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Background Optimal child feeding practices contribute to reducing child undernutri-
tion in low- and middle-income countries. Minimum dietary diversity (MDD) is a key 
indicator of complementary feeding quality for children aged 6-23 months. We aimed 
to examine the gender-common and gender-specific factors associated with the failure 
to meet MDD in eight Asia Pacific countries.

Methods The study used data of children aged 6-23 months from the Demographic and 
Health Surveys (DHS) conducted in Afghanistan (n = 8410), Bangladesh (n = 2371), Ne-
pal (n = 1478), Pakistan (n = 3490), Cambodia (n = 2182), Indonesia (n = 5133), Myanmar 
(n = 1379), and Timor-Leste (n = 2115). A total of 41 household, maternal, and child-lev-
el variables were examined for association with MDD using univariate and multivariable 
logistic regressions. All analyses accounted for the survey design and sampling weights.

Results Being aged 6-11 months, not receiving Vitamin A supplementation, low ma-
ternal education, belonging to a low wealth quintile, and having two or more young 
children in the household were factors related to the failure to meet MDD among both 
male and female children. Mothers’ not watching TV or not being exposed to media at 
least once a week, delivery at home, young age, and engagement to non-agricultural 
work were only significant risk factors among female children. Non-professional deliv-
ery assistance, unsafe disposal of children’s stool, tolerant attitudes towards domestic 
violence, and rural residence were significant factors only among male children.

Conclusions It is possible that male and female children in the region may consume 
food in various ways, because the factors for meeting MDD are not the same for dif-
ferent genders of children. It is advised to enhance dietary diversity in child nutrition 
programmes through gender-specific activities.

Consumption of diverse foods is essential for the healthy growth of children [1]. After being 
exclusively breastfed until six months of age, sufficient nutrients through complementary 
foods need to be supplied for children’s continuous growth [1]. Minimum dietary diversi-
ty (MDD) is one of the key indicators for measuring the quality of complementary feeding 
for children aged 6-23 months [2]. It is defined as the proportion of children 6-23 months 
of age who consume five or more of eight food groups (grains, roots and tubers, legumes 
and nuts, dairy products, eggs, flesh foods, vitamin A-rich fruits and vegetables, other 
fruits and vegetables, and breastmilk) [3]. The association between high dietary diversity 
and improved nutrition among children under five years of age has been reported in low- 
and middle-income countries [4-6]. A study using data from the Demographic and Health 
Surveys (DHS) from 11 countries reported a positive association between dietary diversity 
and height-for-age Z-scores for children aged 6-23 months [6].

https://creativecommons.org/licenses/by/4.0/legalcode
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Globally, only 28% of children aged 6-23 months met the MDD in 2020 [7]. Only 37% of South Asian children 
met the MDD, while those in Southeast Asia and the Pacific have achieved 43% [8]. South Asia has a higher 
prevalence of stunted children (32%) likely due to a lower proportion of MDD, whereas Southeast Asia had a 
lower prevalence of stunting (25%) in 2020 [8].

The nutritional status of children in the Asia Pacific region reflects different economic statuses, food systems, 
and affordability of diverse food options. The population of South Asia is rising rapidly, yet farm production 
is declining, and the cost of agricultural products and household poverty are increasing [9]. A study by Ry-
ckman et al. [10] found a lack of diversity of affordable food sources in South Asia. For example, dark, leafy 
green vegetables are the only affordable iron, calcium, and zinc source in Bangladesh, India, and Pakistan. In 
Southeast Asia, however, the food system adapted to modern retail markets with urbanization, rising incomes, 
and transformation to commercial production [11]. Urbanization and retail market structure can increase the 
diversity of affordable food by driving income growth and decreasing the food price [12,13]. Nevertheless, 
poor child dietary diversity remains a concern among poor populations in countries with traditional dietary 
behaviour, which is largely dependent on staple grains and vegetables [14].

Food choice is a complex process influenced by individual, socio-economic, cultural, and environmental fac-
tors. There have been substantial efforts to determine the factors of child food consumption and dietary be-
haviours [15-17]. Studies in individual countries in the Asia Pacific region reported various factors predicting 
a child’s dietary diversity such as household wealth, living location, parental education, antenatal and post-
natal care, employment type of household head, younger child age, younger maternal age, and exposure to 
media [18-23].

Gender-based differences in the child dietary patterns have been the interest of many previous studies [24-28]. 
Borooah et al. [24] found girls are more likely to be neglected than boys with respect to receiving nutritious 
diets in India. Ng et al. [15] found more events of insufficient complementary feeding among female children 
in Indonesia. Fledderjohann et al. [25] found that female children in India were breastfed for a shorter dura-
tion and had lower consumption of dairy food compared to male children. These differences can be explained 
by gender disparity in the intra-household food allocation for children, which is affected by cultural norms in 
society and women’s empowerment in households [25,29].

While there is some literature revealing children’s gender as a predictor of dietary quality, little is known about 
the gender-specific predictors of dietary diversity. This study examined gender-common and gender-specific 
determinants of the failure to meet MDD among young children in eight low- and middle-income countries 
in the Asia Pacific region while hypothesising that predictors of failing to meet MDD differ between male and 
female children in the region.

METHODS
Study design and participants

This study used the most recent DHS data for eight South and Southeast Asian countries: Afghanistan Demo-
graphic Health Survey (AfDHS) 2015 [30], Bangladesh Demographic Health Survey (BDHS) 2017-2018 [31], 
Nepal Demographic Health Survey (NDHS) 2016 [32], Pakistan Demographic Health Survey (PDHS) 2017–
2018 [33], Cambodia Demographic Health Survey (CDHS) 2014 [34], Indonesia Demographic Health Survey 
(IDHS) 2017 [35], Myanmar Demographic Health Survey (MDHS) 2015–2016 [36], and Timor-Leste Demo-
graphic Health Survey (TLDHS) 2016 [37]. The survey participants were sampled based on a multi-stage strat-
ified cluster sampling design. Only the data of children aged 6-23 months with available dietary information 
were used in the analyses. The final sample of respondents for South Asia included: 8410 in Afghanistan, 2436 
in Bangladesh, 1478 in Nepal, and 3490 in Pakistan. In Southeast Asia, the number of respondents in the data 
analysis was as follows: 2182 in Cambodia, 5113 in Indonesia, 1379 in Myanmar, and 2115 in Timor-Leste.

Dependent variable: Minimum Dietary Diversity (MDD)

The MDD has been universally used to measure the quality of dietary patterns among children aged 6-23 
months old [2]. It is defined by the United Nations International Children’s Emergency Fund (UNICEF) stan-
dard guideline of MDD as the consumption of five or more food groups out of eight groups [3].

During DHS data collection, respondents were asked to report the type of food their child consumed in the 
last 24 hours. We constructed a child’s dietary diversity score ranging from 0 to 8 based on the child’s food 
consumption of eight food groups: 1) grains, roots, and tubers, 2) legumes and nuts, 3) dairy products, 4) 
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eggs, 5) flesh foods, 6) vitamin A-rich fruits and vegetables, 7) other fruits and vegetables, and 8) breastmilk 
[3]. As the original DHS had more detailed food categories for fresh foods (ie, meat, organ meat, and fish) 
and grains (ie, bread, potatoes), we recategorized those items into the eight food groups above. Children 
who reported consuming at least one food item in the food group received one score for that food group. For 
breastfeeding, one score was given to the children whose mothers were practising breastfeeding at the time 
of data collection. Finally, the dietary diversity score was dichotomized by considering a total score over five 
as satisfying MDD [3].

Independent variables

Potential factors of the failure to meet MDD were selected based on the conceptual framework of child dietary 
diversity in developing countries (Figure S1 in the Online Supplementary Document). A total of 41 variables 
were selected at household, maternal, and child levels.

Household-level characteristics included a total of nine variables: 1) residential area (rural or urban), 2) wealth 
quantiles, 3) sex of household head, 4) number of household members, 5) number of children under five in 
the household, 6) type of drinking water source, 7) type of sanitation facility, (8) proximity to water source, 
and 9) type of cooking fuel. In the original DHS data set, respondents were asked to report their drinking water 
sources and sanitation facility types using multiple categories. We applied World Health Organization (WHO) 
and UNICEF’s guidelines to classify the categories into improved or unimproved types [38].

Maternal characteristics comprised 22 variables: 1) age, 2) education, 3) occupation, 4) living with their part-
ner or not, 5) BMI (kg/m2), 6) smoking status, 7) pregnancy, 8) number of antenatal clinic visits, 9) place of 
delivery, 10) type of delivery assistance, 11) postnatal check-up within two days after delivery, 12) disposal of 
child’s stool, 13) reading the newspaper at least once a week, 14) listening to the radio at least once a week, 
15) watching TV at least once a week, 16) exposure to all three media sources – newspaper, radio, and TV – at 
least once a week, 17) overall attitude toward domestic violence, 18) decision-making on respondent’s health 
care, 19) decision making on large household purchases, 20) decision-making on visits to family or relatives, 
21) decision-making on what to do with money husband earns, and 22) women’s empowerment.

The mother’s attitude toward domestic violence was assessed by asking mothers whether domestic violence 
would be justified in the following scenarios: a) if the wife goes out without telling the husband, b) if the wife 
neglects the children, c) if the wife argues with the husband, d) if the wife refuses to have sex with husband, 
and e) if the wife overcooks the food. If mothers answered that beating is unjustified in any of the scenarios, 
they were considered to have an intolerant attitude toward domestic violence. The variable for women’s em-
powerment was created using their attitude toward domestic violence and their participation in decision-mak-
ing in health care, large purchases, family/relative visits, and the spending of the husband’s wage. We summed 
all five scores of women’s attitudes toward domestic violence and participation in decision-making to generate 
a total score ranging from 0 to 5. The total score was then dichotomized by treating a total score higher than 
3 as high empowerment and others as low empowerment [38].

Lastly, child-level characteristics included a total of 10 variables as follows: 1) gender, 2) age (6-11 months vs 
12-23 months), 3) birth order, 4) perceived birth size (small, average, and large), 5) episodes of diarrhoea, 6) 
cough, 7) fever in the past two weeks, 8) anaemia, 9) vitamin A supplementation in the past six months, and 
10) iron supplement intake, such as pills, sprinkles, and syrup in the past seven days.

Statistical analysis

Sampling design and survey weights of the DHS data were accounted for in all analyses. The weighted per-
centage of the household, maternal, and child characteristics were explored for each country. Weighted χ2 tests 
were conducted to compare MDD status between male and female children in the eight countries.

We conducted gender-stratified analyses to identify the factors associated with the failure to meet MDD. First, 
univariate logistic regressions were conducted to identify the characteristics significantly associated with the 
MDD status of male and female children separately (judged by 95% confidence interval (CI) of unadjusted 
odds ratios (ORs) excluding 1.00). Second, multivariable regressions were performed to calculate adjusted ORs 
for not meeting MDD. The multivariable regression models only included the variables that were significant in 
the univariate regressions. The variables with significant ORs in the multivariable logistic regressions for both 
males and females were gender-common factors of not meeting MDD. Likewise, the variables which were sig-
nificant only among either male or female children were treated as male-specific or female-specific factors for 
not meeting MDD. These gender-stratified analyses were conducted separately for each country. A multivariable 
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regression model was built for each country based on the covariates’ selection process using univariate regres-
sion. Finally, the heatmaps were created to present the risk factors descriptively for male and female children. 
All analyses were conducted using Stata 16 (StataCorp LP, College Station, TX, USA).

Ethical approval

The survey protocol and questionnaires of the 2015 AfDHS were approved [30]. Ethical approval for the 2014 
BDHS was given by the National Institute of Population Research and Training (NIPORT) of the Bangladesh 
Ministry of Health and Family Welfare [31]. The National Bioethics Committee of the Pakistan Health Research 
Council reviewed and approved the 2017-18 PDHS protocol [32]. The Nepal Health Research Council (NHRC) 
reviewed and approved the 2016 NDHS protocol [33]. The 2014 CDHS was approved by the National Eth-
ics Committee for Health Research [34]. The 2017 IDHS passed the ethical review from the National Institute 
for Research and Development of the Indonesian Ministry of Health [35]. The 2015-16 MDHS protocol was 
reviewed and approved by the Ethics Review Committee on Medical Research Including Human Subjects in 
the Myanmar Ministry of Health and Sports’ Department of Medical Research [36]. The previously mentioned 
DHS protocols were reviewed and approved by the ICF Institutional Review Board and Afghanistan’s Ministry 
of Public Health. The questionnaires and survey protocol of the 2016 TLDHS was reviewed and approved by 
the ICF Institutional Review Board [37]. For all eight DHS data sets above, written informed consents were 
obtained from the survey respondents before data collection. The DHS data are publicly accessible and were 
made available upon our request to the DHS Program, ICF International.

RESULTS
Household, maternal, and child characteristics

Out of the eight countries included in the present study, Nepal had the highest proportion of households in 
an urban area (53.4%), while Pakistan had the lowest (13.7%). Most household heads in eight countries were 
male (range = 73.1%-99.0%) (Table 1). The proportion of households with five or fewer members was high-
est in Indonesia (60.9%) and lowest in Afghanistan (17.8%). The percentage of having two or more children 
under five years old was the highest in Afghanistan (80.3%). Most households used improved drinking water 
(61.6%-86.7%). More than half of the households in the study countries used improved toilet facilities (50.5%-
72.6%), with the exception of those in Afghanistan (32.6%). Most households in Indonesia had a drinking 
water source in their house (84.4%), while fewer than half had it in Afghanistan (45.2%). Notably, most coun-
tries in the study had a low proportion of efficient cooking fuel usage (eg, 12.9% in Timor-Leste). However, 
Indonesian respondents reported high use of efficient cooking fuels (78.7%).

Table 1. Weighted percentage of child characteristics at household, maternal and individual level in eight countries in South Asia and 
Southeast Asia

Characteristics

Afgha
nistan 

(n = 8410)

Ban
gladesh 

(n = 2436)
Pakistan 

(n = 2181)
Nepal 

(n = 1478)
Cambodia 
(n = 2182)

Indonesia 
(n = 5113)

Myanmar 
(n = 1379)

Timor 
Leste 

(n = 2115)
Weighted 

%*
Weighted 

%*
Weighted 

%*
Weighted 

%*
Weighted 

%*
Weighted 

%*
Weighted 

%*
Weighted 

%*

Household level

Rural resident 75.5 72.5 86.3 46.6 86.3 50.9 75.1 73.6

Female household head 1.0 13.4 22.4 26.9 22.4 9.3 14.0 11.0

Household members ≥6 82.2 46.6 50.7 56.6 50.7 39.1 49.1 69.1

2 or more children <5 y old living in the same 
household

80.3 69.7 44.6 48.8 44.6 31.0 40.7 67.3

Unimproved drinking water source† 32.5 13.3 12.4 13.0 - 38.4 22.0 21.0

Unimproved toilet facility‡ 67.4 46.0 49.0 29.2 49.0 27.4 49.5 40.5

Time to get to water source ≥60 min 5.4 - 7.6 10.5 - 4.4 4.8 10.5

Inefficient cooking fuel 68.1 85.5 84.4 77.8 84.4 21.4 81.8 87.1

Maternal level

Age of 15-24 36.7 44.6 34.6 51.6 34.6 23.0 25.2 27.9

No formal maternal education 79.9 7.4 12.9 30.2 12.9 0.8 15.3 22.4

Not working 87.4 57.3 31.5 45.6 31.5 55.9 42.0 65.9

Not living with partner 2.4 19.6 5.7 42.2 5.7 9.5 7.1 9.5

BMI (kg/m2)<18.5 - 13.9 15.3 22.8 15.3 - 14.7 24.2
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Table 2. Weighted percentage of children 6-23 months of age meeting Minimum Dietary 
Diversity (MDD) in eight countries in South Asia and Southeast Asia

Total Male Female
Pvalue*Weighted %  

(95% CI)
Weighted %  

(95% CI)
Weighted %  

(95% CI)

Afghanistan 20.9 (18.6-23.4) 20.4 (18.0-23.1) 21.3 (18.6-24.3) 0.475

Bangladesh 41.0 (38.7-43.2) 40.4 (37.6-43.4) 41.5 (38.3-44.8) 0.605

Pakistan 13.4 (11.3-15.7) 12.7 (10.3-15.5) 14.1 (11.7-17.0) 0.304

Nepal 43.1 (40.1-46.2) 42.1 (38.5-45.8) 44.3 (39.3-49.4) 0.498

Cambodia 39.5 (36.7-42.3) 39.3 (35.4-43.2) 39.7 (35.8-43.8) 0.864

Indonesia 53.6 (51.7-55.4) 52.3 (49.9-54.8) 54.9 (52.3-57.4) 0.140

Myanmar 20.9 (18.1-24.0) 22.9 (19.0-27.4) 18.5 (15.1-22.4) 0.095

Timor-Leste 25.5 (22.6-28.6) 24.0 (20.7-27.7) 27.0 (23.2-31.1) 0.183

CI – confidence interval
*Weighted χ2 tests were conducted to compare MDD status between male and female children in the 
eight countries (all P > 0.05).

Characteristics

Afgha
nistan 

(n = 8410)

Ban
gladesh 

(n = 2436)
Pakistan 

(n = 2181)
Nepal 

(n = 1478)
Cambodia 
(n = 2182)

Indonesia 
(n = 5113)

Myanmar 
(n = 1379)

Timor 
Leste 

(n = 2115)
Weighted 

%*
Weighted 

%*
Weighted 

%*
Weighted 

%*
Weighted 

%*
Weighted 

%*
Weighted 

%*
Weighted 

%*

Smoking 0.7 - 2.3 3.2 2.3 - 1.4 3.1

Currently pregnant 17.2 4.7 3.1 5.8 3.1 2.3 3.4 6.6

Less than three antenatal clinic visits 80.8 53.0 22.9 29.4 22.9 8.6 40.7 21.9

Delivery at home 46.2 50.3 12.6 39.5 12.6 17.0 54.0 50.6

Non-professional delivery assistance 43.7 47.0 7.7 31.7 7.7 7.0 27.9 41.7

No postnatal check-up on child within two 
days after delivery

65.4 32.9 2.0 72.3 2.0 74.1 19.2 71.9

Unsafe disposal of child’s stool§ 59.7 - 32.7 50.8 32.7 49.4 50.5 72.0

No exposure to media at least once a week 33.3 34.8 19.5 23.3 19.5 3.2 18.9 38.4

Not reading newspaper at least once a week 94.0 90.1 79.8 78.6 79.8 61.6 63.7 80.4

Not listening to radio at least once a week 62.1 94.6 49.3 48.1 49.3 63.1 62.0 67.2

Not watching TV at least once a week 52.1 37.0 29.8 38.5 29.8 4.1 30.4 45.8

Low overall attitude toward domestic violence 86.1 18.9 54.0 30.2 54.0 32.1 56.1 82.6

No decision on respondent’s health care 53.6 25.7 8.7 54.4 8.7 11.5 16.5 6.1

No decision on large household purchases 59.5 31.2 7.8 65.7 7.8 25.1 27.8 5.8

No decision on visits to family or relatives 48.9 28.5 4.4 59.2 4.4 14.5 13.4 6.7

No decision on what to do with money 
husband earns

70.1 33.6 3.9 53.5 3.9 10.8 13.5 21.5

Low women empowerment 76.6 37.9 12.1 69.3 12.1 24.3 30.8 23.3

Individual level

Child age of 6-11 mo 31.7 32.7 34.4 31.7 34.4 32.8 32.1 33.2

4th or lower birth order 34.7 5.2 7.0 7.9 7.0 4.9 12.4 23.4

Small perceived birth size 24.1 - 10.7 17.3 10.7 11.6 12.2 8.2

Diarrhoea 37.2 4.7 19.3 11.8 19.3 19.9 15.9 15.3

Cough 27.6 35.9 25.7 25.3 25.7 41.8 18.7 19.2

Fever 35.9 33.2 35.5 26.1 35.5 37.9 21.3 17.4

Anaemia - - 75.8 69.0 75.8 - 77.2 56.3

Vitamin A supplementation in the past 6 mo 47.6 72.7 62.9 70.6 62.9 77.4 49.3 61.6

BMI – body mass index
*Sampling design and weights of Demographic Health Survey of the eight countries were adjusted in the estimation of percentage using Stata syntax svyset.
†Improved drinking water sources included piped into dwelling/yard/plot, public tap/standpipe, tube well/borehole, protected well/spring, rainwater, and bot-
tled water, as presented in Demographic Health Survey.
‡Improved sanitation facilities included flush to piped sewer system, flush to septic tank/pit latrine, ventilated improved pit latrine, pit latrine with slab, or 
composting toilet, as presented in Demographic Health Survey.
§Safe disposals included using toilet/latrine or buried.

Table 1. continued

Minimum dietary diversity by 
child gender

The proportion of children who met MDD 
in eight countries is presented for the over-
all population and by child gender (Table 
2).

Indonesia had the highest proportion of 
male (52.3%) and female (54.9%) chil-
dren meeting the MDD, while Pakistan had 
the lowest (male = 12.7%, female = 14.1%). 
There were no statistically significant gen-
der differences in the proportion of chil-
dren achieving MDD between male and fe-
male children in all eight countries (χ2 test, 
all P > 0.05).
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The gender-common and gender-specific risk factors for young children who did not meet MDD are shown 
in Table 3, as well as Figure 1 and Figure 2.

Table 3. Summary of gender-common and gender-specific factors of not meeting MDD by countries among children 6-23 months of age

Country Common* Malespecific† Femalespecific†

Afghanistan Child young age Rural area Poor wealth quintiles or more children under five years old

No vitamin A suppl Maternal old age Maternal old age

Not reading newspaper Maternal young age

Longer time to get to water source

Bangladesh Child young age Maternal poor education No vitamin A suppl.

Maternal poor education Higher number of antenatal clinic visits

Nepal Child you age Two or more children under five years old No listening to radio

Unsafe disposal of child stool Poor mother education Low birth order

Poor wealth

Pakistan Child young age Two or more children under five years old Two or more children under five years old (protective)

Small birth size Poor mother education

No vitamin A suppl.

Cambodia Child young age Rural area Poor wealth

Two or more children under five years old Maternal young age

Tolerance toward domestic violence No watching TV

Delivery at home

No vitamin A suppl.

Indonesia Child young age Non-professional delivery Delivery at home

Poor wealth Unsafe disposal of child stool No reading newspaper

Maternal poor education Low birth order No watching TV (protective)

No exposure to media

No vitamin A suppl

Myanmar Child young age BMI>25 kg/m2(protective) Maternal poor education

Cough(protective) Mother’s non-agricultural work (vs no working) (protective)

Not taking iron suppl.

Timor-Leste Child young age Poor wealth Family size (>5) 

No vitamin A suppl Non-professional delivery

Tolerance toward domestic violence

MDD – minimum dietary diversity, BMI – body mass index, suppl – supplementation
*Gender-common risk factors were the characteristics which were statistically significant in both the logistic regressions for male and female children.
†Gender-specific risk factors were the characteristics which were statistically significant either in the logistic regression for male or female children.

Gender-common risk factors

Among all eight study countries, being younger was a factor in failing to meet MDD for both male and female 
children, compared to those aged 12-23 months.

The odds of not meeting MDD were associated with lower maternal education levels. Maternal informal edu-
cation is related to the failure to meet MDD among male children in Bangladesh, Indonesia, and Nepal, and 
among female children in Bangladesh, Indonesia, and Myanmar, compared to mothers with secondary or 
higher education.

The odds of not meeting MDD were associated with not receiving vitamin A supplementation in the past 
6 months. Among male children, the odds ratios were significantly higher in Afghanistan, Indonesia, and 
Timor-Leste. Among female children, the odds of not meeting MDD were significant in Pakistan, Timor-Leste, 
Cambodia, Afghanistan, Indonesia, and Bangladesh.

The odds of not meeting MDD increased among poorer wealth quintiles in a dose-response manner among 
male children in Indonesia, Nepal, and Timor-Leste, and among female children in Indonesia, Cambodia, and 
Nepal compared to the richest wealth quintiles.

Having two or more children aged under five years was associated with not meeting MDD among male chil-
dren in Cambodia, Nepal, and Pakistan, compared to having only one child. Among female children, an as-
sociation with two or more children showed mixed direction with not achieving MDD in Afghanistan and 
in Pakistan.
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Afghanistan
OR (95%CI) 
(n=4158)

Bangladesh
OR (95%CI) 
(n=1244)

 Nepal
OR (95%CI) 

(n=780)

Pakistan
OR (95%CI) 
(n=1419)

Cambodia
OR (95%CI) 
(n=1024)

Indonesia
OR (95%CI) 
(n=2611)

Myanmar
OR (95%CI) 

(n=699)

Timor-Leste
OR (95%CI) 
(n=1029)

OR

Rural area 
(Ref: urban)

2.13
(1.20, 2.60)

1.01
(0.69, 1.47)

0.74
(0.44, 1.26)

2.03 
(1.25, 3.30)

0.95 
(0.75, 1.21)

0.84
(0.43, 1.63)

≤0.39

Middle wealth quintiles 
(Ref: richest)

0.78 
(0.39,1.57)

1.26 
(0.74, 2.14)

2.62 
(1.27, 5.38)

1.34
 (0.61, 2.98)

0.88 
(0.46,1.67)

1.56
(1.05, 2.32)

0.68 
(0.28,1.63)

1.33 
(0.69, 2.58)

0.40-0.49

Poorer wealth quintiles 
(Ref: richest)

0.39 
(0.19, 0.78)

1.35 
(0.77, 2.38)

2.71 
(1.20, 6.13)

1.76
 (0.69, 4.50)

0.88 
(0.44,1.75)

2.15
(1.41, 3.29)

1.13 
(0.44, 2.94)

2.01 
(1.04, 3.89)

0.50-0.66

Poorest wealth quintiles 
(Ref: richest)

0.60 
(0.31,1.47)

1.91
(0.98, 3.75)

2.59 
(1.16, 5.80)

2.66 
(0.83, 8.52)

1.22 
(0.57, 2.61)

1.81 
(1.13, 2.89)

1.41 
(0.46, 4.36)

1.93 
(0.84, 4.41)

0.67-1.00

≥2 children <5 years old living in the 
same household (Ref: 1)

1.22 
(0.90, 1.66)

1.57 
(1.04, 2.39)

1.96 
(1.17, 3.29)

1.76 
(1.21, 2.55)

 1.30 
(0.90,1.87)

1.0-1.50

Maternal age 35-49 years 
(Ref: 25-34 years)

1.72 
(1.20,2.48)

1.35 
(0.65,2.82)

1.50-1.99

Secondary maternal education 
(Ref: Higher education)

1.58 
(0.68, 3.72)

1.40 
(0.89, 2.21)

1.21 
(0.70, 2.08)

0.77 
(0.44,1.35)

0.94 
(0.40, 2.22)

1.67 
(1.22, 2.29)

1.80 
(0.67, 4.83)

0.86 
(0.48,1.54)

2.00-2.49

Primary maternal education
 (Ref: Higher education)

1.94 
(0.82, 4.56)

1.54 
(0.90, 2.66)

2.27 
(1.15, 4.49)

1.34 
(0.55, 3.27)

0.96 
(0.39, 2.32)

1.69 
(1.13, 2.52)

2.18 
(0.80, 5.92)

1.09 
(0.50, 2.34)

≥2.50

No formal maternal education 
(Ref: Higher education)

1.42 
(0.61, 3.29)

2.41
(1.11, 5.23)

2.48 
(1.19, 5.19)

0.90 
(0.41, 1.99)

1.43 
(0.51, 4.02)

3.92 
(1.01, 15.30)

1.29 
(0.36, 4.57)

0.83 
(0.42, 1.66)

Not significant 
at univariate regression 

BMI (kg/m2) ≥ 25 
(Ref: 18.5-24.9)

0.47 
(0.25, 0.85)

Not significant 
at multivariate regression 

Number of antenatal clinic visits ≥4 
(Ref: 1-3 visits) 

1.86
(1.39, 2.49)

Non-professional delivery assistance 
(Ref: Professionals)

0.93
(0.67, 1.30)

1.75 
(1.13, 2.72)

2.42 
(1.22, 4.79)

Unsafe disposal of child's stool 
(Ref: Safe disposal)

1.68 
(1.14, 2.48)

1.37 
(0.96,1.96)

1.41 
(1.14, 1.76)

1.24 
(0.79,1.95)

No exposure to media at least once a 
week (Ref: Yes)

1.22 
(0.42, 3.52)

1.29 
(0.73, 2.29)

1.26 
(0.78, 2.05)

2.34
(1.26, 4.89)

Not reading newspaper at least once 
a week (Ref: Yes)

2.32 
(1.30, 4.14)

1.41
(0.84, 2.39)

Lower score for attitude toward 
domestic violence (Ref: Higher)

1.15 
(0.81, 1.64)

1.11 
(0.65, 1.90)

1.49 
(1.04, 2.14)

1.64 
(1.08, 2.50)

Child age 6-11 months 
(Ref:12-23 months)

1.89 
(1.39, 2.58)

3.16 
(2.32, 4.32)

3.55 
(2.33, 5.40)

2.78 
(1.47, 5.25)

2.78 
(1.87, 4.12)

3.21 
(2.56, 4.02)

2.84 
(1.66, 4.86)

3.78 
(2.32, 6.15)

Birth order 4th or lower 
(Ref: 1st)

1.11
 (0.68, 1.80)

0.67
(0.36, 1.26)

1.75 
(1.06, 2.89)

Smaller perceived birth size 
(Ref: Average)

0.84 
(0.62, 1.14)

0.74
(0.44, 1.24)

2.97 
(1.60, 5.51)

Cough 
(Ref: No cough)

0.54 
(0.31, 0.94)

No vitamin A supplementation in the 
past 6 months (Ref: Yes)

1.79 
(1.35, 2.37)

1.61 
(0.12, 2.31)

1.16 
(0.71, 1.89)

 1.70 
(0.98, 2.96)

1.19 
(0.83, 1.69)

1.66 
(1.28, 2.16)

1.30 
(0.76, 2.22)

1.72 
(1.14, 2.59)

No iron pills, sprinkles or iron syrup 
in the last 7 days (Ref: Yes)

1.31
(0.77, 2.21)

2.39 
(1.07, 5.37)

1.25 
(0.84, 1.88)

 

South Asia Southeast Asia

Figure 1. Risk factors of not meeting MDD among male children 6-23 months of age in eight countries in South Asia and Southeast Asia Ab-
breviation: OR, odds ratio; CI, confidence interval; BMI, body mass index; Note: Survey design and weights of Demographic and Health 
Survey were accounted for using Stata syntax svyset in the univariate and multivariable logistic regression model; Only the characteristics 
that had significant adjusted ORs for not meeting minimum dietary diversity in the multivariable logistic regressions in at least one country 
were presented in the table.

Gender-specific risk factors of male children

The risk of not meeting MDD differed by the place residence (urban vs rural) in Afghanistan and Cambodia. 
Compared to safe disposal of children’s stool, unsafe disposal practices were a risk factor for not meeting MDD 
among male children only in Indonesia and Nepal.
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In South Asian countries, older maternal age (35-49 years), compared to 24-34 years, was a significant risk 
factor for not meeting MDD among male children in Afghanistan. The odds of not achieving MDD were 2.32 
times higher among Afghanistan mothers who did not read the newspaper at least once a week, compared to 
mothers reading the newspaper. Having four or more times of antenatal visits was associated with male chil-
dren’s not meeting MDD in Bangladesh.

Afghanistan
OR (95%CI) 

(n=4001)

Bangladesh
OR (95%CI) 

(n=1148)

 Nepal
OR (95%CI) 

(n=642)

Pakistan
OR (95%CI) 

(n=1375)

Cambodia
OR (95%CI) 

(n=1049)

Indonesia
OR (95%CI) 

(n=2323)

Myanmar
OR (95%CI) 

(n=621)

Timor-Leste
OR (95%CI) 

(n=1020)
OR

Richer wealth quintiles 
(Ref: richest)

2.11 
(1.30, 3.41)

1.57 
(0.93, 2.65)

1.45 
(0.64, 3.25)

1.72 
(0.91, 3.28)

1.35 
(0.70, 2.63)

1.70 
(1.17, 2.48)

0.76 
(0.32, 1.80)

0.76 
(0.42, 1.37)

≤0.39

Middle wealth quintiles 
(Ref: richest)

2.33 
(1.26, 4.30)

1.35
(0.76, 2.39)

2.90 
(1.22, 6.89)

1.09 
(0.50, 2.39)

2.79 
(1.25, 6.21)

1.59 
(1.07, 2.35)

1.06 
(0.36, 3.14)

1.13 
(0.56, 2.27)

0.40-0.49

Poorer wealth quintiles 
(Ref: richest)

1.11 
(0.59, 2.07)

1.31
(0.71, 2.41)

3.87 
(1.46, 10.24)

1.98 
(0.73, 5.37)

2.68 
(1.10, 6.52)

1.85 
(1.21, 2.84)

0.87 
(0.24, 3.09)

1.00 
(0.48, 2.09)

0.50-0.66

Poorest wealth quintiles 
(Ref: richest)

1.20 
(0.66, 2.22)

1.38
(0.73, 2.62)

5.30
 (1.46, 14.23)

1.73 
(0.57, 5.20)

3.70 
(1.43, 9.53)

2.77 
(1.68, 4.57)

0.38 
(0.11, 1.33)

0.86 
(0.41, 1.82)

0.67-1.00

≥6 household members 
(Ref: 0-5)

 1.26 
(0.89, 1.78)

 1.53 
(1.05, 2.23)

1.0-1.50

≥2 children <5 years old living in the 
same household (Ref: 1)

1.47 
(1.02, 2.12)

0.45 
(0.25, 0.82)

1.50-1.99

1-59 mins to get to water source (Ref: 
Water source inside the house)

1.46 
(1.09, 1.95)

 0.70
 (0.40, 1.21)

1.06 
(0.75, 1.48)

1.07 
(0.63, 1.80)

2.00-2.49

Maternal age 15-24 years 
(Ref: 25-34 years)

1.61 
(1.14, 2.27)

1.56 
(1.06, 2.29)

≥2.50

Maternal age 35-49 years 
(Ref: 25-34 years)

1.70 
(1.17, 2.48)

1.05 
(0.65, 1.71)

Not significant 
at univariate regression 

Secondary maternal education 
(Ref: Higher education)

1.85 
(0.74, 4.64)

1.24 
(0.82, 1.87)

1.73 
(0.96, 3.12)

0.99 
(0.51, 1.91)

0.65 
(0.32, 1.34)

1.36 
(0.98, 1.89)

1.75 
(0.72, 4.23)

1.40 
(0.82, 2.39)

Not significant 
at multivariate regression 

Primary maternal education
 (Ref: Higher education)

2.14 
(0.78, 5.86)

1.73
(1.04, 2.85)

1.33 
(0.63, 2.80)

2.94 
(1.17, 7.37)

0.90 
(0.42, 1.95)

1.67 
(1.11, 2.53)

3.28
 (1.07, 10.00)

1.11 
(0.58, 2.13)

No formal maternal education 
(Ref: Higher education)

1.83 
(0.84, 3.96)

4.61
(2.11, 10.06)

1.37 
(0.60, 3.11)

1.70 
(0.82, 3.54)

0.76 
(0.30, 1.91)

3.98
 (1.20, 13.21)

5.50
 (1.28, 23.74)

1.06 
(0.54, 2.08)

Mother's non-agricultrual work 
(Ref: Not working)

0.72 
(0.37, 1.39)

1.10 
(0.75, 1.59)

0.49 
(0.26, 0.90)

 0.88 
(0.62, 1.26)

Delivery at home 
(Ref: Health facility)

0.99 
(0.75, 1.30)

0.98 
(0.61, 1.58)

1.80 
(1.05, 3.10)

1.50 
(1.12, 2.02)

Non-professional delivery assistance 
(Ref: Professionals)

0.80
(0.56, 1.13)

1.62 
(0.73, 3.61)

1.42 
(0.89, 2.27)

Unsafe disposal of child's stool 
(Ref: Safe disposal)

2.21 
(1.34, 3.65)

1.00 
(0.61, 1.67)

1.16 
(0.91, 1.48)

No exposure to media at least once a 
week (Ref: Yes)

1.39 
(0.96, 2.02)

0.72 
(0.27, 1.90)

1.18 
(0.70, 1.98)

3.89
 (1.28, 11.87)

Not reading newspaper at least once a 
week (Ref: Yes)

1.46
(0.79, 2.72)

1.28
(1.02, 1.61)

Not listening to radio at least once a 
week (Ref: Yes)

1.84 
(1.17, 2.89)

Not watching TV at least once a week 
(Ref: Yes)

1.54 
(0.59, 4.04)

1.18 
(0.70, 1.98)

1.64 
(1.14,  2.35)

0.32 
(0.12, 0.84)

1.99 
(0.94, 4.21)

Child age 6-11 months 
(Ref:12-23 months)

2.11 
(1.54, 2.90)

3.53 
(2.49, 5.01)

2.51 
(1.54, 4.10)

2.41 
(1.36, 4.27)

2.46 
(1.72, 3.52)

4.55 
(3.53, 5.87)

1.87 
(1.00, 3.49)

2.83 
(1.87, 4.28)

Birth order 4th or lower 
(Ref: 1st)

1.86
(0.84, 4.10)

2.84 
(1.14, 7.09)

1.50 
(0.92, 2.45)

No vitamin A supplementation in the 
past 6 months (Ref: Yes)

1.44 
(1.08, 1.90)

1.78 
(1.15, 2.74)

1.66 
(1.00, 2.76)

 2.04 
(1.17, 3.57)

1.54 
(1.07, 2.21)

1.36 
(1.05, 1.77)

1.64 
(1.03, 2.62)

South Asia Southeast Asia

Figure 2. Risk factors of not meeting MDD among female children 6-23 months of age in eight countries in South Asia and Southeast Asia 
Abbreviation: OR, odds ratio; CI, confidence interval; BMI, body mass index; Note: Survey design and weights of Demographic and Health 
Survey were accounted for using Stata syntax svyset in the univariate and multivariable logistic regression model; Only the characteristics 
that had significant adjusted ORs for not meeting minimum dietary diversity in the multivariable logistic regressions in at least one country 
were presented in the table.
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Among Southeast Asian countries, having non-professional delivery assistance was associated with failure to 
meet MDD among male children in Indonesia and Timor-Leste, compared to having professional delivery as-
sistance. The odds of tolerance for domestic violence were significantly associated with not meeting MDD in 
Cambodia and Timor-Leste. Notably, maternal BMI≥25.0 was a protective factor for meeting MDD in Myan-
mar. The odds of not meeting MDD were higher among women who were not exposed to media at least once 
a week, compared to mothers exposed to media in Indonesia. In Myanmar alone, not taking iron pills/sprin-
kles with iron or iron syrup in the last seven days was a factor for not meeting MDD.

Gender-specific risk factors of female children

Maternal age was also a risk factor for not meeting MDD. In Afghanistan, mothers aged 15-24 years or 35-49 
years, compared to 25-34 years old, showed a higher risk of not meeting MDD among their female children. 
In Cambodia, female children of mothers aged 15-24 years were less likely to meet MDD.

While in Cambodia, where mothers not watching TV at least once a week was a risk factor for not meeting 
MDD, the same variable became a positive factor for meeting it in Indonesia. In Cambodia and Indonesia, at-
home child delivery was a risk factor for children being less likely to meet MDD compared to delivering their 
children in a health facility.

DISCUSSION
This study examined the gender-common and gender-specific factors of not meeting the MDD among children 
aged 6-23 months in eight South and Southeast Asian countries.

Gender-common risk factors

Younger age (6-11 months), compared to 12-23 months, was a factor in not meeting MDD among both male 
and female children. Children aged 6-11 months are mostly breastfed, while also being fed some limited food 
resources and types, depending on their adaptation to family foods [20,21,39]. As the child gets older, parents 
feed their child various foods [40].

Not receiving vitamin A supplementation was associated with failure to meet MDD. Children who do not 
receive vitamin A supplementation could have limited access to public health services. For example, these 
children may not be provided with immunization services in a timely manner by local health providers [21], 
or nutrition services that provide vitamin A supplementation might not be accessible due to lack of trans-
portation.

Maternal education is an important factor affecting dietary diversity for both male and female children. Well-ed-
ucated mothers were more likely to access information and educational messages through antenatal and post-
natal services or various communication channels about nutrition, thus preventing traditional misbelief about 
feeding practices [21,41-44].

Poor wealth quintiles were a risk factor for young children not meeting MDD because these households were 
less likely to have food secure and afford multiple types of nutritious food from the local market [45]. House-
holds with higher economic status were more likely to consume nutrient-rich foods (eg, eggs, meat, milk), 
which might increase their diet diversity [41].

In addition, households with more than two children under five years old were associated with not meeting 
the children’s MDD, indicating increased competition among siblings for food consumption and childcare 
[7,20,24,39]. Having many young children might place more pressure on food consumption and make it more 
challenging to provide all children in the household with sufficient food [46].

Gender-specific risk factors for male children

Male children whose mothers received professional delivery assistance were more likely to meet MDD. A study 
carried out in Indonesia showed that children delivered by caesarean section with professionally trained birth 
attendants were more likely to meet MDD [47]. A possible reason could be that delivery by caesarean section 
is associated with early cessation of breastfeeding [48].

Among male children, mothers’ safe disposal of their children’s stool indicated a higher chance of MDD being 
achieved, compared to those who had unsafe disposal. Open defecation or other unsafe stool disposal practic-
es could increase the risk of diarrheal disease and affect the children’s nutrient absorption [49].
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A mother’s tolerant attitude toward violence meant that MDD among children was less likely to be achieved. 
Those children can be negatively influenced by the mothers’ exposure to domestic violence [50]. The negative 
psychological outcome caused by domestic violence, such as depression, could lead to a weaker mother-child 
bond, which would decrease the quality of feeding practice [51].

Households being located in rural areas was another factor related to male children not meeting MDD. It is 
possible that, due to the local market being inaccessible to the household, it would be difficult for mothers to 
have diverse or equitable knowledge beyond local traditions [42,52,53].

Gender-specific risk factors for female children

Mothers not watching TV and mothers being less exposed to media were risk factors for not achieving MDD 
in female children. In a culture where males were preferred, females might have less access to media and TV, 
especially in poor households, due to media and TV subscriptions requiring additional expenses [52,54]. In 
Cambodia, where biomass is more frequently used as an energy source compared to electricity [55], the lack 
of access to media could prevent mothers from acquiring professional information and new knowledge by 
watching TV.

Mothers delivering their children at home was one of the risk factors for female children not meeting MDD. 
Households living in rural patriarchal society do not have sufficient access or ability to receive information for 
feeding practices [56].

The younger age of mothers might be related to more school dropouts and inappropriate feeding processes of 
their children [57]. Therefore, mothers who gave birth at a young age might lack professional knowledge of 
age-appropriate feeding [58].

Limitations

This present study has some limitations that should be considered. First, the child dietary diversity scores were 
based on the responses from the mothers’ 24-hour recall in the DHS survey, which might not accurately reveal 
the usual children’s dietary behaviour patterns. Mothers were not asked to report the amount of food items 
consumed. Second, some variables that are essential for determining a child’s food consumption (ie, food se-
curity, paternal-related factors, food expenditure) were not available in the DHS survey. Third, our analysis 
model did not account for within-country seasonality of food availability. Types of affordable food and diversi-
ty of market-available food are season-dependent [59]. To alleviate the seasonal impacts on child’s food intake 
caused by various data collection periods between countries, we built a unique analysis model for each coun-
try. However, in some countries, the survey was administered through a relatively long period. The influence 
of being interviewed in different seasons within a country remains a limitation.

Recommendations

Among both South and Southeast Asia regions, younger age (6-11 months) and not receiving Vitamin A sup-
plementation in the past six months, maternal education levels, and household wealth quintiles were risk fac-
tors found in both male and female children for not meeting MDD. In both regions, gender equity in Vitamin 
A supplementation is expected to promote MDD. For example, depending on the differences on how males 
and females process information, approaches to raising the awareness about the gender equity in Vitamin A 
supplementation for parents can be tailored to meet the nutritional needs of all children [60].

Both having unsafe disposal of children’s stool and living in the rural areas were risk factors for male chil-
dren not achieving MDD in both South and Southeast Asia. Political leaders and policymakers should put 
more effort into strengthening infrastructure and development in rural areas to enhance the accessibility of 
local markets, professional health information, and sanitary practical training for community households. 
To improve awareness toward professional delivery and domestic violence, future programs should also in-
corporate actions to raise gender equality awareness among parents, to focus on the existing gender gap in 
MDD for young children.

Meanwhile, mothers delivering at a young age was the only risk factor found in both South and Southeast 
Asian regions among female children. We should consider multiple ways to raise the awareness of the impact 
of delivery at the proper age while considering socio-economic status, traditions, agency, and parents’ beliefs. 
Policymakers must advocate for gender equity in the education system and the job market to prevent women 
from quitting school at a young age and facing gender-based stereotyping and discrimination [61].
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CONCLUSIONS
By analysing the DHS survey from eight countries in both South and Southeast Asia, this study revealed that 
gendered differences among factors for not meeting MDD exist. These findings can inform program planning 
and research in child nutrition to identify populations at risk and modifiable risk factors. Meanwhile, this 
study’s findings also indicated that it is worthwhile for future policies and programs to consider employing 
gender-specific approaches regarding the improvement in child nutrition.

Acknowledgments: We gratefully acknowledge Yoonho Cho, Jaehwan Kim, Young Go, Soonyoung Choi, and Jin Baik 
from World Vision Korea, and Dr Jinho Lim for reviewing the research findings.

Funding: This study was funded by World Vision Korea (https://www.worldvision.or.kr), Global Visiting Fellowship, Brain 
Korea 21 Four, and Seoul National University (https://en.snu.ac.kr/research/units/bk21-groups). The funders had no role 
in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Authorship contributions: YK designed the current study; HL and YK conducted the data analysis for this study and 
wrote the manuscript; YK, CP, and MK provided critical edits; and YK had primary responsibility for final content. All au-
thors read and approved the final manuscript.

Declaration of interest: The authors completed the ICMJE Declaration of Interest Form (available upon request from the 
corresponding author) and declare no relevant interests.

Additional material
Online Suplementary Document

RE
FE

RE
N

C
E

S

 1  UNICEF. Complementary feeding. New York: UNICEF; 2005.
 2  Working Group on IYCF Indicators. Developing and Validating Simple Indicators of Dietary Quality and Energy Intake of 

Infants and Young Children in Developing Countries: Summary of findings from analysis of 10 data sets. Washington, D.C., 
USA: FANTA; 2006.

 3  World Health Organization. Global nutrition monitoring framework: operational guidance for tracking progress in meeting 
targets for 2025. Geneva: World Health Organization; 2017.

 4  Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M, et al. Maternal and child undernutrition and over-
weight in low-income and middle-income countries. Lancet. 2013;382:427-51. Medline:23746772 doi:10.1016/S0140-
6736(13)60937-X

 5  Kuche D, Moss C, Eshetu S, Ayana G, Salasibew M, Dangour AD, et al. Factors associated with dietary diversity and length-for-age 
z -score in rural Ethiopian children aged 6–23 months: A novel approach to the analysis of baseline data from the Sustainable Un-
dernutrition Reduction in Ethiopia evaluation. Matern Child Nutr. 2020;16:e12852. Medline:31124274 doi:10.1111/mcn.12852

 6  Arimond M, Ruel MT. Dietary Diversity Is Associated with Child Nutritional Status: Evidence from 11 Demographic and Health 
Surveys. J Nutr. 2004;134:2579-85. Medline:15465751 doi:10.1093/jn/134.10.2579

 7  UNICEF. Infant and young child feeding data. New York: United Nations Children’s Fund (UNICEF); 2020.
 8  UNICEF, World Health Organization, World Bank. Levels and trends in child malnutrition: Key Findings of the 2020 Edition 

of the Joint Child Malnutrition Estimates. Geneva: World Health Organization; 2020.
 9  Mittal S, Sethi D. Food security in South Asia: Issues and opportunities. Indian Council for Research on International Econom-

ic Relations (ICRIER). 2009;working paper.
10  Ryckman T, Beal T, Nordhagen S, Murira Z, Harriet T. Affordability of nutritious foods for complementary feeding in South 

Asia. Nutr Rev. 2021;79 Suppl 1:52-68. Medline:33693914 doi:10.1093/nutrit/nuaa139
11  Rola CA. Food Systems Sustainability in Southeast Asia. UN DESA Population Division Expert Group Meeting. 2020.
12  Pandey B, Reba M, Joshi P, Seto K. Urbanization and food consumption in India. Sci Rep. 2020;10:17241. Medline:33057014 

doi:10.1038/s41598-020-73313-8
13  Reardon T, Timmer C, Minten B. Supermarket revolution in Asia and emerging development strategies to include small farm-

ers. Proc Natl Acad Sci U S A. 2012;109:12332-7. Medline:21135250 doi:10.1073/pnas.1003160108
14  Chaparro C, Oot L, Sethuraman K. Overview of the Nutrition Situation in Seven Countries in Southeast Asia. Washington, 

DC: FHI; 2014;360.
15  Ng CS, Dibley MJ, Agho KE. Complementary feeding indicators and determinants of poor feeding practices in Indonesia: a 

secondary analysis of 2007 Demographic and Health Survey data. Public Health Nutr. 2012;15:827-39. Medline:22014663 
doi:10.1017/S1368980011002485

16  Hughes SO, Papaioannou MA. Maternal Predictors of Child Dietary Behaviors and Weight Status. Curr Nutr Rep. 2018;7:268-
73. Medline:30350172 doi:10.1007/s13668-018-0250-1

17  Sheikh N, Akram R, Ali N, Haque SR, Tisha S, Mahumud RA, et al. Infant and young child feeding practice, dietary diversi-
ty, associated predictors, and child health outcomes in Bangladesh. J Child Health Care. 2020;24:260-73. Medline:31159554 
doi:10.1177/1367493519852486

https://www.worldvision.or.kr
https://en.snu.ac.kr/research/units/bk21-groups
https://jogh.org/documents/2022/jogh-12-04058-s001.pdf
https://pubmed.ncbi.nlm.nih.gov/23746772
https://doi.org/10.1016/S0140-6736(13)60937-X
https://doi.org/10.1016/S0140-6736(13)60937-X
https://pubmed.ncbi.nlm.nih.gov/31124274
https://doi.org/10.1111/mcn.12852
https://pubmed.ncbi.nlm.nih.gov/15465751
https://doi.org/10.1093/jn/134.10.2579
https://pubmed.ncbi.nlm.nih.gov/33693914
https://doi.org/10.1093/nutrit/nuaa139
https://pubmed.ncbi.nlm.nih.gov/33057014
https://doi.org/10.1038/s41598-020-73313-8
https://pubmed.ncbi.nlm.nih.gov/21135250
https://doi.org/10.1073/pnas.1003160108
https://pubmed.ncbi.nlm.nih.gov/22014663
https://doi.org/10.1017/S1368980011002485
https://pubmed.ncbi.nlm.nih.gov/30350172
https://doi.org/10.1007/s13668-018-0250-1
https://pubmed.ncbi.nlm.nih.gov/31159554
https://doi.org/10.1177/1367493519852486


Li et al.
V

IE
W

PO
IN

TS
PA

PE
RS

2022  •  Vol. 12  •  04058 12 www.jogh.org •  doi: 10.7189/jogh.12.04058

18  Blackstone S, Sanghvi T. A comparison of minimum dietary diversity in Bangladesh in 2011 and 2014. Matern Child Nutr. 
2018;14:e12609. Medline:29663657 doi:10.1111/mcn.12609

19  Ali NB, Tahsina T, Hoque DMdE, Hasan MM, Iqbal A, Huda TM, et al. Association of food security and other socio-eco-
nomic factors with dietary diversity and nutritional statuses of children aged 6-59 months in rural Bangladesh. PLoS One. 
2019;14:e0221929. Medline:31465509 doi:10.1371/journal.pone.0221929

20  Manikam L, Robinson A, Kuah JY, Vaidya HJ, Alexander EC, Miller GW, et al. A systematic review of complementary feeding 
practices in South Asian infants and young children: the Bangladesh perspective. BMC Nutr. 2017;3:56. Medline:32153836 
doi:10.1186/s40795-017-0176-9

21  Na M, Aguayo VM, Arimond M, Stewart CP. Risk factors of poor complementary feeding practices in Pakistani children aged 
6-23 months: A multilevel analysis of the Demographic and Health Survey 2012-2013. Matern Child Nutr. 2017;13:e12463. 
Medline:29032630 doi:10.1111/mcn.12463

22  Khanal V, Sauer K, Zhao Y. Determinants of complementary feeding practices among Nepalese children aged 6–23 months: 
findings from demographic and health survey 2011. BMC Pediatr. 2013;13:131. Medline:23981670 doi:10.1186/1471-2431-
13-131

23  Baek Y, Chitekwe S. Sociodemographic factors associated with inadequate food group consumption and dietary diversity among 
infants and young children in Nepal. PLoS One. 2019;14:e0213610. Medline:30856209 doi:10.1371/journal.pone.0213610

24  Borooah VK. Gender bias among children in India in their diet and immunisation against disease. Soc Sci Med. 2004;58:1719-
31. Medline:14990373 doi:10.1016/S0277-9536(03)00342-3

25  Fledderjohann J, Agrawal S, Vellakkal S, Basu S, Campbell O, Doyle P, et al. Do girls have a nutritional disadvantage com-
pared with boys? Statistical models of breastfeeding and food consumption inequalities among Indian siblings. PLoS One. 
2014;9:e107172. Medline:25229235 doi:10.1371/journal.pone.0107172

26  Aurino E. Do boys eat better than girls in India? Longitudinal evidence on dietary diversity and food consumption dispari-
ties among children and adolescents. Econ Hum Biol. 2017;25:99-111. Medline:27810442 doi:10.1016/j.ehb.2016.10.007

27  Nasreddine L, Chamieh MC, Ayoub J, Hwalla N, Sibai A-M, Naja F. Sex disparities in dietary intake across the lifespan: the 
case of Lebanon. Nutr J. 2020;19:24. Medline:32216804 doi:10.1186/s12937-020-00543-x

28  Kaur M, Kaur R, Walia P. Exploring Gender Disparity in Nutritional Status and Dietary Intake of Adolescents in Uttarkashi. 
Indian J Hum Dev. 2020;14:115-27. doi:10.1177/0973703020917502

29  Larson JB, Castellanos P, Jensen L. Gender, household food security, and dietary diversity in western Honduras. Glob Food 
Secur. 2019;20:170-9. doi:10.1016/j.gfs.2019.01.005

30  Central Statistics Organization, Ministry of Public Health, ICF. Afghanistan Demographic and Health Survey 2015. Kabul, Af-
ghanistan: Central Statistics Organization; 2017.

31  National Institute of Population Research and Training, Mitra and Associates, ICF International. Bangladesh Demographic 
and Health Survey 2014. Dhaka, Bangladesh, and Rockville, Maryland, USA: NIPORT, Mitra and Associates, and ICF Inter-
national; 2016.

32  Ministry of Health. Nepa, New ERA, ICF. Nepal Demographic and Health Survey 2016. Kathmandu, Nepal: Ministry of Health, 
Nepal; 2017.

33  National Institute of Population Studies [Pakistan], ICF. Pakistan Demographic and Health Survey 2017-18. Islamabad, Paki-
stan, and Rockville, Maryland, USA: NIPS and ICF; 2019. 

34  National Institute of Statistics, Directorate General for Health, ICF International. Cambodia Demographic and Health Survey 
2014. Phnom Penh, Cambodia, and Rockville, Maryland, USA: National Institute of Statistics, Directorate General for Health, 
and ICF International; 2015.

35  National Population and Family Planning Board, Statistics Indonesia, Ministry of Health, ICF. Indonesia Demographic and 
Health Survey 2017. Jakarta, Indonesia and Rockville, Maryland, USA: BKKBN, BPS, Kemenkes, and ICF; 2018.

36  Ministry of Health and Sports. ICF. Myanmar Demographic and Health Survey 2015-16. Nay Pyi Taw, Myanmar, and Rock-
ville, Maryland, USA: Ministry of Health and Sports and ICF; 2017.

37  General Directorate of Statistic, Ministry of Health, ICF. Timor-Leste Demographic and Health Survey 2016. Dili, Timor-Leste 
and Rockville, Maryland, USA: GDS and ICF; 2018.

38  Na M, Jennings L, Talegawkar SA, Ahmed S. Association between women’s empowerment and infant and child feeding prac-
tices in sub-Saharan Africa: an analysis of Demographic and Health Surveys. Public Health Nutr. 2015;18:3155-65. Med-
line:26347195 doi:10.1017/S1368980015002621

39  Rah JH, Akhter N, Semba RD, de Pee S, Bloem MW, Campbell AA, et al. Low dietary diversity is a predictor of child stunting 
in rural Bangladesh. Eur J Clin Nutr. 2010;64:1393-8. Medline:20842167 doi:10.1038/ejcn.2010.171

40  Iqbal S, Zakar R, Zakar MZ, Fischer F. Factors associated with infants’ and young children’s (6–23 months) dietary diversity in 
Pakistan: evidence from the demographic and health survey 2012–13. Nutr J. 2017;16:78. Medline:29208001 doi:10.1186/
s12937-017-0297-7

41  Amugsi DA, Mittelmark MB, Oduro A. Association between Maternal and Child Dietary Diversity: An Analysis of the Gha-
na Demographic and Health Survey. PLoS One. 2015;10:e0136748. Medline:26305458 doi:10.1371/journal.pone.0136748

42  Wuneh AG, Ahmed W, Bezabih AM, Reddy PS. Dietary Diversity and Meal Frequency Practices among Children Aged 6-23 
Months in Agro Pastoral Communities in Afar Region, Ethiopia: A Cross-sectional Study. Ecol Food Nutr. 2019;58:575-96. 
Medline:31353951 doi:10.1080/03670244.2019.1644328

43  Beyene M, Worku AG, Wassie MM. Dietary diversity, meal frequency and associated factors among infant and young chil-
dren in Northwest Ethiopia: a cross- sectional study. BMC Public Health. 2015;15:1007. Medline:26433689 doi:10.1186/
s12889-015-2333-x

RE
FE

RE
N

C
E

S

https://pubmed.ncbi.nlm.nih.gov/29663657
https://doi.org/10.1111/mcn.12609
https://pubmed.ncbi.nlm.nih.gov/31465509
https://doi.org/10.1371/journal.pone.0221929
https://pubmed.ncbi.nlm.nih.gov/32153836
https://doi.org/10.1186/s40795-017-0176-9
https://pubmed.ncbi.nlm.nih.gov/29032630
https://pubmed.ncbi.nlm.nih.gov/29032630
https://doi.org/10.1111/mcn.12463
https://pubmed.ncbi.nlm.nih.gov/23981670
https://doi.org/10.1186/1471-2431-13-131
https://doi.org/10.1186/1471-2431-13-131
https://pubmed.ncbi.nlm.nih.gov/30856209
https://doi.org/10.1371/journal.pone.0213610
https://pubmed.ncbi.nlm.nih.gov/14990373
https://doi.org/10.1016/S0277-9536(03)00342-3
https://pubmed.ncbi.nlm.nih.gov/25229235
https://doi.org/10.1371/journal.pone.0107172
https://pubmed.ncbi.nlm.nih.gov/27810442
https://doi.org/10.1016/j.ehb.2016.10.007
https://pubmed.ncbi.nlm.nih.gov/32216804
https://doi.org/10.1186/s12937-020-00543-x
https://doi.org/10.1177/0973703020917502
https://doi.org/10.1016/j.gfs.2019.01.005
https://pubmed.ncbi.nlm.nih.gov/26347195
https://pubmed.ncbi.nlm.nih.gov/26347195
https://doi.org/10.1017/S1368980015002621
https://pubmed.ncbi.nlm.nih.gov/20842167
https://doi.org/10.1038/ejcn.2010.171
https://pubmed.ncbi.nlm.nih.gov/29208001
https://doi.org/10.1186/s12937-017-0297-7
https://doi.org/10.1186/s12937-017-0297-7
https://pubmed.ncbi.nlm.nih.gov/26305458
https://doi.org/10.1371/journal.pone.0136748
https://pubmed.ncbi.nlm.nih.gov/31353951
https://pubmed.ncbi.nlm.nih.gov/31353951
https://doi.org/10.1080/03670244.2019.1644328
https://pubmed.ncbi.nlm.nih.gov/26433689
https://doi.org/10.1186/s12889-015-2333-x
https://doi.org/10.1186/s12889-015-2333-x


Determinants of child dietary diversity

V
IE

W
PO

IN
TS

PA
PE

RS

www.jogh.org • doi: 10.7189/jogh.12.04058 13 2022  •  Vol. 12  •  04058

44  Bedada Damtie S, Benti Tefera T, Tegegne Haile M. Dietary Diversity Practice and Associated Factors among Children Aged 6–23 
Months in Robe Town, Bale Zone, Ethiopia. J Nutr Metab. 2020;2020:9190458. Medline:32685209 doi:10.1155/2020/9190458

45  Belew AK, Ali BM, Abebe Z, Dachew BA. Dietary diversity and meal frequency among infant and young children: a commu-
nity based study. Ital J Pediatr. 2017;43:73. Medline:28810887 doi:10.1186/s13052-017-0384-6

46  Woldegebriel AG, Desta AA, Gebreegziabiher G, Berhe AA, Ajemu KF, Woldearegay TW. Dietary Diversity and Associated 
Factors among Children Aged 6-59 Months in Ethiopia: Analysis of Ethiopian Demographic and Health Survey 2016 (EDHS 
2016). Int J Pediatr. 2020;2020:3040845. Medline:32908551 doi:10.1155/2020/3040845

47  Young AMP, Kang Y. Obstetrical care is associated with child’s dietary diversity in Indonesia: analysis from Demographic and 
Health Survey 2017. Public Health Nutr. 2021;24:2640-9. Medline:32933590 doi:10.1017/S1368980020002396

48  Chien L-Y, Tai C-J. Effect of Delivery Method and Timing of Breastfeeding Initiation on Breastfeeding Outcomes in Taiwan. 
Birth. 2007;34:123-30. Medline:17542816 doi:10.1111/j.1523-536X.2007.00158.x

49  Dangour AD, Watson L, Cumming O, Boisson S, Che Y, Velleman Y, et al. Interventions to improve water quality and sup-
ply, sanitation and hygiene practices, and their effects on the nutritional status of children. Cochrane Database Syst Rev. 
2013;CD009382. Medline:23904195 doi:10.1002/14651858.CD009382.pub2

50  Tsedal DM, Yitayal M, Abebe Z, Tsegaye AT. Effect of intimate partner violence of women on minimum acceptable diet of chil-
dren aged 6–23 months in Ethiopia: evidence from 2016 Ethiopian demographic and health survey. BMC Nutr. 2020;6:28. 
Medline:32742712 doi:10.1186/s40795-020-00354-7

51  Levendosky AA, Huth-Bocks AC, Shapiro DL, Semel MA. The impact of domestic violence on the maternal-child relationship and 
preschool-age children’s functioning. J Fam Psychol. 2003;17:275-87. Medline:14562453 doi:10.1037/0893-3200.17.3.275

52  Kunto YS, Bras H. Ethnic Group Differences in Dietary Diversity of School-Aged Children in Indonesia: The Roles of Gender 
and Household SES. Food Nutr Bull. 2019;40:182-201. Medline:31046454 doi:10.1177/0379572119842993

53  Bose S. The effect of women’s status and community on the gender differential in children’s nutrition in India. J Biosoc Sci. 
2011;43:513-33. Medline:21401977 doi:10.1017/S002193201100006X

54  Sraboni E, Quisumbing A. Women’s empowerment in agriculture and dietary quality across the life course: Evidence from 
Bangladesh. Food Policy. 2018;81:21-36. Medline:30739978 doi:10.1016/j.foodpol.2018.09.001

55  Han P, Kimura F, Sandu S. Household-level analysis of the impacts of electricity consumption on welfare and the environment 
in Cambodia: Empirical evidence and policy implications. Econ Model. 2020;89:476-83. doi:10.1016/j.econmod.2019.11.025

56  Mekonnen TC, Workie SB, Yimer TM, Mersha WF. Meal frequency and dietary diversity feeding practices among children 6–23 
months of age in Wolaita Sodo town, Southern Ethiopia. J Health Popul Nutr. 2017;36:18. Medline:28526058 doi:10.1186/
s41043-017-0097-x

57  Custodio E, Herrador Z, Nkunzimana T, Węziak-Białowolska D, Perez-Hoyos A, Kayitakire F. Children’s dietary diversity 
and related factors in Rwanda and Burundi: A multilevel analysis using 2010 Demographic and Health Surveys. PLoS One. 
2019;14:e0223237. Medline:31596868 doi:10.1371/journal.pone.0223237

58  Uzun AK, Orhon FS, Baskan S, Ulukol B. A comparison between adolescent mothers and adult mothers in terms of maternal 
and infant outcomes at follow-ups. J Matern Fetal Neonatal Med. 2013;26:454-8. Medline:23020604 doi:10.3109/1476705
8.2012.733748

59  Thorne-Lyman AL, Bevis LE, Kuo H, Manohar S, Shrestha B, Kc A, et al. Season of Data Collection of Child Dietary Diversity 
Indicators May Affect Conclusions About Longer-Term Trends in Peru, Senegal, and Nepal. Curr Dev Nutr. 2021;5:nzab095. 
Medline:34466772 doi:10.1093/cdn/nzab095

60  Nordhagen S, Bauck A, Doledec D. Gender Equity and Vitamin A Supplementation: Moving Beyond Equal Coverage. Food 
Nutr Bull. 2020;41:38-49. Medline:31623466 doi:10.1177/0379572119860310

61  Newman C. Time to address gender discrimination and inequality in the health workforce. Hum Resour Health. 2014;12:25. 
Medline:24885565 doi:10.1186/1478-4491-12-25 

RE
FE

RE
N

C
E

S

https://pubmed.ncbi.nlm.nih.gov/32685209
https://doi.org/10.1155/2020/9190458
https://pubmed.ncbi.nlm.nih.gov/28810887
https://doi.org/10.1186/s13052-017-0384-6
https://pubmed.ncbi.nlm.nih.gov/32908551
https://doi.org/10.1155/2020/3040845
https://pubmed.ncbi.nlm.nih.gov/32933590
https://doi.org/10.1017/S1368980020002396
https://pubmed.ncbi.nlm.nih.gov/17542816
https://doi.org/10.1111/j.1523-536X.2007.00158.x
https://pubmed.ncbi.nlm.nih.gov/23904195
https://doi.org/10.1002/14651858.CD009382.pub2
https://pubmed.ncbi.nlm.nih.gov/32742712
https://pubmed.ncbi.nlm.nih.gov/32742712
https://doi.org/10.1186/s40795-020-00354-7
https://pubmed.ncbi.nlm.nih.gov/14562453
https://doi.org/10.1037/0893-3200.17.3.275
https://pubmed.ncbi.nlm.nih.gov/31046454
https://doi.org/10.1177/0379572119842993
https://pubmed.ncbi.nlm.nih.gov/21401977
https://doi.org/10.1017/S002193201100006X
https://pubmed.ncbi.nlm.nih.gov/30739978
https://doi.org/10.1016/j.foodpol.2018.09.001
https://doi.org/10.1016/j.econmod.2019.11.025
https://pubmed.ncbi.nlm.nih.gov/28526058
https://doi.org/10.1186/s41043-017-0097-x
https://doi.org/10.1186/s41043-017-0097-x
https://pubmed.ncbi.nlm.nih.gov/31596868
https://doi.org/10.1371/journal.pone.0223237
https://pubmed.ncbi.nlm.nih.gov/23020604
https://doi.org/10.3109/14767058.2012.733748
https://doi.org/10.3109/14767058.2012.733748
https://pubmed.ncbi.nlm.nih.gov/34466772
https://pubmed.ncbi.nlm.nih.gov/34466772
https://doi.org/10.1093/cdn/nzab095
https://pubmed.ncbi.nlm.nih.gov/31623466
https://doi.org/10.1177/0379572119860310
https://pubmed.ncbi.nlm.nih.gov/24885565
https://pubmed.ncbi.nlm.nih.gov/24885565
https://doi.org/10.1186/1478-4491-12-25

	Gender-common and gender-specific determinants of child dietary diversity in eight Asia Pacific countries
	Recommended Citation

	tmp.1665529250.pdf.Dilcx

