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Short stature, also called stunting, in children and 
adolescents is a common reason for referral to 
specialized clinics for investigation. In addition 

to obvious causes such as dysmorphic syndromes, skel-
etal dysplasias, systemic and endocrine diseases, short 
stature may be the only presentation of some treatable 
conditions such as isolated growth hormone deficiency 
and celiac disease.1-3 After all known causes are exclud-
ed, there remains an entity called isolated, idiopathic 
short stature in “normal” children. The causes of short 
stature in this group are thought to be related more to 
environmental factors, such as chronic undernutrition, 
than to genetics.4 It has been shown that higher energy 
availability, female literacy and gross domestic product 
were the most important factors associated with a lower 
prevalence of stunting.5 For example, a study from Brazil 
showed that the reduction in socioeconomic inequality 
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resulted in marked decrease in stunting.6 In addition to 
psychosocial implications,7,8 short stature has been as-
sociated with overweight and obesity with all the risk 
implications.9,10 Although the prevalence of undernutri-
tion, including stunting, in preschool children has been 
extensively reported from most countries,11 information 
on the prevalence of short stature in older children and 
adolescents is scarce worldwide. Therefore, the objective 
of this study was to establish the national prevalence of 
short stature in Saudi children and adolescents. 

PATIENTS AND METHODS
The prevalence of short stature in Saudi school-age chil-
dren and adolescents (5-18 years of age) was calculated 
from the data set of the national Saudi reference. The 
design and methodology of the survey used to establish 
the latter reference have been reported in detail else-
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where.12 In brief, a multistage probability procedure was 
used to randomly select a cross-sectional sample from a 
stratified listing of the population of Saudi Arabia that 
was available at the time of study design. Therefore, 
the sample was representative of all the socioeconomic 
strata, including weighted urban-rural representation. 
House-to-house visits were made to all selected houses, 
where primary care physicians and nurses completed 
a survey questionnaire, clinical examination and body 
measurements. Weight and stature measurements were 
performed on all healthy children and adolescents by 
trained physicians and nurses according to recommend-
ed standards.13 The prevalence of moderate and severe 
short stature was defined as the proportion of children 
whose standard deviations score (z score) for stature for 
age was below -2 and -3, respectively. The 2007 World 
Health Organization (WHO) reference was used to 
calculate the prevalence of moderate and severe short 
stature. Two other commonly-used references, the 1977 
National Center for Health Statistics (NCHS), subse-
quently recommended by WHO in 1978 and became 
known as the 1978 NCHS/WHO reference; and the 
2000 Center for Disease Control (CDC) reference were 
used for comparison of our data with that found in the 
literature.14,15 All calculations were performed using 
appropriate software published by the WHO and the 
CDC, respectively.16,17 The chi-square test was used to 
compare proportions, and a P value of <.05 was consid-
ered significant.

RESULTS
The national sample size in the Saudi reference was 
19 372 healthy children and adolescents 5 to 17 years 
of age, with 50.8% of them being boys. Applying the 
2007 WHO reference to this sample, the prevalence 
figures for moderate and severe short stature in boys 
were 11.3% and 1.8%, respectively (Table 1) and 10.5% 
and 1.2%, respectively, for girls (Table 2). In the 1978 
NCHS/WHO reference, boys had a significantly 
higher prevalence than girls (12.1% vs. 10.9%; P=.011); 
whereas no significant difference in prevalence between 
boys and girls was found using either the 2000 CDC 
(11% vs. 11.3%; P=.518) or the 2007 WHO reference 
(11.3% vs. 10.5%; P=.086) (Table 3). Comparison of 
the effect of the type of reference on the prevalence 
of short stature revealed different results for boys and 
girls. In boys, the prevalence was significantly higher us-
ing the 1978 NCHS/WHO reference than when us-
ing the 2000 CDC reference (12.1% vs. 11%; P=.018). 
Similarly, there was no significant difference in the over-
all prevalence in boys, neither between the 2007 WHO 
and 2000 CDC references (11.3% vs. 11%; P=.524) nor 

Table 1. Prevalence of short stature by age in boys (2007 WHO reference).

Age 
(years) Number % < –3 SD 95% CI % < –2 SD 95% CI

5 757 2.1 1 to 3.2 9 6.9 to 11.1

6 761 1.2 0.3 to 2 10.9 8.6 to 13.2

7 798 1.9 0.9 to 2.9 7.6 5.7 to 9.6

8 811 1.2 0.4 to 2.1 7.8 5.9 to 9.7

9 786 0.5 0 to 1.1 7 5.2 to 8.8

10 783 1.3 0.4 to 2.1 7.9 6 to 9.9

11 761 0.5 0 to 1.1 8.8 6.7 to 10.9

12 728 1.2 0.4 to 2.1 12.9 10.4 to 15.4

13 749 2.1 1 to 3.2 16.7 14 to 19.4

14 721 2.9 1.6 to 4.2 15.8 13.1 to 18.5

15 633 3.3 1.8 to 4.8 13.9 11.1 to 16.7

16 626 2.7 1.4 to 4.1 16.1 13.2 to 19.1

17 522 1.9 0.6 to 3.2 14.4 11.3 to 17.5

18 417 2.6 1 to 4.3 12.9 9.6 to 16.3

Overall 9853 1.8 1.5 to 2 11.3 10.6 to 11.9

SD: standard deviation. CI: confidence interval

Table 2. Prevalence of short stature by age in girls (2007 WHO reference).

Age 
(years) Number % < −3 SD 95% CI % < −2 SD 95% CI

5 701 1.6 0.6 to 2.6 9 6.8 to 11.2

6 734 1 0.2 to 1.7 5.7 4 to 7.5

7 779 1.4 0.5 to 2.3 7.7 5.8 to 9.6

8 752 1.5 0.5 to 2.4 6.3 4.5 to 8

9 724 1.1 0.3 to 1.9 7.9 5.8 to 9.9

10 816 1.1 0.3 to 1.9 9.8 7.7 to 11.9

11 708 1.1 0.3 to 2 12.9 10.3 to 15.4

12 709 1.8 0.8 to 2.9 10.3 8 to 12.6

13 680 1.6 0.6 to 2.6 12.6 10.1 to 15.2

14 690 0.6 0 to 1.2 13.3 10.7 to 15.9

15 609 0.8 0 to 1.6 12.6 9.9 to 15.4

16 616 0.3 0 to 0.9 14.6 11.7 to 17.5

17 530 1.1 0.1 to 2.1 13.6 10.6 to 16.6

18 471 1.9 0.6 to 3.3 15.1 11.7 to 18.4

Overall 9519 1.2 1 to 1.4 10.5 9.9 to 11.1

SD: standard deviation. CI: confidence interval.
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between the 1978 NCHS/WHO and 2007 WHO 
references (12.1% vs. 11.3%; P=.524). In girls, the dif-
ference in the prevalence of short stature was not sig-
nificant between any of the pairs of the three references. 
There was no significant difference in prevalence nei-
ther between the 2000 CDC and 1978 NCHS/WHO 
(11.3% vs. 10.9%; P=.397) references nor between 
the 1978 NCHS/WHO and 2007 WHO references 
(10.9% vs. 10.5%; P=.397) or between 2000 CDC and 
2007 WHO references (11.3% vs. 10.5%; P=.524). 

DISCUSSION
Prevalence data are important for the surveillance of 
physical growth of children in populations over time. 
Although considerable attention has been given to mon-
itoring growth in preschool children, there is increasing 
interest in school-aged children and adolescents. The 
fact that most cases of short stature in this age group 
are the result of the chronic effect of malnutrition and 
increasingly reported health hazards, provides further 
support to the need for monitoring and prevention. 

The study sample in this report is national and repre-
sentative of Saudi children and adolescents 5 to 18 years 
of age. The slight difference in sample size used in the 
two types of references is due to the fact that calcula-
tions were not performed at the same time, as the 2007 
software was available much later than the other ones.

In this analysis, we have used primarily the most 
recent 2007 WHO reference, which was based on the 
1977 NCHS data, which was reconstructed by WHO 
using state-of-the-art statistical methods.18,19 That pro-
vided the best alignment with the 2006 WHO child 
growth standards.14 Accordingly, the 2007 WHO ref-
erence probably represents the most up-to-date refer-
ence to monitor growth in school-aged children and 
adolescents and therefore has been recommended for 
international use.20 Because most previous reports used 
older references, the 1978 NCHS/WHO and 2000 
CDC references were also used to calculate the preva-
lence of moderate and short stature. Comparison with 
data reported in the literature is difficult because of dif-
ferences in sample selection and study age groups, or 

because of the use of different references to calculate the 
prevalence of short stature. In a report from the West 
Bank, Palestine, the prevalence of stunting in school 
children aged 13-15 years was 9.2% and 7.3% in boys 
and girls, respectively, in Ramallah; and 9.4% and 4.2%, 
in boys and girls, respectively, in Hebron.21 These values 
are much lower than those in our results irrespective of 
the reference used. However, the sample in that study 
was not national, and the IOTF reference was used to 
define stunting as height for age less than the third per-
centile, which roughly corresponds to -2 SD.22 A report 
on stunting in Indian adolescents aged 11-16 living in 
South India that compared them with a sample from 
the same ethnic background but living in Dubai, United 
Arab Emirates (UAE), using the 1978 NCHS/WHO 
reference, revealed a prevalence of stunting of 38.8% 
and 36.9% in boys and girls, respectively, living in India, 
compared to 8.9% and 11.6% for South Indian students 
living in the UAE.23 Such a result is different from the 
average prevalence of stunting in the same age group, 
14.4% and 14.8%, for Saudi boys and girls, respectively. 
The other finding of that report is the marked differ-
ence in prevalence of stunting, an indicator of chronic 
malnutrition, between the two samples of the same 
ethnic origin, but living in different demographic and 
socioeconomic environments. This observation is in 
line with previous reports suggesting that most of the 
national variability in stunting can be explained by 
socioeconomic and demographic factors, and that im-
provement of socioeconomic status led to marked im-
provement of nutritional status in general and a marked 
decline in the prevalence of stunting in children less 
than 5 years of age with expected positive effects on the 
stature of older children.5,6 A cross-sectional study from 
eight provinces in China revealed a prevalence of stunt-
ing in the age group 10-18 years of 23% in 1991, which 
decreased to 19% in 1993.24 Using the 1978 NCHS/
WHO reference, the prevalence of stunting (defined 
as height for age z score < -2 SD) in a rural region of 
South Africa was reported to be between 5% and 7% 
in children and adolescents 5-20 years of age.25 Similar 
prevalence levels of 5.7% were reported from Turkey in 
school children 6-16 years of age,26 whereas a study in 
rural Pakistan reported a prevalence of 16.5% in school 
children 6-12 years of age.27 

In this report, the prevalence of short stature in-
creased with age irrespective of the gender and the type 
of reference used. In addition, although boys tended to 
have a higher prevalence of stunting across most age 
groups, the difference in the overall prevalence was sig-
nificant only in the 1978 NCHS/WHO reference, a 
finding consistent with a previous report from the same 

Table 3. Prevalence of short stature (HAZ < −2 SD) by type of reference.

 
1978 WHO 2000 CDC 2007 WHO

Boys Girls Boys Girls Boys Girls

Number of 
children

(% HAZ < -2 SD) 

9513 
(12.1)

9111 
(10.9)

9513 
(11)

9112 
(11.3)

9853 
(11.3)

9519 
(10.5)

HAZ: Height for age z score
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institution, most probably reflecting the difference in 
timing of maturation between girls and boys resulting 
in a lower growth in girls among school-aged children 
and adolescents.28 The lack of a significant difference be-
tween boys and girls in the two more recent references 
(2000 CDC and 2007 WHO) is interesting and could 
be due to secular changes with a tendency for girls to be 
taller than in previous generations. Finally, the effect of 
the type of reference on the assessment of prevalence of 
short stature in boys and girls, although slightly signifi-
cant only in boys as seen in the difference between the 
prevalence found using the 1978 NCHS/WHO refer-
ence and that found using the 2000 CDC reference, can 
be generally considered insignificant. This pattern could 

be related to the different statistical methods used in 
constructing newer references possibly combined with 
the effect of secular changes. 

In conclusion, this report establishes the baseline 
prevalence of short stature in a representative sample of 
Saudi children and adolescents, which is intermediate at 
the international level. Global improvement in the socio-
economic status of children should lead to reduction in 
the prevalence of short stature at the national level. 
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