BMI were higher in boys than in
girls in all districts excluding Charsadda (table 2). A substantial
percentage of children (I0TF: 38.8% and CDC: 41.8%) were facing
underweight, overweight or obesity (table 3). The prevalence of
underweight (IOTF: 29.5%, CDC: 21.1%) was markedly higher than
the prevalence of overweight (IOTF: 3.60%, CDC: 11.5%) or obesity
(IOTF: 5.80%, CDC: 9.32%). An elevated occurrence of underweight
was observed in female as compared with male in all ages (table 4)
with significant differences with age in both sexes. However, an
increase in underweight prevalence with age was observed only in
girls with a positive association of age and female with underweight
prevalence (table 5). The prevalence of overweight was higher in
boys as compared with girls in almost all age (table 4). Overweight
prevalence was inversely associated with age only based on CDC
cut-offs (table 5). Overall, the female were more affected by obesity
than the male among all children (table 4). Prevalence of obesity
differed significantly over age more pronounced in children aged six
to eight years, higher in boys as compared to girls but afterwards it
was other way around and decreased with age. The association
between age and obesity prevalence was significantly positive (table
5), while, it was inverse with female sex.

The prevalence of underweight was markedly higher in Kohat and
Karak (figure 1), while, the occurrence of elevated than normal
weight and obesity was high in Charsadda. Underweight existence
was higher in girls than in boys among all the 3 districts, while
overweight prevalence was less frequent for girls as compared with
boys (figure 1). Against the higher obesity prevalence in boys than
in girls in Karak, obesity prevalence was higher in girls than in boys
for the Charsadda and Kohat. A high BMI z-score was observed for
children < 10 years in Charsadda which declined with age in all the
3 districts and in both sexes (figure 1& 2). In all the 3 districts BMI
z-score was increased in male as compared with female. Kappa
coefficients showed substantial agreement between the IOTF and

CDC cut-offs applied for the definition of underweight (k= 0.78) and
obesity (k= 0.75) (table 2), whilst for the definition of overweight
agreement was just moderate (k= 0.42) (table 4). There was almost
perfect agreement between IOTF and CDC cut-offs for underweight
prevalence in sex and age strata except 7 and 8 years boys and six
and older than 10 years girls (figure 3). For overweight prevalence
generally there were either fair or moderate levels of agreement
between the two cut-offs in the age and sex strata (figure 3). For the
prevalence of obesity in the sex and age strata usually there was
either moderate or substantial agreement between the two cut-offs.
A perfect agreement were also recorded in 6 and 7 years old girls
(figure 3).

DISCUSSION: Against the lower overweight prevalence, the
underweight prevalence was remarkably high in children
(significantly high in girls), with a high prevalence for obesity. A
disparity in results was observed between the two cut-offs (IOTF
and CDC) in the sex and age strata for the definition of all these
outcomes. Under nutrition, the leading cause of underweight in
children was estimated to be the largest contributor to global
burden of diseases in Africa and South Asia (De-Onis et al, 2004;
Reddy et al, 2009; Best et al, 2010; Caleyachetty et al, 2012;
Wamba et al,, 2013). Our results were in concordance with mean
underweight prevalence estimates for the Asian region (34%) (Best
etal, 2010) and previously reported national estimates of 30% and
27% (Jafar et al, 2008) and a recent study conducted in District
Swabi (35.34%) (Atta Ullah et al, 2025). Our results were in
contrast to the lower underweight prevalence in the countries in
Europe, North and South America ( Rolland-Cachera et al, 2002;
Wang et al, 2002; De-Onis et al., 2004; Yngve et al., 2008) and to the
reports from Brazil (3.2%) (De-Assis et al, 2005), Mauritius
(12.7%) (Caleyachetty etal., 2012), Cameroon (9.5%) (Wamba et al,
2013), mean prevalence for East Mediterranean Region (13%) and
previous from urban Lahore (10%) in Pakistan (Mushtaq et al,
2011).

However, comparisons between studies should be interpreted with
caution due to differences in socioeconomics, culture, age range
studied, cut-offs to establish nutritional status and geographic
settings.
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Age Under p-value Abs. Diff. <k Overweigh. p-value Abs. Diff. Obesity (%) p-value Abs. Diff. Cut-offs
Weight (%) (%)
Boys
6 20.6 4.50 3.02 -7.08 20.1 -7.00 IOTF
16.1 10.1 27.1 CDC
7 20.0 5.30 4.00 -14.2 10.7 -8.90 IOTF
14.7 18.2 19.6 CDC
8 24.6 11.2 4.29 -12.8 5.00 -6.10 IOTF
13.4 17.1 11.1 CDC
9 27.6 12.3 6.13 -8.07 2.30 -1.15 IOTF
15.3 14.2 3.45 CDC
10 333 6.40 4.09 -5.61 1.17 -0.58 IOTF
26.9 9.70 1.75 CDC
11 28.8 4.10 1.92 -7.08 0.96 -2.57 IOTF
24.7 9.00 3.53 CDC
12 26.2 4.80 5.35 -5.35 0.53 -1.61 IOTF
21.4 10.7 2.14 CDC
Total 26.6 0.006 412 0.83  4.04 0.241 -4.28 047  5.09 0.000 -1.86 0.72  I0TF
19.6 0.000 12.6 0.002 8.80 0.000 CDC
Girls
6 21.2 8.10 3.15 -6.76 14.4 -3.60 IOTF
131 991 18.0 CDC
7 25.4 6.70 2.61 -10.1 9.33 -3.37 IOTF
18.7 12.7 12.7 CDC
8 30.1 10.5 4.08 -6.22 6.90 -4.40 IOTF
19.6 10.3 11.3 CDC
9 321 10.9 2.32 -10.08 5.02 -2.32 IOTF
21.2 12.4 7.34 CDC
10 36.3 7.80 3.78 -5.54 494 -291 IOTF
28.5 9.30 7.85 CDC
11 53.6 16.4 2.40 -5.60 0.80 -2.80 IOTF
37.2 8.00 3.60 CDC
12 20.6 7.90 2.38 -7.92 4.00 -4.73 IOTF
12.7 10.3 8.73 CDhC
Total 324 0.000 490 0.79 3.08 0.818  -3.64 0.40 6.50 0.000 -1.67 0.79 IOTF
22.6 0.000 10.4 0.594 9.84 0.000 CDhC
Overall 29.5 8.40 0.78 3.60 -7.90 0.42 5.80 -3.52 0.75 IOTF
21.1 11.5 9.32 CDC

Table 4: Age and sex stratified prevalence of underweight, overweight and obesity in schoolchildren (6-12 years age) and comparative
agreements/disagreements of IOTF and CDC cut-offs, underweight absolute differences: obtained for prevalence: prevalence I0TF-

prevalence CDC, °k: Kappa coefficient, 4 Overweight.

Exposure I0OTF growth standards
Underweight Overweight Obesity
Coeff. (95%-CI) p-value Coeff. (95%-CI) p-value Coeff. (95%-CI) p-value
Age 0.08 (0.05-0.13) 0.000 -0.01 (-0.10- 0.09) 0.825 -0.47 (-0.57--0.38) 0.000
Female sex 0.32 (0.18-0.47) 0.000 -0.17 (-0.54- 0.19) 0.344 0.25 (-0.05- 0.54) 0.099
CDC growth standards
Age 0.08 (0.04-0.13) 0.000 -0.09 (-0.15--0.03) 0.001 -0.40 (-0.46- -0.32) 0.000
Female sex 0.20 (0.04- 0.37) 0.017 -0.18 (-0.40- 0.03) 0.092 0.05 (-0.18- 0.30) 0.669

Table 5: Association of various IOTF and CDC growth standards with age and sex.

Apart from the socioeconomic differences with the studies from
European and American countries the difference with studies from
Brazil, Mauritius and Cameroon, may be explained by the age range
of the studies (Brazil: 7-10 years; Mauritius: 9-10 years; Cameroon:
8-15 years) and its urban population. This may not account for the
probable declining trend in pace of growth at age 11-13 years
(Kelishadietal,2007; Reddy et al, 2009), and reported sudden shift
or growth spurt at the age of nine years in girls (Tanner, 1981;
Kelishadi et al, 2007; Mushtaq et al, 2012). Overall, these results
reflect poor economic growth, lack of health education and
facilitation, no regular growth monitoring of the children, lack of
political will and consequences of social classification in Pakistani
society. A positive association of age and female sex with
underweight prevalence and age related trend in girls in our study
was in consonance with some studies (De-Assis et al, 2005; Yngve
et al, 2008), but in contrast to others (Wang et al, 2002; Jafar et al,
2008; Mushtaq et al, 2011; Wamba et al, 2013). However, age
related trend was not a consistent phenomenon (Rolland-Cachera et
al, 2002; De-Assis et al, 2005; Reddy et al., 2009; Mushtaq et al,
2012). The current study infers that apart from socioeconomics, the
social and cultural aspects may have leading contributions.
Culturally, in Pakistan girls are at a disadvantage from birth and are
subject to discrimination from childhood, while boys are perceived
as an economic and social utility and enjoy more family resources
and care than girls of the same age (Qadir et al,, 2011). This was also
visible from our results in Charsadda for having low underweight
prevalence and minor differences between girls and boys for its
more cultural flexibility than the remaining districts.

Our results revealed lower prevalence estimates of overweight than
the studies conducted in Europe (Yngve et al., 2008), North America

(Janssenetal, 2005), Southeast Asia and the Eastern Mediterranean
region (Best et al., 2010) as compared with the study conducted in
Swabi distract of Pakistan (Atta Ullah et al, 2023) and a study
conducted in 7 districts of Punjab Province of Pakistan (Tanveer et
al.,, 2024).
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Figure 1: Prevalence differences in underweight, overweight and
Obesity among districts based on IOTF and CDC cut-offs.
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Figure 2: Association of age with BMI z-score among boys and girls in the studied districts.

The potential explanations were differences in eating habits,
nutrition transition and early recognition of weight gain as a public
health problem. However, it highly depends on the selection of cut-
offs, as when applying CDC cut-offs, our results were closer to mean
prevalence of overweight in the Southeast Asian region (Best et al,
2010). Furthermore, the regional trends also cannot be undermined.
Studies from Brazil (De-Assis et al., 2005) and Mexico (Hernaindez
et al, 2003) reported an increased occurrence of prevalence of
elevated than normal weight of 15.6% and 19.5% respectively,
applying the same cut-offs and age range like ours justifying to the
general tendency of higher overweight prevalence in Latin America
(Bestetal, 2010). Regarding higher overweight prevalence in boys
in all ages our results were in agreement with previous studies
(Sharma et al.,, 2007; Yngve et al., 2008; Khadilkar et al, 2011) but
were in contrast to other (Wang et al, 2002; Suter and Ruckstuhl,
2006).
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Figure 3: Age and sex-stratified kappa-statistics for the
underweight, overweight and obesity prevalence based on CDC and
IOTF cut-offs.

Evidence suggest greater chances of obesity among children from
more deprived families (Knai et al, 2012). Obesity other than
overweight was more vulnerable as it can be a lonely risk factor that
lead to death of an individual (WHO, 2015). Our study was primarily
conducted in children of social disadvantage and resulted in a
reasonably higher prevalence of obesity in children in comparison
to European countries, North America (Janssen et al,, 2005; Suter
and Ruckstuhl, 2006; Yngve et al, 2008), Cameroon (Wamba et al,
2013), Mauritius (Caleyachetty et al., 2012) and previous studies
from the Indian sub-continent including Pakistan (Sharma et al,
2007; Khadilkar et al., 2011; Aziz et al., 2012). The higher prevalence
of obesity in younger aged children (6-8 years) and in girls than in
boys, was in agreement with some studies (Suter and Ruckstuhl,
2006; Sharma et al, 2007; Yngve et al, 2008; Wamba et al.,, 2013),

but not all including studies from Pakistan (Reddy et al, 2009;
Khadilkar et al, 2011; Khadilkar et al, 2011; Tanveer et al., 2024).
The current study postulate the following aspects, which can be the
factors for the high existence of less than the normal weight and
obesity. First, in Pakistan an aspect of, children being more
vulnerable to inadequate nutrition, but on the other hand, they
consume energy-dense, micronutrient-poor foods (WHO, 2015).
These dietary routine and habits consequence by and lower physical
exertion, result in the increase of obesity occurrence, while under-
nutrition issue remain unsolved (WHO, 2015). The most typical
example presented was in Kohat for the parallel prevalence of
underweight and obesity. Secondly, reduced mobility, particularly
in girls, may have partly increased the overall prevalence of obesity
because of cultural restrictions. In Pakistan, boys gain autonomy
and freedom of movement, while girls are systematically restricted
to houses at a young age. It was recorded in a transitional shift of
obesity prevalence in children of both sexes at the age of 9 years.
Thirdly, the higher use of motorized commuting in spite of social
disadvantage in such rural areas in recent years may have partially
been contributing (Bell et al, 2002), because bicycle use was
hampered due to lacking tracks and socio-cultural tendencies.
Additionally, in Pakistan the planned structured physical activities
were either lacking or reduced in school or at home, which might
contribute to an increasing weight gain. Finally, the hypothesis of
direct-independent and causal association between television (TV)
viewing and higher indices of obesity (Robinson, 1999; Bettoni,
2002; Janssen etal.,, 2005) may not be a dominant factor in our study
area, because of long breakages in electricity supply (locally called
as load shedding) in rural areas. TV watching imposing molecular
habit formation (Sudakov, 2001) for sedentary life style and
fashioned foods leading to programming of childhood obesity
(Ludwig and Gortmaker, 2004). Such a multitasking during eating
was a risk factor for passive overeating (Suter and Ruckstuhl, 2006).
This aspect may particularly affect children of younger ages before
the start of extensive schooling and may be affecting children in
Charsadda and Kohat given their comparatively high urban
facilitation. Our results also depict a direct effect of economic
richness in districts for parallel high prevalence of overweight along
with higher obesity prevalence in Charsadda and Kohat. In current
study, a sudden drop in obesity prevalence at an age of 9 years and
onwards probably for the increase in parental spending on
schooling introducing economic stress in the family, actual
schooling stress and for comparatively higher chances of physical
activities at this age and onwards.

In our study the two cut-offs (IOTF and CDC) showed disparity of
results in both sex and age strata when applied to the same
population. The underweight prevalence defined by I0TF cut-offs,
may have overestimated it with an absolute difference compared to
CDC cut-offs of 8.40%. These results were similar with previous
studies (Tuan and Nicklas, 2009; Mushtaq et al.,, 2012; Wamba et al,
2013), owing to the fact of an organized increase in underweight
prevalence defined by IOTF cut-offs in comparison to CDC growth
charts. Differences of economics, population size and social
heterogeneities and adult’s cut-offs adopted for children may have
led to higher rates of underweight in our population based on IOTF
definition.

In case of overweight and obesity the IOTF cut-offs determines
inclined lower estimate of the weight problem because of the mean
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differences in the reference values in comparison to CDC cut-offs.
Based on sexes, for male children the differences between the 2
references values for elevated than normal weight and obesity were
~0.5 and 1.5-2.0 BMI units, respectively in favour of IOTF. Having
no differences for female children, related to elevated than normal,
even then for in male children, the IOTF cut-offs are ~1.0 BMI unit
higher for boys (Flegal et al, 2001). As a result the IOTF cut-offs
favours identifying the issues when it has already surpassed the
level (Vidal et al, 2006). These differences explain the lower
prevalence estimate of our sample and in the previous studies with
the IOTF cut-offs (Flegal et al, 2001; Jafar et al, 2006; Vidal et al.,
2006), however, this was in contrast to other studies (Kelishadi et
al, 2007; Wamba et al, 2013). These comparisons include studies
predominantly from high-income countries, but also include middle
and low income countries. Therefore, economic, genetic, cultural,
and nutritional factors may have contributed to the differences in
the results. Our results and varying prevalence around the globe
support the increasing opinion for developing population-specific
references because of these factors. In line with the general trend
(Zimmermann et al, 2004; Kelishadi et al, 2007; Wamba et al,
2013), but not in all (O'Neill et al, 2007; Jafar et al, 2008), the
obesity prevalence in our study was lower based on IOTF cut-offs
than CDC cut-offs with an absolute difference of -3.52%. We propose
that different population dynamics and accuracy and sensitivity of
IOTF cut-offs for defining elevated than normal weight was more
than that of obesity (Cole et al, 2000). Other than that, the higher
sensitivity and specificity of CDC reference for obesity than the IOTF
(Zimmermann et al., 2004) and the false-negative rate for IOTF cut-
offs was estimated as 38% for boys and 52% for girls (Zimmermann
et al, 2004). Based on IOTF references 40-50% obese children
remained unidentified in Swiss children population, which may be
the case in our population as well (Zimmermann et al.,, 2004).
The previous studies conducted in Chinese, Indonesian and
Vietnamese children revealed that the absolute differences between
CDC and IOTF cut-offs and kappa statistics varied with the different
ethnicities, sex and age (Tuan and Nicklas, 2009). The authors
further postulated that the differences in maturation timing may be
contributing to ethnic differences (Kaplowitz, 2006; Euling et al,
2008). In comparison differential distributions of underweight,
overweight and obesity in the three districts may be partly
attributable to different tribal affiliations, which in turn be
associated with variations in maturation timing, sociocultural
factors, inheritance lines, nutritional intakes and other variable
factors. Overall our results were in consonance with the previous
studies for showing combined existence of both underweight and
obesity prevalence (Wang et al, 2002; De-Assis et al., 2005). The
transition in weight trends was an important delima for Pakistan
likely that of the other countries of similar stature. Currently, the
main focus in nutritional programs was dealing with under
nutrition, which may push the obesity prevalence in those
populations with slight under nutrition (Uauy et al, 2001).
CONCLUSION: Irrespective of the method used, there is critical co-
existence of underweight and obesity in children living in the rural
low socioeconomic population of North-West Pakistan. The current
study hypothesize that cultural tendencies apart from other factors
were contributing to the higher prevalence and critical co-existence
of underweight and obesity particularly in the girls. The disparity in
our results, between CDC and IOTF cut-offs in comparison to other
populations, suggest the influence of different socioeconomics,
cultural and genetic factors.
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Questionnaire (For Respondent):

Name:
, Height (cm):

, Tehsil:
Weight (Kg):

District:
Age (Years):

Village:

, Father name:
BMI (kg/m2)":

O
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