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Abstract

Original Article

IntroductIon

Anthropometric evaluation is a key component of pediatric 
medical visits, allowing for the early identification of growth 
abnormalities and detecting potentially treatable conditions 
or known genetic syndromes.[1] Weight and height (for 
children >2 years) and length (for children <2 years) are the 
critical aspects of this evaluation.[2]

Short stature is defined as a condition in which the height 
of an individual is 3rd percentile for the mean height of a 
given age, sex, and population group and is an indicator of 
chronic malnutrition or diseases—which, if unrecognized, 
could lead to blunting of cognitive development, and motor 
and psychological development are also impacted, with 
effects that last into adulthood, such as an increased risk for 
chronic noncommunicable diseases with greater susceptibility 
to infectious diseases.[3,4] In recent literature studies, the 
prevalence of SS in school‑going children is 2–3%.[5,6]

No similar studies and literature are available on the prevalence 
of short stature in school‑going children in the Himalayan belt 
of India for this age group. In this study, we intend to determine 
the prevalence of short stature in school‑going children of age 
5–16 years in Rishikesh, situated in the Himalayan foothills.

Study deSIgn

Uttarakhand is a state in the foothills of the Himalayas and has 
a population of 10,086,292, according to the 2011 Census of 
India.[7] This observational cross‑sectional study was conducted 
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on various government and private school‑going children aged 
5 to 16 years in Rishikesh, Uttarakhand. The data collection 
was performed from October 2019 to July 2021.

Sample size calculation
According to previous studies, the prevalence of short stature 
was 2.86% in school‑going children aged 4 to 16 years in 
the South Indian District. The total number of target students 
from seven schools in this study was 6833, and with 95% of a 
confidence interval, the sample size was 3942; after convenient 
sampling, 4189 were enrolled according to exclusion criteria.

Inclusion criteria
After ethical approval from the All India Institute of Medical 
Sciences, Rishikesh, Uttarakhand, India, school‑going 
children (government, aided, and private schools) of Rishikesh 
in the Dehradun District between 5 and 16 years of age were 
included in the study. A total of seven schools were included. 
Consent was taken from principal of schools, and the forms 
were sent to the parents through children for their consent. 
Verbal assent was taken from the participants.

Exclusion criteria
Children with congenital disabilities and other chronic illnesses 
and immunodeficiency were excluded. The exclusion criteria 
were verified clinically.

Data collection
The height of all children was measured by keeping their head 
in the Frankfurt plane with occiput, shoulder, buttocks, and heel 
touching the vertical board of a wall‑mounted stadiometer. It 
was recorded to the nearest 0.1 cm.

Height was plotted on Indian Academy of Pediatrics (IAP)
Khalidkar’s[8] growth chart. Children with heights less than the 
3rd centile were considered short stature.[9] Children with short 
stature were advised to follow‑up in Out patient department 
(OPD) for detailed evaluation and management.

Statistical analysis
Comparisons of short stature between genders and across 
various age groups were made, and finally, the prevalence of 
short stature among these children was calculated.

The data were coded and recorded in MS Excel spreadsheet 
program. SPSS v23 (IBM Corp.) was used for data analysis. 
Descriptive statistics were elaborated in the form of means 
or standard deviations and medians or IQRs for continuous 
variables and frequencies and percentages for categorical 
variables [Table 1]. The Chi‑square test was used for group 
comparisons for categorical data [Tables 2‑4].

reSultS

Seven schools were included in the study, which had 4243 
children participating. Data analysis was done for 4189 of 
them, and the rest was omitted according to the exclusion 
criteria. The comparison was made between genders and across 
three age groups: 5–8 years, 9–12 years, and 13–16 years. 

The mean age was found to be 11.67 ± 2.60 years, with 
1960 (46.8%) males and 2229 (53.2%) females, and 14.9% of 
the participants lied in the age group of 5–8 years, 40.2% of the 
participants lied in the age group of 9–12 years, and 44.9% of 
the participants lied in the age group of 13–16 years [Table 1].

The mean height for the age group of 5–8 years was 
119.67 cm, and the median was 121 centimeters. The same 
for 9–12 years was 137.63 and 138 centimeters, respectively. 
Children between 13 and 16 years had a mean height of 
154.43 centimeters, and the median was 154 centimeters. 
The prevalence of short stature was 7.1% in the present study.

Table 1: Categorical presentation of sample according to 
age, sex, and prevalence of short stature

Variables Mean±SD Median (IQR) Frequency (%)
Age (years) 11.67±2.60 12.00 (10.00‑14.00)
Age group

5–8 years 624 (14.9%)
9–12 years 1684 (40.2%)
13–16 years 1881 (44.9%)

Gender
Male 1960 (46.8%)
Female 2229 (53.2%)

Height (cm) 143.16±15.09 144.00 (132.00‑154.00) 
Short stature 
(present)

296 (7.1%)

Table 2: Short stature in age group of 5–8 years 
(n=623)

Short 
stature

Gender Chi‑square test

Male Female Total χ2 P
Present 13 (4.5%) 10 (3.0%) 23 (3.7%) 1.051 0.305
Absent 274 (95.5%) 326 (97.0%) 600 (96.3%)
Total 287 (100.0%) 336 (100.0%) 623 (100.0%)

Table 3: Short stature in age group of 9–12 years 
(n=1684)

Short 
stature

Gender Chi‑square test

Male Female Total χ2 P
Present 80 (9.6%) 55 (6.5%) 135 (8.0%) 5.563 0.018
Absent 754 (90.4%) 795 (93.5%) 1549 (92.0%)
Total 834 (100.0%) 850 (100.0%) 1684 (100.0%)

Table 4: Short stature in age group of 13–16 years 
(n=1881)

Short 
stature

Gender Chi‑square test

Male Female Total χ2 P
Present 51 (6.1%) 87 (8.3%) 138 (7.3%) 3.477 0.062
Absent 787 (93.9%) 956 (91.7%) 1743 (92.7%)
Total 838 (100.0%) 1043 (100.0%) 1881 (100.0%)



Sharma, et al.: Short stature for age in children of 5 to 16 years

Indian Journal of Community Medicine ¦ Volume 48 ¦ Issue 5 ¦ September-October 2023694

In male participants, short stature was larger in proportion 
compared with females in the 9–12 years of age group.

However, there was no significant difference in the distribution 
of short stature between the age groups of 5–8 years and 
13–16 years. Participants in the group age group of 9–12 years 
had the most significant proportion of short stature as shown 
in [Table 5]. It was also noticed that 58% of all the children 
were below the 50th centile.

dIScuSSIon

Short stature can be a variant of average growth or secondary 
to pathological causes. It is essential to differentiate between 
the two as their management varies. Nonfamilial stunting is 
a predictor of long‑term insufficient calorie intake or chronic 
malnutrition, leading to impaired cognitive development, 
motor delay, increase in the risk of chronic noncommunicable 
diseases, and secondary immunodeficiency.[10]

Prevalence studies estimate the problem and are essential 
for surveillance purposes.[11] Knowing how big the problem 
is important to plan for subsequent interventions. This study 
estimated the prevalence of short stature in school‑going 
children aged 5–16 years in Rishikesh, Uttarakhand.

Our study found that the prevalence of short stature in 
school‑going children was around 7.1%, which is higher than 
the prevalence in previous studies of India and other parts of the 
world. The overall majority of SS was 2.86% in a cross‑sectional 
study of schoolchildren aged 4–16 years in the South Indian 
District.[5] In a study conducted in China, the SS rate was around 
3.26% among 6‑ to 18‑years age group.[12] According to Wang 
et al.,[6] the average SS detection rate in primary and middle 
school students in Anhui Province was 3.16 percent.

It was also noticed that 58% of them were below the 
50th centile, showing that most were shorter than the national 
average as most of the students’ families belong to hilly areas 
in our study. A study from the University of Cambridge stated 
that high altitude is a challenging environment with low 
oxygen levels and poor crop yield. Hence, the conversion 
of food into energy is not very efficient. Limited energy is 
available for growth, explaining the higher prevalence of short 
stature among people living in mountain areas.[13] The higher 
prevalence of iodine deficiency disorders among people living 
in the mountains is also one factor responsible for shorter 
height in this population.[14] However, various other factors 
such as socioeconomic status, level of education, nutritional 
status, and genetic potential determine an individual’s height.[15]

Prevalence was studied for various age groups; within 
the age group of 5–8 years, short stature was reported at 
3.7% (23/623), which was the least in all age groups; this 
might be due to the smaller sample size, besides that low 
height velocity with environmental and genetic factors,[16] and 
it was 7.3% (138/1881) in the age group of 13–16 years, while 
in children in the age group of 9–12 years, 8% (135/1684) 
of short stature was found, which was the most significant 
proportion [Table 3], and males have more short stature than 
females in this age group of 9–12 years because males attain 
late peak height velocity as compared to females.[17]

Further evaluation for short stature was done in the 
referral centers. Limited studies compared children’s height 
and their growth potential on plains to those living in 
hilly areas, which can be a potential area of research in the 
future.

However, the school health services should be linked to the 
Ayushman Bharat program, and the health and wellness center 
initiatives can use Ayushman Bharat Program (ABP).[18]

concluSIon

The identification of short stature in the growing phase of 
children is crucial. The males were more prone to short 
stature in the age group of 9–12 years. Adequate health 
education should be imparted in parents, teachers, and school 
management regarding the growth and evaluation by healthcare 
workers. Primary physicians who practice in these regions will 
have to cater to children.

Financial support and sponsorship
This work was supported by AIIMS Rishikesh under a 
grant (205/IEC/IM/2019).

Conflicts of interest
There are no conflicts of interest.

referenceS
1. Rogol AD, Hayden GF. Etiologies and early diagnosis of short 

stature and growth failure in children and adolescents. J Pediatr 
2014;164(5 Suppl):S1‑14.e6.

2. Vargatu I. Williams textbook of endocrinology. Acta Endocrinol 
2016;12:113.

3. Grummer‑Strawn LM, Reinold C, Krebs NF; Centers for Disease 
Control and Prevention (CDC). Use of World Health Organization and 
CDC growth charts for children aged 0‑59 months in the United States. 
MMWR Recomm Rep 2010;59:1‑15.

4. Fink G, Rockers PC. Childhood growth, schooling, and cognitive 
development: Further evidence from the Young Lives study. Am J Clin 

Table 5: Short stature in different age groups (n=4189)

Short stature Age group Chi‑square test

5–8 years 9–12 years 13–16 years Total χ2 P
Present 23 (3.7%) 135 (8.0%) 138 (7.3%) 296 (7.1%) 13.325 0.001
Absent 600 (96.3%) 1549 (92.0%) 1743 (92.7%) 3892 (92.9%)
Total 623 (100.0%) 1684 (100.0%) 1881 (100.0%) 4189 (100.0%)



Sharma, et al.: Short stature for age in children of 5 to 16 years

695Indian Journal of Community Medicine ¦ Volume 48 ¦ Issue 5 ¦ September-October 2023 695

Nutr 2014;100:182‑8.
5. Velayutham K, Sivan Arul Selvan S, Jeyabalaji RV, Balaji S. 

Prevalence and etiological profile of short stature among school 
children in a South Indian Population. Indian J Endocrinol Metab 
2017;21:820‑2.

6. Wang Q, Liu DY, Yang LQ, Liu Y, Chen XJ. The epidemic characteristics 
of short stature in school students. Ital J Pediatr 2015;41:1‑6.

7. Home | Government of India. Available from: https://censusindia.gov.in/
census.website/. [Last accessed on 2022 Jul 14].

8. Khadilkar V, Yadav S, Agrawal KK, Tamboli S, Banerjee M, 
Cherian A, et al. Revised IAP growth charts for height, weight and 
body mass index for 5‑ to 18‑year‑old Indian children. Indian Pediatr 
2015;52:47‑55.

9. Subspecialty Group of Endocrinologic, Hereditary and 
Metabolic Diseases; Society of Pediatrics, Chinese Medical 
Association. [Guidelines for diagnosis and treatment of children with 
short stature]. Zhonghua Er Ke Za Zhi 2008;46:428‑30.

10. de Onis M, Branca F. Childhood stunting: A global perspective. Matern 
Child Nutr 2016;12(Suppl 1):12‑26.

11. El Mouzan MI, Al Herbish AS, Al Salloum AA, Foster PJ, Al Omer AA, 
Qurachi MM. Prevalence of short stature in Saudi children and 
adolescents. Ann Saudi Med 2011;31:498‑501.

12. Ruo‑qian CH, Shui‑xian SH, Yue‑zhen TU, Hong XI, Hui WA, Di‑jing ZH, 
et al. A cluster systematic sampling survey of the body height distribution 
profile and the prevalence of short stature of urban and surburban children 
aged from 6 to 18 years in Shanghai. Chin J Evid Based Pediatr 2009;4:5.

13. Payne S, Rajendra Kumar BC, Pomeroy E, Macintosh A, Stock J. Thrifty 
phenotype versus cold adaptation: Trade‑offs in upper limb proportions 
of Himalayan populations of Nepal. R Soc Open Sci 2018;5:172174.

14. Eastman CJ, Zimmermann MB. The Iodine Deficiency Disorders. 
Endotext [Internet]. 2018 Feb 6. Available from: https://www.ncbi.nlm.
nih.gov/books/NBK285556/. [Last accessed on 2022 Jul 26].

15. Jelenkovic A, Sund R, Yokoyama Y, Latvala A, Sugawara M, Tanaka M, 
et al. Genetic and environmental influences on human height from 
infancy through adulthood at different levels of parental education. Sci 
Rep 2020;10:7974.

16. Almutairi RA. Short stature in children. Almutairi 2018;2:9‑15.
17. Tsutsui T, Iizuka S, Sakamaki W, Maemichi T, Torii S. Growth until 

peak height velocity occurs rapidly in early maturing adolescent boys. 
Children (Basel) 2022;9:1570.

18. Lahariya C. Health & Wellness Centers to strengthen primary health 
care in India: Concept, progress and ways forward. Indian J Pediatr 
2020;87:916‑29.


