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Epidemiology of stunting in <5 years old is well characterized; however, its prevalence in adolescence
is inconsistent in different geographical locations. We estimated the prevalence of stunting in
schoolgirls of Punjab, Pakistan, to standardize local references according to international and national
references. In this population-wide cross-sectional study, 10,050 schoolgirls aged 8-16 years from

12 different districts of northern, central, and southern Punjab were analyzed. The prevalence of
stunting was calculated by applying Centres for Disease Control and Prevention (CDC) and World
Health Organisation (WHO) height-for-age references and the local reference for the study population.
We used Cohen’s kappa statistics to analyze the agreement of our data with reference values, and
chi-square test was used as the test of trend. Marked overestimation of the prevalence of stunting
was observed (22.72% and 17.49% according to CDC and WHO, respectively) in comparison to local
reference (4.94%). According to CDC and WHO references, there was an increasing trend of prevalence
of stunting with higher age; however, data was comparable across all the age groups when local
references were applied. We recommend that the prevalence of stunting in school-age girls should

be determined by applying local height references rather than international ones to plan health
strategies and treatments in the local population.

Abbreviations

CDC Centres for Disease Control and Prevention

IREC Institutional Ethical Review Committee

NHANES National Health and Nutrition Examination Survey
WHO World Health Organization

Stunting is a collective process of diminished body growth that is predominant in the early years of life, i.e., before
3 years of age, and continues into school-age children'. It is a common occurrence in developing countries like
Pakistan and is classified according to World Health Organization (WHO) expert committee report as Height-
for-age Z-score < — 2 standard deviation (SD) from the median height of WHO reference population?. Several
factors can account for stunting, such as poor nutrition, poor childcare, adverse environmental and cultural
conditions, and recurrent chronic infections®. Stunting is also associated with neurocognitive impairment, poor
educational achievement, insufficient social progress, increased cardiometabolic disease risk, increased risk of
obesity, and adverse pregnancy outcomes in females*™®. Recently, new factors, including social identity, prestige,
and ego have emerged as critical drivers of human body development. Collectively called as social-economic-
political-emotional (SEPE) environment, these factors contribute to human height and other growth parameters.
Thus, the individuals with higher SEPE class are taller than those with lower SEPE class, suggesting a role for
SEPE in human growth*!°.

Gender bias and female discrimination is common practice in Southeast Asia, with preference given to male
children over female children'!. Male children are typically sent to better class schools for formal education and
given better quality and/or quantities of food than their female counterparts especially in Southeast Asia''""3,
contributing to a higher prevalence of stunting in females vs. male children'. It is essential to identify stunting
in young females as this is associated with problems in future pregnancies and the birth of premature and low
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birth weight babies!>. Most of the studies conducted on Pakistani children to assess stunting have targeted the
paediatric population less than 5 years of age'®™*°. Data about stunting in school-age children is limited'2°-2,

It is essential to characterize the prevalence of stunting in the high-risk paediatric population of Pakistan, so
that the underlying factors can be identified. Stunting in children <5 years of age is assessed by the universally
accepted WHO height-for-age Z-score reference?. However, no consistent global reference is applied for school-
aged children and adolescents. Two internationally accepted references, i.e., Centre for Disease Control (CDC)
and WHO?>?¢ for estimating stunting, are recommended in public health research and clinical practice. The
prevalence of stunting would vary by applying each of these references due to their different diagnostic criteria.
Four studies conducted in Pakistan among the school-age children to determine the height status have used the
WHO reference and have obtained variable/conflicting results'*'-**. These disagreements can be attributed to
the differences in the population and the methodology employed to generate the height cut-offs. Therefore, to
correctly categorize height status in Pakistani children, population-specific height cut-offs need to be generated
and validated. The recommended two references have not been applied extensively to the Pakistani school-age
population to study the similarities and differences in height status. Moreover, the local height cut-offs compared
to these international references will help understand the degree of agreement in classifying height status among
schoolgirls of Punjab, Pakistan.

The regional differences can contribute to inconsistent data about stunting in Pakistan'***-*, However, data
evaluating these regional differences is limited, and no conclusion can be drawn. Highlighting the impact of
these regional differences upon the prevalence of stunting will help tackle this issue in school children in a more
efficient manner by modifying the area-based programs. Centile curves for height have recently been gener-
ated, comparing the percentile values of height with international references?, but estimates of height status are
unknown in our study population. Moreover, the regional differences were not considered previously.

In this study, we aimed to fill these gaps by determining the degree of agreement of our local height-for-age
cut-offs obtained from 8 to 16-year old schoolgirls compared to CDC and WHO references. We estimated height
status in Punjab and then dissected our data in northern, central, and southern Punjab. We hypothesized that the
height status of our study participants is only slightly comparable with the international references, and there is
marked inconsistency between various regions of Punjab.

Methods

Study group. Stunting was classified based upon WHO 2007 reference with height “ — 2SD from the median
height of the reference population? and height * 5th percentile of the reference population according to CDC
2000 reference®. The local reference used in the study has been obtained from our dataset of 10,050 schoolgirls,
and stunting was classified based upon height * — 2SD from the median height of the reference population.
Briefly, 10,050 school-age girls were recruited by using a stratified multi-stage cluster sampling technique?.
The study participants were 8-16 years of age and were enrolled from 12 districts and 35 public and private
schools in semi-urban, urban, and rural Punjab. Punjab province was subdivided into three strata i.e., north-
ern, central, and southern Punjab, due to topographical, geographical, cultural, environmental and population
differences. The three regions of Punjab vary markedly in terms of population density; therefore 1355 (13.5%)
girls were recruited from northern, 6580 (65.47%) from central and 2115 (21%) from southern Punjab. From
each sub-stratum identified, 12 out of 36 districts (geographical division by the Government) were selected as
clusters. Districts were stratified using probability proportional to size technique taking into consideration the
percentage of adolescent population in each district after obtaining information from Pakistan census bureau®.
The ethical approval of the study was obtained from The Institutional Ethical Review Committee (vide letter
no UHS/ERB/22546/2014) and was conducted at the Department of Physiology & Cell Biology, University of
Health Sciences, Lahore, starting in January 2015. This study was conducted in accordance with the Declaration
of Helsinki*.

Anthropometric measurements. Anthropometric measurements are non-invasive quantitative meas-
urements of the body. According to CDC anthropometric measurements provide a valuable tool for assess-
ing nutritional status in children and adults®. Anthropometric measurements were recorded for everyone by
trained personnel following CDC’s recommendations.

Statistical analysis. All data entry and analysis were performed using SPSS Version 15.0 (SPSS Inc. Chi-
cago IL, United States, 2009). Cohen’s k statistic was used to assess the agreement in the classification of stunting
between the international references CDC, WHO, and our study population Height-for-age cut-offs. k < 0.6
was defined as the poor agreement, 0.6 to < 0.8 as moderate agreement, and > 0.9 as excellent agreement*. Chi-
square test was used as a test of the trend to compare differences in the prevalence of stunting between the groups
under study, p-value <0.05 was considered statistically significant.

Ethics approval and consent to participate. The study was approved by the institutional ethical review
committee of University of Health sciences, Lahore. An informed written consent was obtained from the parents
or legal guardians of schoolgirls participated in this study.

Results

The mean age of 10,050 schoolgirls included in this study was 12.7 +2.29 years (Mean + SD). The overall preva-
lence of stunting in the study population using two international references is described in Fig. 1A. Overall, the
percentage of girls with normal height in different age groups under study was quite similar (77.28% and 82.51%,
respectively). The prevalence of stunted girls in our study cohort was 22.72% and 17.49%, according to CDC
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Figure 1. Age-related prevalence of stunting in schoolgirls 8-16 years using the height-for-age references of
CDC 2000 (dashed line), WHO 2007 (dotted line), and local reference of study group (solid line) in (A) Punjab
(n=10,050); (B) northern Punjab (n=1355); (C) central Punjab (n=6580) and (D) southern Punjab (n=2115).

Height status categories ‘ 8y ‘ 9y ‘ 10y ‘ 11y ‘ 12y ‘ 13y ‘ 14y ‘ 15y ‘ 16y ‘ Overall
CDC reference

No. of children 460 | 606 849 980 1283 | 1608 | 1514 | 1425 |1325 |10,050
Stunting (%) 6.30 |10.73 |7.54 13.16 | 14.89 |20.65 |[30.71 |34.25 |39.25 |22.72
WHO reference

No. of children 460 | 606 849 980 1283 1608 | 1514 |1425 | 1325 | 10,050
Stunting (%) 522 |10.40 |11.78 |20.41 |17.54 |16.17 |18.43 |19.23 |25.13 |17.49
Study group reference

No. of children 460 | 606 849 980 1283 | 1608 | 1514 | 1425 |1325 |10,050
Stunting (%) 3.04 |3.63 4.12 4.80 5.69 6.22 4.62 4.42 5.43 4.94

Table 1. Prevalence of stunting by applying height-for-age specific cut-offs from CDC, WHO, and the study
group in the girls of Punjab; (n=10,050).

and WHO, respectively. The prevalence of stunting was similar for younger girls (8, 9 years) according to CDC
and WHO, higher among girls of 10-12 years according to WHO compared to CDC and highest among girls
of 13-16 years of age according to CDC compared to WHO reference (Table 1, Fig. 1A). When we applied the
local height-for-age cut-offs obtained from our study population, a significantly higher percentage of the girls
had standard height (95.06%, p  0.05, Table 1). The overall prevalence of stunting was markedly lower (4.94%,
p ©0.05, Fig. 1A) in all age groups when using the local reference, compared to CDC and WHO references.
However, among 8-year-old girls, the prevalence of stunting was comparable to all the three references applied.
A notable finding was the increasing trend of prevalence of stunting with increasing age when CDC and WHO
references were applied. However, no such trend was observed when the local cut-offs were applied (Fig. 1A).
We compared the height values obtained from our cumulative study cohort with CDC and WHO references
and used kappa correlation to assess the degrees of agreement between these references and local references.
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Height status categories ‘8y ‘9y ‘IOy ‘lly ‘12y ‘13y ‘14y ‘15y ‘16y ‘Overa.ll

CDC reference

No. of children 137 140 178 143 164 173 150 155 115 1355
Stunting (%) 438 |643 |5.06 |13.29 |2561 |32.37 |38.00 |3290 |36.52 |21.48
WHO reference

No. of children 137 140 178 143 164 173 150 155 115 1355
Stunting (%) 438 |6.43 |9.55 |24.48 |28.66 |26.59 |24.67 |16.77 |27.83 |18.82
Study group reference

No. of children 137 | 140 | 178 |143 164 173 150 155 115 1355
Stunting (%) 0.00 |2.14 |3.37 |1.40 1220 | 1561 |8.67 5.81 6.67 6.46

Table 2. Prevalence of stunting by applying height-for-age specific cut-offs from the CDC, WHO, and the
study group in the girls of northern Punjab; (n=1355).

Height status categories ‘8y ‘9y ‘ 10y ‘ 11y ‘ 12y ‘ 13y ‘ 14y ‘ 15y ‘ 16y ‘Overa.ll
CDC reference

No. of children 231 333 463 634 832 1089 1025 996 977 6580
Stunting (%) 823 [11.41 |9.94 15.14 | 14.66 |19.93 |31.80 |3554 |38.89 |24.29
WHO reference

No. of children 231 | 333 463 634 832 1089 | 1025 | 996 977 6580
Stunting (%) 6.49 |11.11 |15.33 |21.92 |17.31 |15.61 |[19.02 |20.18 |24.87 |18.47
Study group reference

No. of children 231 | 333 463 634 832 1089 | 1025 | 996 977 6580
Stunting (%) 519 |4.20 5.83 6.31 5.53 5.05 4.49 4.72 4.31 5.05

Table 3. Prevalence of stunting by applying height-for-age specific cut-offs from the CDC, WHO, and the
study group in the girls of central Punjab; (n=6580).

There was poor agreement between the local reference in comparison with CDC and WHO (x=0.163, 0.325
respectively) references.

To investigate the region-specific differences, we sub-categorized the data according to three regions of
Punjab, i.e., northern, central, and southern Punjab. The height status of the girls differed across the different
subgroups for cut-off values of CDC, WHO, and local standards. In northern Punjab, accumulative estimates for
the percentage of girls of all age groups with normal height were variable when the two references were applied
(78.52%, 81.18; according to CDC and WHO, respectively) with the highest percentage found when local cut-offs
were applied (93.54%, p * 0.05; Table 2, Fig. 1B). Overall estimates of stunted girls in northern Punjab were in
agreement when these two cut-offs were applied (21.48% and 18.82% according to CDC and WHO references,
respectively). When the individual age groups were assessed, a similar percentage of girls were stunted for ages 8
and 9 years according to CDC and WHO references (4.38% and 6.43% for CDC and WHO respectively). Girls of
ages 10-12 years were more stunted according to WHO (9.55%, 24.48% and 28.66% respectively) as compared to
CDC reference (5.06%, 13.29% and 25.61% respectively), 13—-16-year-old girls had a higher prevalence of stunt-
ing according to CDC (32.37%, 38%, 32.90% and 36.52% respectively) as compared to WHO reference [26.59%,
24.67%, 16.77% and 27.83% respectively (Table 2. Figure 1B)]. Overall, stunting prevalence in northern Punjab
had an agreement across the studied age groups when the two international references were applied. However,
the prevalence of stunting was significantly lower with local cut-offs (6.46%, p * 0.05) in comparison to the two
international references, with the highest prevalence among the 12 and 13-year-old-girls (12.20%, 15.61% girls
stunted respectively).

Estimates of girls with standard height in the central Punjab region were comparable to two international
references applied (75.71%, 81.53% according to CDC and WHO references, respectively), and the highest
prevalence of girls with standard height was found with the local cut-offs (94.95%, p * 0.05, Table 3, Fig. 1C).
Overall estimates of stunting were very high when the two references were applied, with the highest prevalence
obtained with CDC reference (24.29%, 18.47% according to CDC and WHO respectively, Fig. 1C). When CDC,
WHO and local references were assessed for all the age groups individually, girls of 8 and 9 years had a similar
prevalence of stunting, while a higher prevalence was found in 10-12-year-old girls according to WHO, compared
to CDC and local criteria. Stunting was more prevalent in 13-16 years old girls according to CDC as compared
to WHO (Fig. 1C). Markedly low estimates of stunting were observed in all the age groups when local cut-offs
were applied (5.05%, p *0.05) in comparison to CDC and WHO. Generally, among the girls of central Punjab, a
higher prevalence of stunting was observed when applying the CDC and WHO references with increasing age.
However, when local cut-offs were applied, the estimates for stunting among the girls across all the age groups
analyzed was comparable.

In southern Punjab, 81.37% and 86.38% of girls had standard height according to CDC and WHO, respec-
tively (Table 4, Fig. 1D). However, the highest percentage of girls (96.82%) with normal height was obtained
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Height status categories ‘8y ‘9y ‘IOy ‘lly ‘12y ‘13y ‘14y ‘15y ‘16y ‘Overa.ll

CDC reference

No. of children 92 133 208 | 203 287 346 339 274 233 2115
Stunting (%) 435 |13.53 |4.33 |6.90 9.41 17.05 |24.19 |30.29 |42.06 |18.63
WHO reference

No. of children 92 133 208 203 287 346 339 274 233 2115
Stunting (%) 326 |12.78 |577 |12.81 |11.85 [12.72 |13.86 |17.15 |24.89 |13.62
Study group reference

No. of children 92 133 208 | 203 287 346 339 274 233 2115
Stunting (%) 217 |3.76 096 |2.46 2.44 5.20 3.24 2.55 6.06 3.18

Table 4. Prevalence of stunting by applying height-for-age specific cut-offs from the CDC, WHO, and the
study group in the girls of southern Punjab; (n=2115).

Prevalence of stunting according
to international and local
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Figure 2. Prevalence of stunting in schoolgirls 8-16 years according to Height-for-age cut-off values of
international and local references in Punjab and its three regions.

when local cut-offs of height were applied. Accumulative prevalence of stunting was very high according to the
two references, with the highest prevalence reported when CDC reference applied (18.63%, 13.62% according
to CDC and WHO, respectively; Fig. 1D). Next, we investigated the prevalence of stunting among the girls of
each age group. In the younger age groups, i.e., 8-10 years” data according to CDC and WHO was comparable.
In 11 and 12-year-old girls of southern Punjab, a lower prevalence of stunting was seen with CDC compared
to WHO, and from ages 13-16 years, a higher prevalence was found with the CDC reference (Fig. 1D). When
the local cut-offs were employed, a significantly lower prevalence of stunting was found in the girls of southern
Punjab (3.18%; p “ 0.05) compared to CDC and WHO in all the age groups overall with comparable values seen
in the individual age groups. When CDC and WHO references were applied, an increasing trend in stunting was
observed with increasing age in the study participants (Fig. 1D).

When the three regions of Punjab were compared for height status by applying local height-for-age cut-offs,
the highest prevalence of stunting was observed among the girls belonging to northern Punjab and the lowest
prevalence among the girls of southern Punjab (Fig. 2). The CDC reference shows consistently higher rates of
stunting.

Discussion

Our data confirm our hypothesis that significant differences exist in the physical parameters of the study cohort
when compared to internationally recognized references. Additionally, we also report a region-specific variation
in different parts of Punjab. We found a high prevalence of stunting, with statistically significant discrepancies,
when using two international height references. Prevalence of stunting was highest with CDC compared to WHO
reference and local reference. Overall, the two international references for height-for-age showed a moderate
degree of agreement among themselves when they were applied to estimate stunting (Fig. 1A). However, they
showed a poor agreement when CDC and WHO references, compared with the local height-for-age cut-offs.
These findings highlight the importance of choosing the appropriate references to estimate the height status
of children and adolescents to determine stunting, as it can significantly impact the strategies implemented by

Scientific Reports |

(2022) 12:5501 | https://doi.org/10.1038/s41598-022-09511-3 nature portfolio



www.nature.com/scientificreports/

policymakers to address this abnormality. An appropriate assessment of stunting can also affect the decision of
paediatricians to treat such a condition as currently, there is growing evidence that catch-up growth is possible
until 15 years of age®.

We found an overestimation of the prevalence of stunting when WHO standards were applied to our Paki-
stani school-age children'*?'. A similar trend was observed when CDC and WHO references were applied to
determine height status in our study population. There was an increasing trend of stunting with increasing ages
in the schoolgirls when CDC and WHO references were used; however, prevalence of stunting was comparable
across all the age groups when the local reference cut-offs for the study population were applied. We found
approximately 5% stunting in all schoolgirls of Punjab, partly agreeing with a previous study where they found
8% of children were stunted'. However, it is in contrast to another study which shows stunting prevalence of 16%
(6-12 years)'*. Moreover, conflicting results with stunting of 16.7% & 14.3% [5-14 years; according to National
Health Survey of Pakistan (NHSP) and Karachi surveys respectively]*, 15.2% (5-14 years)*, 45.2% (4-12 years),
36% (6-12 years)* and 35% (5-10 years)** were found among school children from various regions of the coun-
try. However, those studies were conducted on a younger population (range = 5-14 years) with smaller sample
sizes (range n=200-2072) than this study (n=10,050). Further, only the WHO reference was applied in those
studies. When WHO references were applied, the overall prevalence of stunting was 17.49%, which is largely
in agreement with the stunting prevalence reported in previous studies as 16%', 15.2%%, 16.7% and 14.3%*
from Pakistan. At the time of writing, there is no published literature where local reference cut-oft for height
is applied, rendering it impossible to compare these findings with previous studies. The prevalence of stunting
by applying international standards in a few studies from Pakistan show higher values and results inconsistent
with these findings!*#2%-22434,

Significant differences were noticed in the estimates of stunting among different regions of Punjab. The high-
est prevalence of stunting was found among the schoolgirls from northern Punjab and the lowest prevalence
in southern Punjab. Interestingly, there was very high stunting estimate among the age groups 12 and 13 years,
respectively. The differences in socioeconomic status, maternal education status, provision of health facilities,
heterogeneous nature of the population, diverse cultural practices, variable food habits, level of child’s growth
and development associated with this chronic malnutrition condition may account for these region-specific
differences®. Recently, an association between SEPE environment and skeletal growth of the human body has
been reported. Thus, the individuals with a higher SEPE class receive positive stimulation and grow taller, while
the individuals with a lower SEPE class receive negative stimulation and stunted growth'’. In addition to SEPE
class, the contribution of several other factors, such as fear, violence, inequality, biosocial stress, to human growth
has also been recognized®. Therefore, it is possible that the height and growth differences in our cohort than
international standards care partly due to SEPE and other recently identified factors.

This study emphasizes the importance of comparing international references to the local study population
for estimating stunting. The need to generate population-specific height references has been highlighted because
of variations in height patterns among pre-adolescent and adolescent children, especially 7-18 years of age®.
Accordingly, it is not justifiable to use a single reference throughout the globe to estimate height status, especially
for Asians®. There are huge differences between the height status of adolescents belonging to different popula-
tions, suggesting variations in growth patterns depending upon the genetic and environmental factors between
these populations®. Moreover, for the authenticity of the population-specific cut-offs, longitudinal studies with
comprehensive application of references are required. There is very limited data available to assess the adult
health status after applying local references. Although there exists a unanimous consensus for the application of
standards to estimate stunting in the younger age groups i.e., till 5 years of age, height-for-age reference values
have not been specified for the young adolescent group, thereby rendering it impossible to obtain consistent
results regarding the prevalence of stunting among school age children.

This study has certain limitations. It is a cross-sectional study, and stunting prevalence was estimated at a
single time point. This study only investigated girls but not the boys. Third, the study participants only included
the schoolgirls belonging to the province of Punjab. This study needs to be expanded to encompass data from
all four provinces of Pakistan.

Conclusions

We report marked differences in the estimation of stunting prevalence among 8-16-year-old schoolgirls of Pun-
jab after applying CDC, WHO, and local height references. Region-wise differences were also discovered in the
prevalence of stunting across all the age groups. The CDC and WHO references showed a significant overestima-
tion of stunting in the study cohort compared to the local reference. There was an increasing trend of stunting
prevalence with the increasing age of the girls. The data highlights the importance of generating population-
specific height references to determine and monitor stunting in adolescents. The estimation of stunting should
be consistent throughout the population to implement appropriate health policies to combat this nutritional
problem in our school-age population.

Data availability

Data is available from the corresponding author on reasonable request.

Received: 24 November 2021; Accepted: 22 March 2022
Published online: 01 April 2022

References
1. Drake, L., Maier, C. & Jukes, M. School age children their health and nutrition. Standing Commitee Nutr. 25, 1-77 (2002).

Scientific Reports |

(2022) 12:5501 | https://doi.org/10.1038/s41598-022-09511-3 nature portfolio



www.nature.com/scientificreports/

2. WHO Expert Committee on Physical Status: the Use and Interpretation of Anthropometry. In Physical Status: the Use and Inter-
pretation of Anthropometry: Report of a WHO Expert Committee (World Health Organization, 1995).

3. Li, Z., Kim, R, Vollmer, S. & Subramanian, S. V. Factors associated with child stunting, wasting, and underweight in 35 low- and
middle-income countries. JAMA Netw. Open 3, €203386. https://doi.org/10.1001/jamanetworkopen.2020.3386 (2020).

4. Miller, A. C., Murray, M. B,, Thomson, D. R. & Arbour, M. C. How consistent are associations between stunting and child develop-
ment? Evidence from a meta-analysis of associations between stunting and multidimensional child development in fifteen low- and
middle-income countries. Public Health Nutr. 19, 1339-1347. https://doi.org/10.1017/S136898001500227X (2016).

5. de Onis, M. & Branca, F. Childhood stunting: A global perspective. Matern. Child Nutr. 12(Suppl 1), 12-26. https://doi.org/10.
1111/mcn.12231 (2016).

6. Dewey, K. G. & Begum, K. Long-term consequences of stunting in early life. Matern. Child Nutr. 7(Suppl 3), 5-18. https://doi.org/
10.1111/j.1740-8709.2011.00349.x (2011).

7. Black, R. E. et al. Maternal and child undernutrition and overweight in low-income and middle-income countries. Lancet 382,
427-451. https://doi.org/10.1016/S0140-6736(13)60937-X (2013).

8. Prendergast, A. J. & Humphrey, J. H. The stunting syndrome in developing countries. Paediatr. Int. Child Health 34, 250-265.
https://doi.org/10.1179/2046905514Y.0000000158 (2014).

9. Bogin, B. Fear, violence, inequality, and stunting in Guatemala. Am. J. Hum. Biol. 34, €23627. https://doi.org/10.1002/ajhb.23627
(2022).

10. Bogin, B. Social-economic-political-emotional (SEPE) factors regulate human growth. Hum. Biol. Public Health 1, 1-20 (2021).

11. Harris-Fry, H., Shrestha, N., Costello, A. & Saville, N. M. Determinants of intra-household food allocation between adults in South
Asia—A systematic review. Int. J. Equity Health 16, 107. https://doi.org/10.1186/s12939-017-0603-1 (2017).

12. Ahmad, J. S. Advocating for education of the muslim girls in South Asia. Promot. Educ. 6, 10-12, 37, 48. https://doi.org/10.1177/
102538239900600204 (1999).

13. Miller, B. D. Social class, gender and intrahousehold food allocations to children in South Asia. Soc. Sci. Med. 44, 1685-1695.
https://doi.org/10.1016/s0277-9536(96)00371-1 (1997).

14. Khuwaja, S., Selwyn, B. J. & Shah, S. M. Prevalence and correlates of stunting among primary school children in rural areas of
southern Pakistan. J. Trop. Pediatr. 51, 72-77. https://doi.org/10.1093/tropej/fmh067 (2005).

15. Gonete, A. T., Kassahun, B., Mekonnen, E. G. & Takele, W. W. Stunting at birth and associated factors among newborns delivered
at the University of Gondar Comprehensive Specialized Referral Hospital. PLoS ONE 16, €0245528. https://doi.org/10.1371/journ
al.pone.0245528 (2021).

16. Khan, G. N. et al. Prevalence and associated factors of malnutrition among children under-five years in Sindh, Pakistan: A cross-
sectional study. BMC Nutr. 2, 1-7. https://doi.org/10.1186/s40795-016-0112-4 (2016).

17. Afridi, M. E, Khushdil, A., Riaz, S. & Ehsan, A. Nutritional status of pre-school children—A cross-sectional study in Mingora,
Swat. J. Postgrad. Med. Inst. 28, 314-318 (2014).

18. Farid-ul-Hasnain, S. & Sophie, R. Prevalence and risk factors for stunting among children under 5 years: A community based
study from Jhangara town, Dadu Sindh. ] Pak Med Assoc 60, 41-44 (2010).

19. Khan Khattak, M. M. A. & Alj, S. Malnutrition and associated risk factors in pre-school children (2-5 years) in district Swabi
(NWFP)-Pakistan. J. Med. Sci. 10, 34-39 (2010).

20. Khan, T., Khan, R. E. & Raza, M. A. Gender analysis of malnutrition: A case study of school-going children in Bahawalpur. Asian
Dev. Policy Rev. 3, 29-48 (2015).

21. Mushtaq, M. U. et al. Prevalence and socio-demographic correlates of stunting and thinness among Pakistani primary school
children. BMC Public Health 11, 790. https://doi.org/10.1186/1471-2458-11-790 (2011).

22. Batool, S. et al. To assess the nutritional status of primary school children in an urban school of faisalabad. Pak. J. Med. Health Sci.
6,776-778 (2012).

23. Anwer, I. & Awan, J. A. Nutritional status comparison of rural with urban school children in Faisalabad District, Pakistan. Rural
Remote Health 3, 130 (2003).

24. Mian, R. M. A,, Ali, M., Ferroni, P. A. & Underwood, P. The nutritional status of school-aged children in an urban squatter settle-
ment in Pakistan. Pak. J. Nutr. 1, 121-123 (2002).

25. de Onis, M. et al. Development of a WHO growth reference for school-aged children and adolescents. Bull World Health Organ.
85, 660-667. https://doi.org/10.2471/b1t.07.043497 (2007).

26. Kuczmarski, R. J. et al. 2000 CDC Growth Charts for the United States: Methods and development. Vital Health Stat. 11, 1-190
(2002).

27. Karim, A. & Qaisar, R. Anthropometric measurements of school-going-girls of the Punjab, Pakistan. BMC Pediatr. 20, 223. https://
doi.org/10.1186/512887-020-02135-4 (2020).

28. Pons-Duran, C. et al. Community delivery of malaria intermittent preventive treatment in pregnancy: Protocol of a quasi-exper-
imental evaluation through multistage cluster sampling household surveys in four sub-Saharan African countries. BMJ Open 11,
€044680. https://doi.org/10.1136/bmjopen-2020-044680 (2021).

29. Krotki, K. J. & Parveen, K. Population size and growth in Pakistan based on early reports of 1972 census. Pak. Dev. Rev. 15, 290-318
(1976).

30. World Medical & A,. World Medical Association Declaration of Helsinki: Ethical principles for medical research involving human
subjects. JAMA 310, 2191-2194. https://doi.org/10.1001/jama.2013.281053 (2013).

31. Casadei, K. & Kiel, J. StatPearls (2022).

32. McHugh, M. L. Interrater reliability: The kappa statistic. Biochem. Med. 22, 276-282 (2012).

33. Gausman, J., Kim, R. & Subramanian, S. V. Stunting trajectories from post-infancy to adolescence in Ethiopia, India, Peru, and
Vietnam. Matern. Child Nutr. 15, e12835. https://doi.org/10.1111/mcn.12835 (2019).

34. Jafar, T. H. et al. Rise in childhood obesity with persistently high rates of undernutrition among urban school-aged Indo-Asian
children. Arch. Dis. Child 93, 373-378. https://doi.org/10.1136/adc.2007.125641 (2008).

35. Saha, U. R., Chattapadhayay, A. & Richardus, J. H. Trends, prevalence and determinants of childhood chronic undernutrition in
regional divisions of Bangladesh: Evidence from demographic health surveys, 2011 and 2014. PLoS ONE 14, €0220062. https://
doi.org/10.1371/journal.pone.0220062 (2019).

36. Haas, J. D. & Campirano, E Interpopulation variation in height among children 7 to 18 years of age. Food Nutr. Bull. 27, S212-223.
https://doi.org/10.1177/15648265060274S505 (2006).

37. Jelenkovic, A. et al. Genetic and environmental influences on height from infancy to early adulthood: An individual-based pooled
analysis of 45 twin cohorts. Sci. Rep. 6, 28496. https://doi.org/10.1038/srep28496 (2016).

Acknowledgements

The authors would like to acknowledge University of Health Sciences, Lahore, Pakistan for providing the sup-
port. The data has been archived in the Department of Physiology & Cell Biology at the University of Health
Sciences, Lahore. The authors would like to acknowledge the assistance rendered by the trained health workers in

Scientific Reports |

(2022) 12:5501 | https://doi.org/10.1038/s41598-022-09511-3 nature portfolio


https://doi.org/10.1001/jamanetworkopen.2020.3386
https://doi.org/10.1017/S136898001500227X
https://doi.org/10.1111/mcn.12231
https://doi.org/10.1111/mcn.12231
https://doi.org/10.1111/j.1740-8709.2011.00349.x
https://doi.org/10.1111/j.1740-8709.2011.00349.x
https://doi.org/10.1016/S0140-6736(13)60937-X
https://doi.org/10.1179/2046905514Y.0000000158
https://doi.org/10.1002/ajhb.23627
https://doi.org/10.1186/s12939-017-0603-1
https://doi.org/10.1177/102538239900600204
https://doi.org/10.1177/102538239900600204
https://doi.org/10.1016/s0277-9536(96)00371-1
https://doi.org/10.1093/tropej/fmh067
https://doi.org/10.1371/journal.pone.0245528
https://doi.org/10.1371/journal.pone.0245528
https://doi.org/10.1186/s40795-016-0112-4
https://doi.org/10.1186/1471-2458-11-790
https://doi.org/10.2471/blt.07.043497
https://doi.org/10.1186/s12887-020-02135-4
https://doi.org/10.1186/s12887-020-02135-4
https://doi.org/10.1136/bmjopen-2020-044680
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1111/mcn.12835
https://doi.org/10.1136/adc.2007.125641
https://doi.org/10.1371/journal.pone.0220062
https://doi.org/10.1371/journal.pone.0220062
https://doi.org/10.1177/15648265060274S505
https://doi.org/10.1038/srep28496

www.nature.com/scientificreports/

obtaining the data and getting the questionnaires filled in from the students. We would also like to acknowledge
the support of school administration, children and their parents for permission to collect data.

Author contributions

Conception and design: A.K. Analysis, statistical evaluation, and interpretation of data: A.K. and R.Q. Drafting
of the manuscript: A.K. and R.Q. Critical revision of the article for important intellectual content: A.K. and R.Q.
Final approval of the manuscript: A.K. and R.Q.

Funding
This work was supported by seed and competitive research grants 1901090149, 2001090180 and 2101090196
awarded to Asima Karim by University of Sharjah, Sharjah, UAE.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to A.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:5501 | https://doi.org/10.1038/s41598-022-09511-3 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	A comparison of international and national references to measure the prevalence of stunting in Pakistani school-age girls
	Methods
	Study group. 
	Anthropometric measurements. 
	Statistical analysis. 
	Ethics approval and consent to participate. 

	Results
	Discussion
	Conclusions
	References
	Acknowledgements


