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Abstract 

Background: Childhood malnutrition adversely affects short and long term health and 

economic wellbeing of children. Malnutrition is a global challenge and accounts for around 

40% of under-five mortality in Ghana. Limited studies are available indicating determinants 

of malnutrition among children. This study investigates prevalence and determinants of 

malnutrition among children under-five with the aim of providing advice to policy makers 

and other stakeholders responsible for the health and nutrition of children.  

Methods: The study used data from the 2008 Ghana Demographic and Health Survey 

(GDHS). Analyses were conducted on 2,083 children under-five years nested within 1,641 

households with eligible anthropometric measurements, using multilevel regression analysis. 

Results from the multilevel models were used to compute probabilities of malnutrition.  

Results: This study observed that 588 (28%), 276 (13%) and 176 (8%) of the children were 

moderately “stunted”, moderately “underweight” and moderately “wasted” respectively. 

Older ages are associated with increased risk of stunting and underweight. Longer breast 

feeding duration, multiple births, experience of diarrhoeal episodes, small size at birth, 

absence of toilet facilities in households, poor households, and mothers who are not covered 

by national health insurance are associated with increased risk of malnutrition. Increase in 

mother’s years of education and body mass index are associated with decreased malnutrition. 

Strong residual household-level variations in childhood nutritional outcomes were found.   

Conclusion:  Policies and intervention strategies aimed at improving childhood nutrition and 

health should address the risk factors identified and the need to search for additional risk 

factors that might account for the unexplained household-level variations.  
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Introduction 

Childhood malnutrition is a major public health issue. Not only does malnutrition bring with 

it illness and development issues for the children who suffer it but, along with poor sanitation 

and diseases such as malaria, it is an important cause of childhood mortality. Globally, about 

30% of deaths among under-five children are attributable to malnutrition.
1
 This percentage is 

higher in developing countries, at around 50%.
2
   In Ghana, malnutrition accounts for around 

40% of deaths in under-fives.
3-5

      

Childhood malnutrition is the result of multiple factors. Environmental conditions, socio-

economic circumstances and feeding practices are all important factors.
6, 7

 The consequences 

of malnutrition in infants and young children are to limit and set back physical  growth and 

neurological development, to lower intelligence quotient (IQ) and to increase susceptibility to 

disease.
8-13

  

In Ghana, child mortality rates are stabilising
14

, but malnutrition in children under 5 is still 

one of the major causes of death in children. While information on the prevalence of 

malnutrition in the country, and more widely the region, are known
3, 15

 less has been 

published about the social, economic and environmental factors facing the residents of Ghana 

that may explain the country’s relatively high rates of childhood malnutrition and, 

consequently, childhood and maternal mortality. 

In this paper we aim to determine the major risk factors for childhood malnutrition in Ghana; 

particularly those individual and household characteristics indicated as risk factors for being 

malnourished under the age of 5 years.  
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The data we have used comes from the 2008 Ghana Demographic and Health Survey, which 

provide information on both children and the households in which they live. A specific aim of 

the paper is to apply multilevel modelling techniques to explore risk factors for malnutrition 

so that we can understand the impacts on malnutrition of children, both from factors that are 

specific to an individual, such as age, while recognising that some factors that affect 

individuals such as the amount of food available, are common to all members of a household.  

Methods 

Study population 

This is a population-based cross-sectional study using data from the 2008 Ghana 

Demographic and Health Survey (GDHS).
15

 The data were provided by the Ghana Statistical 

Service and contain information on maternal and child health, nutritional status of women 

and children, breastfeeding practices, fertility preferences, awareness and use of family 

planning methods, childhood mortality and domestic violence.  

The GDHS survey methods are published elsewhere,
15

 To summarise, representative samples 

of 12,323 households from 411 sampling units (communities) were selected nationwide. 

From these, 11,778 eligible households were interviewed, amongst which 5,175 and 6,603 

were in urban and rural communities, respectively. Data were collected from 4,916 women 

aged 15-49 and 4,568 men aged 15-59. Data on 2,992 children from 1,000 and 1,992 urban 

and rural communities, respectively, were then generated from the sampled women during 

the main survey.
15

  

756 children were excluded because of missing exposure data. A further 153 were excluded 

because their Z-scores were outside the range of biologically plausible values as determined 

by the World Health Organization (WHO).
16
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The analysis reported here was therefore based on 2,083 under-five children residing in 1,641 

households and 400 communities across Ghana. Of these 1,641 households, 416 (25.4%) 

contained two or more under-five children.   

Outcome variables  

The primary outcome of interest was malnutrition among children under-five years of age. 

Malnutrition was determined using gender-specific Z-scores to obtain three WHO-derived 

indicators: height-for-age (HAZ), weight-for-age (WAZ) and weight-for-height (WHZ) Z-

scores.
17 

The Z-scores was calculated using the macro provided by WHO
16

.  These measures 

were available for all 2,083 children in the final analysis.  

The scales height-for-age (HAZ), weight-for-age (WAZ) and weight-for-height (WHZ) are 

also referred to as stunting, underweight and wasting, respectively. A child is categorised as 

malnourished on any of these scales if his/her Z-score is below minus two standard deviations 

from the median of the reference population.
17

  

Explanatory variables  

We included as potential explanatory variables those risk factors identified in the literature as 

significant predictors of under-five nutritional status in developing countries
6, 7, 18-21

  together 

with additional  variables that we considered  to be related to the nutritional status and health 

of children, such as the national health insurance scheme (NHIS) status of the mother.  

Mothers who are covered by NHIS will be more likely to visit health facilities, thereby 

obtaining prescriptions and better health care when they are ill. We expect this to result in 

better nutrition and health outcomes for mothers and their children.  
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To arrive at the final set of included risk factors in our multilevel model, we used a backward 

elimination method.   

Statistical analysis  

We analysed the outcomes of interest to examine whether there were differences in the 

nutritional outcome of children by both individual and household level risk factors and 

whether or not children from different households exhibit different nutritional outcomes. To 

do this, we applied a random intercept multilevel regression model
22

 to analyse our outcome 

variables on a continuous scale and obtained the parameter estimates in our model using 

maximum likelihood.  Among competing covariance structures, the random intercept model 

with a within-group variance component provided a good fit to our data. Details of the model 

are shown in Equation 1 in the Supporting Information Appendix. The choice of multilevel 

regression analysis in this study is appropriate because we have data on individual children 

under-five nested within households. Not recognising the hierarchical structure of the data 

could lead to underestimation of the standard errors for the regression coefficients, which in 

turn would lead to spurious statistical significance and incorrect inference. We presented the 

description of the summary measure
23

 of variance explained by households    in WAZ, HAZ 

or WHZ among children in the Supporting Information Appendix S1 - Equation (4).  We 

computed the probabilities of malnutrition among children as functions of their risk factors 

from the multilevel model (see Supporting Information Appendix S1 in Equation (3)). To 

examine the relationship between the probabilities of malnutrition (any of stunting, 

underweight and wasting) among children and the individual risk factors, the computed 

probabilities were plotted against each of the statistically significant risk factors for each of 

the three outcomes.  
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The statistical analysis was carried out using R.
24

 For fitting the random intercept multilevel 

model, we used the R package ‘nlme’. We used likelihood ratio tests (LRTs) to assess the 

significance of risk factor effects. To assess the significance of the household-level random 

effect, we divided the p-values from the LRT by two because the null hypothesis that σ
2

H = 0 

is on the boundary of the parameter space.
25

  

Results  

Sample characteristics  

In the data-set, 588 (28.2%), 276 (13.3%) and 176 (8.4%) of the children were moderately 

stunted, moderately underweight and moderately wasted, respectively (Table 1) based on the 

WHO classification for assessing severity of malnutrition by prevalence ranges among 

children under-five
26

. A total of 784 (38%) children had mothers with no formal education. 

All 2,083 children considered in the analysis received some amount of breast feeding, whilst 

1,854 (89%) were breastfed for more than 6 months, amongst whom 1,038 (56%) belonged to 

poor households. The number of children who had experienced diarrhoea and fever episodes 

within two weeks of the survey were 456 (22%) and 444 (21%) respectively. A total of 973 

(47%) children were not delivered at health care facilities (Table 1). 

 

Risks factors associated with WAZ, HAZ and WHZ for multilevel models 

Table 2 presents results of the multilevel modelling for the three measures of malnutrition 

WAZ (underweight), HAZ (stunting) and WHZ (wasting).  Statistically significant risk 

factors for WAZ (underweight) were: older age; longer breast-feeding duration; multiple 

births; diarrhoea history; and small size at birth.  Mother’s BMI and years of education were 

positively associated with WAZ. A history of fever, no toilet facility in household, mothers 
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without health insurance cover and mother’s current age were not associated with a child’s 

probabilities of being underweight.  

Risk factors negatively associated with HAZ were: older ages of children; longer breast 

feeding; multiple births; small size at birth; poor household and mothers without health 

insurance cover. Mother’s BMI and current age were positively associated with HAZ.  

Factors associated with WHZ (wasting) were: a history of diarrhoea; small size at birth; and 

no toilet facility in household. Older ages of children and mother’s BMI were also positively 

associated with WAZ.  Longer breast-feeding, multiple births, fever history and mother’s 

current age were not associated with wasting.   

The results show significant residual household-level variation. Table 3 shows that 32%, 

23%, and 20% of the variance in the nutritional outcome of children for WAZ, HAZ and 

WHZ respectively could be attributed to the residual household-level variations after 

adjusting for child and household covariates.  

Probabilities of malnutrition for significant risk factors  

We plotted the probabilities of stunting, underweight and wasting against the risk factors 

identified as statistically significant in the multilevel models presented in Table 2 (Figures 1 

and 2). The probabilities of the three measures of malnutrition all decreased with increasing 

mother’s BMI. Probabilities of stunting increased with child’s age, conversely probabilities 

of wasting decreased with child’s age. Increasing duration of breastfeeding was associated 

with an increase in risk of underweight and stunting. The risk of a child being underweight 

decreased with higher levels of mother’s education but this was not seen when malnutrition 

was measured as stunting or wasting. Mother’s age was a risk factor only for stunting.  
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The risk of underweight and stunting is higher among children who were products of multiple 

births compared to those who were singletons. Children who had diarrhoea were more at risk 

of underweight and wasting. The probabilities of underweight, stunting and wasting were 

higher among children born small in size at birth compared to those born average or large in 

size. Children from poor homes were more at risk of stunting compared to those from average 

or rich homes and children from mothers who were not covered by national health insurance 

had higher risk of stunting compared to those from mothers who had national health 

insurance. The probabilities of wasting increased among children from homes with no toilet 

facilities compared to those from homes with pit or flush toilet facilities.     

 

Comment  

We set out to investigate the determinants of childhood malnutrition in young children in 

Ghana. Our data on both individuals and their households allowed us to investigate both 

individual risk factors and those that stem from shared exposures by household. We also 

examined household-level random effects, which represent variation in household-level 

outcomes that cannot be explained by the available household-level covariates. 

We found that out of the 2,083 children considered in the analysis, 588 (28%), 276 (13%) and 

176 (8%) were moderately stunted, moderately underweight and moderately wasted 

respectively based on the WHO classification.
26

 This evidence suggests that childhood 

malnutrition still remains a serious public health challenge in Ghana. 

Individual child risk factors that were predictive of malnutrition were: child’s age; type of 

birth; child’s experience of diarrhoeal episodes; size of child at birth; and months of breast 
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feeding. Household-level variables that were associated with malnutrition were: mother’s 

education, current age, BMI and national health insurance status; household toilet facility 

ownership and wealth status.  

We were particularly interested in the household-level variation in childhood malnutrition. 

Households constitute key determinants of socioeconomic disparities in health and general 

wellbeing of children as they influence each child’s opportunities and, to some extent, govern 

exposure to risks and resources over the life course.
7, 20

 This study has shown significant 

residual household-level variation in childhood nutrition, implying that nutritional outcomes 

of children vary across households in Ghana after adjusting for child and household 

characteristics. Our analysis shows that 32%, 23%, and 20% of the variation in the nutritional 

outcome of children for WAZ, HAZ and WHZ, respectively could be attributed to 

unobserved household-level factors. These could be social or environmental or both. For 

instance, the factors could be related to the location of the household and may indicate 

geographical differences in factors related to malnutrition in children.  

The strengths of our study are that it is a large, population-based study with national coverage 

and good quality data on a number of child and household characteristics. The method we 

used, multilevel modelling, allowed the identification of household-level variation from 

presently unidentified factors.  

 The limitations of the study include the fact that, and it is known that wealth status is 

associated with malnutrition,
6, 20 

 it is difficult to directly measure household wealth status in 

Ghana. Because of this we used an asset-based index, which is generally considered a good 

proxy for household wealth status in developing countries. In addition we did not have 

complete data for all children for all variables, for example only 1,163 out of the 2,992 
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children in the main survey have measurements on their birthweight. To maximise the 

amount of data available for our analysis of birthweight, we used size of child at birth as 

perceived and reported by the mother as a proxy for birthweight.  This variable is self-

reported and could introduce reporting bias. We conducted a logistic regression analysis 

using size of child (coded as large/average=1, small=0 for the logistic regression analysis) as 

outcome and actual birth weight (kg) as covariate and found a strong, albeit imperfect, 

association. The estimated log-odds of large/average vs. small increased by 1.96 for every 

1kg increase in actual birthweight. Expressed more tangibly, the probability of large/average 

self-reported birthweight increased from 0.14 at a birthweight of 1kg to 0.89 at a birthweight 

of 3kg (see Supporting Information Appendix S2). 

Our study broadly supports those of previous research on malnutrition in developing 

countries. For example, children who were products of multiple births experienced more 

diarrhoeal episodes, and were smaller in size at birth, whilst children who were breast fed for 

longer duration had higher risks of malnutrition.
7, 19, 20, 27-31

   The increase in risks of 

malnutrition among children who were products of multiple births could be the result of 

either low birth weight or competition for nutritional intake, which happens more among 

children who are products of multiple births than those of singletons.
20

 The increase in risks 

of malnutrition observed among children who experienced diarrhoeal episodes could be due 

to the fact that diarrhoea normally results in wastage of food nutrients and loss of appetite.  

The UN Food and Agriculture Organisation has reported that while breastfeeding in Ghana is 

common practice, only half of children under 6 months are exclusively breastfed, and 

complementary feeding practices are inadequate.
14

 Our finding that probabilities of 

underweight and stunting increased among children who were breast fed for longer duration 
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could be the result of poverty among households in Ghana; consequently, mothers may 

continue to breast feed beyond the recommended 6 months without supplementation.
32

 In 

contrast, another study conducted in Jamaica reported a positive association between longer 

duration of breast feeding and child nutritional status.
33

 This could suggest a difference in 

results between low-income and middle-income countries.  

 Except for wasting, our study observed that children’s age is associated with higher 

malnutrition. The positive association of wasting (low height for age) with age before two 

years shows that children are not growing satisfactorily after cessation of breastfeeding.  This 

could be the result of a deficit in proper complementary food and presence of progressive 

childhood diseases.
20, 21  

Babies small in size at birth were more likely to be malnourished. We looked at the the effect 

of the actual birthweight on the probability of being born large/average versus small in size at 

birth as reported by mother  (using the children for whom we did have a birthweight) and 

found that the probability of a child being born large/average in size at birth increases with 

increasing actual birthweight (see Supporting Information Appendix S2). We also found that 

decreasing birthweight was associated with increased risk of malnutrition. This gives some 

justification for size at birth as a proxy for birthweight, and is consistent with previous 

findings that low birthweight is a risk factor for malnutrition in under-five children.
20, 29

     

Children from mothers with high levels of education, older ages and higher BMI had 

decreased risks of malnutrition, while children from poor homes, with no toilet facilities and 

whose mothers have no national health insurance cover had increased risks of malnutrition. 

We were curious as to whether diarrhoea and toilet facilities are independent risk factors for 

malnutrition, or diarrhoea is an intermediate effect of lacking a toilet facility at home. In our 
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analysis the association (results not shown) between diarrhoea and malnutrition was reduced 

but remained significantly raised when adjusted for toilet facilities at home. Toilet facilities in 

households have been documented in the literature as contributing to improved nutritional 

outcome of children and serving as a proxy for high socio-economic status in developing 

countries.
29

 

The decrease in risks of malnutrition for children from households with mothers who were 

covered by the NHIS is likely to be because mothers who are covered are more likely to visit 

health facilities and to seek health care for them and their families, which should result in 

better health outcomes for mothers and their children.
34, 35

  The increase in risk of 

malnutrition in children from poor households is likely to be because children from these 

households are more likely to have low quality and insufficient food intake, poorer living 

conditions, greater exposure to diseases and inadequate or complete lack of access to basic 

health services.
8, 11, 20, 27

   

A decrease in malnutrition among children from mothers with high level of education 

suggests that improving mother’s education will improve the level of child nutritional 

outcomes.
7, 18-20, 30

 It has been shown that improvements in women’s education bring many 

advantages to their lives and to society more generally.
20, 29 

  We also found that the risk of 

malnutrition increased as mothers’ BMI decreased, especially once BMI was below 

approximately 20 kg/m
2
. Maintaining improvement in  education and adequate nutrition in 

mothers is important for preventing malnutrition in children.
13

    

The findings from this study have key policy and intervention implications for improving 

childhood nutrition and health in Ghana and more widely. Public health measures should 

build on the work already done to implement WHO recommendations on exclusive breast 
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feeding up to 6 months of age. Also, the need to feed infants with nutritionally adequate and 

safe complementary foods from six months of age together with continued breastfeeding up 

to age two or beyond must be emphasized. Additionally, countries should strive to provide 

free health care services for pregnant women, mothers and children under five years of age.   

Addressing poverty is one important area that governments and non-governmental 

organizations (NGOs) responsible for health and nutrition of children should consider. Many 

of the environmental and social determinants of childhood malnutrition observed here are 

addressed by the UN Millennium Goals, e.g. eradication of poverty and hunger, gender 

equality and reduction of childhood mortality. Beyond economic redistribution, these could 

include subsidies for children’s food and assistance for households in installing sanitary 

toilets in their homes to help improve the health and nutrition of young children. Better toilet 

facilities in homes will prevent the spread of infectious diseases, which negatively affect the 

health and nutrition of children. To increase levels of women’s education more generally, 

governments such as Ghana’s could make basic and secondary education more accessible, 

compulsory and affordable.  

Our results show that there are unanswered questions about the reasons for variation in 

malnutrition associated with the house in which a child lives. We are undertaking research 

aimed at investigating the geographical predictors of malnutrition in Ghana. Results from that 

research may contribute useful information to the discussion about household effects. More 

research on household factors not measured in this study and their possible effects on 

malnutrition may also be warranted. 
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Conclusion 

Policies and intervention strategies by policymakers that are aimed at improving nutrition 

and health of children should address the risk factors identified in this study. There is also a 

need to identify as-yet unidentified risk factors that might account for the unexplained 

household-level variations in child- hood nutritional outcomes. 
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Additional Supporting information may be found in the online version of this article 

 

Appendix S1. Supplementary material related to the random intercept multilevel regression 

model and computation of probabilities of malnutrition.  

Appendix S2. Supplementary material relating to the logistic regression analysis of the 

association between self-reported birth size (large/average versus small) and actual 

birthweight. 
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Tables  

 

Table 1 Percentage distribution of children under-five by selected background characteristics 

(n=2083) 

Characteristics                                       n (%)                Characteristics                                n (%) 

Individual child level                            Household wealth status                       
Sex                                                                                     Average/rich households                         934 (44.8)  
Male            1,045 (50.2)      Poor households            1,149 (55.2) 

Female           1,038 (49.8)   

                                                                                            Piped source of drinking water              666 (32.0) 

Age (months)           Non-piped source of drinking water    1,417 (68.0) 

<24               843 (40.5)   

24 or more          1,240 (59.5)         Flush/pit toilets facility in household 1,355 (65.0) 

                                                                                            No toilet facility in household             728 (35.0) 

 

Still breast-feeding at the time of survey   801 (38.5)       Mothers without health insurance      1,232 (59.1) 

Not breast-feeding                                   1,282 (61.5)        Mothers with health insurance             851 (40.9) 

 

Type of birth       

Single birth         2,015 (96.7)        Mothers’ BMI 

Multiple birth              68 (3.3)        BMI<18.5 kg/m
2
 (underweight)            154 (7.4) 

                                                                                             BMI≥18.5
 
&<25 kg/m

2 
(normal)        1,412 (67.8)

    
   

                                                                                             BMI≥25.0 kg/m
2
 (overweight)              515 (24.8) 

Had diarrhoea             456 (21.9)  

No diarrhoea                              1,627 (78.1)          Number of dead children 

                                                                                             One or more               498 (23.9) 

                                                                                             None                         1,585 (76.1)     

Had fever           444 (21.3)         

No fever                                                1,639 (78.7)           Community characteristic                          

                                                                                             Rural           1,391 (66.8)  

Small size at birth           304 (14.6)       Urban                692 (33.2)   

Large/average size at birth       1,779 (85.4)                                                                                                       

Delivered at health care facility             1,110 (53.3)         

Not delivered at health care facility          973 (46.7)                                                 

 

Stunted   (HAZ below minus 2 SD)          588 (28.2) 

Underweight (WAZ below minus 2 SD)  276 (13.3) 

Wasted (WHZ below minus 2 SD)          176 (8.4) 

Maternal or household level                                   

Maternal education      

Secondary or higher           805 (38.7) 

Primary             494 (23.7) 

No formal education           784 (37.6) 
SD = standard deviations  
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Table 2 The effect estimate (β) for the associations between risk factors and child nutritional 

status (weight-for-age or WAZ (a measure from which underweight is derived), height-for-

age or HAZ (a measure from which stunting is derived) and weight-for-height or WHZ (a 

measure from which wasting is derived) among under-five children in Ghana using random 

intercept multilevel regression models (n=2083).  

 

 

Risk factors                                           

                                        Parameter estimates 

     WAZ (95% CI)       HAZ (95% CI)              WHZ (95% CI) 

Child level  

Age in years            - 0.041 (-0.077, -0.005)       -0.169 (-0.217, -0.121)    0.125 (0.082, 0.168)  

Months of breast feeding           - 0.015 (-0.021, -0.008)       -0.043 (-0.052, -0.034)    0.007 (0.000, 0.015) 

Type of birth 

Single birth    1.000 (Reference) 1.000 (Reference)             1.000 (Reference) 

Multiple birth            - 0.487 (-0.747, -0.227)      - 0.470 (-0.811, -0.130)    - 0.266 (-0.561, 0.028) 

Diarrhoea 

No    1.000 (Reference)                             -   1.000 (Reference) 

Yes             - 0.148 (-0.253, -0.044)                -           -0.163 (-0.285, -0.041) 

Fever      

No    1.000 (Reference)                -               1.000 (Reference) 

Yes             - 0.094 (-0.199, 0.010)                -           -0.093(-0.215, 0.029) 

Size of child at birth 

Large/average                1.000 (Reference)               1.000 (Reference)             1.000 (Reference) 

Small             - 0.310 (-0.429,-0.191)       - 0.219 (-0.378, -0.060)    - 0.268 (-0.407, -0.129)  

Maternal/ household  

Mother’s body mass index              0.043 (0.032, 0.054)        0.034 (0.019, 0.049)         0.031 (0.018, 0.043) 

Mothers’ education (years)             0.014 (0.002, 0.025)  -   - 

Household wealth status 

Rich or average                 -  1.000 (Reference)  - 

Poor     -           -0.164 (-0.291, -0.037)  - 

Mothers’ current age              0.005 (-0.002, 0.012)       0.021 (0.012, 0.030)         -0.007(-0.014, 0.001)  

Type of toilet facility 

Flush or pit     1.000 (Reference)                     -                1.000 (Reference) 

No facility              - 0.099 (-0.203, 0.005)                 -           -0.162 (-0.272, -0.052) 

Number of dead siblings 

None    1.000 (Reference)          -                - 

One or more              0.097 (-0.015, 0.209)          -                - 

Mother has health insurance 

Yes    1.000 (Reference)  1.000 (Reference)              - 

No             -0.090 (-0.183, 0.003)         -0.176 (-0.297, -0.055)              - 



 

 

24 

 

 

 

 

 

Table 3 Variance estimates with 95% confidence intervals for the random intercept 

multilevel regression models of weight-for-age or WAZ (a measure from which underweight 

is derived) , height-for-age or HAZ (a measure from which stunting is derived), and weight-

for-height or WHZ (a measure from which wasting is derived) (n=2083). 

 
 

 

 

Outcomes 

 

                   Variances                                     Intra-household correlation coefficients 

 

Child (95% CI)      Household (95% CI)                       Explained variation (%)
a
 

WAZ 

HAZ 

WHZ 

0.65 (0.58, 0.73)          0.31 (0.24, 0.40)    32 

1.31 (1.16, 1.47)          0.39 (0.26, 0.58)    23 

1.03 (0.91, 1.16)          0.25 (0.16, 0.40)    20 

 a Ratio of household-level variance to total variance multiplied by 100.   
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Figure 1. Plots showing probabilities of malnutrition for continuous risk factors, by malnutrition 

measure: a) Underweight (WAZ), b) Stunting (HAZ), c) Wasting (WHZ).  

The solid and dotted lines respectively respresent the median values for the risk factors and their 

associated 95% confidence intervals.  
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Figure 2. Box plots showing probabilities of malnutrition for categorical risk factors, by malnutrition 

measure: a) Underweight (WAZ), b) Stunting (HAZ), c) Wasting (WHZ).  
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Supporting Information Appendix S1 

Our model is 

 𝑌𝑖𝑗 = 𝑥𝑖𝑗
′ β + 𝐻𝑗 + 𝜀𝑖𝑗                                                                       (1)           

with Hj ~ N(0, σ
2

H), and εij ~ N(0, σ
2

ε).  Yij is the nutritional status on a continuous scale 

(WAZ, HAZ or WHZ) for child i in household j, β is a vector of regression coefficients, 𝑥𝑖𝑗 is 

a vector of risk factors at the child or household level, Hj  is a random effect for the  jth 

household and εij is an individual-level residual.  

   We used maximum likelihood to obtain estimates �̂�, �̂�𝐻
2, �̂�𝜀

2 of the parameters in (1), and 

computed the minimum mean square error predictors  �̂�𝑗 for each household j as the 

expectations of Hj conditional on the data and maximum likelihood parameter estimates .We 

are interested in predicting the nutritional status for a child i belonging to household j with 

the same covariate attributes as child i from that household i.e.  𝑥𝑖𝑗. This ideally would 

involve computing [Yij | data], where the notation [.] means “the distribution of”. This 

distribution is analytically intractable.  However,   �̂�𝜀
2 and �̂�𝐻

2 are well estimated from the 

data, and we therefore use a “plug-in” approximation [Yij | data, �̂�𝜀
2, �̂�𝐻

2]; in doing this, we are 

still able to take into account the uncertainty in the estimates of β and the predictors of  the 

Hj.  This is achieved as follows. 

Our estimates of β and Hj are asymptotically Normal with means �̂� and �̂�𝑗 and variance equal 

to the inverse of the Fisher information. We replace the Fisher information by the observed 

information, denoted here by 𝑣𝛽 and 𝜎𝐻𝑗
2  , and use the approximations [β|data] ~ N(�̂�, 𝑣𝛽) and 

[Hj|data] ~ N(�̂�𝑗 , 𝜎𝐻𝑗
2 ).  Using these approximations, the required distribution, [Yij | data, �̂�𝜀

2, 

�̂�𝐻
2], becomes 

  [𝑌𝑖𝑗| 𝑑𝑎𝑡𝑎,  �̂�𝐻
2, �̂�𝜀

2] =  ∬[𝑌𝑖𝑗 ,  𝐻𝑗 , β|data, �̂�𝐻
2, �̂�𝜀

2] 𝑑𝐻𝑗𝑑β 
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= ∬[𝑌𝑖𝑗|  𝐻𝑗 , β, �̂�𝐻
2, �̂�𝜀

2, 𝑑𝑎𝑡𝑎] [ β, �̂�𝑗|data, �̂�𝐻
2, �̂�𝜀

2] 𝑑𝐻𝑗𝑑β 

= ∬[𝑌𝑖𝑗| 𝐻𝑗 , β, �̂�𝜀
2, data]  [ 𝐻𝑗|data ][ β|data] 𝑑𝐻𝑗𝑑β                                                (2) 

The integrand in (2) invokes the further approximation of [ 𝐻𝑗|data, �̂�𝐻
2, �̂�𝜀

2 ] by [ 𝐻𝑗|data ]. 

Re-writing (2) gives 

∬𝑁(𝑌𝑖𝑗; 𝑥𝑖𝑗′β + 𝐻𝑗 , �̂�𝜀
2 ) N (𝐻𝑗; �̂�𝑗 , 𝜎𝐻𝑗

2 )  N(β; �̂�, 𝑣𝛽)𝑑𝐻𝑗𝑑β.   Integrating out 𝐻𝑗  gives 

 ∫𝑁(𝑌𝑖𝑗; 𝑥𝑖𝑗′β + �̂�𝑗 ,  �̂�𝜀
2 + 𝜎𝐻𝑗

2 )  N(β; �̂�, 𝑣𝛽)𝑑β.  Integrating out β then gives  

  [𝑌𝑖𝑗| 𝑑𝑎𝑡𝑎,  �̂�𝐻
2, �̂�𝜀

2] =  N(𝑥𝑖𝑗′�̂�  + �̂�𝑗 , �̂�𝜀
2 + 𝜎�̂�𝑗

2 + 𝑥𝑖𝑗𝑣𝛽𝑥𝑖𝑗
′ )  

We therefore compute the probability of malnutrition as  

𝑃(𝑌𝑖𝑗 < −2|�̂�, �̂�𝑗 , �̂�𝜀) =  ϕ

(

 
−2 − 𝑥𝑖𝑗

′ �̂� − �̂�𝑗

√( �̂�𝜀2 + �̂��̂�𝑗
2 + 𝑥𝑖𝑗𝑣�̂�𝑥𝑖𝑗

′ )
)

 ,                                          (3) 

where ϕ denotes the standard Normal cumulative distribution function. 

Recall that a value below -2 in the standardised Z-score  𝑌𝑖𝑗 is the standard reference for 

declaring a child as malnourished.  

   The individual child and household-level variances σ
2

ε and σ
2

H  respectively obtained from 

our multilevel model are used as a summary measure of the degree of similarity between 

WAZ, HAZ or WHZ in children within the same household. We presented the measure of 

variance explained by household as the household level variance (σ
2

H) expressed as a 

percentage of the total variance (σ
2

ε +σ
2

H) from the model. Thus,         

 𝜌𝐻 = {𝜎𝐻
2 (𝜎𝐻

2 + 𝜎𝜀
2)} × 100⁄ ,             (4)                    
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Supporting Information Appendix S2 

Table 4 the effect estimate (β) for the associations between size of child at birth (outcome 

variable) and actual birthweight from logistic regression model (n=830*). 

                                                           Parameter Estimate (β)      Standard Error        P-value 

Intercept                                                          -3.75                               0.67              2.14x10
-8

 

Actual birthweight (kg)                                   1.96                                0.24               2.32x10
-16 

*In the logistic regression, we could not use all the 1,163 children with actual birthweight as reported in the study limitation 

due to incomplete data on size of child at birth as perceived by the mother.  

 

Figure 3 Probability plot of being born large/average versus small in size at birth against 

actual birthweight  

 


