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Abstract

Background: Growth retardation is a common health problem, which requires early prevention and detection. This
study was conducted to define the approximate age at which stunting starts among the Iranian boys and girls.

Method: The second phase of a population-based retrospective cohort nested case-control study on 400 children
who were followed from birth to 7 years of age. This study was performed to define the pattern of growth among
stunted and normal children and to reveal the age at which stunting starts in each gender.

Results: Of the selected participants, 53% were girls. Also, about 18% of the children registered by the selected
health centers were defined as stunted (under the 3rd percentile of the corresponding sex-age NCHS/WHO growth
reference). For boys, the height was relatively similar between the two groups until the age of 6 months at which
the difference in height between normal and stunted children starts to become significantly large (difference = 0.70
cm, P=0.04). For girls, height in the two groups is relatively similar until the age of 9 months at which the
difference starts to become significantly large (difference =0.97 cm, P=0.01). No significant difference in the weight
of the girls was observed between the normal and stunted groups during the study period (difference =283.21 g,
P> 0.05). However, boys from the stunted group were lighter since almost the same time that they started to
become significantly shorter (difference = 1265.19 g, P=0.001).

Conclusions: Soon after birth (at about the 6 months of age), the growth pattern of some (stunted) children starts
to stumble and divert from normal. The sixth month of age is the age at which mothers start weaning with
withdrawing breast milk and start supplementary foods and adult diet. A specially designed study is needed to
understand the actual reason for observing such a phenomenon among Iranian children.

Keywords: Growth retardation, Children, Height, Breastfeeding

* Correspondence: m.dianatinasab@maastrichtuniversity.nl;
fararooei@gmail.com

2Center for Health Related Social and Behavioral Sciences Research,
Shahroud University of Medical Sciences, Shahroud, Iran

>Shiraz HIV/AIDS Research Center, Institute of Health, Shiraz University of
Medical Sciences, Shiraz, Iran

Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-020-09511-w&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:m.dianatinasab@maastrichtuniversity.nl
mailto:fararooei@gmail.com

Fatemi et al. BMC Public Health (2020) 20:1392

Background

Anthropometric indexes in early childhood are consid-
ered important measures when assessing children’s
health [1]. For example, growth indices (in particular
weight and height), that are widely used to assess chil-
dren’s nutritional status [2], are associated with the risk
of morbidity and mortality and future cognitive status of
a person [3-7]. Growth charts are adequately precise,
and yet easily applied, tools in evaluating the growth sta-
tus of an individual [8]. Hight is considered as a good in-
dicator of health in general when compared to weight.
This is because height is a good proxy retrospective indi-
cator of a child’s health status, including current or past
conditions. Although there many definitions for subopti-
mal growth in children, height shorter than 5™ percent-
ile or two standard deviations below the mean value of a
population’s height is considered as growth failure [1].
suboptimal growth in children is common in the world.
However, reports suggest that the condition is far more
prevalent in low-income countries. In fact, it has been
estimated that less than 50% of children under the age
of 5 can catch-up to normal height in several low-
income countries [2]. Short stature, without apparent
pathologic condition, is considered as idiopathic short
stature (ISS) [6]. Growth retardation often occurs so
gradually that it is noticed by parents or health providers
with a long delay. The delay is commonly so long that
the condition cannot be properly and timely managed.
In addition to weight and height, other indexes are also
used for different proposes. For example, head circum-
ference is an important index that may reflect an indi-
vidual’s cognitive development [9, 10].

Every person doesn’t follow the same growth path as
he/she has different growth potentials driven by genetic
and environmental (e.g. health, socio-economic, and nu-
trition conditions) factors [6]. However, rather than gen-
etic diversity, the observed differences in children’s
stature between developed and developing countries are
mainly associated with socio-economics and nutritional
factors [11]. As a result, the justification of observed dif-
ferences in children’s growth based on genetic diversity
is not supported by the world health organization as it
condemns the use of national growth standards in defin-
ing the growth status of a nation. According to WHO,
young children with appropriate living conditions,
achieve their optimum growth potentials irrespective of
their genetic backgrounds [8]. A large number of studies
reported several non-genetic determinants of stature in
different countries [1, 6, 11, 12]. It seems that the deter-
minants of growth failure (including ISS) are undefined
for a significant proportion of cases. However, dietary
factors are suggested to act as important contributors in
developing countries [13, 14]. The first phase of this
study introduced several contributing factors associated
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with stunting [14]. However, neither our previous report
nor the existing literature, clearly stated the timing of
the effect of the contributing factors (e.g. nutrition) on
linear growth (i.e. at what age after birth the growth re-
tardation starts) [15, 16]. By collecting extra information
on anthropometric measures at different ages of the par-
ticipants, we studied the timing of the start of stunting
among boys and girls to see if there is any critical point
for detection and prevention of growth retardation.

Methods

Settings

The present study was reported based the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) statement [17]. This is the second phase of a
retrospective cohort nested case-control study on stunt-
ing and its related factors. The methods of sampling and
data collection are previously discussed in detail [14].
Briefly, the study was conducted on 400 children who
were registered with Shiraz healthcare centers and were
followed from birth to seven years of age. Health centers
in Iran provide primary health care including maternity
and pregnancy care, vaccination, and monitoring chil-
dren’s growth and development to the residences who
are living in their defined geographical areas. The rou-
tine services for under seven years old children are
mandatory and precisely scheduled.

Sampling

More details on the methods of sampling is available else-
where [14]. In brief, a total of 27000 children were regis-
tered with Shiraz health centers from 2009 to 2010. A list
of all health centers was obtained from Shiraz University
of Medical Sciences (the deputy of health), and 24 health
centers were selected randomly. A research team member
visited the selected health centers and obtained a list of
registered children with 6-7 years of age (n=1570). The se-
lected age range was defined to exclude puberty growth
(puberty may occur before the age of nine in some girls).
Also, anthropometric measures are not available for older
children as they no longer have to visit health centers. Of
the registered children, those with the interested age with
normal weight and height at birth and completed their
routine visits to the health centers were selected for the
study, and height at the age of 7 was used to define growth
retardation (ISS) among selected children.

Data collection

A data collection form was used to extract data from the
family’s health files. The extracted information included
child’s gender and date of birth, measures of height
(cm), weight (gr) and head circumference (cm) from
birth to 7 years of age (i.e. at birth and months 2, 4, 6, 9,
12, 24, 36, 48, 60, 72 and 84), key nutritional information
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(i.e. starting and ending dates of breastfeeding, starting
date and types of complementary foods), parent’s educa-
tion and occupation, number of siblings, the birth inter-
val of the child, type of delivery and presence of any
health problem. Mothers of selected children were later
contacted by the female health nurse and via a phone
interview, the rest of the required information was ob-
tained. During the phone interview, the mothers first re-
ceived a brief explanation about the research as a study
on growth determinants and a verbal informed consent
was obtained from them. To control recall and reporting
biases, mothers were not told why they were selected
(their child is a case or control). The information col-
lected from the phone interview included, any medical
condition the child has or she/he had suffered in the
past. The mothers also asked to answer a few key ques-
tions with regard to the child’s nutrition. The latest job
and educational statuses of the parents were also re-
ported by the mothers during the interview.

More details on the inclusion and exclusion criteria of
this study have been described in our previous paper
[14]. Briefly, all children who were between 6 and 7
years of age, were all born with a height upper than the
20™ percentile of the NCHS growth chart, were living
with their both parents (based on mother’s report), were
eligible to be included in the study. Children were also
excluded if their mothers reported having changed their
address as it could have caused a significant alteration in
the child’s living and health condition (e.g. moving from
rural areas to the city during the participant’s life).

Selection of cases and controls

While extracting data from the selected families’ health
files, the WHO'’s definition for stunting was used to define
stunting among the eligible children. Accordingly, among
the 1570 children registered with the health centers 282
children (prevalence=17.96%) met the defined criteria of
short for age (i.e. a height shorter than the 3*¢ percentile
of NCHS/WHO growth reference of children with the
same sex at age 7) among which 200 children were se-
lected as cases. Controls were selected randomly among
children with a height taller than 20™ percentile of the
same sex and age (7 years old) with completed routine
visits to the health centers [14]. Both case and control par-
ticipants were selected if a successful phone interview was
made to mothers to acquire required information)

Statistical methods and sample size

Post-hoc power analysis suggested that the sample size of
the first phase of this study (200 stunted participants as
cases and 200 controls with normal height at age 7) was
adequate to obtain a significant difference in height be-
tween stunted and normal groups at different ages as small
as 1 cm. In that regard, type one error and the power of
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the test were set to %5 and 80% respectively. The data was
analyzed using SPSS statistical software, version 19. Inde-
pendent sample t-test was used to define any significant
difference in weight, height and head circumference be-
tween stunted and normal groups at different ages.

Results

The demographic and anthropometric status of the stunted
and normal groups are reported elsewhere [14] and not
presented here to save the limited space. Briefly, of the chil-
dren registered to the selected health centers, about 18%
were defined as stunted (under 3™ percentile of the corre-
sponding sex-age NCHS/WHO height growth reference).
Of the total sample, 53.0% were females (53.5% and 52.5%
of the case and control groups were females respectively,
p=0.85). No significant difference observed when the mean
duration of breastfeeding was compared between females
and males in the case (21.73 and 21.86 months respectively,
p=43) or control groups (21.94 and 22.36 months respect-
ively, p=.59) using Mann-Whitney U test. In addition, of
the case and control groups, 59% and 57% of fathers were
unemployed respectively (P=0.003). Whereas, 83.5% and
88.5% of the mothers from case and control groups were
homemakers respectively (P=0.15). Concerning income,
17.0% and 36.5% of the participants’ families of case and
control groups had an income of more than 30 million
Rials respectively (P<0.001). With regard to the parent’s
education, both fathers and mothers of the participants in
the control group were more educated (P<0.001).

As presented in Table 1, the comparison of height,
weight and head circumference at birth among boys
shows no significant difference between the stunted
and normal groups. The observed similarity in height
between the stunted and normal groups remains rela-
tively unchanged until 6 months of age (difference=
0.70 cm, CI95%= 0.006 to 1.41) and older, during
which the observed differences (in height) remains
statistically significant (P<0.05). With regard to
weight, no significant difference was observed until
the age of 9 months (difference=379.62 gr, CI95%=
58.21 to 701.03) and older ages, during which the ob-
served differences in weight are statistically signifi-
cant. The pattern of growth in head circumference is
also presented in Table 1. Accordingly, no significant
difference was observed between the two groups in
head circumference during the study period.

Height, weight and head circumference of girls are
compared between the two groups and the results are
presented in Table 2. With regard to height, the ob-
served difference remains relatively constant until 9
months (difference=0.97 cm, CI95%= 0.20 to 1.73) and
older, during which the differences become predomin-
antly significant (P<0.05). According to the results, height
and head circumference of girls at birth are similar
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Table 1 Height, weight and head circumference differences between normal and stunted male children from birth to age 7

Height (cm) Weight (gr) Head circumference (cm)
Age Difference between Cl95% P. Difference between Cl95% P. Difference between Cl95% P.
groups® value groups value groups value

Birth - 2 037 (-025t0 024 5661 (6038 to 034 -0.23 (-102to 055

month (m) 0.99) 173.62) 0.55)

2-4m 047 (-026t0 0.0 118.19 (—9541 to 027 0.06 (-0.38 to 0.79
1.22) 331.81) 0.50)

4-6m 022 (-047to 052 45.79 (—212.09 to 0.72 —0.07 (=052 to 0.72
091) 303.68) 0.36)

6-9m 0.70 (0.006to  0.04 105.54 (—139.16 to 039 -0.11 (=052 to 0.56
141) 350.26) 0.28)

9-12m 1.22 (045 to 0002 37962 (5821 to 002 0.06 (-035t0 075
1.99) 701.03) 048)

1-2 year (y) 1.87 (1.09 to < 43850 (13582 to 0.005 —-0.002 (=040 to 0.98
2.64) 0.001 741.17) 0.39)

2-3y 391 (279 to < 726.65 (265.57 to 0.002
5.03) 0.001 1187.74)

3-4y 483 (351 to < 854.88 (395.02 to <
6.14) 0.001 1314.75) 0.001

4-5y 5.89 (339 to < 1384.50 (824.00 to <
840) 0.001 1945.01) 0.001

5-6y 7.95 (6,58 to < 1384.98 (672.85 to <
9.32) 0.001 2097.10) 0.001

6-7y 877 (760 to < 1606.14 (836.09 to <
9.94) 0.001 2376.19) 0.001

7y 938 (845 to < 1265.19 (502.56 to 0.001
10.32) 0.001 2027.82)

“Normal - stunt children

between the stunted and normal groups. However, signifi-
cant differences in weight were observed from birth to 6
months of age in the benefit of the stunted group (P<
0.05). The benefit turns to non-significant at the age of 9
months and onward (P>0.05). In addition, in favor of the
stunted group, a constant and marginally significant differ-
ence was observed between the two groups in head cir-
cumference during the whole study period.

The graphical patterns of the growth of the study
groups for each gender are separately presented in Figs.
1, 2, 3 and 4. According to the Fig. 1, in male partici-
pants, regarding weight, the growth retardation started
at about the age of 6 months with a relatively constant
rate of deterioration till the end of the follow-up period.
However, according to Fig. 2 when looking at height, a
higher rate of diversion has been started since 48
months (4 years) of age onward. As presented in Figs. 3
and 4, growth retardation for girls is to some degree dif-
ferent from boys. First, it doesn’t seem that weight gain-
ing is affected by stunting among girls. Also, retardation
in linear growth seems to start later (9 months) among
girls than boys with no apparent change in its rate then
after. The figures reveal that growth retardation starts a
couple of months later among girls compared to boys.
For better illustration, the standard growth patterns for

weight and height are also presented in the figures to
make the conclusion easier.

Discussion

Although there are socio-demographic diversities between
different parts of the country, it seems that the stature of
Iranian children has been improving over the past decades
[18]. For example, results of a study in Northern Iran sug-
gested that prevalence of stunting has been reduced from
32.8% (95% Cl; 31.0-34.6) in 1998 to 15.7% (95% Cl;14.3—
17.2) in 2013 [19]. However, results of several studies sug-
gested that short stature is still a major health problem in
Iran [20, 21]. This study is conducted to understand the
timing of stunting among boys and girls. Defining the
starting point of stunting is a critical step in the detection
and prevention of growth retardation.

Results of a pooled data analysis demonstrated signifi-
cant benefits of exclusive breastfeeding on morbidity
and mortality among children, [22, 23]. During infancy,
several issues cause major concerns regarding the
growth of a child. These include genetic deformities, en-
vironmental hazards and nutritional factors [24]. The re-
cruited infants in the current population-based cohort
study were all apparently healthy with normal anthropo-
metric indexes at birth. This was done to minimize the
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Table 2 height, weight and head circumference differences between normal and stunted female children from birth to age 7 y

Height (cm) Weight (gr) Head circumference (cm)
Age (month) Difference between Cl95% P.v Difference between Cl95% P.v Difference between Cl95% P.v
groups groups groups

Birth — 2 —-0.53 (-168to 036 —14296 (27183 t0 - 003 -0.79 (-156t0—- 004

month (m) 0.62) 14.08) 0.01)

2-4m -072 (-2.01 to 026 —23437 (—41693to — 001 —-0.59 (=142 to 0.15
0.56) 51.81) 0.22)

4-6m —-0.68 (-206to 033 —311.09 (-56999to — 001 -0.79 (—162 to 0.06
0.70) 52.19) 0.03)

6-9m 0.09 (-1.34 to 089 --289.40 (—556.27to— 003 —-0.81 (—1.66 to 0.06
1.54) 22.52) 0.036)

9-12m 097 (0.20 to 001 —=24771 (- 56141 to 0.12 —-0.31 (- 067 to 0.09
1.73) 65.98) 0.05)

1-2 year (y) 061 (-018t0 013 -—137.19 (—450.52 to 0.38 -0.17 (-0.51 to 032
141) 176.13) 0.17)

2-3y 0.93 (=011 to 008 —18143 (—586.30 to 0.37
1.98) 22343)

3-4y 1.90 (0.71 to 0.002 -1857 (—544.46 to 0.94
3.09) 507.31)

4-5y 3.10 (1.85to < 87.11 (—465.52 to 0.75
4.35) 0.001 639.74)

5-6y 564 (446 to < —14.06 (— 670.00 to 0.96
6.82) 0.001 641.88)

6-7y 7.01 (5.97 to < 119.27 (-631.02 to 0.75
8.05) 0.001 869.56)

7y 8.11 (7.24 to < 283.21 (—457.54 to 045
8.97) 0.001 1023.97)

effects of genetic factors and factors related to the ante-
natal period. Results from the first phase of our study re-
vealed a number of factors altering the chance of
stunting among the study population. Accordingly, diet
(i.e. consumption of animal protein and dairy products
and duration of breastfeeding) and socio-economic fac-
tors (i.e. family income and mother’s occupation) were

reported to be effective in linear growth [14]. The
current study aimed to define the age of the participants
at which the retardation (stunting) starts. Also, to make
a distinction between the patterns of growth among
stunted and normal children in each gender, three im-
portant anthropometric measures from birth to the age
of 7 (12 measures for height and weight and 6 measures

Weight for age (Male)

25000
20000
15000

10000 =
5000
0

2Month  4Month  6Month  9Month 12Month 24Month 36Month 48Month 60Month 72Month 84Month
<<<<<<<<<<< Case Control Standard
Fig. 1 Weight (gr) for age among stunted and normal male participants from birth to age 84 months (7 years)
J
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Fig. 2 Height (cm) for age among stunted and normal male participants from birth to age 84 months (7 years)
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for head circumference) were included in the analysis.
The results revealed a very important phenomenon in
the linear growth of the stunted children, i.e. stunted
boys and girls, experienced a significant diversion
from the linear growth of the normal children (and
the corresponding standard growth chart) at about 6
months and 9 months of age respectively. However,
as presented in the results section, the time of shift-
ing in growth seems similar in boys and girls, as on
average, the stunted girls were taller than normal
children from birth to 6™ month of age. At this age,
the stunted children started to become shorter than
the normal children. At about six months of age, chil-
dren start experiencing important changes such as,
start weaning from breast milk and start eating sup-
plementary and more solid foods.

According to the present study, the estimated preva-
lence of stunting among the study population was about
18%. The prevalence of stunting in Iranian children and
its associated factors have been addressed in several
studies [18, 25-27], However, these studies did not pay
any attention to the temporal pattern of stunting and
the approximate age of stunting among the Iranian chil-
dren. For example, a systematic review and meta-
analysis on the prevalence of stunting in Iranian children
under 5-years of age estimated that the pooled preva-
lence of stunting is 12% (95%CIL: 10-14) and that the
prevalence of stunting in boys (10%) and girls (9%) are
equal [26]. The review also suggested that the overall
prevalence of stunting in Southern provinces (including
Fars) of Iran is mostly higher (17%) than in western
(9%), eastern (8%), southern (17%) and central regions

22500

17500

12500

Weight (gr)

7500 ==

2500

Weight for age (Female)

Age (month)

= = = Control

Fig. 3 Weight (gr) for age among stunted and normal female participants from birth to age 84 months (7 years)

24 36 48 60 72 84
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Fig. 4 Height (cm) for age among stunted and normal female participants from birth to age 84 months (7 years)
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(15%) [26]. However, this review did not examine the
reasons for these discrepancies and the age at which the
faltering of linear growth is started.

Results of a study on the prevalence of stunting in 3147
school children from 5 districts of Tehran suggested that
only 4% of the study participants were defined as stunted.
The authors concluded that birth weight, maternal age
and fathers’ height are the major contributing factors in
stunting among the study population. However, the study
provided no stratification analysis by sex and timing of
growth retardation [18]. Emamian et. al., suggested a con-
siderable socio-economic inequality in stunting among the
Iranian population and that maternal education was the
most important factor associated with stunting among
children under 6 years [27]. Again, no timing for stunting
was reported.

A study in rural Guatemalan children shows that
growth faltering starts soon after birth. Authors sug-
gested that at 3 year of age, growth-retarded children
were on average 3.6 kg lighter than the WHO/CDC
growth chart. Also, between 19% and 34% of the deficit
at 3 years of age was due to failure to thrive during the
first 3 months of life, 12% to 19% between 3 and 6
months and 12% to 25% between 6 and 9 months of age
[28]. However, the authors did not report the status of
the linear growth of the study population.

Results of a population-based cohort study in sub-
Saharan Africa provided evidence that retardation of lin-
ear growth among children under 5 years of age started
soon after birth and continued throughout infancy [29].
The authors suggested that among several factors con-
sidered in the study (including; complementary feeding,
morbidity, maternal short stature and gender) the stron-
gest predictor of severe stunting at 12 months of age

was small birth size [29]. Another cohort study has
suggested that retardation in linear growth among
Zambian infants is more sever at about 13 months of
age. According to the authors, the suggested age is
about the time which nearly all the infants have
weaned off breast milk a factor which may have se-
verely affect children’s growth [24].

The results of the current study also revealed another
age at which growth rate becomes smaller among
stunted children and even more diversion from normal
growth is observed (about 24 months of age). At this
age, children start walking, touching objects, go outside
home and more importantly eat family foods. Interest-
ingly, the reduced growth rate continues for girls to the
end of the follow-up period but for boys, another major
reduction occurs at the fourth year of age. At this age,
boys start more active playing with friends or other sib-
lings, whereas girls do sedentary plays [30]. That is why,
as presented in the figures, weight for age among girls of
both stunted and normal groups is higher than the cor-
responding standard weight for age of the same gender.

Strength and limitations

The participants in the present study were selected ran-
domly among all children in the defined population. Par-
ticipant’s growth indexes were followed from birth until
7 years of age. All children had normal height and
weight at birth helping us to control for genetic and
antenatal related factors affecting growth. All informa-
tion regarding the growth and diet of the participants
was collected from the participant’s health file. Also,
Therefore, major sources of recall or reporting bias are
not expected to exist. However, as some information
collected from the phone interview, this may prone to
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recall and information bias, that may affect the results.
To tackle this recall and reporting biases, mothers were
not told why they were selected (whether if their child is
a case or control). Additionally, no detailed information
was available for the supplementary foods and adequacy
of breast milk. Lastly, as the main aim of this study was
to find approximate age at which stunting starts among
boys and girls, we did not examined the prevalence of
severe, moderate and mild stunting in both genders,
which we recommend to be examined in the further re-
search on stunting.

Conclusions

Iranian children are mainly born with a normal weight
and height, which suggest a normal growth during the
antenatal period (or pregnancy of mother). However, after
birth (at about 6 months of age) the growth pattern of
some children starts to stumble and divert from the nor-
mal pattern. The similarity in the timing of stunting in
girls and boys suggests a similarity in the contributing fac-
tors, which (according to the results of the previous study)
are mainly modifiable (e.g. mother’s involvement in child’s
daily care, the timing of weaning breast milk and types of
diet including supplementary foods). In addition, the
higher weight for age among the normal and stunted chil-
dren compared to the standard figures at age 7 suggests
that a high energy-low protein diet may play important
roles in the growth pattern of the study population. With
regard to the results of the previous and current studies,
the approaches of Iranian mothers to the breast feeding
and weaning should be observed closely to understand
how change to a diet during infancy can affect a child’s
growth. The results raise the importance of providing
families with proper knowledge and cost-effective prac-
tices in the timing and methods of weaning and starting
supplementary foods. We could not conclude whether
growth-retarded children are able to catch up if the con-
tributing factors are corrected. As a result, a specially de-
signed study is needed to understand the reasons for
observing such a pattern in growth and its associates
among Iranian children.

Abbreviations
WHO: World Health Organization; NCHS: National Center for Health Statistics;
OR: Odds Ratio; 95% Cl: 95% Confidence Interval

Acknowledgements

The present study is a part of MSc thesis written by Mohammad Javad
Fatemi under supervision of Dr. Mohammad Fararouei. We also would like to
thank Dr. Tahamtan and Dr. Farahbakhsh, for their cooperation. We are very
thankful for the English revisions on the manuscript made by Miss Romina
Fararouei.

Authors’ contributions

MD, MJF, and MF co-designed the study and survey materials. MJF and GSh
were involved in data collection. MF and HM were responsible for conduct-
ing the statistical analyses, interpretation and drafting the manuscript. MD

Page 8 of 9

and MF revised the manuscript critically for important content. All authors
provided critical revisions, read and approved the final manuscript.

Funding

The study funder had no role in study design, data collection, writing of the
manuscript, and submission. This research was supported under a research
grant (no 7294) from Shiraz University of Medical Sciences.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
The research proposal was approved by the ethics committee of Shiraz
University of Medical Sciences (decree code: 7294).

Consent for publication
Not applicable.

Competing interests
The authors stated no conflict of interest.

Author details

'Student research center for health sciences, department of epidemiology,
school of health, Shiraz University of Medical Sciences, Shiraz, Iran. “Center
for Health Related Social and Behavioral Sciences Research, Shahroud
University of Medical Sciences, Shahroud, Iran. *Department of Epidemiology,
School of Public Health, Shahid Sadoughi University of Medical Sciences,
Yazd, Iran. *Research center for health sciences, department of pediatrics,
School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran. >Shiraz
HIV/AIDS Research Center, Institute of Health, Shiraz University of Medical
Sciences, Shiraz, Iran.

Received: 9 October 2019 Accepted: 6 September 2020
Published online: 11 September 2020

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):S1-S14
el6.

2. Marriott BP, White A, Hadden L, Davies JC, Wallingford JC. World Health
Organization (WHO) infant and young child feeding indicators: associations
with growth measures in 14 low-income countries. Matern Child Nutr. 2012;
8(3):354-70.

3. Evazpoor A, Edalati A, Hypponen E, Fararouei M, Parisai Z. Deaths of
children aged under 5 years and related factors in the Islamic Republic of
Iran: a populationbased case-control study/Déces d'enfants de moins de
cing ans et facteurs associés en République islamique d'lran: étude cas-
témoin populationnelle. East Mediterr Health J. 2016;22(6):368.

4. Fararouei M, Brown |, Toori MA, Haghighi RE, Jafari J. Happiness and health
behaviour in Iranian adolescent girls. J Adolesc. 2013;36(6):1187-92.

5. Fararouei M, Robertson C, Whittaker J, Sovio U, Ruokonen A, Pouta A,
Hartikainen A-L, Jarvelin M-R, Hyppdnen E. Maternal Hb during pregnancy
and offspring's educational achievement: a prospective cohort study over
30 years. Br J Nutr. 2010;104(09):1363-8.

Saenger P, Czernichow P, Hughes |, Reiter EO. Small for gestational age:
short stature and beyond. Endocr Rev. 2007;28(2):219-51.

7. Hoddinott J, Behrman JR, Maluccio JA, Melgar P, Quisumbing AR, Ramirez-
Zea M, Stein AD, Yount KM, Martorell R. Adult consequences of growth
failure in early childhood. Am J Clin Nutr. 2013;98(5):1170-8. https://doi.org/
10.3945/3jcn.113.064584.

8. Md O, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J.
Development of a WHO growth reference for school-aged children and
adolescents. Bull World Health Organ. 2007;85(9):660-7.

9. Gale CR, O'Callaghan FJ, Bredow M, Martyn CN. The influence of head
growth in fetal life, infancy, and childhood on intelligence at the ages of 4
and 8 years. Pediatrics. 2006;118(4):1486-92.

10.  Gale CR, Walton S, Martyn CN. Foetal and postnatal head growth and risk of
cognitive decline in old age. Brain. 2003;126(10):2273-8.


https://doi.org/10.3945/ajcn.113.064584
https://doi.org/10.3945/ajcn.113.064584

Fatemi et al. BVIC Public Health

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2020) 20:1392

Fink G, Sudfeld CR, Danaei G, Ezzati M, Fawzi WW. Scaling-up access to
family planning may improve linear growth and child development in low
and middle income countries. PLoS One. 2014;9(7):e102391.

Hypponen E, Fararouei M, Sovio U, Hartikainen A-L, Pouta A, Robertson C,
Whittaker JC, Jarvelin M-R. High-dose vitamin D supplements are not
associated with linear growth in a large Finnish cohort. J Nutr. 2011;141(5):
843-8.

Prendergast AJ, Humphrey JH. The stunting syndrome in developing
countries. Paediatrics Int Child Health. 2014;34(4):250-65.

Fatemi MJ, Fararouei M, Moravej H, Dianatinasab M. Stunting and its
associated factors among 6-7-year-old children in southern Iran: a nested
case—control study. Public Health Nutr. 2019;22(1):55-62.

Fararouei M, Robertson CE, Whittaker JC, Sovio U, Ruokonen A, Pouta A,
Hartikainen AL, Jarvelin MR, Hypponen E. Maternal haemoglobin during
pregnancy and offspring's educational achievement: a prospective cohort
study over 30 years. Br J Nutr. 2010;104(9):1363-8.

Michaelsen KF. 1.1 Child Growth, vol. 113. Basel: Karger Publishers; 2015. p.
1-5.

Von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke
JP. The strengthening the reporting of observational studies in
epidemiology (STROBE) statement: guidelines for reporting observational
studies. Ann Intern Med. 2007;147(8):573-7.

Esfarjani F, Roustaee R, Mohammadi F, Esmaillzadeh A. Determinants of
stunting in school-aged children of Tehran, Iran. Int J Prev Med. 2013;4(2):
173-9.

Veghari G, Vakili M. Trend of stunting, overweight and obesity among
children under five years in a rural area in northern Iran, 1998-2013: results
of three cross-sectional studies. Arch Iranian Med. 2016;19(6):397-402.
Shiva S, Behbahan AG. Short stature in Iran. In: Handbook of Growth and
Growth Monitoring in Health and Disease. Berlin: Springer; 2012. p. 1635-46.
Danaei G, Andrews KG, Sudfeld CR, Fink G, McCoy DC, Peet E, Sania A,
Smith Fawzi MC, Ezzati M, Fawzi WW. Risk factors for childhood stunting in
137 developing countries: a comparative risk assessment analysis at global,
regional, and country levels. PLoS Med. 2016;13(11):e1002164.

Richard SA, McCormick BJ, Seidman JC, Rasmussen Z, Kosek MN, Rogawski
ET, Petri W, Bose A, Mduma E, Maciel BL. Relationships among common
iliness symptoms and the protective effect of breastfeeding in early
childhood in MAL-ED: an eight-country cohort study. Am J Trop Med Hyg.
2018,98(3):904-12.

Victoria C. Effect of breastfeeding on infant and child mortality due to
infectious diseases in less developed countries: a pooled analysis. Lancet
(British edition). 2000;355(9202):451-5.

Chilengi R, Asombang M, Kadota JL, Chilyabanyama ON, Mwila-Kazimbaya K,
Ng'ombe H, Simuyandi M, Bosomprah S. Early linear growth retardation:
results of a prospective study of Zambian infants. BMC Public Health. 2019;
19(1)61.

Kavosi E, Hassanzadeh Rostami Z, Kavosi Z, Nasihatkon A, Moghadami M,
Heidari M. Prevalence and determinants of under-nutrition among children
under six: a cross-sectional survey in Fars province, Iran. Int J Health Policy
Manag. 2014,3(2):71-6.

Mansori K, Khosravi Shadmani F, Mirzaei H, Vesal Azad R, Khateri S, Mansouri
Hanis S, Moradi Y. Prevalence of stunting in Iranian children under five years
of age: systematic review and meta-analysis. Med J Islam Repub Iran. 2018;
32:103.

Emamian MH, Fateh M, Gorgani N, Fotouhi A. Mother's education is the
most important factor in socio-economic inequality of child stunting in Iran.
Public Health Nutr. 2014;17(9):2010-5.

Rivera J, Ruel M. Growth retardation starts in the first three months of life
among rural Guatemalan children. Eur J Clin Nutr. 1997,51(2):92.

Espo M, Kulmala T, Maleta K, Cullinan T, Salin ML, Ashorn P. Determinants of
linear growth and predictors of severe stunting during infancy in rural
Malawi. Acta Paediatr. 2002;91(12):1364-70.

Lampinen E-K, Eloranta A-M, Haapala EA, Lindi V, Véisto J, Lintu N,
Karjalainen P, Kukkonen-Harjula K, Laaksonen D, Lakka TA. Physical activity,
sedentary behaviour, and socioeconomic status among Finnish girls and
boys aged 6-8 years. Eur J Sport Sci. 2017;17(4):462-72.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Method
	Results
	Conclusions

	Background
	Methods
	Settings
	Sampling
	Data collection
	Selection of cases and controls
	Statistical methods and sample size

	Results
	Discussion
	Strength and limitations

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

