www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates
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determinants of vitamin A and
iron rich food consumption among
Bangladeshi children aged 6-23
months

Fahmida Sultana Rima?, Satyajit Kundu?, Sumaiya Tarannum*, Tabita Jannatul* &
Azaz Bin Sharifl2™

Consuming foods high in vitamin A and iron is crucial for children’s growth and well-being. However,
deficiencies remain a public health problem in Bangladesh. This study explores spatial variation and
determinants of vitamin A and iron-rich food consumption among children aged 6-23 months. In this
study, data from 2528 children from the Bangladesh Demographic and Health Survey (BDHS) 2022 was
used. BDHS 2022 employed a cross-sectional study design to collect data. The outcomes measured
were vitamin A and iron-rich foods consumption within 24 h preceding the survey by including factors
such as mother’s age, education, occupation, child age, sex, Antenatal care (ANC) visits, medical illness
(diarrhea, fever, cough), use of deworming drugs, wealth index, place of residence, division etc. Spatial
patterns were analyzed with ArcGIS version 10.8 and associated factors were assessed using multilevel
mixed effect logistic regression model. The prevalence of vitamin A and iron-rich foods consumption
was 72% (95% Cl1 0.70-0.74) and 61.8% (95% Cl 0.60-0.64) respectively. Clustering of vitamin A
(Moran’s I: 0.055, p<0.001) and iron-rich food (I: 0.101, p<0.001) consumption was observed, with hot
spots in Rangpur, Rajshahi, and Khulna. From the mixed effects logistic regression analysis, maternal
employment (aOR=1.6; 95% Cl 1.2-2.0), maternal education (aOR=2.0; 95% Cl 1.1-3.5), paternal
education (aOR=2.0; 95% Cl 1.4-3.0), = 4 ANC visits (aOR=1.7; 95% Cl 1.1-2.6), older children aged
18-23 months (aOR =4.0; 95% Cl 3.0-5.3), deworming drugs (aOR =1.6; 95% Cl 1.2-2.2) and residing

in Khulna (aOR=2.3; 95% Cl 1.5-3.5), Rajshahi (aOR=1.9; 95% Cl 1.2-2.9) have shown statistically
significant association with increased consumption of vitamin A and iron-rich foods. Furthermore,

a lower likelihood of iron-rich food consumption was observed among children having diarrhea
(@OR=0.7; 95% Cl 0.5-0.9), compared to children who didn‘t have diarrhea. Poor consumption of
vitamin A-rich foods was found in Chittagong (aOR =0.6; 95% Cl 0.4-0.98) and Sylhet (aOR=0.6; 95% ClI
0.4-0.9). The findings revealed significant disparities both in regions and protective factors associated
with vitamin A and iron-rich food intake among children in Bangladesh. Understanding these spatial
variations and key determinants can guide targeted interventions, particularly in cold spot regions, to
improve child nutrition in Bangladesh.
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Abbreviations
ANC  Antenatal care (ANC) is essential care a woman receives from health professionals during pregnancy.
It is also known as pregnancy care or maternity care

Vitamin A and iron deficiencies continue to be significant public health concerns worldwide, particularly in
low- and middle-income countries (LMICs) such as Bangladesh. Vitamin A deficiency (VAD) contributes to
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blindness in 250,000-500,000 children each year and is responsible for an estimated one million childhood
deaths annually’. An estimated 190 million (33.3%) preschool children are vulnerable to VAD, with 124 million
children requiring vitamin A-rich foods or supplements’2. Additionally, 269 million (39.8%) under-five children
experience anemia®, with 25% of these cases attributed to iron deficiency®. Iron deficiency anemia (IDA), one of
the most severe forms of iron deficiency, develops when a person does not have enough iron in his/her body to
produce healthy red blood cells®. IDA affects 20-25% of preschool children worldwide®.

Despite global efforts to reduce VAD, it still remains high in South Asia, with nearly 30-50% of preschool
children experiencing malnutrition and VAD; which contributes to high mortality rates in Bangladesh and
India’. Also, 21.1% of children under the age of five in Bangladesh continue to suffer from anemia®. A recent
survey in 2019-20 also revealed that 42.8% of children under five were mildly deficient (serum retinol 10-
19 pg %) and 7.2% were moderately deficient (serum retinol 20-30 pg %). VAD was higher in children aged
6-23 months (60.7%) than those aged 24-59 months (46.3%). Additionally, 15.1% were iron deficient with a
prevalence of 31.3% in children aged 6-23 months compared to 9.1% in those aged 24-59 months®.

Vitamin A and iron both play a vital role in early childhood development. Vitamin A supports vision,
reproduction, immune function, cellular differentiation, gene expressiong, while iron is critical for cognitive
development and the central nervous system by acting as a cofactor in neurotransmitter synthesis and
supporting brain energy metabolism!?. Since these nutrients cannot be synthesized by the human body, children
rely on dietary sources to meet the recommended daily intake of 400-700 pg of vitamin A® and 10-12.5mg of
ferrous iron'!. Inadequate intake of both vitamin A and iron during the first two years of life can result in often
irreversible health outcomes that include a higher susceptibility to infections, cognitive impairments, anemia,
stunted growth, weakened immune systems, and even mortality'>*>.

While supplementation efforts have been implemented to help prevent vitamin A and iron deficiencies,
supplementation alone may not be beneficial. Vitamin A supplements provide only temporary relief from
VAD and do not offer the same benefits as naturally occurring vitamin A found in foods'. Similarly, iron
supplementation can pose risks, such as increasing susceptibility to bacterial infections that cause diarrhea
and disrupting gut microbiota'>. However, in populations with severe deficiencies or limited food access,
supplementation is the only preventive measure that can provide immediate relief and limit complications,
especially in children and pregnant women®!3. The best approach would be to combine supplementation with
dietary approaches to ensure sustainable outcomes. This dual approach, along with vitamin C-rich foods that
enhance iron absorption, is a cornerstone and foundation of global public health efforts!®. Therefore, sustainable
food-based agricultural production, diverse dietary practices, and food fortification are essential to combat these
deficiencies!”.

The Sustainable Development Goal (SDG)-2 aims to eradicate all forms of malnutrition and ensure access to
nutritious food by 2030'8. Despite Bangladesh’s progress in economic growth and hunger reduction, the country
faces a double burden of malnutrition, with both undernutrition and overnutrition contributing to nutritional
deficiencies in children'®. Poor infant and young child feeding practices, limited dietary diversity, and minimal
bioavailability of micronutrient-rich foods further exacerbate these issues. Additionally, limited knowledge
among parents and persistent infections compound these challenges of achieving optimal child nutrition®*2!.

Several key determinants of children’s vitamin A and iron-rich foods consumption include mother’s age,
occupation, education, child age, child sex, birth order, media exposure, wealth index, antenatal and postnatal
care, place of delivery, common childhood illness like diarrhea, cough, intestinal parasites, place of residence,
administrative division>'>1322, However, there is a lack of research investigating the spatial distribution of
vitamin A and iron-rich food consumption among children in Bangladesh. Geospatial analysis, using Geographic
Information Systems (GIS), can help identify hot spots and cold spots of nutrient-rich food consumption among
children. Hot spots are defined as clusters of high data values while cold spots are clusters of low data value. Hot
and cold spots can help detect areas with high and low prevalence of vitamin A and iron-rich food consumption
among children in specific regions of Bangladesh?.

A few studies have highlighted the determinants of VAD?*, vitamin A supplement coverage?, the subclinical
vitamin A nutrition status®® and determinants contributing to anemia in Bangladesh?”?8. However, there
is a paucity of studies that inspect the spatial distribution and identify the factors that influence the dietary
consumption of vitamin A and iron-rich food among children 6-23 months in Bangladesh. Therefore, this study
aims to address this gap by exploring the spatial variation and determinants of vitamin A and iron-rich food
consumption among children aged 6-23 months in Bangladesh using nationally representative data.

Materials and methods

Study settings, data source, study design, and participants

Bangladesh, located in the northeastern part of South Asia (20° 34’-26° 38’ N, 88° 01’'-92° 41’ E), is one of the
most densely populated countries, with a population of 165.2 million, including 15.6 million children under
the age of five. It comprises of 64 districts along with eight administrative divisions: Dhaka, Mymensingh,
Barishal, Khulna, Sylhet, Rajshahi, Rangpur, and Chattogram. Each division is denoted by the major city within
its jurisdiction acts as the administrative capital for that division?’. The Demographic and Health Survey (DHS)
conducted its ninth national survey in Bangladesh to provide key insights into the health and demographics of
women and their families®.

This study utilized data from a secondary source of Bangladesh Demographic and Health Survey (BDHS)
2022. The BDHS 2022 is a nationally representative cross-sectional survey conducted by the National Institute
of Population Research and Training (NIPORT), and the Health Education and Family Welfare Division of the
Ministry of Health and Family Welfare, Bangladesh®’. The BDHS 2022 employed a two-stage stratified sampling
approach. Initially, 675 enumeration areas (EAs) were chosen, with 237 in urban areas and 438 in rural areas,
using probability proportional to size. Subsequently, 45 households were systematically selected from each EA,
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resulting in a total sample of about 30,375 households. In this survey, interviews were conducted with 30,078
ever-married women aged 15 to 49 years to gather information regarding reproductive health, child health,
feeding and nutritional indicators that cover all administrative divisions of Bangladesh. The EAs were considered
as clusters and primary sampling units (PSUs) of the survey. We utilized the Kids Recode (KR) file of the BDHS
2022 dataset that included information on the health, and nutrition of 8,784 children aged 0-59 in Bangladesh™®.
In this study, children aged 6-23 months who were alive, last born and living with their caregivers during the
survey were included. The final sample size was weighted to adjust for differences in the probability of selection
and interview between cases in the sample, ensuring the data was representative both at the national and division
level. A detail of the sample selection is shown in Fig. 1.

Outcome variable

The study focuses on two outcome variables: vitamin A and iron-rich foods consumption among children aged
6-23 months. The BDHS 2022 data collection took place from June 27 to December 12, 2022. Twenty teams
comprising supervisors, interviewers, health technicians, and logistics staff participated in the country-wide
data collection process through interviews. During the interview process, individuals were asked about vitamin
A and iron-rich food consumption within 24 hours preceding the interview. Vitamin A-rich food consumption
was assessed by asking their mother if the child ate any vitamin A-rich foods like eggs; meat (beef, pork, lamb,
chicken, etc.); pumpkin, carrots, squash (yellow or orange inside); any dark green leafy vegetables; mangoes,
papayas, other vitamin A fruits; liver, heart, other organs; fish or shellfish, at any time in the past 24 hours
preceding the interview. If at least one such food was consumed, it was coded as ‘Yes, otherwise a ‘No’ was
noted>!.

If the child had eaten at least one of the iron-rich foods, including eggs; meat (beef, pork, lamb, chicken,
etc.); liver, heart, other organs; fish or shellfish, at any time in the last 24 h preceding the interview, then it was
categorized as “Yes =17, otherwise “No=0" iron-rich food consumption'**2. Since the study aimed to assess the
determinants associated with the consumption of vitamin A and iron-rich foods among children aged 6-23
months, a response of “yes” was coded as 1 and “no” was coded as 0.

Explanatory variables

The explanatory variables were grouped into two categories: individual- and community-level variables.
Individual-level variables included: the age of the respondents33, maternal occupational status!®, maternal
educational status®, husband/ partner’s educational status®, household family size®, child’s medical illness

Children of 6-23 months were selected from KR file
n=2,701

Non alive and second and third children within
the past five years before the survey were
excluded (n = 141)

Live during the survey and the last child of the
mother
n= 2,560

Live elsewhere and second of multiple births
(twin) were excluded (n = 37)

Children aged 6-23 months live with their
mother’s/respondent and 1% child of multiple births
(twin) were included in the study
n=2,523

Missing values (husband educational status and
baby postnatal check within two months
variables) were excluded (n=25)

The final sample included in the study (weighted, n=2,528;
unweighted, n=2,498)

Fig. 1. Sample selection of children aged 6-23 months in Bangladesh, BDHS 2022.
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(diarrhea, fever, short, rapid breathing)'>3, age of the child*®, child sex*, birth order’®, use of maternal health
services, (antenatal care (ANC)?¥, post-natal-check (PNC) within 2 months®, place of delivery*®), household
wealth index*®, media exposure®. The household wealth index was assessed using principal component analysis
and categorized into poorest, poorer, middle and richer, richest. Media exposure was measured as ‘yes’ if the
respondents have access to all three media (newsletter, radio, television) at least once a week, otherwise coded as
‘no. These variables were classified based on prior literature. The deworming or intestinal drugs were measured
for children aged 6-23 months whether they had been given for the last six months or not'*. Community-level
variables, such as place of residence** and division®* were included.

Data processing and statistical analysis

Data were extracted, cleaned, recoded, and analyzed using STATA version 18.0. The data was initially adjusted
for using sampling weights, primary sampling units, and strata to make the survey more representative and
improve the reliability of the results. Descriptive statistics were applied to present frequencies and percentages.

Spatial autocorrelation and hot spot analysis

Global spatial autocorrelation (Global Moran’s-I) statistics was conducted to examine the spatial patterns of
vitamin A and iron-rich foods consumption among children aged 6-23 months using ArcGIS version 10.8. This
analysis helped to determine whether the consumption of these foods was dispersed, clustered or randomly
distributed in Bangladesh. Positive Moran’s I value (close to + 1) indicates geographic clustering for the vitamin
A and iron-rich foods consumption, the negative Moran’s value (close to —1) indicates dispersion, while Moran’s
I value 0 indicates randomly distributed. A statistically significant Moran’s value (p<0.05) had a chance to reject
the null hypothesis, suggesting the presence of spatial autocorrelation. Hot spot analysis using the Getis-Ord
Gi* Statistic calculates z-scores and p-values. These z-scores and p-values indicate whether the observed spatial
clustering of high or low values is more pronounced than would be expected in a random distribution. Areas
with statistically significant high z-scores represent clusters of high prevalence (hotspots), and significant low
z-scores including negative values (cold spots) represent clusters of low prevalence of vitamin A and iron-rich
foods consumption among children®.

Ordinary kriging Spatial interpolation

The spatial interpolation method was used to predict vitamin A and iron-rich food consumption among
children in the un-sampled areas based on sampled EAs. Considering the linear trends of the prevalence of both
outcomes, Kriging spatial interpolation was used to predict the prevalence of vitamin A and iron-rich foods
consumption among children in the unobserved areas of Bangladesh. It generates a map of the outcome variable
by forecasting it in enumerated areas.

Multilevel analysis

Since the Demographic and Health Survey data are hierarchical, it defies the assumptions of independent
observation and homogeneity of variance®!. So, multilevel logistic regression analysis was used for inferential
statistics. The ICC (Intra-class Correlation Coefficient) value which ranges from 0 to 1, was checked for the
presence of a clustering effect. ICC value greater than zero indicates the presence of a clustering effect’’. Four
separate models were fitted for both vitamin A and iron-rich foods consumption among children aged 6-23
months: Null model, Model I (only individual variables), Model II (only community-level variables), and
Model III (both individual and community-level variables). Finally, multivariable multilevel regression analysis
was conducted to estimate the likelihood of individual and community-level variables by calculating the
adjusted odds ratio (aOR). We presented only Model III in this study (Table 1). Variables with p-value <0.05
were considered statistically significant at 95% confidence intervals (Cls). For a measure of variation, median
odds ratio (MOR) and proportional change in variation (PCV) were calculated, while the Akaike Information
Criterion (AIC) was used to assess the model fit. The multicollinearity of predictor variables was also checked
using Variation Inflation Factors (VIF <5).

Ethical consideration

The Bangladesh Demographic and Health Survey 2022 are publicly accessible and were made available upon
request to Measure DHS (http://www.dhsprogram.com). BDHS data collection procedures were approved by the
Institutional Review Board (IRB) of the ICF International, Rockville, MD, USA and National Research Ethics
Committee of Bangladesh. No other ethical approval is required to conduct this study using secondary data. The
authorities adhered to ethical guidelines by ensuring informed consent, confidentiality, anonymity, privacy of
the study participants. Furthermore, the data were not altered or used for any other purposes.

Results

Characteristics of the respondents and study children

A total of 2,528 (weighted) mothers/respondents with children aged 6-23 months were included in this study.
The sociodemographic characteristics of the study participants and children aged 6-23 months are detailed
in Table 2. The majority of the mothers (76.7%) were between 20 and 34 years old, had secondary education
(54.7%), and had no formal employment (77.5%). Of the total children, 38.1% were aged 6-11 months, 28.8%
were 12-17 months and 33.1% were 18-23 months, with half (50.2%) being male. The majority of the mothers,
52.2% and 63.2%, respectively, attended 1 to 3 ANC visits and gave birth in health facilities. However, only 41.1%
of the babies received post-natal-check (PNC) within 2 months, and 34.9% of the children had a cough within
the last two weeks from the time of data collection (Table 2).
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Received vitamin A-rich food

Received iron-rich food

Model IIT

Model IIT

Individual and community-level characteristics | aOR (95% CI) aOR (95% CI)
Respondents age in years

15-19 years Ref. Ref.

20-34 years 1.0 (0.7-1.4) 1.1(0.8-1.4)
35-49 years 1.1 (0.6-1.7) 0.9 (0.6-1.5)
Maternal occupational status

Not working Ref. Ref.

Working 1.6 (1.2-2.0) ** 1.4 (1.1-1.7) **
Maternal educational status

No education Ref. Ref.

Primary education 1.4 (0.9-2.2) 1.4 (0.9-2.1)
Secondary education 1.7 (1.04-2.6) * 1.6 (1.0-2.4)
Higher education 2.0 (1.1-3.5) * 1.7 (1.01-2.9) *
Husband’s educational status

No education Ref. Ref.

Primary education 1.4 (1.01-1.9) * 14(1.1-1.9) *
Secondary education 1.2 (0.9-1.7) 1.4 (1.01-1.9) *
Higher education 1.7 (1.1-2.6) * 2.0 (1.4-3.0) ***
Household family size

Small (up to 3) Ref. Ref.

Medium (4-6) 1.1 (0.7-1.5) 1.0 (0.7-1.4)
Large (7 or more) 0.9 (0.6-1.3) 0.8 (0.6-1.2)
Household wealth index

Poorest Ref. Ref.

Poorer 1.0 (0.8-1.4) 1.1 (0.8-1.4)
Middle 1.1 (0.8-1.5) 1.1 (0.8-1.5)
Richer 1.2 (0.8-1.7) 1.4 (1.02-2.0) *
Richest 1.5 (0.97-2.3) 1.3 (0.9-1.9)
Media exposure at least once a week

No Ref. Ref.

Yes 1.0 (0.8-1.3) 1.1 (0.9-1.3)
Antenatal visit during pregnancy

No ANC Ref. Ref.

1-3 visits 1.3 (0.9-2.0) 1.3 (0.9-1.9)
4-7 visits 1.7 (1.1-2.6) * 1.7 (1.2-2.5) **
8 or more 1.4 (0.8-2.6) 1.9(1.1-3.4)*
Place of delivery

No institution Ref. Ref.

Institution 1.1 (0.9-1.4) 1.0 (0.8-1.2)
Baby post- natal-check within two months

No Ref Ref.

Yes 0.9 (0.8-1.2) 1.0 (0.8-1.2)
Child age in months

6-11 months Ref. Ref.

12-17 months

2.5(1.9-3.2) ***

2.4 (1.9-3.0) ***

18-23 months

4.0 (3.0-5.3) ***

3.9 (3.0-5.0) ***

Child sex

Male Ref. Ref.

Female 1.0 (0.8-1.2) 0.9 (0.8-1.1)
Birth order

1 Ref. Ref.

2-3 0.9 (0.7-1.2) 0.9 (0.7-1.2)
>4 1.1(0.7-1.7) 1.2 (0.8-1.8)
Had diarrhea in last two weeks

No Ref. Ref.
Continued
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Received vitamin A-rich food | Received iron-rich food
Model IIT Model IIT
Individual and community-level characteristics | aOR (95% CI) aOR (95% CI)
Yes 0.7 (0.5-1.03) 0.7 (0.5-0.9) *
Had cough in last two weeks
No Ref. Ref.
Yes 0.9 (0.7-1.2) 1.1 (0.9-1.3)
Had short, rapid breaths
No Ref. Ref.
Yes 0.8 (0.6-1.2) 0.9 (0.6-1.2)
Drugs taken for intestinal parasites in last 6 months
No Ref. Ref.
Yes 1.6 (1.2-2.2) ** 1.5 (1.2-2.0) **
Place of residence
Urban Ref. Ref.
Rural 1.0 (0.8-1.3) 1.0 (0.8-1.2)
Division
Barishal Ref. Ref.
Chittagong 0.6 (0.4-0.98) * 0.9 (0.6-1.3)
Dhaka 0.8 (0.5-1.2) 1.1 (0.8-1.6)
Khulna 1.5 (0.9-2.4) 2.3 (1.5-3.5) ***
Mymensingh 0.9 (0.5-1.3) 1.2 (0.8-1.8)
Rajshahi 1.1 (0.6-1.7) 1.9 (1.2-2.9) **
Rangpur 1.2 (0.7-1.9) 1.4 (1.0-2.1)
Sylhet 0.6 (0.4-0.9) * 0.7 (0.5-1.0)
Measure of variation
Variance (SE) 0.251(0.112) 0.104 (0.086)
ICC (%) 7.1 3.1
PCV (%) 295 58.9
MOR 1.6 1.4
Log-likelihood —-1306.1 —-1463.6
Model fit statistics
AIC 2692.2 3007.2

Table 1. Multivariable multilevel mixed effect logistic regression analysis of covariates associated with vitamin
A and iron-rich foods consumption among children aged 6-23 months in Bangladesh, BDHS 2022 (n=2,528).
** p<0.001, ** p<0.01, * p<0.05; ICC: Intra-class Correlation Coefficient; aOR: adjusted Odds Ratio; CI
Confidence Interval; Ref: Reference; MOR: Median Odds Ratio; PCV: Proportional Change in Variance; AIC:
Akaike Information Criterion; Model III: Individual and community-level variables.

Vitamin A and iron-rich foods consumption among 6-23 months aged children
Overall, 72% of children consumed foods rich in vitamin A within the previous 24 h, and 61.8% consumed foods
rich in iron within the same period. Eggs were the most commonly consumed food, while the liver, heart, and
other organs were the least consumed for both vitamin A and iron (Supplementary Table 01).

Spatial distribution of vitamin A and iron-rich foods taking coverage among children

The red areas on the map represent divisions with a high percentage (hot spot areas) of children aged 6-23
months who consume vitamin A and iron-rich foods, while blue areas (cold spot areas) indicate divisions with a
low percentage of such children. From Fig. 2a and 2b Rangpur, Rajshahi, and Khulna were identified as hotspot
areas for the consumption of both vitamin A and iron-rich foods among children aged 6-23 months whereas
Sylhet was pinpointed as a cold spot for vitamin A-rich food, Sylhet and Barishal were noted as cold spot areas
for iron-rich food consumption. The global Spatial autocorrelation analysis showed that the spatial distribution
of vitamin A (Global Moran’s Index: 0.055; z-score: 3.390; p<0.001) and iron (Global Moran’s Index: 0.101;
z-score: 6.134; p<0.001) rich foods consumption among children aged 6-23 months were clustered and non-
random in Bangladesh (Supplementary Fig. 1a and Fig. 1b).

The result of the Kriging interpolation approach predicted the highest and lowest coverage of vitamin A and
iron-rich foods consumption among children aged 6-23 months. The highest predicted prevalence of children
consuming vitamin A-rich foods (ranging from 88 to 98%) was found in Rangpur, Rajshahi, and Khulna while
the lowest predicted prevalence (40-50%) was detected in Sylhet (Fig. 3a). Comparably, Rajshahi and Khulna
were predicted to have a high prevalence (ranging from 84 to 95%) whereas Sylhet, Barishal, and some of the
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Received
vitamin A-rich | Received iron-
food rich food
Variables Frequency (n) | Percent (%) | Yes (%) | No (%) | Yes (%) | No (%)
Age of the respondents in years
15-19 years 385 15.2 68.5 315 58.0 42.0
20-34 years 1,940 76.7 72.6 27.4 62.9 37.1
35-49 years 203 8.0 72.6 27.4 58.7 41.3
Maternal occupational status
Not working 1,959 77.5 70.3 29.7 60.7 39.3
Working 568 225 77.6 22.4 65.5 34.5
Maternal educational status
No education 134 5.3 59.4 40.6 441 55.9
Primary education 562 222 67.2 32.8 56.3 43.7
Secondary education | 1,382 54.7 72.0 28.0 62.2 37.8
Higher education 449 17.8 81.5 18.5 72.7 27.3
Husband/partner’s educational status
No education 391 154 61.4 38.6 48.8 51.2
Primary education 759 30.0 71.4 28.6 59.5 40.5
Secondary education | 876 34.7 70.7 29.3 61.5 38.5
Higher education 502 19.9 83.1 16.9 75.7 243
Household family size
Small (up to 3) 300 11.9 74.3 25.7 65.6 34.4
Medium (4-6) 1,508 59.6 73.6 26.4 63.1 36.9
Large (7 or above) 720 28.5 67.6 32.4 57.3 42.7
Household wealth index
Poorest 530 21.0 68.0 32.0 54.6 45.4
Poorer 538 21.3 71.0 29.0 59.8 40.2
Middle 518 20.5 69.6 304 59.5 40.5
Richer 492 19.5 71.8 28.2 64.8 35.2
Richest 449 17.8 80.7 19.3 719 28.1
Media exposure at least once a week
No 1,359 53.8 70.8 29.2 58.8 41.2
Yes 1,168 46.2 73.3 26.7 65.2 34.8
Antenatal visit during pregnancy
No ANC 190 7.5 64.0 36.0 50.8 49.2
1-3 visits 1,318 52.2 70.2 29.8 59.7 40.3
4-7 visits 898 35.5 75.9 24.1 66.3 33.7
8 or more visits 121 4.8 74.9 25.1 67.9 32.1
Place of delivery
No institution 931 36.8 67.7 323 57.5 42.5
Institution 1,597 63.2 74.4 25.6 64.3 35.7
Baby post-natal check within two months
No 1,489 58.9 72.5 27.5 61.2 38.8
Yes 1,038 41.1 71.2 28.8 62.5 37.5
Child age in months
6-11 months 962 38.1 559 44.1 44.1 559
12-17 months 729 28.8 77.7 22.3 67.6 32.4
18-23 months 836 33.1 85.5 14.5 77.0 23.0
Child sex
Male 1,268 50.2 72.6 27.4 63.3 36.7
Female 1,259 49.8 71.3 28.7 60.2 39.8
Birth order
1 986 39.0 73.6 26.4 63.7 36.3
2-3 1,312 51.9 71.7 28.3 61.3 38.7
>4 230 9.1 66.4 33.6 56.0 44.0
Had diarrhea in last two weeks
No 2337 92.4 EEEEECEES
Continued
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Received

vitamin A-rich | Received iron-

food rich food
Variables Frequency (n) | Percent (%) | Yes (%) | No (%) | Yes (%) | No (%)
Yes 191 7.6 65.8 34.2 53.5 46.5
Had cough in last two weeks
No 1,646 65.1 73.1 26.9 61.9 38.1
Yes 881 34.9 69.9 30.1 61.6 38.4
Had short, rapid breaths
No 2,333 92.3 72.4 27.6 62.1 37.9
Yes 195 7.7 67.1 329 58.1 41.9
Drugs taken for intestinal parasites in last 6 months
No 1,916 75.8 67.9 32.1 57.2 42.8
Yes 612 242 84.6 15.4 76.2 23.8
Place of residence
Urban 660 26.1 74.0 26.0 65.4 34.6
Rural 1,867 73.9 71.2 28.8 60.5 39.5
Division
Barishal 150 59 72.1 279 55.9 44.1
Chittagong 552 21.8 65.0 35.0 54.0 46.0
Dhaka 604 239 72.0 28.0 62.1 37.9
Khulna 260 10.3 81.7 18.3 75.4 24.6
Mymensingh 233 9.2 72.6 27.4 63.0 37.0
Rajshahi 260 10.3 76.2 23.8 71.8 28.2
Rangpur 298 11.8 77.7 223 65.3 34.7
Sylhet 171 6.8 62.1 379 47.3 52.7

Table 2. Sociodemographic and community-level characteristics by vitamin A and iron-rich foods
consumption among children aged 6-23 months in Bangladesh, BDHS 2022 (n=2,528).
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Fig. 2. (a) ArcGIS version 10.8 (https://www.arcgis.com/index.html) result for the spatial distribution of
consuming vitamin A-rich food among children aged 6-23 months in Bangladesh, 2022. (b) ArcGIS version
10.8 (https://www.arcgis.com/index.html) result for the spatial distribution of consuming iron-rich food
among children aged 6-23 months in Bangladesh, 2022.
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Fig. 3. (a) ArcGIS version 10.8 (https://www.arcgis.com/index.html) result for the spatial interpolation of
vitamin A-rich food consumption among children aged 6-23 months in Bangladesh, 2022. (b) ArcGIS version
10.8 (https://www.arcgis.com/index.html) result for the spatial interpolation of iron-rich food consumption
among children aged 6-23 months in Bangladesh, 2022.

regions of Dhaka were predicted to have a low prevalence (31-42%) of children consuming iron-rich foods in
Bangladesh (Fig. 3b).

Determinants of vitamin A-rich foods consumption among children

Children whose mothers/ caregivers had formal employment were 1.6 (aOR=1.6; 95% CI 1.2-2.0) times, and
those with secondary and higher education were 1.7 times (aOR = 1.7; 95% CI 1.04-2.6) and 2.0 times (aOR =2.0;
95% CI 1.2-3.5) respectively, more likely to consume vitamin A-rich foods compared to their counterparts.
Similarly, children whose fathers attained primary education had 40% higher odds of consuming vitamin-rich
foods (aOR=1.4; 95% CI 1.01-1.9), and those with higher education had 70% (aOR=1.7; 95% CI 1.1-2.6) of
higher odds than those who had no education. Looking at the frequency of ANC visits, children whose mothers
attended 4-7 ANC visits were 1.7 (aOR=1.7; 95% CI 1.1-2.6) times more likely to consume vitamin A-rich foods
than their counterparts. In terms of age, the odds of vitamin A-rich foods consumption were 2.5 (aOR=2.5;
95% CI 1.9-3.2) and 4.0 (aOR=4.0; 95% CI 3.0-5.3) times higher for the age groups of 12-17 months and
18-23 months, respectively as compared with children aged 6-11 months. The result also shows that the odds
of consuming vitamin A-rich foods among children who took medication for intestinal parasites were increased
by 60% (aOR=1.6; 95% CI 1.2-2.2) compared to children who did not take the medication. At the community-
level, children residing in the Chittagong (aOR=0.6; 95% CI 0.4-0.98) and Sylhet division (aOR =0.6; 95% CI
0.4-0.9) were less likely to consume vitamin A-rich foods than those who resided in Barishal (Table 1).

Determinants of iron-rich foods consumption among children

For children whose mothers/caregivers had employment and higher education, the odds of consuming any one
of the iron-rich foods were increased by 40% (aOR=1.4; 95% CI 1.1-1.7) and 70% (aOR=1.7; 95% CI 1.01-2.9),
respectively, as compared with their counterparts. Similarly, children whose fathers had primary, secondary
and higher education were 1.4 times (aOR=1.4; 95% CI 1.1-1.9), 1.4 times (aOR=1.4; 95% CI 1.01-1.9) and
2.0 times (aOR=2.0; 95% CI 1.4-3.0) respectively, more likely to consume iron-rich foods than those who had
no education. Children from wealthier households had 1.4 times (aOR=1.4; 95% CI 1.02-2.0) higher odds
of consuming iron-rich foods than those from the poorest households while children born to mothers who
attended 4-7 and 8 or more ANC visits were 1.7 times (aOR=1.7;95% CI 1.2-2.5) and 1.9 times (aOR=1.9; 95%
CI 1.1-3.4) higher than their counterparts. The result also shows that the odds of receiving any one of the iron-
rich foods were 2.4 (aOR=2.4; 95% CI 1.9-3.0) times higher for children aged 12-17 months and 3.9 (aOR=3.9;
95% CI 3.0-5.0) times higher for the children aged 18-23 months, compared to children aged 6-11 months.
Children with diarrhea were 30% (aOR =0.7; 95% CI 0.5-0.9) less likely to consume iron-rich foods, while those
who took drugs for intestinal worms in the last 6 months were 50% (aOR=1.5; 95% CI 1.2-2.0) more likely to
do so, than their counterparts. Regarding community-level variables, children in Khulna (aOR=2.3; 95% CI
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1.5-3.5) and Rajshahi (aOR=1.9; 95% CI 1.2-2.9) were more likely to consume iron-rich foods compared to
those in Barishal (Table 1).

Discussion

The consumption of vitamin A and iron-rich foods among children aged 6-23 months in Bangladesh is 72% and
61.8%, respectively. Based on the Bangladesh Demographic and Health Survey, vitamin A-rich food consumption
among children was 77% in 2017-18, while iron-rich food consumption was 70% in the same periods*'. Studies
have also revealed a decline in the consumption of meats, fish, and vitamin A-rich fruits compared to previous
years*>*3. Factors driving this decline include food inflation or higher food prices** and child food poverty,
which affects two-thirds of children under five. As a result, approximately 10 million children consume fewer
than the five recommended food groups®’. Low socio-economic status, food insecurity and changing food
intake behaviors can be attributed to reduced consumption?**®, Compared to other countries in South Asia, the
consumption rate is higher than in Nepal?’, Sri Lanka*® and India’!.

The study found that the children of working mothers were more likely to consume vitamin A and iron-rich
foods compared to their counterparts, which concurred with the previous study!'>333:4, This may be attributed
to cash earnings that enable mothers to provide their children with vitamin A and iron-rich meals*’. On top of
that, working mothers tend to have higher education, economic status, and access to information from colleagues,
all of which are positively associated with improved diet quality and enhanced nutrition knowledge®!->2.

Mothers’ higher education is a significant predictor of vitamin A and iron-rich food consumption among
children, corroborating studies conducted in other countries>*®4%53> Much research has shown the direct
influence of maternal education on the health and development of children as educated mothers are more
likely to provide nutrient-rich food due to greater awareness of nutrition®, healthier dietary practices*?, dietary
information-seeking behaviors?, avail more ANC services®®, and are better positioned to make decisions about
food purchases for their children®’.

Fathers having higher education are more likely to provide vitamin A and iron-rich foods to children
compared to their counterparts which is consistent with other studies*>**>*. While mother-child dynamics are
often prioritized, the critical role of both paternal and maternal education in improving children’s diets with
vitamin A and iron is emphasized in several studies. These studies also highlighted an inverse association between
parent education and child undernutrition®®-%. In patriarchal societies like Bangladesh, fathers as household
heads and decision-makers®!, play a crucial role in influencing their children’s consumption of nutrient-rich
foods. Moreover, educated couples tend to share financial and childcare responsibilities more equally and gain a
deeper insight into children’s feeding practices, thereby reinforcing the findings?3%.

Children born to wealthy families were more likely to have good iron-rich foods consumption than those
from low-income households, which aligns with previous studies?*. This disproportion is clearly due to the
higher economic status enabling access to and affordability of iron-rich food, a barrier faced by families with
lower wealth indices?.

ANC visits predict vitamin A and iron-rich food consumption among children. This aligns with previous
studies that revealed that mothers who had four or more ANC visits were observed to have higher odds of
providing vitamin A and iron-rich foods to children®!3223%47 The possible explanation might be that more
frequent ANC visits are likely to increase nutrition counselling from health professionals and provide the
opportunity to learn about healthy child nutrition3®>¢.

Children aged 12-17 months and 18-23 months have higher odds of vitamin A and iron-rich food
consumption compared to those aged 6-11 months?>**>}, Mother’s perceptions, traditional beliefs, taboos, and
practices might result in reduced consumption of foods rich in vitamin A and iron for children aged 6-11
months®?as many mothers avoid animal-source foods for children under one year and offer more frequently to
those older than 24 months*”. Older children also benefit from the family meals through traditional shared plate
eating, which enhances the dietary diversity®. Moreover, there have been trends towards later weaning practices
among women, leading to delays in introducing solid foods to children®.

The use of deworming for intestinal parasites in the last 6 months for children aged 6-23 months has higher
odds of consuming vitamin A and iron-rich foods than those without. This finding corresponds with studies on
iron-rich food consumption among children from sub-Sahara Africa??, Uganda®, and Sierra Leone!. While the
association between deworming and vitamin A-rich food consumption remains uncertain, this discrepancy could
be explained by the role of deworming in eliminating worms, which prevents malabsorption and malnutrition,
consequently enhances childrens overall dietary consumption of vitamin A and iron®®. Deworming also
enhances children’s appetite as the study suggests it increases the consumption of iron-rich foods®”.

Children who had diarrhea were less likely to consume iron-rich foods among children as compared to
their counterparts. The association between diarrhea and reduced iron-rich food consumption in children has
not been widely reported in previous studies. A possible explanation is that diarrhea might hinder feeding due
to appetite loss as well as the parent’s perception that feeding during illness could be detrimental to the child’s
health®.

The spatial analysis and multivariable regression analysis revealed that, among the eight divisions, the
significant hotspots for the consumption of vitamin A and iron-rich foods among children were identified
in Rajshahi, Rangpur, and Khulna. In contrast, Sylhet and Chittagong were noted as a cold spot for vitamin
A-rich food consumption, while both Sylhet and Barishal were observed as cold spots for iron-rich food
consumption among children. This pattern aligns with other studies conducted in Bangladesh3*¢7:¢%. Production
of micronutrient-rich small fishes such as “Mola”, “Darkina’, and “Dhela” has increased in Rangpur and Rajshabhi,
making a major contribution to children’s mineral and vitamin intake in those regions®®’°. These small fishes are
good sources of iron, vitamin A, and folic acid, which play pivotal roles in the physical and cognitive development
of children. Moreover, the adult literacy rate exceeds 70% in these regions and Rangpur, Rajshahi, and Khulna
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have also made progress in reducing the poverty rate?. Moreover, the nutrition knowledge among parents is
comparatively higher in Ragnpur and Rajshahi comapared to other divisions’"72. These likely explain the higher
odds of vitamin A and iron-rich food consumption among children in those regions®. Conversely, declining
consumption of vitamin A and iron-rich foods in Sylhet and Chittagong might be attributed to socio-economic
factors. Despite increasing adult literacy rates (>70%), the malnutrition and unemployment rate remains high in
Sylhet and poverty has also increased in Sylhet and Barishal?. 68% of Sylhet’s population and one in two people
in Chittagong live below the poverty line, making it remarkably difficult for many families to afford nutrient-rich
foods. Another contributing factor is the poor knowledge of nutrition among physicians and parents particularly
in Sylhet, which leads to lower consumption of nutrient-rich foods in the region’®. To mitigate this situation,
many national and international programs are actively promoting the consumption of locally available fish
and vegetables to improve dietary diversity and combat malnutrition®®74. Moreover, disparities in education,
occupation, socio-economic status and income levels in different regions in Bangladesh might influence the
consumption of nutrient-rich foods among children.

Strengths and limitations of the study

This study has the strength of addressing a previously unexplored area in Bangladesh, providing a comprehensive
analysis of the spatial patterns and determinants of consuming vitamin A and iron-rich foods in children aged
6-23 months using large country representative data. Using the 24-hour food consumption recall method
also helps to minimize the chance of recall bias. Nonetheless, this study also has limitations that should not
be overlooked. As a cross-sectional study, it fails to explain the causal association between independent and
outcome variables and requires further research for a more thorough understanding. There are constraints
related to respondents’ recall bias, insufficient data on bioavailability, seasonal variability, affordability, use of the
internet to get relevant knowledge, and difficulty in determining both the quantity and quality of dietary sources,
etc. Another limitation of this study was that coordinates were gathered at the clustered level instead of the
individual level, which is challenging to obtain for the individual level. Excluding clusters without coordinates
may also introduce selection bias. Besides, ordinary Kriging operates under the assumption that data follows a
linear trend, which isn’t always true. As a result, non-linear relationships might necessitate more sophisticated
modelling techniques. Additionally, the accuracy of Kriging estimates can be influenced by the number and
distribution of sample points, whether they are sparsely distributed or clustered. These limitations may reduce
the generalizability of the study.

Conclusion

The present study highlighted that more than half of the children aged 6-23 months consumed foods high
in vitamin A (72%) and iron (61.8%), though the dietary practices are still below WHO’s recommendation.
Various factors at both individual (educational status of parents, working status of mothers, ANC visits, child
age, taking deworming drugs, history of diarrhea) and community level including divisions influenced adequate
consumption of nutrient-rich foods. Future research and interventions to promote vitamin A and iron-rich
food intake should particularly focus on children whose parents are uneducated, unemployed, from low-income
households, and to those aged between 6 and 11 months while encouraging women to attend more ANC visits.
Future interventions could be designed focusing on enhancing parental education, raising awareness on child
feeding, disseminating nutrition messages through media, offering parental guidance and counseling, providing
access to community-based programs, and promoting locally available indigenous vitamin A and iron-rich
foods. Regions with lower prevalence of vitamin A and iron-rich foods consumption, Sylhet, Chittagong, and
Barishal require coordinated efforts from governments, healthcare providers and programmers to improve
access to nutrient-dense foods. Moreover, these insights can aid policymakers in designing effective strategies to
enhance the consumption of vitamin A and iron-rich foods among children aged 6-23 months.

Data availability
Data availabilityThe datasets are publicly available in the Bangladesh Demographic and Health Survey data re-
pository, 2022, from the (http://www.dhsprogram.com).
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