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Growth charts are one of the most important 
tools available for the assessment of growth 
and nutritional status of children. Although the 

history of growth charts dates to more than 100 years 
ago,1 two growth charts are commonly used worldwide 
at the present time. The first is the Center for Disease 
Control (CDC) 2000 growth charts for United States, a 
reference describing the growth of American children 
and adolescents.2 The second is the 2006 Child Growth 
Standards published by the World Health Organization 
(WHO) and used exclusively for preschool children.3 

However, in view of the ethnic and environmental varia-
tions of growth between populations,4,5 many devel-
oped,6-8 and developing countries,9-11 have developed 
and still use at least in part their own local growth charts. 
In Saudi Arabia, the first national growth charts for pre-
school children were published in 2004.12 This was fol-
lowed by another more comprehensive study published 
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BACKGROUND: Assessment of growth using Z-score methods is important for clinical care and research, 
yet growth reference Z-score data for preschool Saudi children are not available. 
OBJECTIVE: Establish Z-score tables and corresponding growth charts. 
DESIGN: Uses data from a national survey in 2004-2005. 
SETTING: Community-based random sample of preschool Saudi children. 
SUBJECTS AND METHODS: Raw data from the previous nationally representative sample were analyzed 
using the L, M, and S statistical methods to calculate Z-scores of growth. 
MAIN OUTCOME MEASURE(S): Z-scores reference values for weight, length/height, head circumference, 
weight for length/height, and body mass index for age for boys and girls from birth to 60 months of age. 
RESULTS: For 15 601 Saudi children (7896, 50.6 % boys) Z-score tables and graphs from birth to 60 months 
of age were derived for boys and girls. The tables and graphs include weight for age, length/height for age, 
head circumference for age, weight for length/height, and BMI for age. 
CONCLUSION: Z-score reference data on the growth of preschool Saudi infants and children is essential for 
healthcare and research. 
LIMITATION: Does not include regional variations.

in 2007.13 Although a L M S percentile reference for 
Saudi preschool children has recently been published,14 
no Z-score tables or charts have been reported for this 
age group. In view of the importance of Z-score assess-
ment of growth and nutrition for population studies and 
research, we reanalyzed the raw data collected in the 
previous nationally representative survey.13 Our objec-
tive was to produce reference Z-score tables and charts 
for Saudi preschool children. 

SUBJECTS AND METHODS
A complete description of the design including data 
collection and analysis has been reported.13 The sample 
size was determined by a multistage random selection 
of a representative sample from each of the 13 admin-
istrative regions of Saudi Arabia. Data collection was 
performed by field teams including nurses and physi-
cians during house visits. Only healthy children as de-
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termined by history and clinical examination were eli-
gible for body measurement of weight, length or height, 
and head circumference. The length of children below 
3 years of age was measured supine and the height of 
those above 3 was measured upright. Therefore, the 
terminology length/height will be used to cover the 
age range from birth to 60 months. The exact age at 
the time of growth measurement was calculated based 
on official documents in the form of a birth certificate 
or a family card indicating the date of birth on the Hijri 
calendar, subsequently converted to Gregorian dates to 
facilitate comparison with growth charts of other popu-
lations.

Statistical analysis
To calculate the standard deviations (-3 to +3) of weight, 
length/height, head circumference, weight for length/
height and body mass index in boys and girls from birth 
to 60 months, the L, M, and S method was applied to 
synthesize the changing distribution of these anthro-
pometric measurements during growth as a function of 
age. The L, M, and S parameters are the median (M), the 
generalized coefficient of variation (S), and the power in 
the Box-Cox transformation (L). This method uses the 
Box-Cox transformation to adjust the distribution of an-
thropometric data to a normal distribution by minimiz-
ing the effects of asymmetry. The L, M, and S method is 
to model the data, smooth the model parameters, and 
then estimate smoothed percentiles from the model pa-
rameters. The parameters L, M and S were calculated 
according to the method of maximum penalized likeli-
hood.15-17 All anthropometric measures were estimated 
from those values applying the following formula:18 

P= M [1 + LSZ] 1/L, L ≠ 0 where L, M, and S are the 
values from the appropriate table corresponding to the 
age in months of the child. P is the percentile and Z is 
the Z-score that corresponds to the percentile. Z-scores 
correspond exactly to percentiles. 

We calculated the 0.2nd, 2.3rd, 16th, 50th, 84th, 
97.7th, and 99.8th percentiles, which are equivalent to 
the Z-score values of -3, -2, -1, 0, +1, +2, +3 for the 
weight, length/height, head circumference, weight for 
length/height and body mass index in boys and girls 
from birth to 60 months. Data processing was per-
formed using the LMS Chart Maker Light 2.1 (Medical 
Research Council, London, UK). The goodness of fit of 
our all LMS models was assessed by using the Q-test. 
The details of the use of the Q-test are part of the 
LMS model procedure as performed by the software. 
Further details on the use of the Q-test and comparison 
with other methods of assessment of goodness of fit 
have been published.19

RESULTS
There were 15 601 Saudi children below 60 months 
(5 years) of age and 7896 (50.6 %) were boys. The L, 
M, and S parameters and Z-scores for weight for age, 
length/height for age, head circumference for age, 
weight for length/height and body mass index for age 
in boys are shown online in Appendices 1 to 5, respec-
tively. Figures 1 to 5 show the corresponding graphs 
for Z-scores for weight for age, length/height for age, 
head circumference for age, weight for length/height 
and body mass index for age in boys.

The L, M, and S parameters and Z-scores for weight 
for age, length/height for age, head circumference for 
age, weight for length/height and body mass index for 
age in girls are shown in online Appendices 6 to 10, 
respectively. Figures 6 to 10 show the corresponding 
graph for Z-scores for weight for age, length/height for 
age, head circumference for age, weight for length/
height and body mass index for age in girls.

Comparison of the Saudi with the WHO Z-score 
standards was made for weight and length/height for 
age as detailed in online Appendices 11 and 12, re-
spectively. Similarly, comparison with the CDC refer-
ence for weight and length/height for age is detailed in 
online Appendices 13 and 14, respectively. Figures 11 
and 12 show the corresponding graphs for the WHO 
vs Saudi Arabia and Figures 13 and 14 show the cor-
responding graphs for the CDC vs Saudi Arabia.

DISCUSSION
There are three methods available for comparison of 
the nutritional status of a child or group of children to a 
reference population: percentiles, percent of median, 
and Z-scores (standard deviation scores). The Z-score 
indicates how many standard deviations any value is 
from the mean. Therefore, a Z-score less than 0 rep-
resents a value less than the mean, a Z-score greater 
than 0 represents a value greater than the mean, and 
a Z-score equal to 0 represents a value equal to the 
mean. Similarly, a Z-score equal to 1 or 2 represent a 
value that is 1 and 2 standard deviations greater than 
the mean and a Z-score equal to -1 and -2 represent 
an element that is 1 and 2 standard deviations less 
than the mean.

At the individual level, during assessment of growth 
and nutrition in the clinical setting, the percentile 
method is commonly used because of its simplicity. 
However, the Z-score method is more accurate for in-
dividual and population-based assessment.20 In other 
words, the Z-score system is preferred in research set-
tings and surveillance of nutritional status of groups 
of children.21
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Figure 1. Weight for age, boys, 0-60 months ((https://
goo.gl/2TZScq).

Figure 2. Height for age, boys, 0-60 months. (https://
goo.gl/2TZScq)

Figure 3. Head circumference for age, boys, 0-60 months. 
(https://goo.gl/2TZScq)

Figure 4. Weight for height, boys, 0-60 months. (https://
goo.gl/2TZScq)

Figure 5. Body mass index, boys, 0-60 months. (https://
goo.gl/2TZScq)

Figure 6. Weight for age, girls, 0-60 months. (https://
goo.gl/2TZScq)

This report is the first national reference to describe 
the growth of normal Saudi preschool children, using 
the L, M, and S parameters, Z-score tables, and cor-
responding growth charts. In view of the well-known 
differences in growth in different populations, the 
availability of such a reference based on a nationally 
representative sample is important for more accu-
rate estimation of the growth and nutritional status of 
Saudi children. This is supported by comparison with 
international growth charts, which indicate a down-

ward displacement of the Saudi charts by -2 SD from 
that of the WHO and CDC charts. The consequence of 
this finding is considerably important clinically as plot-
ting Saudi children in the WHO or CDC charts will clas-
sify Saudi children as failure to thrive, whereas they are 
normal when using the Saudi reference. At the popula-
tion level, the use of WHO or CDC growth charts for 
Saudi children leads to overestimation of the preva-
lence of underweight and stunting. This conclusion 
is consistent with the results of previous studies that 
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Figure 7. Height for age, girls, 0-60 months. (https://
goo.gl/2TZScq)

Figure 8. Head circumference, girls, 0-60 months. 
(https://goo.gl/2TZScq)

Figure 9. Weight for height, girls, 0-60 months. (https://
goo.gl/2TZScq) Figure 10. Body mass index for age, girls, 0-60 months. 

(https://goo.gl/2TZScq)

Figure 11. comparison of WHO and Saudi z-score 
reference  for weight for age for boys. (https://goo.
gl/2TZScq)

Figure 12. Comparison of WHO and Saudi z-score 
reference  for length/height for age for boys. (https://goo.
gl/2TZScq)
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Figure 13. Comparison of CDC and Saudi z-score 
reference for weight for age for boys. (https://goo.
gl/2TZScq) Figure 14. Comparison of CDC and Saudi z-score 

reference for length/height for age for boys. (https://goo.
gl/2TZScq)compared percentiles, demonstrating that the use of 

references based on data from other populations such 
as the WHO Child Growth Standards or CDC 2000, 
for Saudi children, overestimates the prevalence of nu-
tritional disorders and may lead to overdiagnosis and 
unnecessary referrals.22-24 In addition, the availability of 
Z-score references for Saudi children makes it possible 
to use the WHO definitions to determine the preva-
lence of malnutrition in any group or population of 
Saudi children. These definitions include underweight 
(weight for age <-2 SD), wasting (weight for length/
height <-2 SD), and stunting (length/height for age 
<-2 SD). 

Body mass index (BMI) for the normal population of 
Saudi preschool children has not been reported. The 
availability of LMS parameters and Z-scores data al-
lows the application of the recent WHO definitions of 
overweight (BMI >+1 SD), obesity (BMI >+2 SD), and 
thinness (BMI <-2 SD). In addition, the availability of 
LMS parameters and Z-scores data facilitates incorpo-
ration of growth charts in electronic medical records 
in clinics and hospitals in Saudi Arabia. Accordingly, 
it is highly recommended to use this national growth 
reference (LMS Z-scores) rather than references from 
other populations.

A limitation of the present data is that regional 

variations are not taken into consideration. In addition, 
data in this analysis was collected about 10 years ago, 
but they are still representative as significant secular 
trends in growth take more time. This conclusion is 
supported by the fact that the data for WHO standards 
were collected from 1997 to 2003 and the data sourc-
es for the CDC reference were collected from 1963 to 
1994 and both references are still in common use.

In conclusion, the L, M, and S parameters and 
Z-scores for Saudi infants and children presented in 
this report provide a state-of-the-art, nationally repre-
sentative reference essential for individual and popu-
lation health care and research. The availability of this 
national reference Z-score for Saudi preschool children 
will facilitate more accurate assessment of nutritional 
status of Saudi children under different clinical condi-
tions rather than using references from other popula-
tions.
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