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Abstract
Objective: Height-for-age shorter than 3th percentile or 2 SD below the median of
the National Center for Health Statistics/WHO growth reference is known as
stunting. The present study aimed to measure the association of several factors
with stunting in a cohort born from 2009 to 2010 in Shiraz, Iran.
Design/Setting/Subjects: Nested case–control study conducted on pre-school
children in 2016. Participants were 200 children suffering from stunting (case
group) and 200 children with normal height (control group).
Results: Results of multivariable logistic regression analysis suggested a significant
relationship (adjusted OR; 95% CI) between stunting and mother’s occupation
(employed v. housewife: 3·58; 1·73, 7·39) and chronic diseases (yes v. no: 2·93;
1·25, 6·88). In addition, significant associations were found between family income
(<10 million v. >30 million Rials: 5·63; 2·46, 12·87), diary consumption (very little
v. high: 5·93; 1·74, 20·18) and animal protein in diet (low v. very high: 2·42; 1·13,
5·19) and stunting among children. Also, chance of stunting was inversely
associated with birth interval (<2 years v. first child: 3·13; 1·45, 6·76) and duration
of exclusive breast-feeding (18–24 months v. formula only or breast-feeding for
<18 months: 0·53; 0·30, 0·92).
Conclusions: Mothers being housewife, possibly due to having more time to take
care of their children, childhood diseases and consumption of dairy foods are
strong and modifiable factors which can positively affect Iranian children’s stature.
Higher family income is another important factor in stunting but under less
parental control.
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Anthropometric measures during early life and childhood
are among the most useful parameters for assessing chil-
dren’s health(1,2). In particular, weight and height are most
widely used to assess many aspects of children’s health
and nutritional status(2,3). Growth indices are associated
with the risk of morbidity, mortality, and cognitive and
even behavioural status(2,4–7). In that regard, growth charts
are provided and used as effective tools for determining
and assessing children’s growth(8). Of these two indices of
physical growth, height is considered a more stable indi-
cator for health status as it represents longer health con-
ditions compared with weight, which represents current or
acute health conditions. Although there is no universally
accepted definition for short linear growth, in many cases

height-for-age shorter than the 3th percentile or 2 SD below
the median of National Center for Health Statistics
(NCHS)/WHO growth reference (WHO, 1995) is con-
sidered stunting(1). Although stunting is a frequent health
problem among children throughout the world, the con-
dition is much worse in developing countries as it has
been estimated that more than 50% of children under 5
years in several low-income countries suffer from stunt-
ing(3). It is noted that growth is usually normal from birth
to 3 or 6 months of age, with growth and development
problems mostly appearing after this period(6).

Every person is born with his/her own growth potential
which is believed to be driven by genetic background.
However, the hypothetical role of genetic diversity in
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children’s growth between developed and developing
countries is not supported by WHO, which is condemning
the use of national growth standards. According to WHO,
young children who are born and live under appropriate
conditions will catch up with their maximum growth
potential(8,9). Accordingly, other conditions including
social and nutritional factors may also affect growth(6). For
example, the difference in linear growth between devel-
oped and developing countries is mostly attributed to
socio-economic and nutritional factors rather than genetic
diversity(10). However, it seems that the causes of stunting
are unknown for a significant proportion of cases. As the
result, a huge amount of effort is still ongoing to under-
stand factors affecting stunting(1,6,10,11). For example,
while the results from several epidemiological studies
suggest that dietary factors are the main contributors to
stunting in developing countries(12), not all the results are
consistent(11). In addition, based on the literature, it is hard
to elucidate the effect of the timing of different environ-
mental factors, including nutrition, on individual linear
growth (i.e. before or during pregnancy or after
birth)(13,14).

Stunting is a health issue in Iran. For example, in a
study on a representative sample of Iranian children and
adolescents, 2·6% of the study participants were diag-
nosed with short stature. Noticeably, the problem comes
with a small geographical variation from less than 2% in
provinces with the highest income to just more than 3%
in lowest-income provinces. This finding suggests that
socio-economic status has only a small effect on stunting
among Iranian children(15). The relatively low prevalence
and low geographical variation of stunting in Iran may
suggest the importance of factors other than socio-
economic status in the incidence of stunting. Consider-
ing the importance of stunting and its related lifelong
side-effects, the aim of the present study was to measure
the associations of study variables with stunting among
6–7-year-old children who had normal weight and height
(taller than 20th percentile of the NCHS/WHO growth
chart) at birth. As the result, the associated factors should
affect growth after birth and not the pre-birth (perinatal
or maternal) or pubertal period.

Materials and methods

Setting
The current nested case–control study was conducted in
2016 to investigate the factors associated with stunting
among 400 children aged 6–7 years registered with Shiraz
health-care centres. In Iran, each urban health centre is
responsible for providing primary health and general
medical care to the residents living within its defined
geographical area. Among different services provided by
these health centres, mother and child primary health care
are fundamental. These services include maternity and

pregnancy care, and children’s vaccination and growth
and development monitoring. As childhood vaccination is
mandatory in Iran, it is believed that almost all children
from birth to school age (7 years old) are registered with
and immunized in the nearby health centres.

Sampling
Two-stage cluster sampling was conducted to select the
required participants. For that purpose, health centres
were considered clusters and, within each randomly
selected centre, all cases and a random sample of con-
trols were selected among eligible children. The total
number of births registered with the health centres in
Shiraz during 2009 to 2010 was about 27 000. Sampling
started with obtaining a list of urban health centres (n 78)
from the deputy of health, Shiraz University of Medical
Sciences, from which twenty-five health centres were
selected randomly. The number of centres selected was
defined to reach the required sample size of stunted
children. Selected centres were visited by one of the
research team members asking for a list of 6–7-year-old
registered children. The family health files of the selected
children were reviewed and the required information,
including weight and height of the children from birth to
the last visit, was extracted by a trained health nurse. The
defined age range of the study population was selected to
exclude pubertal growth from the study because puberty
may occur as early as 9 years of age in some girls.
Moreover, above age 9 years, children have no routine
visits to the health centres and their anthropometric
indices are no longer measured.

Data collection
A datasheet was used to extract data from the selected
children’s family health files, in which health and nutri-
tional status of the child and sociodemographic informa-
tion on the parents were recorded. The extracted
information included child’s sex, date of birth, child’s key
nutritional information including starting and ending
dates of breast-feeding, starting date and types of com-
plementary foods, immunization history, number of sib-
lings, birth interval to the previous sibling, birth order of
the child, mother’s age at pregnancy of the selected child,
anthropometric measures (weight and height) from birth
to age 7 years, and parents’ educational and occupational
status. The health nurses used the anthropometric data to
define children’s growth status and provided a list of
children with stunting for each centre. In addition, mothers
of the selected children were contacted and the remaining
information required was obtained via a telephone inter-
view. The data collected via telephone interview included
any medical condition the child was suffering from. In
addition, dietary intake of the child including meat, dairy,
fruit and vegetable consumption was obtained via the
following questions: ‘Regarding the duration between the
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time at which you stopped breast-feeding your child to
date, generally how you describe the diet of your child
with regard to the amount of each of the following foods:
red and white meats, dairy products, fruits and vege-
tables?’ For each of the above foods, the answer was on a
5-point Likert scale from ‘almost nothing’ to ‘very high’.
The latest job and educational status and total family
income of the parents were also obtained from the
mothers during the interview. The questionnaire was
made and evaluated by an expert team consisting of an
epidemiologist, a paediatrician and an experienced health-
care provider. At the start of the telephone interview, the
mothers received a brief explanation about the research
and verbal informed consent was obtained (approval
number 9584). To control for psychological effects and
recall bias in the reports from mothers, the participants
were not told how and why they were selected (their child
is a case or control).

The telephone interview was conducted by a female
nurse using an interview-administered questionnaire. The
participation rate to the telephone interview was very high
(98%; only four mothers of normal children were not able
to participate due to not being available). The mothers
who were not reached were replaced by mothers of
children with normal height in the same centre. A pilot
study on twenty-five normal and twenty-five stunted
children was conducted prior to starting the main study to
evaluate the methods of interview and the questionnaire’s
reliability. According to a test–retest analysis, the reliability
of the questionnaire was considered good (Cronbach’s
α= 0·78). In the pilot phase of the study, questions
regarding breast-feeding and complementary foods (also
recorded in the family health file) were asked of the
mothers and the collected information was compared with
the data from the health files to check if reporting and
recall biases (common type of biases in case–control stu-
dies) were an issue. No significant difference between the
data from health files and those from the interview was
observed in either group.

Inclusion criteria
All children were between 6 and 7 years of age, were born
with height above the 20th percentile of the NCHS/WHO
growth chart and were living with both parents based on
the mother’s report. No single-parent children were
included due to the expected deep and complicated
effects of missing parents on children’s health.

Exclusion criteria
Children were excluded if their mother reported to have
changed address as this could have caused significant
alteration in the child’s living and health conditions (e.g.
moving from a rural area to the city during the participant’s
life). Children were also excluded if the mother reported,
based on a physician’s diagnosis, that the child was

suffering from a condition known to affect children’s
growth (e.g. growth hormone deficiency).

Selection of cases
Stunting among children was defined according to the
WHO. Children who were born with normal weight and
height, but whose height was shorter than the 3rd per-
centile of their sex- and age-specific height of the NCHS/
WHO growth reference at the time of the study, were
selected as cases.

Selection of controls
Controls were randomly selected, with the same sex ratio,
from children who were registered at the same health
centre as the stunted children (i.e. cases and controls were
frequency matched for sex and health centre). Control
children had height taller than the 20th percentile of their
sex- and age-specific height of the NCHS/WHO growth
reference at the time of the study.

Sample size and statistical methods
A sample size of 380 children (190 stunted participants as
cases and 190 controls with normal height) was required
to obtain a significant association between stunting and
mother’s job with OR≥ 2. The type I error and power of
the test were set to 5 and 80%, respectively. However,
considering the possibility of missing data, the number of
participants was increased to 200 for each group.
Accordingly, 400 children aged 6–7 years were selected.
Their data were analysed using the statistical software
package IBM SPSS Statistics version 19. Univariate analysis
was conducted to calculate unadjusted associations using
frequency distributions, means and simple logistic
regression. Multiple logistic regression was applied to
measure the adjusted associations between the study
variables (listed above) and stunting. The final logistic
model was defined using the stepwise selection strategy.

Results

The distribution of the study variables among the case and
control groups is compared in Table 1. In the case and
control participants, 107 (53·50%) and 105 (52·50%) were
female, respectively (P= 0·85).

Univariate analysis
Unadjusted associations between stunting and each of the
qualitative study variables were examined using simple
logistic regression analysis and the results are presented in
Table 2. Significant associations were found between the
risk of stunting and father’s job, mother’s education, family
income, birth interval, child’s type of feeding during
infancy, duration of breast-feeding, childhood diseases,
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Table 1 Characteristics of the study participants: children aged 6–7 years from Shiraz, southern Iran, 2016

Frequency distribution

Cases Controls

Variable n % n % P value*

Sex
Female 107 53·5 105 52·5 0·842
Male 93 46·5 95 47·5

Father’s job
Unemployed 118 59·0 114 57·0 0·003
Labour 38 19·0 18 9·0
Employee 31 15·5 39 19·5
Professional 13 6·5 29 14·5

Mother’s job
Housewife 167 83·5 177 88·5 0·154
Employed 33 16·5 23 11·5

Family income (Rials)
<10 million 37 18·5 16 8·0 <0·001
10–30 million 129 64·5 111 55·5
>30 million 34 17·0 73 36·5

Mother’s education
Primary 26 13·0 11 5·5 0·003
Secondary 39 19·5 30 15·0
High school and diploma 101 50·5 100 50·0
Academic 34 17·0 59 29·5

Father’s education
Primary 17 8·5 12 6·0 0·292
Secondary 48 24·0 43 21·5
High school and diploma 96 48·0 91 45·5
Academic 39 19·5 54 27·0

Birth interval
First child 108 54·0 120 60·0 0·001
<2 years 36 18·0 13 6·5
2–3 years 18 9·0 9 4·5
>3 years 38 19·0 58 29·0

Type of food†
Formula milk 39 19·5 17 8·5 0·001
Both 23 11·5 14 7·0
Breast milk 138 69·0 169 84·5

Duration of breast-feeding
Formula only or breast feeding for <18 months 51 25·5 28 14·0 0·013
18–24 months 142 71·0 160 80·0
>24 months 7 3·5 12 6·0

Birth order
First 133 66·5 126 63·0 0·615
Second 46 23·0 57 28·5
Third 16 8·0 13 6·5
Fourth 5 2·5 4 2·0

Childhood disease
No 177 88·5 189 94·5 0·031
Yes 23 11·5 11 5·5

Mother’s age at pregnancy
<20 years 25 12·5 21 10·5 0·283
20–34 years 167 83·5 164 82·0
≥35 years 8 4·0 15 7·5

Dairy products in diet
Very low 17 8·5 4 2·0 0·001
Low 32 16·0 18 9·0
Average 83 41·5 85 42·5
High 68 34·0 93 46·5

Junk food consumption
Rare 34 17·0 60 30·0 0·004
Sometimes 35 17·5 42 21·0
Often 88 44·0 71 35·5
Always 43 21·5 27 13·5

Animal protein in diet
Very low 11 5·5 12 6·0 0·079
Low 46 23·0 26 13·0
High 112 56·0 127 63·5
Very high 31 15·5 35 17·5
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consumption of dairy products and consumption of foods
with low nutritional value (i.e. junk foods; P < 0·05).

Multivariable analysis
After reaching the final model and checking for potential
interactions between the explanatory variables, the mul-
tiple logistic regression results (Table 2), which are pre-
sented as adjusted OR (AOR) and their 95% CI, revealed
significant relationships between the risk of stunting and
mother’s occupation (employed v. housewife: AOR= 3·58;
95% CI 1·73, 7·39, P= 0·001) and family income (<10
million v. >30 million Rials: AOR= 5·63; 95 % CI 2·46,
12·87, P < 0·001). Significant associations were also
found between stunting and duration of breast-feeding
(18–24 months v. formula only or breast-feeding for
<18 months: AOR= 0·53; 95 % CI 0·30, 0·92, P= 0·03),
birth interval (<2 years v. first child: AOR= 3·13; CI 95 %
1·45, 6·76, P= 0·004), childhood diseases (yes v. no:
AOR= 2·93; 95 % CI 1·25, 6·88, P= 0·013), use of dairy
products (very little v. high: AOR= 5·93; 95 % CI 1·74,
20·18, P= 0·004) and animal protein in the diet (low v.
very high: AOR= 2·42; 95 % CI 1·13, 5·19, P= 0·022).

Discussion

The present population-based nested case–control study
aimed to determine associated factors of stunting among
6–7-year-old children born with normal birth weight and
height in Shiraz, Iran. The results indicated a significant
relationship between stunting and mother’s occupation,
family income, birth interval, duration of breast-feeding,
childhood diseases, consumption of dairy products and
consumption of animal protein-based foods. However, no
significant relationship was observed between sex and
stunting. This finding is consistent with what was sug-
gested in a critical review(16) and a national study in
Iran(17). The same conclusion was also made by Nojomi
et al., who suggested no significant association between
sex and stunting(18). In contrast, a few studies conducted
in Nepal showed a significant relationship between
stunting and sex(19). The contradiction between the results

of the present study and the studies from Nepal may
suggest social and cultural differences such as economy
and sexual discrimination between communities. The
current study introduced mother’s involvement in the
child’s care as the strongest factor preventing stunting.
Employed mothers, due to shortage of time during the
day, use nursery services to take care of their children. In
nurseries, children are not only more exposed to a wide
variety of infections but they also receive less attention to
their psychological and physiological needs. In fact,
although malnutrition is suggested to be the most common
threat to children’s survival and health, it seems that the
mother’s presence in the family and her involvement in
the child’s care is getting less attention than it deserves.
The results of the present study suggested that children
with employed mothers had a higher risk of stunting
irrespective of family income. Indeed, families with
employed women are expected to have higher income.
Thus, the negative effect of mother’s employment on child
growth is considerable. This also supports the hypothesis
that employed mothers need more time to spend with
their family and take care of their young children. Similar
results were also obtained in a study from South Africa(20)

suggesting a negative impact of mother’s employment on
child growth. However, a retrospective cohort study in
another city of Iran reported no association between
mother’s employment and growth failure among children
under 2 years(21). On the other hand, another cross-
sectional study on Iranian children found a significant
association between mother’s employment and the risk of
stunting among children aged 3–6 years(22). It is worth
noticing that neither of the above studies considered the
height of children at birth. The findings of the present
study also revealed a significant and adverse relationship
between family income and stunting. This finding agrees
with the results of several studies including those per-
formed by Holakoei et al. and Mohammadpoorasl
et al.(23,24). This might be attributed to the fact that families
with higher income have better access to quality foods and
better living conditions. A study on children younger than
5 years of age showed that Iranian children were shorter
than their counterparts in the USA. Indeed, the difference
was more apparent in children under 1 year but it

Table 1 Continued

Frequency distribution

Cases Controls

Variable n % n % P value*

Fruits and vegetables in diet
Very low 9 4·5 8 4·0 0·941
Low 48 24·0 45 22·5
High 88 44·0 87 43·5
Very high 55 27·5 60 30·0

*Based on χ2 test.
†From birth to 2 years of age.
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Table 2 Crude and adjusted associations of the study variables with risk of stunting among 6–7-year-old children from Shiraz, southern
Iran, 2016

Crude Adjusted

Variable OR 95% CI P value OR 95% CI P value

Sex
Female 1·00 Ref. 0·841 NR – –

Male 0·96 0·64, 1·42 – NR – –

Father’s job
Unemployed 1·00 Ref. – NR – –

Labour 2·04 1·10, 3·71 0·025 NR – –

Employee 0·76 0·44, 1·30 0·330 NR – –

Professional 0·43 0·21, 0·87 0·026 NR – –

Mother’s job
Housewife 1·00 Ref. – 1·00 Ref. –

Employed 1·52 0·85, 2·69 0·153 3·58 1·73, 7·39 0·001
Family income (Rials)

<10 million 4·96 2·43, 10·13 <0·001 5·63 2·46, 12·87 0·001
10–30 million 2·49 1·54, 4·03 <0·001 3·77 2·09, 6·79 0·001
>30 million 1·00 Ref. – 1·00 Ref. –

Mother’s education
Primary 1·00 Ref. – NR – –

Secondary 0·55 0·23, 1·28 0·162 NR – –

High school and diploma 0·42 0·20, 0·91 0·028 NR – –

Academic 0·24 0·10, 0·55 <0·001 NR – –

Father’s education
Primary 1·00 Ref. – NR – –

Secondary 0·78 0·33, 1·83 0·582 NR – –

High school and diploma 0·74 0·33, 1·64 0·464 NR – –

Academic 0·51 0·21, 1·18 0·113 NR – –

Birth interval
First child 1·00 Ref. – 1·00 Ref. –

<2 years 3·07 1·55, 6·10 <0·001 3·13 1·45, 6·76 0·004
2–3 years 2·22 0·95, 5·15 0·063 2·12 0·86, 5·23 0·102
>3 years 0·72 0·44, 1·18 0·195 0·73 0·43, 1·26 0·263

Type of food*
Formula milk 1·00 – – NR – –

Both 0·71 0·29, 1·71 0·457 NR – –

Breast milk 0·35 0·19, 0·65 <0·001 NR – –

Duration of breast-feeding
Formula only or breast-feeding for <18 months 1·00 Ref. – 1·00 Ref. –

18–24 months 0·48 0·29, 0·81 0·006 0·53 0·30, 0·92 0·030
>24 months 0·32 0·11, 0·90 0·032 0·43 0·14, 1·36 0·151

Birth order
First 1·00 Ref. – NR – –

Second 0·76 0·48, 1·20 0·253 NR – –

Third 1·16 0·53, 2·52 0·695 NR – –

Fourth 1·18 0·31, 4·51 0·802 NR – –

Childhood disease
No 1·00 Ref. – 1·00 Ref. –

Yes 2·23 1·05, 4·73 0·035 2·93 1·25, 6·88 0·013
Mother’s age at pregnancy

<20 years 1·00 Ref. – NR – –

20–34 years 0·85 0·46, 1·58 0·624 NR – –

≥35 years 0·44 0·15, 1·26 0·126 NR – –

Dairy products in diet
Very low 5·81 1·87, 18·05 0·002 5·93 1·74, 20·18 0·004
Low 2·43 1·26, 4·68 0·008 2·93 1·42, 6·05 0·003
Average 1·33 0·86, 2·06 0·198 1·51 0·92, 2·48 0·092
High 1·00 Ref. – 1·00 Ref. –

Junk food consumption
Rare 1·00 Ref. – NR – –

Sometimes 1·47 0·79, 2·72 0·213 NR – –

Often 2·18 1·29, 3·69 0·003 NR – –

Always 2·81 1·48, 5·32 0·002 NR – –

Animal protein in diet
Very low 1·03 0·40, 2·67 0·948 0·68 0·22, 2·05 0·493
Low 1·99 1·01, 3·95 0·043 2·42 1·13, 5·19 0·022
High 0·99 0·57, 1·71 0·980 1·15 0·62, 2·13 0·640
Very high 1·00 Ref. – 1·00 Ref. –
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diminished to some extent with age. In that study, the
height of Iranian children living in families with high
income was similar to that of US children. Moreover, rural
children were found to be shorter than urban children(9).
This finding might be justified by the fact that nutrition and
living conditions among rural families are not as good as
those of families from cities(25). Our study showed a sig-
nificant and negative association between the duration of
breast-feeding and risk of stunting. This finding is also
supported by other studies inside and outside Iran(26,27).
Children’s mean age at the time of cessation of breast-
feeding varies from 7 to 30 months around the world,
depending on the country’s culture(28). Generally,
although breast-feeding is very important for mental and
physical growth of the child, keeping the diet balanced as
the child grows is even more important. The results of the
current study indicated a significant relationship between
chronic diseases among children and risk of stunting.
Similar results were also reported from other studies per-
formed on the same subject(29). The results of our study
also revealed a significant and direct relationship between
diets with low dairy products and low animal protein and
stunting. Although many believe that dairy products are
important in children’s growth(30,31), others did not find
any consistent association between consumption of these
products and bone health indices among children(32). Also
regarding the consumption of animal protein and growth,
several studies reported the same findings(33,34).

According to the results of the present study, among
urban families, family income and especially mother’s
involvement in childcare is among the most important
factors. This is because urban families (compared with rural
residents) in Iran are more able to provide basic nutritional
needs to their children. In addition to family income and
mother’s presence at home, the current study introduced
dairy products as a strong factor affecting stunting.

The present study was conducted on a sample of
members of a 2008–2009 birth cohort in the biggest city in
the southern part of Iran. As most of the required infor-
mation was obtained from the children’s health file, no or
insignificant recall or information bias due to the case–
control nature of the study was expected to occur. How-
ever, some nutritional and health-related information was
asked from mothers in a telephone interview, which may

cause some imprecision in reporting the events. In that
regard, it is worth noticing that the responding mothers
were not aware of the reason their child was selected (i.e.
because of being stunted as a case or normal as a control).
As a result, the bias due to the mother’s reported infor-
mation should be insignificant. Moreover, the overlapping
health and nutritional information obtained from the
family health file and the interview with the mother was
compared and no significant difference was observed.

Conclusion

The results of current study reveal that stunting among
Iranian children is an impairment with mostly very basic
determinants, including socio-economic (employment of
mother, family income), nutritional (breast-feeding, diary
and animal protein consumption) and birth interval. These
findings are practically very important as they confirm the
importance of national family supportive policies in
childcare and mother and child nutrition education pro-
grammes. In addition, the anthropometric indices of chil-
dren with chronic diseases should be monitored as they
may also face growth retardation in future.
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All variables were included in the final model.
*From birth to 2 years of age.
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drafting the manuscript. M.D. contributed to the design
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drafting and revising the paper. All authors reviewed and
approved the final version to be published. Ethics of
human subject participations: This study was conducted
according to the guidelines laid down in the Declaration of
Helsinki and all procedures involving human subjects
were approved by the ethics committee of Shiraz Uni-
versity of Medical Sciences. Verbal informed consent was
obtained from all subjects. Verbal consent was witnessed
and formally recorded (approval number 9584).
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