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Normal growth needs appropriate nutrition. 
In the first months of birth, breastfeeding is 
without doubt the most important feeding 
method which has value both immuno-
logically and psychologically, in addition to 
providing adequate nutrition. Breastfeeding 
has familial, social and infantile significance 
[1–5]. In the first year, especially the first 6 
months, when infants have rapid growth, 
regular anthropometric measurements are 
appropriate for growth monitoring [3].

Many studies have shown differ-
ences in the growth pattern of breast- and 
bottle-fed infants. Breastfed infants had 
ideal growth before 3 months of age, but 
from 4 to 6 months, weight gain for age is 
slower, especially in developing countries 
[1–4,6]. In countries with children living in 
favourable conditions and fed according to 
World Health Organization (WHO) recom-
mendations, there was also a deviation from 
standard growth curves [7]. Therefore, it 
has been recommended that new growth 
charts be designed for breastfed infants 
[8,9]. Because of weaning protocols in 
different countries, genetic differences and 
different types of complementary foods, it 
has also been suggested that local charts 
should be developed for growth monitoring 
in infants for each region and for breast- 
and bottle-fed infants [10]. The aim of 
the present study was to compare growth 
patterns of breastfed and bottle-fed infants 
in Jahrom city, Islamic Republic of Iran and 
to compare these patterns with the National 
Center for Health Statistics (NCHS) growth 
charts [11].



This was a prospective study of children 
born in Jahrom conducted from April 2001 

to December 2002. The children were at-
tending Jahrom health centres for routine 
health care. Inclusion criteria were: birth 
weight > 2500 g, gestational age at birth 
37–42 weeks, and absence of any con-
genital anomalies. The height and weight of 
these infants were recorded 18 times from 1 
month to 2 years of age by trained person-
nel (every month up to 1 year and every 2 
months up to 2 years of age). The children’s 
length was measured in a prone position 
before walking and then in a standing posi-
tion. Weight was measured with a precision 
of 10 g and height with a precision of 1 cm. 
The ages of children were recorded at each 
attendance at the centre.

The infants were divided to 3 groups 
based on feeding type: exclusively breastfed, 
exclusively bottle-fed and both breast- and 
bottle-fed (combined). Infants who were 
breastfed for the first 4 months of age with 
only vitamin drops given additionally were 
defined as exclusively breastfed [12]. Types 
and time of complementary food introduc-
tion were recorded at each visit. Based on 
social and local habits and guidelines of 
health centres, complementary foods usu-
ally included beans, vegetables, meat, eggs 
and fruit juice.

In order to estimate the children’s 
weight and height percentiles based on 
age, the Healy, Rasbash, Yang (HRY) non-
parametric method was used [13]. Percen-
tiles related to age in the HRY method were 
evaluated and then a multiphase pattern was 
used to smooth the percentiles. This is a 
non-parametric method and there is no need 
to assume normal distribution of the data. 
Smooth and non-smooth quantiles were 
evaluated according to age using GRO-
STAT software [14]. SPSS, version 11.5 
was used for statistical analysis and t-test
and ANOVA were computed. P < 0.05 was 
considered significant.
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Our study included 597 children (391 boys 
and 206 girls) aged 0–2 years. Of these, 
404 were exclusively breastfed, 46 were 
bottle-fed and 92 were both breast- and 
bottle-fed. Maternal and neonatal charac-
teristics are shown in Table 1 according to 
the 3 groups.

Table 2 shows the mean weight of the 
infants by age and type of feeding. Up to 
2 months of age, there was no significant 
difference in the mean weights between the 
3 groups; however exclusively breastfed 
infants had a statistically significant greater 
weight gain than the 2 other groups from 3 
to 10 months of age.

Table 3 shows the mean height of the 
infants according to age and type of feeding. 
Up to 3 months of age, there was no statisti-
cally significant difference in mean heights 
between the 3 groups; however breastfed 
infants were taller than the other 2 groups 
from 4 to 18 months of age although this 
was not always statistically significant. Af-
ter 18 months the 2 other groups of infants 
were taller but this was not significant.

Figures 1–4 show the comparison of 
weight and height between the 3 groups in 
the present study and NCHS data by sex. 
Figures 1 and 2 show a favourable weight 
gain in the first months in comparison with 
NCHS measurements, but over time the 
weight gain in our sample slowed and the 
mean weight fell below that of the NCHS 
data. While the mean height of our sample 
after 1–2 months was lower than the NCHS 
data, the heights followed a similar curve 
over time.



Many studies have been conducted about 
the relation between growth and types of 
feeding in infants. Kramer and co-workers 
in Canada in 2004 confirmed the growth-
accelerating effects of formula and oth-
er milks (versus breast milk) on weight 
and length gain throughout infancy, with 
a dose–response gradient and the largest 
associations observed at 3 to 6 months 
of age [15]. The study of Baker and 
colleagues in America in 2004 showed 
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infant weight gain was associated with ma-
ternal prepregnancy body mass index and 
with an interaction between the duration of 
breastfeeding and the timing of the intro-
duction of complementary foods [16]. They 
believed that short duration of breastfeeding 
and earlier introduction of complementary 
food were associated with additional weight 
gain during infancy [16]. Other factors such 
as the time of initiation of breastfeeding and 
duration of exclusive breastfeeding have 
been reported to have important roles in the 
improvement of infant growth [17,18]. Our 

study also shows significantly better growth 
in breastfed infants than bottle-fed and com-
bined feeding infants especially in the first 
few months of birth. The difference became 
less after the introduction of complemen-
tary foods. Some studies have shown earlier 
introduction of complementary food results 
in better growth, but other studies have 
confirmed the adequacy of exclusive breast-
feeding until 6 months of age with no need 
for complementary foods [16,19–21].

The difference of growth patterns be-
tween the 3 groups in our study is similar 
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to other studies [22,23]. One study showed 
a slower growth rate in breastfed infants 
that was not compensated until 2 years 
of age [22]. Because of these differences, 
Yoneyama in Japan recommended the de-
velopment of special growth curves for 
breastfed infants [23].

Comparison between the present study 
and NCHS data showed that breastfed in-
fants had good growth until 6 months of 
age.

What is clear from the study is that 
breastfed infants thrive very well compared 
to bottled-fed and combined feeding infants. 
This reinforces the need to promote breast-
feeding and encourage mothers to initiate 
and continue breastfeeding their infants. 
Maternal education about the benefits of 
breastfeeding and familial and government 
support are recommended to achieve this.
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Child-related Millennium Development Goals (MDGs) 
Of direct relevance to the work that the Child and Adolescent Health 
and Development unit of the World Health Organization Regional Of-
fice for the Eastern Mediterranean (EMRO) is pursuing in the Region is 
Goal 4 “Reduce child mortality”, for which the target set is “Reduce by 
two-thirds, between 1990 and 2015, the under-5 mortality rate”. For 
this target, 3 indicators have been selected to help track progress: 
• under-five mortality rate, 
• infant mortality rate, 
• proportion of 1-year-old children immunized against measles. 
Other targets of key importance to the work of EMRO in the Region 
are: Target 2 “Halve between 1990 and 2015 the proportion of people 
who suffer from hunger”, and Target 8 “Have halted by 2015 and be-
gun to reverse the incidence of malaria and other major diseases”.


