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Abstract: The objective of this article is to construct infants growth curves of weight-for-age and 
length-for-age for Alexandria infants, (0-2 years) and to compare the WHO Child Growth Standards 
(2006) and the current constructed curves. The study was carried out through a cross sectional 
approach, at maternal and child health centers (MCH) in Alexandria (Egypt), it included sample of 
infants aged less than two years (1-24 months). Data was presented graphically by Z-scores and 
percentiles. The results showed that, the mean weight for age of infants included in the WHO 
standards was below the present median during early months of infancy. Based on the -2SD cut-off 
point, the prevalence of underweight was higher during the twenty four months for both girls and 
boys based on the present curves. The average length of infants included in the present study was 
above the WHO standards median during the first half of infancy. Moreover, for all age groups, 
stunting rates (i.e., <-2SD) were higher when based on the present sample curves, especially after 
one year of age. Infants of the first year of life in the present curve were taller than those in the WHO 
standard (> +2SD). Conclusion and Recommendations: A reference based on healthy breastfed 
infants is required if the growth patterns of infants following international feeding recommendations 
are to be correctly assessed. So, the WHO 2006 curves for age 0 to 24 months, based on 
longitudinal data, are the best choice. 
 
Key words: Growth Charts, WHO Standards, Infancy, Stunting, Over Weight, Under Weight, 
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INTRODUCTION  

     Growth charts are an essential 

component of the pediatric toolkit. Their 

value resides in helping to determine the 

degree to which physiological needs for 

growth  and  development  are  being  met 

during the important   childhood   period.(1)   

  

However, their usefulness goes far beyond 

assessing children’s nutritional status. 

Many governmental and United Nations 

agencies rely on growth charts for 

measuring the general well-being of 

populations, formulating health and related 
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policies, and planning interventions and 

monitoring their effectiveness.(2, 3)    

        The origin of the WHO Child Growth 

Standards dates back to the early 

1990s,when there was the appointment of 

a group of experts to conduct a meticulous 

evaluation of the National Center for Health 

Statistics/World Health Organization 

(NCHS/WHO) growth reference, which had 

been recommended for international use 

since the late 1970s.  The review 

concluded that, it did not adequately 

represent early childhood growth and that 

new growth curves were necessary.(3- 5)    

         In April 2006 the WHO released new 

standards for assessing the growth and 

development of children from birth to 5 

years of age. The new standards adopt a 

fundamentally prescriptive approach 

designed to describe how all children 

should grow rather than the more limited 

goal of describing how children grew at a 

specified time and place.(6, 7)   The experts 

underscored the importance of ensuring 

that the new growth charts were consistent 

with ‘‘best’’ health practices.(5)    

       In the last three decades, countless 

studies have measured child nutritional 

status in developing countries using as 

reference growth charts introduced in 

1977.(8-12)   Over the past 35 years, 

Egyptian demographic and survival 

indicators have show marked improvement 

in child health. Despite these 

improvements, one of the most serious 

health concerns is under-nutrition. While 

there are decreases in levels of child 

under-nutrition, approximately 7% under 

the age of 5 years was under-weight and 

18% was under-height for age- according 

to the 1977 NCHS reference, these levels 

still high compared to the international 

statistics.(10)   

       This article aimed to construct infants 

growth curves of weight-for-age and 

length-for-age for Alexandria infants,(0-

2years), and  to compare the WHO Child 

Growth Standards (2006)  and  the  current 
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constructed curves.  

Subjects and Methods: 

      The study was carried out through a 

cross sectional approach, at maternal and 

child health centers (MCH) in Alexandria 

(Egypt), it included sample of 2000 infants 

aged less than two years (1-24 months). 

Infants were recruited from six MCH 

centers. One center was randomly chosen 

from each of the six health zones in 

Alexandria Governorate. All single term 

birth and apparently healthy infants 

attended the well baby-clinic of these 

centers during a period of six weeks were 

included in the study. The age of the child 

was confirmed through reviewing the birth 

certificate. Mothers were interviewed using 

a designed questionnaire to collect data 

regarding current breast feeding practices. 

Anthropometric measurements and 

indices: 

        Weight was measured using a spring 

scale (100 g increments), regularly 

calibrating, and to the nearest 10gm.   

Length was measured supine using 

graduated plastic mats (0.5 mm 

increments). 

Data exported to the Microsoft Excel 2003 

program to construct the graphs, using x y 

section plot when: x;   for the whole age, y; 

weight/ length (best fit value).    Data was 

presented graphically by Z-scores and 

percentiles. Z-scores represent the 

difference between the length or weight of 

a child and the median height or weight of 

the reference population (for the same age 

and sex) divided by the standard deviation 

of the reference population. Global stunting 

and underweight were defined as length-

for-age and weight-for-age, <-2 z-scores 

respectively.(13)   

    The percentile is the value  below which   

lays   certain    percent    of   the    ordered 

observations. The 10th, 25th, 50th, 75th and 

90th    percentiles were computed for weight- 

for- age and length-for-age. All percentiles 

were smoothed using the best fit model 

chosen from eleven curve fit equations. For 



59                                                                  Bull High Inst Public Health Vol.39 No.1 [2009]  

 

 

all percentiles the best fit equation was the 

cubic model.  

WHO Child Growth Standards (2006): 

The WHO standards are based on primary 

data collected through the WHO 

Multicentre Growth Reference Study 

(MGRS). The MGRS was a population-

based study conducted between 1997 and 

2003 in Brazil, Ghana, India, Norway, 

Oman and the USA. The study combined a 

longitudinal follow-up from birth to 24 

months with a cross-sectional component 

of children aged 18–71 months. The study 

populations lived in socioeconomic 

conditions favorable to growth. The 

individual inclusion criteria were: no known 

health or environmental constraints to 

growth, mothers willing to follow MGRS 

feeding recommendations (i.e., exclusive 

or predominant breast-feeding for at least 4 

months, introduction of complementary 

foods by 6 months of age, and continued 

breast-feeding to at least 12 months of 

age), single term birth, and absence of 

significant morbidity. (14) Characteristics of 

the MGRS populations and data collection 

methods have been published. The final 

sample and the methods used to develop 

the standards are also described 

elsewhere.(15) Weight-for-age and length-

for-age. Percentiles and Z-score values 

were generated for boys and girls aged 0–

24 months. 

Results: 

       At the time of the interview, more than 

half of the infants (51.3%) were 

complementary breast-fed, while 26.0% 

were formula-fed. 

          Figures (1, 2) present the percentile 

curves of the weight for both sexes. The  

curve shows that, there is an exponential 

relationship of weight with age. The male 

curve starts higher than the female one, 

and continue higher up to 24 months. The 

median percentile ranged from 5-10.5 kg 

and from 5.5-11 kg for females and males 

respectively.  

         Figures (3, 4) present   the percentile   
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curves of the length for both sexes. The 

median curve shows that, the male curve 

starts higher than the female one, and 

continue higher up to 24 months. The 3rd 
  

and 10 the
   percentile curves show a distinct 

fall in the rate of growth in the period from 

approximately 18 months for female 

percentile 
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Figure (1): Smoothed percentiles of weight for female by age. 
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Smoothed percentiles of weight for male
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          Figure (2): Smoothed percentiles of weight for male by age. 

            

 

 

 

  

 

 

 

 

 

 

         Figure (3): Smoothed percentiles of length for female by age. 
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         Figure (4): Smoothed percentiles of length for male by age. 

 

       Tables (1,2) & figure 5, 6 compare the 

WHO and the present weight-for-age –Z-

score curves for girls and boys. The mean 

weight of infants included in the WHO 

standards was below the present median 

during early months of infancy, crossed it 

at≈ two months, and tracked above 

thereafter. Based on the -2SD cut-off point, 

the prevalence of underweight was higher 

during the twenty four months for both girls 

and boys based on the present curves. On 

the other hand, the present (+2SD) curve 

was higher for boys all through 24 month, 

while, it was higher only among the first 

year of infancy for girls.  Overall, the   

present sample seems to be heavier. 

       Tables (3,4) & figure 7,8 compare the 

WHO and the present length-for-age –Z-

score curves for girls and boys. The 

average length of infants included in the 

present study was above the WHO 

standards median during the first half of 

infancy, crossed it at about six months, 

after which the medians overlap until the 
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age one year, and tracked below thereafter 

for both girls and boys. For all age groups, 

stunting rates (i.e., < -2SD) were higher 

when based on the present curves, 

especially after one year of age. Infants of 

the first year of life in the present curve 

were taller than those in the WHO standard 

(> +2SD). 

 

Table (1): Comparison of the WHO and the present weight-for-age Z-score 

curves for girls. 

Smoothed weight for age of girls 

Age 
Alexandria  WHO 

-2SD Mean +2SD -2SD Mean +2SD 

1- 3 5 7 4 5 6 

3- 4 7 9 5 7 9 

6- 5 8 10 6 8 10 

9- 6 8 11 7 9 11 

12- 7 9 12 8 10 12 

18-24 7 10 14 9 11 14 

 

 

Table (2): Comparison of the WHO and the present weight-for-age Z-score 

curves for boys. 

 Smoothed weight for age of boys 

Age 
Alexandria WHO 

-2SD Mean +2SD -2SD Mean +2SD 

1- 3.6 5.5 7.3 3.7 4.9 6.1 

3- 4.6 6.9 9.2 5.8 7.3 8.8 

6- 5.5 8.1 10.7 6.8 8.5 10.2 

9- 6.2 9 11.7 7.5 9.3 11.1 

12- 7.1 9.9 12.8 8.3 10.3 12.3 

18-24 7.7 10.9 14.2 9.2 11.5 13.6 
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Figure (5): Comparison of the WHO and the present weight-for-age Z-score 

curves for girls. 
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Figure (6): Comparison of the WHO and the present weight-for-age Z-score 

curves for boys. 
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Table (3): Comparison of the WHO and the Present Length -for-Age Z-Score 

Curves for Girls. 

 Smoothed length for female 

Age 
Alexandria WHO 

-2SD Mean +2SD -2SD Mean +2SD 

1- 47.3 54.5 61.8 45.4 49.1 52.9 

2- 48.7 57 65.2 49.8 53.7 57.6 

3- 50.2 59.2 68.2 53 57.1 61.1 

4- 51.7 61.2 70.8 55.6 59.8 64 

5- 53.3 63.1 73 57.8 62.1 66.4 

6- 54.9 64.9 74.8 59.6 64 68.5 

7- 56.5 66.4 76.4 62.7 67.3 71.9 

8- 58 67.9 77.8 64 68.7 73.5 

9- 59.5 69.2 79 65.3 70.1 75 

10- 60.9 70.5 80 66.5 71.5 76.4 

11- 62.3 71.6 80.9 67.7 72.8 77.8 

12- 65 74 82.9 70.5 75.5 80.7 

15- 66.8 76.3 85.7 73.5 78.8 84.3 

18- 66.5 78.2 89.9 76.1 81.9 88.1 

21-24 64.1 79.7 95.3 79.2 85.7 92.3 

 

 

Table (4): Comparison of the WHO and the Present Length-for-Age Z-Score 

Curves for Boys.  

 Smoothed length for male 

Age 
Alexandria WHO 

-2SD Mean +2SD -2SD Mean +2SD 

1- 47.6 55.3 63.1 46.1 49.9 53.7 

2- 49.9 58 66 50.8 54.7 58.6 

3- 52 60.4 68.7 54.4 58.4 62.4 

4- 53.8 62.5 71.2 57.3 61.4 65.5 

5- 55.3 64.3 73.4 59.7 63.9 68 

6- 56.6 66 75.5 61.7 65.9 70.1 

7- 57.7 67.5 77.3 63.3 67.6 71.9 

8- 58.6 68.8 79 64.8 69.2 73.5 

9- 59.4 70 80.5 66.2 70.6 75 

10- 60.2 71.1 81.9 67.5 72 76.5 

11- 60.8 72 83.2 68.7 73.3 77.9 

12- 62.3 74.1 86 72.6 77.4 82.4 

15- 64.4 76.6 88.8 75.5 80.7 85.9 

18- 67.6 79.5 91.4 78.2 83.7 89.3 

21-24 71.6 82.7 93.7 80.3 86.4 91.4 
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Figure (7): Comparison of the WHO and the Present Length -for-Age Z-Score 

Curves for Girls 
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Figure (8): Comparison of the WHO and the Present Length-for-Age Z-Score 

Curves for Boys 
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DISCUSSION: 

       There are important differences 

between the WHO standards 2006 and the 

NCHS/WHO reference that vary by age 

group, growth indicator, and specific 

percentile or Z-score curve. For weight-for-

age, the divergence in the shape of the 

WHO curves is likely due to issues related 

to study design (i.e., sample size and 

measurement intervals) and characteristics 

of the sample, mainly differences in type of 

feeding.(16)   

A similar results reported by the present 

curves, where differences are particularly 

important during infancy, likely due to the 

inclusion of only breast-fed infants in the 

WHO sample and the inclusion of formula-

fed infants in the present sample. 

Moreover, differences in measurement 

intervals between the two sets of curves 

(every 2 weeks in the first two months and 

monthly thereafter in the WHO standards 

vs. every 3 month in the present sample) in 

a period of rapid growth also may explain 

the divergent growth patterns.(14) 

Differences in the variability of normal 

growth depicted by the WHO standards 

and the NCHS reference, the present 

curves likely are the result of the 

prescriptive approach and updated 

analytical methods on which the WHO 

standards are based. (15)   The difference in 

the shapes of the weight-based curves 

makes the interpretation of growth 

performance strikingly different depending 

on whether the WHO standard or other 

reference is used, which in turn has 

important implications for the advice given 

to mothers concerning lactation 

performance and the introduction of 

complementary foods.  

        Using the new WHO growth standards 

increased the estimated prevalence of 

malnutrition in early infancy; this difference 

was not found at one year of age. But the 

magnitude of this increase depends on the 

nutritional status of the population under 

consideration.(16-19) 
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    The estimated prevalence of 

underweight (weight-for-age,-2 z-score) 

and stunting (length-for-age,-2 z-score) 

were considerably greater in the first 5 

months of life when using the WHO 

standards than with the NCHS / WHO 

reference(16,17) but the proportion of 

underweight children did not seem to 

accelerate with age, thus revealing that the 

classical growth faltering pattern of an 

increasing proportion of underweight 

children with age associated with the 

previously used reference was not 

observed once the WHO 2006 standards 

were applied.(20)    In contrast, the present 

study estimated a higher prevalence of 

underweight in early infancy that increased 

with age of the child all through 24 months 

compared to WHO standards. This growth 

faltering pattern has been described in 

numerous nutritional surveys all over the 

world.(16,17,20,21).  The common interpretation 

was that children develop well while being 

fully breast-fed in the first months of their 

life, but once additional feeding is 

necessary some of them start to become 

underweight. So, for predominantly breast-

fed infants, the WHO 2006 curves for age 0 

to 24 months, based on longitudinal data, 

are the best choice, because fewer 

exclusively breast-fed infants would be 

categorized as underweight. As the WHO 

2006 curves a growth standard for all 

infants, then there would be less concern 

for the exclusively formula-fed infant at age 

5 months with complementary food 

introduced by 4 months. (20)   Those infants 

constitute a considerable proportion of the 

present sample.  

       Breast-fed infants (WHO standards 

2006) experience greater linear growth 

than the present median until age 24 

month. Breast-fed infants grow more 

rapidly in the first 2 month of life and less 

rapidly from 3 to 12 month in relation to the 

present HA curves. Repeated acute 

infections after one year of age could 

explain the mean LA z-score declines until 
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24month. The growth trajectories indicate 

that infants in the WHO standards 2006 are 

taller than the present curves.  

      Overall, the median of the present 

sample seems to be similar or better than 

that of the WHO standards. While, the 

apparent differences observed in the (< -

2SD) & (> +2SD). 

Conclusion and Recommendations 

      As was the case when compared WHO 

standards 2006 with the NCHS/WHO 

reference. There are notable differences in 

the growth trajectory of breastfed infants 

examined through WHO standards against 

the  present curves. A reference based on 

healthy breastfed infants is required if the 

growth patterns of infants following 

international feeding recommendations are 

to be correctly assessed. So, the WHO 

2006 curves for age 0 to 24 months, based 

on longitudinal data, are the best choice. 
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