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Determinants of anemia among 6–59
months aged children in Bangladesh:
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data
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Abstract

Background: Anemia is a global public health problem but the burden of anemia is disproportionately borne
among children in developing countries. Anemia in early stages of life has serious consequences on the growth
and development of the children. We examine the prevalence of anemia, possible association between anemia and
different socio-economic, demographic, health and other factors among children with ages from 6 to 59 months
from the nationally representative 2011 Bangladesh Demographic and Health Survey (BDHS).

Methods: Data on hemoglobin (Hb) concentration among the children aged 6–59 months from the most recent
BDHS (2011) were used. This nationally representative survey allowed a multistage stratified cluster sampling design
and provided data on a wide range of indicators such as fertility, mortality, women and child health, nutrition and
other background characteristics. Anemia status was determined using hemoglobin level (<11.0 g/dl), and
weighted prevalence of childhood anemia along with 95 % confidence intervals were provided. We also examined
the distribution of weighted anemia prevalence across different groups and performed logistic regression to assess
the association of anemia with different factors.

Results: A total of 2171 children aged 6–59 months were identified for this analysis, with weighted prevalence of
anemia being 51.9 % overall- 47.4 % in urban and 53.1 % in rural regions. Results of a multivariable logistic
regression analysis showed that, children below 24 months of age (odds ratio, [OR] 3.01; 95 % confidence interval
[CI] 2.38-3.81), and those from an anemic mother (OR 1.80; 95 % CI 1.49-2.18) were at higher risk of anemia.
Childhood anemia was significantly associated with chronic malnutrition of child, source of drinking water,
household wealth and geographical location (defined by division).

Conclusions: A high prevalence of anemia among 6–59 months aged children was observed in Bangladesh. Given
the negative impact of anemia on the development of children in future, there is an urgent need for effective and
efficient remedial public health interventions.
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Background
Anemia is a prevalent public health problem which af-
fects about a quarter of the world population [1], notably
pre-school aged (PreSAC) children with global preva-
lence in the 0–5 year-old age group rising to 47.4 % [2].
According to World Health Organization (WHO) cri-
teria, anemia ranks as a severe public health problem
(defined as a prevalence of ≥ 40 %). Anemia can
adversely affect cognitive advancement, performance in
school, physical and behavioral growth, and
immunization ability of children against disease [3–6]. It
remains a major cause of mortality and morbidity in de-
veloping countries where resources to determine the
underlying etiology remain poor [3]. According to
WHO, Africa has the highest anemia prevalence overall
for PreSAC, non-pregnant and pregnant women, where
the Asian region shows the highest number of people
being affected with 58 % of the anemia burden exists for
PreSAC [2]. According to recent information from the
South Asian region, the prevalence of anemia among
children 6–35 months aged was about 79 % in India. In
Nepal, the prevalence among children <5 years was
46 %. The national overall prevalence of Anemia in
Bangladesh was approximately 51 % in 2011 [7].
Anemia in children is of particular interest since it can

negatively and irreversibly impact their future develop-
ment. Although the etiology of anemia among children
is multi-factorial, the most significant correlates to the
onset of childhood anemia is iron deficiency with a
smaller proportion due to deficiencies of such micronu-
trients as folate, Vitamin A and B12 [8–10]. Prevalence
of iron deficiency anemia in developing countries varies;
Villalpando notes it is frequently four times higher than
in developed countries [8].
Several surveys in the past have shown that anemia is

a severe problem in Bangladesh among children. In
Bangladesh, prevalence of anemia varied across the dif-
ferent surveys which were focused on slightly different
populations. According to the Nutritional Surveillance
Project (NSP), prevalence of anemia was 47 % in 2001
and 68 % in 2004 among 6–59 months aged children
[11]. Anemia tends to reduce with age, and another
study notes 64 % prevalence in children aged 6–23
months, and 42 % in children aged 24–59 months in
Bangladesh [12]. On the other hand, National Micronu-
trient Survey in 2011–12 showed an anemia prevalence
of only 33 % among 6–59 months aged children, al-
though methodology was different than in other studies
[13]. The prevalence of anemia is higher among younger
children because their nutritional requirements for
growth are high. The underlying causes of anemia
among children are multi-factorial and there is no study
which works with national level data on anemia and as-
sociated factors.

In this study, we performed a comprehensive investi-
gation of childhood anemia and its determinants among
the PreSAC children in Bangladesh. Our aim is to esti-
mate the national prevalence of anemia and explore the
factors associated with anemia as a basis for prevention
and control programs. Moreover, the study can help
public health policymakers determine priorities for
intervention.

Methods
Data on 7481 children with ages from 6 to 59 months
born in the last 5 years were extracted from 2011
Bangladesh Demographic and Health Survey (BDHS).
This national level survey was designed to provide data
on basic indicators of fertility regulation, maternal
health, child health, nutritional status of mothers and
children, awareness and attitude towards HIV/AIDS,
and the prevalence of non-communicable diseases. Enu-
meration areas (EAs) from the population census 2011
were primary sampling units (PSUs) for this survey, with
PSUs designed to produce separate estimates of key indi-
cators for each of the seven divisions such as Dhaka,
Chittagong, Rajshahi, Rangpur, Khulna, Barisal and Syl-
het. Data collection took place over a five month period
from July 8 to December 27, 2011. By using the strati-
fied, two-stage cluster design, where, a total of 600 clus-
ters (including 207 clusters in urban areas and 393
clusters in rural areas) were chosen in first stage [14]. In
the second stage of sampling, a systematic sample of 30
households (HHs) was selected on average per cluster.
Detailed information about the survey can be found in
the 2011 BDHS report [14]. Hemoglobin testing was car-
ried out among children aged 6–59 months in every
third household in the BDHS sample using HemoCue
rapid testing methodology. For the test, a drop of capil-
lary blood was taken from a child’s fingertip or heel and
was drawn into the microcuvette which was then ana-
lyzed using the photometer that displays the hemoglobin
concentration [14]. After selecting only children from de
jure households and excluding children with missing in-
formation on hemoglobin or any of the other key predic-
tors considered in this study, 2171 children of 6–59
months aged from the 2011 survey were retained for the
final analysis. Data selection procedure is given in Fig. 1
in the form of a flow chart.

Ethics approval
Our study was wholly based on an analysis of existing
public domain health survey datasets obtained from
BDHS 2011, which is freely available online with all
identifier information removed. The main author com-
municated with MEASURE DHS and ICF International
and permission was granted to download and use the
data. The BDHS 2011 was reviewed and approved by the
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ICF Macro Institutional Review Board and the National
Research Ethics Committee of the Bangladesh Medical
Research Council. This survey was conducted by the Na-
tional Institute of Population Research and Training
(NIPORT) of the Ministry of Health and Family Welfare
and implemented by Mitra and Associates, Bangladesh.
The technical assistance for the survey was provided by
ICF International of Calverton, Maryland, USA, as a part
of its international Demographic and Health Survey pro-
gram (MEASURE DHS). The U.S. Agency for Inter-
national Development (USAID) provided financial
support to complete the survey.

Measurement of variables
Outcome variables
Anemia was considered as the outcome variable.
Hemoglobin concentration is the most reliable indicator
of anemia at the population level [1]. According to
WHO’s criteria, 6–59 months aged children with
hemoglobin level less than 11.0 g/dl are considered as
anemic [1].

Explanatory variables
A number of health, demographic and socio economic
factors are associated with children’s nutritional status.
Maternal age (<20, 20–29, 30–39,≥40), parental educa-
tional (no education, primary, secondary, higher), sex of
the children, age of the children (6–23 months, 24–59
months), number of living children (1, 2, 3, >3), number
of household members (≤4, 5–8, ≥9), number of eligible
children (1, >1), currently breastfeeding (yes, no),

mother’s anemia (yes, no), mother’s Body Mass Index,
BMI (<18.5 kg/m2, ≥18.5 kg/m2), size of the children at
birth (small, average, large), household toilet facilities
and source of drinking water (both binary variables
broken down into improved and non-improved), pres-
ence of fever (yes, no) or diarrhea (yes, no) within last
2 weeks from date of interview are all considered poten-
tially important factors in analyzing nutritional status of
under five aged children and were included in the ana-
lysis. According to BDHS, a household water connection
(piped), public standpipe, borehole, protected dug well
or spring or rainwater collection is considered to be an
‘improved’ source of drinking water. Similarly, the ‘im-
proved’ toilet facilities are considered to be flush toilets,
ventilated improved pit latrines, traditional pit latrines
with a slab, or composting toilets [14]. A Z-score cut-off
point of less than −2 standard deviation (SD) is used to
classify child malnutrition status such as low weight-for-
age (underweight), low height-for-age (stunting) and low
weight-for-height (wasting) according to WHO criteria.
A wealth index was calculated using principle compo-
nent analysis of asset variables and then categorized into
terciles (poor, middle, rich). Place of residence (rural,
urban) and geographic region based on seven divisions
in Bangladesh (Barisal, Chittagong, Dhaka, Khulna, Raj-
shahi, Rangpur and Sylhet) were also included as
covariates.

Statistical analysis
Descriptive statistics of each of the selected variables
and distribution of anemia by different factors were

Fig. 1 Data selection flow chart
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shown with 95 % CI by adjusting sampling weight. The
BDHS 2011 sample was a two-stage stratified cluster
sample; sampling weights were calculated based on sam-
pling probabilities separately for each sampling stage
and cluster. Due to the non-proportional allocation of
sample to divisions and urban and rural areas, and the
differences in response rates in sample, sampling weights
were adjusted to ensure the representativeness of the
survey results at national level. Adjustment for cluster-
ing in the sample removes underestimation of variability
in the estimates by adjusting standard errors, and
weighting the data adjusts for under sampling and over-
sampling within strata. A detailed description of the
weighting procedure can be found in the BDHS report
[14]. Logistic regression was applied and ORs with 95 %
CI were used to evaluate the factors associated with
anemia among 6–59 months aged children. Factors exhi-
biting a significant association with anemia (p-value
<0.05) in univariate models were selected for developing
multivariable logistic regression model. Statistical ana-
lyses were performed using the R statistical software
(version 3.0.1; The R Foundation for Statistical
Computing).

Results
A total of 2171 children between the ages of 6–59
months were identified. Among the eligible children
male and female ratio were 51:49. Over two thirds of the
samples were aged 24–59 months (67.2 %). The preva-
lence of anemia among children of aged 6–59 months
was 51.9 % (95 % CI 49.4-54.5). Prevalence of stunting
and underweight status in the children was over a third
while the prevalence of wasting was approximately 16 %.
The majority of the mothers of the children were at 20–
29 years of age and 12.4 % was less than 20 years.
Among the selected households, more than half had 5–8
members, with 1-2 children and one 6–59 months aged
child. About 98.4 % households had access to improved
water sources, while only 51.0 % households had access
to improved toilet facilities. The proportion of no formal
education among the children’s fathers was higher than
the mothers. About 44.1 % of children’s mothers were
anemic and 30.2 % were malnourished (BMI <18.5 kg/m2)
at the time of the survey. More than three-quarters
(78.8 %) respondents lived in rural residences reflecting
the changing demographics of Bangladesh, and 37.1 % of
children lived in households of ‘poor’ economic class.
Most of the selected respondents (30.7 %) lived in Dhaka
division in contrast to Barisal division (5.7 %) (Table 1).
Table 2 shows prevalence of anemia by different fac-

tors. The prevalence of anemia varied significantly (p <
0.001) by age. For the children aged between 6 to
23 months the prevalence was 28 % greater than the
children of age 24–59 months. The percentage of

anemic children varied with educational status of par-
ents. The prevalence of anemia was significantly higher
for parents with no formal education compared to the
higher educated parents. For stunted children the preva-
lence of anemia was significantly (p = 0.031) higher than
in non-stunted children. But we did not find any signifi-
cant difference in anemia prevalence among the wasted
and underweight children. Children who continued
breastfeeding were more anemic than the non breast fed
children (58.6 % vs. 40.2 %, p < 0.001). The prevalence of
anemia among children was significantly (p < 0.001)
higher for anemic mothers (61.6 %) and malnourished
mothers (58.0 %). There was a significant (p < 0.01) dif-
ference of anemia prevalence between children from
households with access to an improved water source
(51.1 %) and those without such access (74.3 %). But
there was no significant difference in anemia prevalence
by toilet facilities of households. The prevalence of
anemia among children who suffered from fever in last
2 weeks was about nine percent higher than others. Not
surprisingly, children from poor and middle economic
class families were more anemic than children from rich
families. Moreover, the prevalence of anemia was signifi-
cantly higher among children in rural areas (53.1 %),
compared to the urban areas (47.4 %).
Figure 2 shows that the administrative division-wise

prevalence of anemia. Barisal, a division from the south-
ern region of the country had the highest prevalence of
anemia among children under the age of 5. A northern
region Rangpur, also showed similar pattern. The results
indicated that about 6 out of 10 children in the Barisal
and Rangpur division were anemic; with prevalence esti-
mates for these two regions being 60.4 % and 58.9 % re-
spectively. The lowest prevalence was recorded in Dhaka
division, 47.8 %, while for Chittagong, Rajshshi, Khulna
and Sylhet rates of anemia were above 50 %. Relative to
the WHO cut-off 40 %, all divisions showed concerning
levels of anemia.
Table 3 shows the odds ratios from simple and multi-

variable logistic regression analysis for assessing associa-
tions between different factors and anemia among
children aged 6–59 months in Bangladesh. Age of the
children is recognized as an important factor for child-
hood anemia, and results showed that children with age
between 6–23 months were more at risk of suffering
from anemia than 23–59 months aged children, OR 3.01
(95 % CI: 2.38-3.81, p < 0.001). Adjusting for other fac-
tors, anemic mother’s children were 80 % more likely to
be anemic compared to children of non-anemic mothers.
Similarly, children from undernourished mothers’ were
43 % more likely to be anemic than others. Moreover,
parental education was associated with lower rates of
PreSAC anemia: children of parents with no formal edu-
cation were at high risk of anemia compared to the
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Table 1 Descriptive statistics of selected variables

Variables Weighted Estimate
(Mean/Proportion)

95 % CI

Anemia (Hb < 11.0 g/dl)

No 48.1 45.5-50.6

Yes 51.9 49.4-54.5

Household characteristics

Number of HH members

≤4 31.5 28.7-34.2

5-8 54.2 51.4-57.1

≥9 14.3 12.0-16.7

Number of under-5 children

One 60.9 57.8-64.0

More than one 39.1 36.0-42.2

Number of living children 2.4 2.3-2.5

1 28.5 26.1-31.0

2 32.9 30.3-35.4

3 19.5 17.3-21.8

>3 19.1 16.7-21.4

Toilet facilities

Improved 51.0 47.7-54.4

Non-improved 49.0 45.6-52.3

Water source

Improved 98.4 97.7-99.2

Non-improved 1.6 0.9-2.3

Wealth index

Poor 37.1 33.9-40.4

Middle 31.8 29.0-34.5

Rich 31.1 28.0-34.2

Parental characteristics

Maternal age (years)

<20 12.4 10.8-14.1

20-29 62.2 59.7-64.7

30-39 22.4 20.1-24.7

≥40 3.0 2.1-3.9

Maternal education

No education 20.3 17.9-22.7

Primary 33.2 30.3-36.1

Secondary 39.9 36.6-43.1

Higher 6.6 5.3-7.9

Father's education

No education 29.9 27.1-32.8

Primary 30.4 27.8-32.9

Secondary 27.8 25.3-30.3

Higher 11.9 10.2-13.7

Maternal anemia

Table 1 Descriptive statistics of selected variables (Continued)

Anemic 44.1 41.3-47.0

Not anemic 55.9 53.0-58.7

Mother’s BMI

<18.5 kg/m2 30.2 27.4-33.0

≥18.5 kg/m2 69.8 67.0-72.6

Child’s characteristics

Sex of children

Male 51.0 48.4-53.5

Female 49.0 46.5-51.5

Age of the children (months)

6-23 months 32.8 30.8-34.9

24-59 months 67.2 65.1-69.2

Size of children at birth

Large 13.3 11.5-15.1

Average 68.5 66.2-70.9

Small 18.2 16.3-20.1

Continuous breastfeeding

No 36.1 33.5-38.7

Yes 63.9 61.3-66.6

Diarrhea in last 2 weeks

No 94.9 93.8-96.0

Yes 5.1 4.0-6.2

Fever in last 2 weeks

No 61.3 58.9-63.8

Yes 38.7 36.2-41.1

Stunting

No (HAZ≥ −2 SD) 57.8 55.0-60.7

Yes (HAZ < −2 SD) 42.2 39.4-45.0

Under-weight

No (WAZ≥ −2 SD) 61.8 59.0-64.6

Yes (WAZ < −2 SD) 38.3 35.4-41.1

Wasting

No (WHZ≥ −2 SD) 83.6 81.8-85.5

Yes (WHZ < −2 SD) 16.4 14.5-18.2

Community characteristics

Place of residence

Urban 21.2 18.6-23.7

Rural 78.8 76.3-81.4

Division

Barisal 5.4 3.9-7.0

Chittagong 22.2 17.4-26.9

Dhaka 30.7 25.2-36.2

Khulna 9.4 6.9-11.8
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children of educated parents. Stunting or chronic mal-
nutrition also displayed significant associations with
anemia among the PreSAC population. Children who
suffered from chronic malnutrition were more likely to
be anemic, OR 1.38 (95 % CI: 1.13-1.69, p < 0.01). Chil-
dren who suffered from fever in the 2 weeks prior to
measurement were 28 % more likely to manifest anemia.
Source of drinking water and toilet facilities of the
household are thought to be strong household level pre-
dictors of childhood anemia. Children from households
without access to ‘improved’ water sources and toilet fa-
cilities were 1.34 and 2.48 times more likely than others
to be anemic. Compared to children of poor households
according to the composite wealth index, middle and
rich household’s children were 26 % and 34 % less likely
to be anemic. The likelihood of being anemic was 1.21
times higher for rural children than the urban children.
Children from Dhaka and Sylhet divisions were less
likely to be anemic than the children from Barisal div-
ision, which had the highest anemia prevalence among
all the divisions.

Discussion
Childhood anemia is a major public health challenge in
Bangladesh. Our results reveal that about 52 % of the
children aged 6–59 months nationally are anemic, which
is consistent with previously reported national preva-
lence of anemia (51 %) [14]. The findings confirm previ-
ous Bangladeshi studies showing high prevalence of
anemia among the under-5 children [15], although the
current study shows higher levels than, for example, the
National Micronutrient Survey [13]. The study con-
firmed prevalence estimates differed by a number of key
variables associated with anemia, as well as regional vari-
ation. Our analysis demonstrates that the age of child,
chronic malnutrition status of child, mother’s anemia
status, source of water of household, wealth index have
statistically significant associations with childhood
anemia.
This study reveals that, the prevalence of anemia

amongst every young (those under 2 in the PreSAC sam-
ple) was higher than in the overall population. This
would likely be due to the high prevalence of maternal
micronutrient deficits [16] as well as low concentrations
of iron in breast milk, insufficient to meet daily require-
ments of iron for the children [8]. The likelihood of

anemia is significantly higher among children less than
2 years old compared to those aged 2–5 years. These
findings are consistent with previously reported results
[9, 17–20].
Household’s source of drinking water showed an asso-

ciation with anemia in the PreSAC sample although the
percentage of households which had no access to im-
proved water source was only 1.58 %. But among those
households, about 74 % of children presented with
anemia. These elevated levels could be associated with
higher rates of infectious diseases, although presence of
fever was controlled in this study. The study’s findings in
relation to quality of water supply were consistent with
previous research [21, 22]. Younger children and those
with fever in the previous 2 weeks were also more likely
to be anemic. According to [23], fever is common symp-
tom of acute and chronic diseases which have been asso-
ciated with lower hemoglobin levels as well as anemia.
The prevalence of anemia among children of low

height for age (stunted) was high. Stunting, as an indica-
tor of chronic malnutrition, is positively associated with
childhood anemia [21, 22, 24, 25], and this association
was found in the current study. Nutritional inadequacies
may also impair immunity which in turn can have
associations with low concentrations of hemoglobin
(anemia).
Maternal anemia was highly associated with the occur-

rence of childhood anemia and the prevalence of anemia
among the children of anemic mothers was almost 62 %,
again corroborating several previous findings [26–28].
The underlying reasons may be mothers and children
share common home environment, socioeconomic, and
dietary conditions, and maternal/child anemia may re-
flect the common nutritional status of the household.
Moreover, maternal iron deficiency is associated with
low birth weight; even children born with adequate
weight have reduced iron reserves when their mothers
are anemic [29, 30].
Children of the rich and middle class households had

lower prevalence of anemia compared to the poor
households, plausibly reflecting improved household nu-
tritional status [31]. This finding is also consistent with
previous studies [32, 33].
The study also revealed that children of non-educated,

primary and secondary educated parents were more
likely to be anemic than children of parents with higher
education. Level of education is confounded with socio-
economic status in general, but may also reflect in rela-
tively poorer understanding of optimum child care and
nutritional practices. Again, the study results in this re-
gard are consistent with literature [1]. This study also
shows an association between maternal age and PreSAC
anemia, with older mothers less likely to have anemic
children. This is plausibly due to a number of factors,

Table 1 Descriptive statistics of selected variables (Continued)

Rajshahi 12.7 9.5-16.0

Rangpur 11.5 8.6-14.4

Sylhet 8.1 5.8-10.4

WAZ (Weight for Age Z-score), HAZ (Height for Age Z-score), and WHZ (Weight
for Height Z-score) was calculated with WHO Anthro and WHO Child
Growth Standards
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with timing of childbearing being associated with socio-
economic status and household wealth [34].
Higher prevalence of anemia was found in rural re-

gions of Bangladesh. This can also be linked to malnutri-
tion due to limited availability of nutritious foods due to
lower socioeconomic status, and lack of access to hy-
gienic sanitation facilities [35], associated with elevated

Table 2 Prevalence of anemia by different factors

Variables Weighted
Prevalence

95 % CI p-value*

Household characteristics

Number of HH members

≤4 49.5 45.0-54.1 0.408

5-8 53.3 50.2-56.4

≥9 52.1 45.2-59.0

Number of under-5 children

One 51.5 48.4-54.5 0.642

More than one 52.7 48.3-57.1

Number of living children

1 54.8 50.1-59.5 0.078

2 47.1 42.6-51.7

3 54.0 48.4-59.7

>3 53.8 48.0-59.6

Toilet facilities

Improved 49.5 45.7-53.2 0.140

Non-improved 53.6 49.8-57.4

Water source

Improved 51.1 48.5-53.8 <0.01

Non-improved 74.3 60.8-87.8

Wealth index

Poor 57.9 53.8-62.0 <0.001

Middle 52.4 47.9-56.9

Rich 44.3 40.0-48.7

Parental characteristics

Maternal age (years)

<20 65.6 59.0-72.3 <0.001

20-29 50.2 46.9-53.6

30-39 48.8 43.6-53.9

≥40 54.2 40.3-68.1

Maternal education

No education 51.4 45.8-56.9 0.012

Primary 53.8 49.5-58.0

Secondary 53.2 49.2-57.2

Higher 37.0 28.1-45.9

Father's education

No education 51.3 46.5-56.1 <0.01

Primary 56.2 51.6- 60.8

Secondary 52.3 47.8-56.8

Higher 41.6 34.8-48.4

Maternal anemia

Anemic 61.6 58.2-65.0 <0.001

Not anemic 44.3 40.9-47.6

Table 2 Prevalence of anemia by different factors (Continued)

Mother’s BMI

<18.5 kg/m2 58.0 53.2-62.8 <0.01

≥18.5 kg/m2 49.2 46.3-52.1

Child’s characteristics

Sex of children

Male 53.0 49.6-56.5 0.363

Female 50.8 47.2-54.4

Age of the children (months)

6-23 months 70.8 66.8-74.8 <0.001

24-59 months 42.7 39.6-45.8

Size of children at birth

Large 55.5 49.1-62.0 0.447

Average 51.0 47.84-54.2

Small 52.8 47.1-58.5

Continuous breastfeeding

No 40.2 36.2-44.1 <0.001

Yes 58.6 55.4-61.8

Diarrhea in last 2 weeks

No 51.9 49.3-54.5 0.815

Yes 53.3 41.7-64.8

Fever in last 2 weeks

No 48.8 45.6-52.1 <0.01

Yes 56.9 53.0-60.7

Stunting

No (HAZ≥ −2 SD) 49.2 46.1-52.3 0.031

Yes (HAZ < −2 SD) 55.0 50.7-59.3

Under-weight

No (WAZ≥ −2 SD) 51.5 48.4-54.7 0.905

Yes (WAZ < −2 SD) 51.8 47.7-55.9

Wasting

No (WHZ≥ −2 SD) 51.8 49.0-54.6 0.822

Yes (WHZ < −2 SD) 51.1 45.2-56.9

Community characteristics

Place of residence

Urban 47.4 42.7-52.2 0.046

Rural 53.1 50.1-56.2

*p-value obtained from chi-square test of contingency table
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rates of disease which in turn is associated with in-
creased risk of anemia. The high prevalence of anemia
in rural sectors especially in the southern division Barisal
and northern division Rangpur can be linked to the fact
that most of the areas in these regions are rural. Demo-
graphic changes in Bangladesh are seeing the increased
concentration of industries associated with economic
growth and thus higher socioeconomic status into the
major population centres, Dhaka and Chittagong. Al-
though all of the divisions sampled were at high risk of
anemia, the low prevalence observed in Dhaka division,
could be due to the high proportion of urban residents
in the Dhaka region.

Limitations
Detail on infant and PreSAC feeding was not available
for our sample, which limits the insight that can be

drawn from the data. Moreover, the BDHS survey does
not distinguish between slum areas from the other resi-
dential areas. Slum areas will be automatically included
in sample if they exist. So, these data are not representa-
tive for the slum population of urban areas, who are
probably more likely to suffer from anemia. While the
data are designed to be nationally representative, it is
possible that there is some degree of bias in the sam-
pling that might see slum residents underrepresented in
the sample. However, we cannot prove it to be a poten-
tial source of bias since there is no identifier of slum
area in the data. If we had such an identifier, we could
compare the estimates by post-stratification. Despite
these limitations we believe that our findings help illu-
minate the association between socioeconomic, demo-
graphic, and health variables with anemia in a large
PreSAC population in the developing world.

Fig. 2 Division wise prevalence of anemia
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Table 3 Factors associated with anemia among 6–59 months aged children in Bangladesh

Simple Logistic Regression Multivariable Logistic Regression

Variables OR 95 % CI P-value OR 95 % CI P-value

Household characteristics

Number of HH members

≤4 1 - - -

5-8 1.05 0.87-1.28 0.582 - - -

≥9 0.99 0.76-1.28 0.923 - - -

Number of under-5 children

One 1 - - -

More than one 1.01 0.85-1.20 0.907 - - -

Number of living children

1 1

2 0.80 0.65-0.99 0.043 1.01 0.78-1.31 0.929

3 0.89 0.69-1.14 0.351 1.13 0.81-1.56 0.473

>3 0.92 0.72-1.18 0.499 1.19 0.81-1.74 0.381

Toilet facilities

Improved 1 1

Non-improved 1.34 1.13-1.59 <0.001 1.03 0.83-1.27 0.811

Water source

Improved 1 1

Non-improved 2.30 1.25-4.44 <0.01 2.48 1.28-5.02 <0.01

Wealth index

Poor 1 1

Middle 0.76 0.61-0.93 <0.01 0.74 0.57-0.95 0.018

Rich 0.56 0.45-0.69 <0.001 0.66 0.48-0.92 0.013

Parental characteristics

Maternal age (years)

<20 1 1

20-29 0.50 0.38-0.66 <0.01 0.76 0.54-1.07 0.122

30-39 0.46 0.34-0.63 <0.01 0.71 0.46-1.10 0.123

≥40 0.52 0.30-0.90 0.019 0.68 0.34-1.38 0.286

Maternal education

No education 1.78 1.22-2.61 <0.01 1.23 0.71-2.14 0.468

Primary 1.86 1.30-2.67 <0.01 1.15 0.69-1.92 0.589

Secondary 1.72 1.21-2.46 <0.01 1.10 0.70-1.75 0.670

Higher 1 1

Father's education

No education 1.45 1.09-1.94 0.010 1.02 0.66-1.56 0.943

Primary 1.73 1.30-2.30 <0.001 1.25 0.84-1.85 0.276

Secondary 1.47 1.10-1.96 <0.01 1.24 0.86-1.80 0.252

Higher 1 1

Maternal anemia

Anemic 1.93 1.62-2.29 <0.001 1.80 1.49-2.18 <0.001

Not anemic 1 1

Mother’s BMI
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Table 3 Factors associated with anemia among 6–59 months aged children in Bangladesh (Continued)

<18.5 kg/m2 1.43 1.19-1.72 <0.001 1.07 0.86-1.33 0.554

≥18.5 kg/m2 1 1

Child’s characteristics

Sex of children

Male 1 - - -

Female 0.92 0.78-1.09 0.320 - - -

Age of the children (months)

6-23 months 3.31 2.73-4.02 <0.001 3.01 2.38-3.81 <0.001

24-59 months 1 1

Size of children at birth

Large 1 - - -

Average 0.89 0.69-1.13 0.341 - - -

Small 0.89 0.66-1.20 0.448 - - -

Continuous breastfeeding

No 1 1

Yes 2.13 1.78-2.55 <0.001 1.18 0.95-1.47 0.143

Diarrhea in last 2 weeks

No 1 - - -

Yes 1.20 0.83-1.75 0.328 - - -

Fever in last 2 weeks

No 1 1

Yes 1.28 1.07-1.52 <0.01 1.13 0.93-1.37 0.229

Stunting

No (HAZ≥ −2 SD) 1 1

Yes (HAZ < −2 SD) 1.41 1.19-1.68 <0.001 1.38 1.13-1.69 <0.01

Under-weight

No (WAZ≥ −2 SD) 1 - - -

Yes (WAZ < −2 SD) 1.10 0.92-1.31 0.306 - - -

Wasting

No (WHZ≥ −2 SD) 1 - - -

Yes (WHZ < −2 SD) 0.96 0.76-1.21 0.723 - - -

Community characteristics

Place of residence

Urban 1 1

Rural 1.21 1.01-1.46 0.039 0.93 0.74-1.17 0.517

Division

Barisal 1 1

Chittagong 0.77 0.56-1.07 0.120 0.72 0.50-1.05 0.087

Dhaka 0.64 0.46-0.89 <0.01 0.63 0.43-0.92 0.016

Khulna 0.83 0.58-1.19 0.309 0.97 0.64-1.45 0.865

Rajshahi 0.68 0.48-0.97 0.035 0.74 0.49-1.10 0.135

Rangpur 0.97 0.69-1.38 0.878 0.94 0.64-1.40 0.769

Sylhet 0.66 0.47-0.91 0.012 0.61 0.41-0.89 0.011
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Conclusions
In summary, our analysis highlights concerning con-
tinuing public health challenge presented by anemia
in a PreSAC population in Bangladesh. This study ex-
plores the factors associated with anemia. This study
supports the value of population-based interventions
such as micronutrient supplementation, food fortifica-
tion and nutrition education to improve the situation
that should be instituted. The findings of the study
will assist the government of Bangladesh and policy
makers to take necessary steps and design proper in-
terventions that target children aged under-5, and
their parents. However, further study is needed to
understand the specific set of determinants of anemia
among children in Bangladesh.

Competing interests
The authors declare that they have no competing interests.

Authors’ contribution
JR Khan conceptualized the study, synthesized the analysis plan, performed
the statistical analysis, and drafted first version of manuscript. N Awan
helped to conceptualize the analysis plan, interpret the findings and
participated in critical review of the manuscript. F Misu helped to synthesize
the analysis plan and to interpret the findings. All authors helped to write
the manuscript. All authors read and approved the final manuscript.

Acknowledgement
The authors acknowledge the contribution of BDHS, NIPORT, MEASURE DHS
and ICF International teams for their efforts to collect data and to open
access the data set. The authors also acknowledge Dr Olav Muurlink for his
editorial review of the manuscript.

Author details
1Centre for Nutrition and Food Security, International Centre for Diarrhoeal
Disease Research, Bangladesh (icddr, b), Dhaka, Bangladesh. 2Institute of
Statistical Research and Training, University of Dhaka, Dhaka, Bangladesh.
3Department of Agricultural Statistics, Bangladesh Agricultural University,
Mymensingh, Bangladesh.

Received: 25 April 2015 Accepted: 12 December 2015

References
1. Worldwide prevalence of anemia 1993–2005. WHO global database on

anemia. Geneva: World Health Organization; 2008.
2. McLean E, Cogswell M, Egli I, Wojdyla D, De Benoist B. Worldwide

prevalence of anaemia, WHO vitamin and mineral nutrition information
system, 1993–2005. Public Health Nutr. 2009;12(4):444–54.

3. Iron deficiency anaemia: assessment, prevention and control. Geneva, World
Health Organization; 2001.

4. Brabin BJ, Premji Z, Verhoeff F. An analysis of anemia and child mortality.
J Nutr. 2001;131:636S–48S.

5. McCann JC, Ames BN. An overview of evidence for a causal relation
between iron deficiency during development and deficits in cognitive or
behavioral function. Am J ClinNutr. 2007;85(4):931–45.

6. Sachdev H, Gera T, Nestel P. Effect of iron supplementation on mental and
motor development in children: systematic review of randomized
controlled trials. Public Health Nutr. 2005;8:117–32.

7. Chaparro C, Oot L, Sethuraman K. Overview of the Nutrition Situation in Four
Countries in South and Central Asia. Washington, DC: FHI 360/FANTA; 2014.

8. Villalpando S, Shamah-Levy T, Ramírez-Silva CI, Mejía-Rodríguez F, Rivera JA.
Prevalence of anemia in children 1 to 12 years of age: results from a
nationwide probabilistic survey in Mexico. SaludPublica Mex.
2003;45(4Suppl):S490–98.

9. Cornet M, Le Hesran JY, Fievet N, Cot M, Personne P, Gounoue R, et al.
Prevalence of and risk factors for anemia in young children in southern
Cameroon. Am J Trop Med Hyg. 1998;58(5):606–11.

10. Fleming AF, Werblinska B. Anaemia in childhood in the guinea savanna of
Nigeria. Ann Trop Paediatr. 1982;2(4):161–73.

11. Rashid M, Flora MS, Moni MA, Akhter A, Mahmud Z. Reviewing Anemia
and iron folic acid supplementation program in Bangladesh- a special
article. Bangladesh Med J. 2010; 39(3). DOI:http://dx.doi.org/10.3329/bmj.
v39i3.9952.

12. BBS/UNICEF. Anemia prevalence survey of Urban Bangladesh and Rural
Chittagong Hill Tracts 2003. Dhaka, Bangladesh: Bangladesh Bureau of
Statistics, Statistics Division, Ministry of Planning, Government of the
Peoples Republic of Bangladesh UNICEF; 2004.

13. International Centre for Diarrheal Disease Research Bangladesh (icddr,b),
United Nations Children’s Fund (UNICEF), Global Alliance for Improved
Nutrition (GAIN), and Institute of Public Nutrition. National Micronutrients
Status Survey 2011–12: Final Report. Dhaka, Bangladesh: Centre for Nutrition
and Food Security, icddr,b; 2013.

14. National Institute of Population Research and Training (NIPORT), Mitra and
Associates, ICF International. Bangladesh Demographic and Health Survey
2011. Dhaka: Bangladesh and Calverton, Maryland, USA: NIPORT, Mitra and
Associates, ICF International; 2013.

15. Helen Keller International. Bangladesh: the burden of anaemia in rural
Bangladesh: the need for urgent action. In: Nutritional Surveillance Project
bulletin no 16. Dhaka, Bangladesh: Helen Keller International; 2006.

16. Neumann CG, Gewa C, Bwibo NO. Child nutrition in developing countries.
Pediatr Ann. 2004;33(10):658.

17. Kotecha PV. Nutritional anemia in young children with focus on Asia and
India. Indian J Community Med. 2011;36(1):8.

18. Ayoya MA, Ngnie-Teta I, Séraphin MN, Mamadoultaibou A, Boldon E, Saint-
Fleur JE, et al. Prevalence and risk factors of anemia among children 6–59
Months Old in Haiti. Anemia. 2013;2013:502968.

19. Uddin MKI. Prevalence of anaemia in children of 6 months to 59 months in
narayanganj, bangladesh. J Dhaka Med Col. 2010;19(2):126–30.

20. Karr M, Alperstain G, Cuser JC, Mira M. Iron status and anaemia in preschool
children in Sydney. Aust NZ J Pub Health. 1996;20(6):618–22.

21. Ngnie-Teta I, Receveur O, Kuate-Defo B. Risk factors for moderate to severe
anemia among children in Benin and Mali: insights from a multilevel
analysis. Food & Nutrition Bulletin. 2007;28(1):76–89.

22. Adish AA, Esrey SA, Gyorkos TW, Johns T. Risk factors for iron deficiency
anaemia in preschool children in northern Ethiopia. Public Health Nutr.
1999;2(3):243–52.

23. Konstantyner T, Oliveira TCR, AguiarCarrazedoTaddei JA. Risk factors for
Anaemia among Brazillian infants from the 2006 National Demographic
Health Survey. Anaemia. 2012;2012:850681.

24. Assis AM, Barreto ML, Gomes GSS, Prado MS, Santos NS, Santos LMP, et al.
Childhood anemia: prevalence and associated factors in Salvador, Bahia,
Brazil. Cad Saude Publica. 2004;20(6):1633–41.

25. Leite MS, Cardoso AM, Coimbra Jr CE, Welch JR, Gugelmin SA, Lira PCI, et al.
Prevalence of anemia and associated factors among indigenous children in
Brazil: results from the First National Survey of Indigenous People’s Health and
Nutrition. Nutr J. 2013;12:69. doi:10.1186/1475-2891-12-69.

26. Souza LG, Santos RV, Carvalho MS, Pagliaro H, Flowers NM, Coimbra Jr CEA.
Demography and health of the Xavante Indians from Central Brazil. Cad
SaudePublica. 2011;27(10):1891–905. http://dx.doi.org/10.1590/S0102-
311X2011001000003.

27. McSweeney K, Arps SA. A “demographic turnaround”: the rapid growth of
indigenous populations in lowland South America. Lat Am Res Rev.
2005;40(1):3–29.

28. Osório MM, Lira PI, Ashworth A. Factors associated with Hb concentration in
children aged 6–59 months in the state of Pernambuco, Brazil. Br J Nutr.
2004;91(2):307–15.

29. Allen LH. Biological mechanisms that might underlie iron’s effects on fetal
growth and preterm birth. J Nutr. 2001;131(2S-2):581S–9S.

30. Scholl TO. Iron status during pregnancy: setting the stage for mother and
infant. Am J ClinNutr. 2005;81(5):1218S–22S.

31. Singh MB, Fotedar R, Lakshminarayana J, Anand PK. Studies on the
nutritional status of children aged 0–5 years in a drought-affected desert
area of Western Rajasthan, India. Public Health Nutr. 2006;9(8):961–7.

32. Muniz PT, Castro TG, Araújo TS, Nunes NB, da Silva-Nunes M, Hoffmann EH,
et al. Child health and nutrition in the Western Brazilian Amazon:

Khan et al. BMC Pediatrics  (2016) 16:3 Page 11 of 12

http://dx.doi.org/10.3329/bmj.v39i3.9952
http://dx.doi.org/10.3329/bmj.v39i3.9952
http://dx.doi.org/10.1186/1475-2891-12-69
http://dx.doi.org/10.1590/S0102-311X2011001000003
http://dx.doi.org/10.1590/S0102-311X2011001000003


population-based surveys in two counties in Acre State. Cad SaudePublica.
2007;23(6):1283–93.

33. Singh RK, Patra S. Extent of anaemia among preschool children in EAG
States, India: a challenge to policy makers. Anemia.2014. doi:http://dx.doi.
org/10.1155/2014/868752.

34. De Pee S, Bloem MW, Sari M, Kiess L, Yip R, Kosen S. The high prevalence of
low haemoglobin concentration among Indonesia infants aged 3–5 months
is related to maternal anaemia. J Nutr. 2002;132(8):2215–21.

35. Beresford CH, Neale RJ, Brooks OG. Iron absorption and pyrexia. Lancet.
1971;297(7699):568–72.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Khan et al. BMC Pediatrics  (2016) 16:3 Page 12 of 12

http://dx.doi.org/10.1155/2014/868752

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Ethics approval
	Measurement of variables
	Outcome variables
	Explanatory variables

	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusions
	Competing interests
	Authors’ contribution
	Acknowledgement
	Author details
	References



