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Abstract 

 

Background:  Undernutrition among children < 5 yr. is a global public health problem, especially in developing countries like Ghana. 

Undernutrition increases the risk of child morbidity and mortality. There is paucity of data on household-level effects on severe underweight 
and associated factors.  
 

Objective: The study investigated the risk factors associated with severe underweight among children < 5 yr. in Ghana and examined 
unobserved differences across households based on the 2014 Ghana Demographic and Health surveys (GDHS) data. 
 

Methods: Data from a population-based cross-sectional study was obtained from the 2014 Ghana Demographic and Health Survey. Data on 
2720 children nested within 1972 households was extracted for analysis. Our regression analysis used data on 2716 children with complete 

data on the outcome and risk factors. Children with weight-for-age Z-score below -3 standard deviations were classified as severely 

underweight based on the 2006 WHO child growth standards. We applied random intercept multilevel logistic regression to examine whether 
severe underweight status in children differ across households while simultaneously identifying potential risk factors. 
 

Results: A total of 2720 children had valid weight-for-age z-score and 53 (1.95%) of them were identified as severely underweight. In the 
univariate model, child level variables such as multiple birth [odds ratio (OR), 4.03; 95% confidence interval (CI): 1.85 - 8.76] and child born 

average (OR, 2.17; 95% CI: 1.09 - 4.32) or small (OR, 4.08; 95%C I: 2.01 - 8.28) in size at birth are associated with increased odds of severe 

underweight. Maternal/household level variables such as increase in number of children below 5 yr. (OR, 1.61; 95%CI: 1.28 - 2.04), poorest 
households (OR, 4.85; 95% CI: 1.14 - 20.59) and increase in number of births in last 5 yr. (OR, 1.80, 95% CI: 1.24 - 2.60) were associated 

with increased odds of severe underweight. Increase in maternal years of education (OR, 0.89; 95% CI: 0.83 - 0.95) was associated with 

reduced odds of severe underweight. In the multilevel logistic model, only type of birth (OR, 1.61; 95% CI: 1.28 - 2.04), size of child (average: 
OR, 2.12; 95% CI: 1.04 - 4.33; small: OR, 3.87; 95% CI: 1.80 - 8.33) at birth, and maternal education (OR, 0.92; 95% CI: 0.84 - 1.00) were 

independently associated with severe underweight. There were no significant residual household-level variations in severe underweight status. 
 

Conclusion: Our findings suggest that improving maternal education, socioeconomic conditions of families, and family planning are critical 

in addressing severe underweight. 

 

Keywords: Child malnutrition, severe underweight, risk factors, Ghana Demographic and Health Survey 

INTRODUCTION 

hild nutritional status is a strong indicator of overall 

child health and strongly linked with child survival 

[1]. Recent estimates indicate that about 50% of all global 

child deaths are as a result of malnutrition [2]. Malnutrition 

has also been linked with frequent infections and morbidity 

among children under 5 yr. [2]. Although child 

undernutrition remains a global problem, it is linked with 

weak economies or lower country Gross Domestic Product 

(GDP) [3,4]; thus, Africa and Asia have the highest burden. 

It is of global interest to improve health and survival of 

populations by ensuring adequate nutrition for all. This is 

evidenced by the promulgation of the second Sustainable 

development goal, “End hunger and improve nutrition for 

all by 2030” which seeks to eliminate malnutrition of all 

forms, including that among children under 5 yr. Several 

efforts have been made globally to facilitate the realisation 

of this ambitious goal including the Scaling Up Nutrition 
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(SUN) movement, Baby Friendly Hospital Initiative 

(BFHI) as well as other tested interventions [5]. Evidence 

from the Ghana Demographic and Health Surveys (GDHS) 

generally show declining trends in under 5 yr. 

undernutrition in Ghana although regional variations still 

persist [6]. Underweight prevalence in Ghana reduced from 

18% in 2003 to 11% in 2014. Current estimate of severe 

underweight among under 5 yr. in Ghana is 1.7% with the 

least prevalence (0.8%) among children under 6 mos and 

the highest prevalence (2.7%) among children 18 - 23 mos, 

based on the 2014 GDHS [6]. Our earlier study using the 

2008 GDHS data showed older age of child, longer 

breastfeeding duration, multiple births, diarrhoeal history, 

small size at birth, maternal body mass index (BMI) and 

years of formal education as significant determinants of 

undernutrition in children under 5 yr. [7]. Similar risk 

factors of child undernutrition have been reported in the 

sub-Saharan African sub-region [8-12]. However, evidence 

on the determinants of severe undernutrition among 

children under 5 yr. based on nationally representative data 

is limited. Furthermore, the few studies available on severe 

undernutrition are dominated by stunting and wasting, with 

very little evidence on severe child underweight.  

Although underweight prevalence in Ghana is generally 

lower than that reported for stunting; but higher than that 

estimated for wasting among children under 5 yr. [13], 

underweight is of primary interest in this study due to its 

ability to capture both chronic and acute influences of 

undernutrition. Ghana in response to the global goals of 

reducing childhood undernutrition has taken both nutrition-

sensitive and nutrition-specific actions. Amongst these are 

growth monitoring and promotion, the Baby friendly 

hospital initiative, Vitamin A supplementation, universal 

salt iodisation, biofortification of foods, breastfeeding law, 

ensuring biodiversification in rural and undernutrition 

endemic areas, and Community management of severe 

acute malnutrition (CMAM) [14]. Generating evidence on 

the risk factors for severe underweight as well as evidence 

on the existence of differences across households will be 

invaluable in Ghana’s efforts at preventing child 

undernutrition. Secondly, child growth monitoring in 

Ghana uses the anthropometric indicator of ‘weight-for-

age’ and providing clear evidence on risk factors for severe 

underweight presents an excellent opportunity for 

immediate intervention at the primary care level as well as 

informing implementation of both the growth monitoring 

and promotion, and Ghana’s Infant and young child feeding 

programme strategies. The study investigated the risk 

factors associated with severe underweight among children 

under 5 yr. in Ghana and examined unobserved differences 

across households based on the 2014 GDHS data. 

MATERIALS AND METHODS 

Study setting  
This study is based on data from a population-based cross- 

sectional study obtained from the 2014 GDHS. The data is 

freely available online upon request at DHS MEASURE 

Program website [15]. Data on maternal and child health, 

their nutritional status through anthropometric 

measurements, awareness and use of family planning 

methods, childhood mortality were collected and detailed 

description of the 2014 GDHS methods is published 

elsewhere [6]. The inclusion of anthropometric 

measurements among children under 5 yr. provides a 

unique opportunity to conduct population-based studies 

aimed at monitoring the nutritional status of children and 

identification of risk factors associated with under-five 

malnutrition prevalence in several developing countries 

like Ghana. Data on 2720 children nested within 

households with plausible for weight-for-age z-scores 

(WAZ) (an indicator used to measure underweight status) 

was extracted for analysis. 

Outcome variable 
 The outcome variable of interest in this study is severe 

underweight measured by WAZ. Generally, weight-for-

age, height-for-age and weight-for-height are the 3 main 

indicators used for assessing nutritional status of children 

in stable situations [16]. Among the 3 indicators, weight-

for-age is considered to provide a good overall index of 

understanding the nutritional outcome of children under 5 

yr. and also serve as a composite index of height-for-age 

and weight-for-height [6,17,18]. Thus, weight-for-age 

serves as an overall indicator of population’s health. This 

study therefore used only weight-for-age to assess severe 

underweight among children under 5 yr. A child is 

identified as severely underweight if his or her WAZ is 

below -3 standard deviations (SD) from the median of the 

reference population based on the 2006 WHO child growth 

standards [17]. 

Risk factors  
Potential risk factors considered in this study are those 

established in the literature as significant predictors of 

nutritional status among children under 5 years, especially 

in developing countries [7,19-22]. Among others, the 

variables explored in this study include child age and sex, 

place of birth, breastfeeding, type of birth (singleton or 

multiple birth), size of child at birth (as perceived by the 

mother and not based on the actual birthweight), maternal 

education, total children ever born, number of children 

under-five in households, household wealth status, number 

of births in last 5 yr., maternal age, place of residence, type 

of toilet facility in household and maternal national health 

insurance status. 

Statistical analysis 
Regression analyses were performed on 2716 children 

nested within 1972 households with complete weight and 

age measurements as well as complete measurements on 

risk factors considered in the final models. Standard logistic 

and multilevel logistic regression analysis were applied to 

analyze risk factors for severe underweight among children 

under 5 yr. The extension of the standard logistic model to 

the multilevel logistic regression model is crucial due to the 

hierarchical structure of the GDHS dataset where we have 

children clustered within households. Specifically, we 
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applied random intercept multilevel logistic regression 

model to examine whether severe underweight status in 

children differ across households while simultaneously 

identifying potential risk factors. Thus, the multilevel 

modelling approach [23] in this study places particular 

emphasis on household level differences in the odds of 

severe underweight status among children and the extent of 

clustering of severe underweight status within a household 

which cannot be achieved through the standard logistic 

regression analysis. The household-level Variance Partition 

Coefficient (VPC) [24] which measures the amount of 

variation in severe underweight status among children from 

the random intercept multilevel logistic regression model is 

given by “VPC = household-level variance / (household-

level variance + child-level variance)”. Using the random 

intercept multilevel logistic regression, this quantity also 

coincides with the Intra-household Correlation Coefficient 

which measures similarity in severe underweight status 

among children belonging to the same household. The 

child-level residual was assumed to follow a standard 

logistic distribution with mean zero and variance π2/3, where 

π = 3.14 [25].  

We performed univariate logistic regression on the set of 

potential risk factors for child nutritional status where 

factors with p < 0.10 were retained and considered 

candidate set for inclusion in the multiple logistic 

regression models. Our final models adjusted for type of 

birth, size of child at birth, maternal education, number of 

children under 5 yr. in households, household wealth status, 

total children ever born and number of births in last 5 yr. 

We used maximum likelihood estimation approach to 

obtain parameters in our models and among competing 

covariance structures, identity structure provided a good fit 

to the data in the random intercept multilevel logistic 

model. All the analyses in the study were performed using 

STATA Statistical Software (Version 14, StataCorp LLC, 

College Station, TX) [26]. A p < 0.05 was used to declare 

statistical significance. 

RESULTS 

A total of 2720 children had valid WAZ and 53 (1.95%) of 

them were identified as severely underweight (WAZ < -3 

SD). However, regression analysis were done on 2716 due 

to missing data on size of child at birth, an important risk 

factor for child nutritional status to consider in our model 

[7,20].    

Risk factors for severe underweight  
The univariate logistic results showed that multiple birth 

[odds ratio (OR), 4.03; 95% confidence interval (CI): 1.85 

- 8.76] compared to singleton; child born average (OR, 

2.17; 95% CI: 1.09 - 4.32) or small (OR, 4.08; 95% CI: 2.01 

- 8.28) in size compared to those born large; number of 

children below 5 yr. (OR, 1.61, 95% CI: 1.28 - 2.04); 

poorest households (OR, 4.85; 95% CI: 1.14 - 20.59) 

compared to those from very rich households; and number 

of births in last 5 yr. (OR, 1.80; 95% CI: 1.24 - 2.60) are 

associated with increased odds of severe underweight. 

Maternal years of education (OR, 0.89; 95% CI: 0.83 - 

0.95) decreases the odds of severe underweight. Risk 

factors independently associated with severe underweight 

in the multiple logistic regression are multiple births (OR, 

2.73; 95% CI: 1.13 - 6.59), size of child (average: OR, 2.10; 

95% CI: 1.05 - 4.21; small: OR, 3.81; 95% CI: 1.86 - 7.80) 

at birth, maternal years of education (OR, 0.92; 95% CI: 

0.84 - 1.00) and number of children below 5 yr. (OR, 1.37; 

95% CI: 1.00 - 1.87). In the multilevel logistic model, only 

type of birth, size of child at birth and maternal years of 

education are independently associated with severe 

underweight. The odds of severe underweight increases 

among children born multiple (OR, 2.76; 95% CI: 1.10 -

6.96) compared to those born singleton; and child born 

average (OR, 2.12; 95% CI: 1.04 - 4.33) or small (OR, 3.87, 

95% CI: 1.80 - 8.33) in size compared to those born large; 

while increase in maternal years of education (OR, 0.92; 

95% CI: 0.84 - 1.00) is protective of severe underweight 

(Table 1).       

Residual household level variation analysis 
From the random intercept multilevel logistic regression 

model presented in Table 1, the VPC is given as “VPC = 

0.18 / (0.18+3.29) = 0.0519.” Thus, 5.19% of variation in 

severe underweight among children could be attributable to 

residual household-level differences. This also means that 

the correlation of severe underweight among children from 

the same household is about 0.05. We performed a 

statistical test to establish whether the household-level 

variance of 0.18 (Table 1) represent a large household 

effect on the outcome using likelihood ratio test. A p of 0.23 

associated with the test suggests that this effect is not 

statistically significant. Thus, severe underweight among 

children does not differ significantly across households in 

Ghana after adjusting for type of birth, size of child at birth, 

maternal education, number of children under-five in 

households, household wealth status, total children ever 

born and number of births in the last 5 yr. 

DISCUSSION 

This study sought to investigate household differences in 

severe underweight prevalence as well as the risk factors 

for severe underweight among children under-five years in 

Ghana. Prevalence of severe underweight was 1.95% and 

showed no significant differences across households after 

adjusting for child, maternal and household level factors. 

Our study found both child and maternal factors to be 

associated with severe underweight. Significant child 

factors were multiple birth and small or medium size of 

child at birth; significant maternal factors being years of 

formal education and number of children below 5 yr. old. 

Our findings confirm results of an earlier study that used 

national level data from 2008 survey in Ghana [7] and 

evidence from Nigeria [27]. Although children under 5 yr. 

undernutrition has been generally associated with male sex, 

rural residence, child age, breastfeeding status, birth 

interval and duration of breastfeeding [7,27,28], our data 

only supported significant associations with type of birth,  
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child size at birth, and maternal education level, after taking  

into account possible household level differences. This may 

be due to some successes of child growth monitoring and 

promotion in the country, which likely addresses 

predisposing factors that result in group differences. The 

lack of association between severe underweight and sex in 

this study has also been reported in India [29]. 

Chattergee and colleagues [29] concluded that poverty was 

the single most important predictor of child underweight in 

India after they assessed socioeconomic determinants of 

inequities in child undernutrition. Also, a review of 

maternal and child interventions in Ghana by Zere et al. 

[30] observed inequities in stunting and underweight 

prevalence spelling a disadvantage to the poorest in Ghana. 

Evidence from the northern region of Ghana showed that 

caregiver occupation strongly predicted poor nutritional 

status among children under 5 yr. with higher risk of 

undernutrition among children of farming parents 

compared to traders [31]. Furthermore, previous work by 

authors of this current work [19] showed spatial differences 

in risk of chronic malnutrition in Ghana which could also 

be explained by socioeconomic differences across different 

parts of the country. It is possible that efforts at improving 

child nutrition through growth monitoring and Infant and 

young child feeding programmes are likely able to use 

nutrition counselling to successfully attenuate modifiable 

aspects of risks of undernutrition imposed by poverty but 

less successful when abject poverty is indicated. The 

positive effects of maternal education on child health and 

nutrition outcomes have well been documented in low- and 

middle-income countries [32].  

Our findings, showing less odds of severe underweight 

among children under 5 yr. with higher educated mothers is 

consistent with Ghanaian studies [7]. The influence exerted 

by maternal education could be through an increased 

capacity to access and utilize available nutrition 

information, increased capacity to earn income or have 

access to resources as well as generally improved 

socioeconomic status. Our study found that small size at 

birth of child was associated with severe underweight, ant 

this finding is consistent with earlier studies [7,11,27]. 

Small size of child at birth (a proxy for low birth weight) as 

perceived by the mother could partly reflect sub-optimal 

intrauterine nutrition during pregnancy [2]. It is estimated 

that about 15% of infants born globally have low birth 

weight [33]. The 2014 estimate of low birth weight for 

Ghana is 9.8%, a slight reduction from 10% in 2008 [13]. 

169 

Table 1. Regression analysis of risk factors associated with severe underweight status among children under 5 years (n=2716). 

Characteristics  
Univariate logistic model     multiple logistic model Multilevel logistic model 

UOR (95% CI) AOR (95% CI) AOR (95% CI) 

Type of birth    

Single birth ref ref ref 

Multiple birth 4.03*** (1.85, 8.76) 2.73* (1.13, 6.59) 2.76* (1.10, 6.96) 

Size of child    

Large ref ref ref 

Average 2.17* (1.09, 4.32) 2.10* (1.05, 4.21) 2.12* (1.04, 4.33) 

Small 4.08*** (2.01, 8.28) 3.81*** (1.86, 7.80) 3.87** (1.80, 8.33) 

Education in years 0.89** (0.83, 0.95) 0.92* (0.84, 1.00) 0.92* (0.84, 1.00) 

Number of children <5 years  1.61*** (1.28, 2.04) 1.37* (1.00, 1.87) 1.38 (0.99, 1.91) 

Wealth index    

Very rich ref ref ref 

Rich 2.94 (0.61, 14.27) 2.09 (0.41, 10.57) 2.11 (0.41, 10.74) 

Average 1.97 (0.39, 9.81) 1.34 (0.26, 7.03) 1.34 (0.25, 7.07) 

Poor 3.56 (0.79, 16.00) 2.05 (0.42, 9.95) 2.06 (0.42, 10.17) 

Poorest 4.85* (1.14, 20.59) 1.94 (0.39, 9.61) 1.96 (0.39, 9.77) 

Total children ever born 1.11 (0.99, 1.25) 0.96 (0.83, 1.10) 0.96 (0.83, 1.11) 

Number of births in last 5 years 1.80** (1.24, 2.60) 1.18 (0.72, 1.94) 1.18 (0.71, 1.96) 

Household-level variance   - - 0.18(1.33a) 

Child-level variance - - π2 /3  ≈ 3.29 

UOR, unadjusted odds ratio; AOR, adjusted odds ratio; CI, confidence interval; Ref: reference category: ***, p < 0.001; **, p < 

0.01; *, p < 0.05; a standard error associated with household-level variance.  
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Undernourishment in the womb often leads to a diminished 

potential for growth, reduced cognitive abilities, reduced 

muscle strength, increased risk for non-communicable 

diseases, increased morbidity, and severity of infections as 

well as high mortality [34]. It is therefore necessary that 

efforts towards improving preconception nutrition be 

intensified. Improvement in maternal nutritional status 

before pregnancy will improve birth outcomes. Although 

our study did not examine the relationship between 

maternal BMI and severe underweight, low maternal BMI 

has been reported to be significantly associated with both 

low birth weight and severe child underweight (10).  

Our finding of a significant association between type of 

birth and severe underweight, with children of multiple 

birth having higher odds of severe underweight is 

consistent with literature [35,36]. Multiple birth is linked 

with undernutrition via resultant low birth weight, preterm 

birth, or medical complications which likely occur with 

multiple births and can also interfere with breastfeeding. 

Other predisposing factors to undernutrition include special 

challenges of mothers to initiate and sustain breastfeeding 

and inadequate support for mothers in areas of 

organization, feeding, individualization and stress 

management [2]. The child growth monitoring booklet used 

in Ghana already indicates multiple birth as a risk factor for 

sub-optimal growth and thus given more attention during 

routine nutrition counselling that is offered as part of 

growth monitoring and promotion. However, evidence 

from a retrospective cohort study of child welfare clinic 

attendance in urban Ghana showed that only 13.6% of 

infants achieved the recommended nine or more visits in a 

12 mos period of investigation [37]. Furthermore, the report 

said that attendance reduced from the first month of the year 

(75%) to a low of 16%. Poor patronage of child growth 

monitoring and promotion programmes interrupts this 

readily available nutrition counselling offered as part of the 

programme; limiting the effectiveness of interventions 

targeted at the first 1,000 days window of opportunity 

within which improvements may be made in child nutrition.  

Our study also found severe underweight to be higher in 

households that had more children under 5 yr. The link 

between larger household size and specifically households 

with a higher proportion of children has been well 

documented [28,38]. Food insecurity and inadequate care 

are the main vehicles through which undernutrition occurs 

among households with increasing number of children 

under 5. Inadequate care for children can directly lead to 

child undernutrition; and care is known to get poor with 

increasing number of children in the household. Family 

planning utilization has been linked with reduced odds of 

child undernutrition [28,39,40] and has been a major 

intervention promoted to address a wide array of issues 

pertaining to maternal and child survival. As part of 

Ghana’s community-based management of severe acute 

malnutrition, severely malnourished children are routinely 

linked up to nutritional support services. However, there is 

need to also link up parents of severely malnourished 

children under 5 yr. to other available services like family 

planning and livelihood support services to help address 

risks due to extreme poverty and high-risk fertility. While 

our data generally confirmed increased odds of severe 

underweight in households with increased number of 

children under 5 yr. in multiple logistic regression analysis, 

this association was lost after taking household differences 

into account during multilevel analysis. Our finding of the 

loss of statistical association between severe undernutrition 

and number of children under 5 yr. during multilevel 

analysis in the light of existing evidence, suggests that 

issues with family planning may be entrenched in some 

households and definite targeting of households with 

family planning programmes will be key in addressing 

issues of severe undernutrition among children under 5 yr. 

in Ghana. 

Conclusion 

Results of this study clearly show that both child and 

maternal factors are associated with severe underweight 

among children under 5 yr. in Ghana. While nutrition 

specific interventions like the CMAM are helpful in 

addressing undernutrition among children, there is a need 

to intensify existing nutrition sensitive interventions 

targeted at improving household food security, maternal 

education, and family planning among women to prevent or 

reduce the burden of severe undernutrition. Further 

research in the form of multinomial ordered logistic 

regression model is required to investigate how the 

predictors of underweight categories of severe 

underweight, underweight and normal weight compare. 

DECLARATIONS       

Ethical considerations  
The study used an anonymized publicly 

available secondary data set with permission from the 

MEASURE DHS programme. No ethical approval was 

required for analysis. 

Consent to publish 

Both authors agreed to the content of the final paper. 

Funding 
None 

Competing Interests 
No potential conflict of interest was reported by the 

authors. 

Author contributions 
JMKA conceived and designed the study, extracted the 

data and prepared it for analysis. JMKA analyzed and 

interpreted the data. JMKA and DOA drafted the 

manuscript. JMKA and DOA critically reviewed and 

revised the manuscript. Both authors approved the final 

version of the manuscript.  

Acknowledgements 
The authors acknowledge the MEASURE DHS for 

granting access and permission to use the dataset for this 

study. 

170 

https://doi.org/10.46829/hsijournal


  

 

Risk factors associated with severe underweight among children under 5 years 

Aheto and Ogum-Alangea, 2021. https://doi.org/10.46829/hsijournal.2021.6.2.1.166-172 
V

isit o
r d

o
w

n
lo

ad
 articles fro

m
 o

u
r w

eb
site

 h
ttp

s://w
w

w
.h

sijo
u

rn
a

l.o
rg

. 

Copyright © 2021 University of Ghana College of Health Sciences on behalf of HSI Journal. All rights reserved.                                                                                        

This is an Open Access article distributed under the Creative Commons Attribution 4.0 License. 

Availability of data   
Data supporting the conclusions of this article are freely  

available at URL: https://dhsprogram.com/data/available-

datasets.cfm upon sending a request to the DHS Program. 

REFERENCES 

1.  Requejo JH, Bhutta ZA (2015) The post-2015 agenda: staying 
the course in maternal and child survival. Arch Dis Child 

100:S76–S81. https://doi.org/10.1136/archdischild-2013-

305737 

2.  Case P (2016) Nutrition Through the Life Cycle. J Nutr Educ 

Behav 48:84.e1 . https://doi.org/10.1016/j.jneb.2015.08.002 

3.  Smith LC, Haddad L (2002) How potent is economic growth 
in reducing undernutrition? What are the pathways of impact? 

New cross-country evidence. Econ Dev Cult Change 51:55–

76 . https://doi.org/10.1086/345313 

4.  O’Connell SA, Smith C (2016) Economic growth and child 

undernutrition. Lancet Glob. Heal. 4:e901–e902 

5.  Vaivada T, Gaffey MF, Das JK, Bhutta ZA (2017) Evidence-
based interventions for improvement of maternal and child 

nutrition in low-income settings: What’s new? Curr Opin Clin 

Nutr. Metab. Care 20:204–210 

6.  Ghana Statistical Service, Ghana Health Service, ICF 

International (2015) Ghana Demographic and Health Survey 

2014 dataset, Maryland, USA 

7.  Aheto JMK, Keegan TJ, Taylor BM, Diggle PJ (2015) 

Childhood Malnutrition and Its Determinants among Under-

Five Children in Ghana. Paediatr Perinat Epidemiol 29:552–

561 . https://doi.org/10.1111/ppe.12222 

8.  Alemayehu M, Tinsae F, Haileslassie K, Seid O, 
Gebregziabher G, Yebyo H (2015) Undernutrition status and 

associated factors in under-5 children, in Tigray, Northern 

Ethiopia. Nutrition 31:964–970. https://doi.org/10.1016/ 

j.nut.2015.01.013 

9.  Jawad IH, Al-Jubori KH, Baiee HA (2017) Prevalence and 

associated factors of under nutrition among under-five 
children in babylon province, Iraq, 2016. Res J Pharm Technol 

10:2081–2087. https://doi.org/10.5958/0974-360X.2017.003 

63.8 

10.  Nahar B, Ahmed T, Brown KH, Hossain MI (2010) Risk 

factors associated with severe underweight among young 

children reporting to a diarrhoea treatment facility in 

Bangladesh. J Heal Popul Nutr 28:476–483. https://doi.org 

/10.3329/jhpn.v28i5.6156 

11.  Ali Z, Saaka M, Adams A-G, Kamwininaang SK, Abizari A-
R (2017) The effect of maternal and child factors on stunting, 

wasting and underweight among preschool children in 

Northern Ghana. BMC Nutr 3:31. https://doi.org/10.1186/ 

s40795-017-0154-2 

12.  Akombi B, Agho K, Merom D, Hall J, Renzaho A (2017) 

Multilevel Analysis of Factors Associated with Wasting and 
Underweight among Children Under-Five Years in Nigeria. 

Nutrients 9:44 . https://doi.org/10.3390/nu9010044 

13.  Levine M (2011) Paused RNA polymerase II as a 
developmental checkpoint. Cell 145:502–11. https://doi.org/ 

10.1016/j.cell.2011.04.021 

14.  MOH (2013) National Nutrition Policy For Ghana 2013–2017 

- Google Search 

15.  The DHS Program (2011) The DHS Program available 

datasets: http://dhsprogram.com/data/available-datasets.cfm 

16.  de Onis M, Blössner M (2003) The World Health Organization 
Global Database on Child Growth and Malnutrition: 

Methodology and applications. Int J Epidemiol 32:518–526. 

https://doi.org/10.1093/ije/dyg099 

17.  De-Onis M (2006) WHO Child Growth Standards : 

length/height-for-age, weight-for-age, weight-for-length, 

weight-forheight and body mass index-for-age : methods and 
development: methods and development. Geneva, 

Switzerland. Acta Pædiatrica 95:76–85 

18.  Gorstein J, Sullivan K, Yip R, De Onis M, Trowbridge F, 
Fajans P, Clugston G (1994) Issues in the assessment of 

nutritional status using anthropometry. Bull World Health 

Organ 72:273–283 

19.  Aheto JMK, Taylor BM, Keegan TJ, Diggle PJ (2017) 

Modelling and forecasting spatio-temporal variation in the risk 
of chronic malnutrition among under-five children in Ghana. 

Spat Spatiotemporal Epidemiol 21:37–46. https://doi.org/10. 

1016/j.sste.2017.02.003 

20.  Adekanmbi VT, Kayode GA, Uthman OA (2013) Individual 

and contextual factors associated with childhood stunting in 

Nigeria: a multilevel analysis. Matern Child Nutr 9:244–259 . 

https://doi.org/10.1111/j.1740-8709.2011.00361.x 

21.  Bomela NJ (2009) Social, economic, health and environmental 

determinants of child nutritional status in three Central Asian 
Republics. Public Health Nutr 12:1871–1877 . https://doi.org 

/10.1017/S1368980009004790 

22.  Kandala N-B, Madungu TP, Emina JBO, Nzita KPD, 

Cappuccio FP (2011) Malnutrition among children under the 

age of five in the Democratic Republic of Congo (DRC): does 

geographic location matter? BMC Public Health 11:261 . 

https://doi.org/10.1186/1471-2458-11-261 

23.  Goldstein H (2011) Harvey Goldstein: Multilevel Statistical 

Models, volume 922. New Jersey: John Wiley and Sons 

24.  Steele F, Goldstein H (2006) Multilevel Models in 

Psychometrics. In Rao CR, Sinharay S, editors. Handbook of 

Statistics. London: Elsevier, 403-420 

25.  Hedeker D, Gibbons RD (1996) MIXOR: a computer program 

for mixed-effects ordinal regression analysis. Comput 

Methods Programs Biomed 49:157–176. https://doi.org 

/10.1016/0169-2607(96)01720-8 

26.  StataCorp (2015) Stata Statistical Software: Release 14. 

College Station, TX: StataCorp LP. 2015 

27.  Nechaev S, Adelman K (2008) Promoter-proximal Pol II: 

When stalling speeds things up. Cell Cycle 7:1539–1544 . 

https://doi.org/10.4161/cc.7.11.6006 

28.  Asfaw M, Wondaferash M, Taha M, Dube L (2015) 

Prevalence of undernutrition and associated factors among 

children aged between six to fifty nine months in Bule Hora 
district, South Ethiopia. BMC Public Health 15:41 . 

https://doi.org/10.1186/s12889-015-1370-9 

29.  Chatterjee K, Sinha RK, Kundu AK, Shankar D, Gope R, Nair 
N, Tripathy PK (2016) Social determinants of inequities in 

under-nutrition (weight-for-age) among under-5 children: a 

cross sectional study in Gumla district of Jharkhand, India. Int 
J Equity Health 15:104 . https://doi.org/10.1186/s12939-016-

0392-y 

30.  Zere E, Kirigia JM, Duale S, Akazili J (2012) Inequities in 
maternal and child health outcomes and interventions in 

171 

https://doi.org/10.46829/hsijournal
https://dhsprogram.com/data/available-datasets.cfm
https://dhsprogram.com/data/available-datasets.cfm


  

 

Risk factors associated with severe underweight among children under 5 years 

Aheto and Ogum-Alangea, 2021. https://doi.org/10.46829/hsijournal.2021.6.2.1.166-172 
V

isit o
r d

o
w

n
lo

ad
 articles fro

m
 o

u
r w

eb
site

 h
ttp

s://w
w

w
.h

sijo
u

rn
a

l.o
rg

. 

Copyright © 2021 University of Ghana College of Health Sciences on behalf of HSI Journal. All rights reserved.                                                                                        

This is an Open Access article distributed under the Creative Commons Attribution 4.0 License. 

Thank you for publishing with 

Ghana. BMC Public Health 12:252. https://doi.org/10.1186 

/1471-2458-12-252 

31.  Glover-Amengor M, Agbemafle I, Hagan LL, Mboom FP, 
Gamor G, Larbi A, Hoeschle-Zeledon I (2016) Nutritional 

status of children 0–59 months in selected intervention 

communities in northern Ghana from the africa RISING 
project in 2012. Arch Public Heal 74:12. https://doi.org/10. 

1186/s13690-016-0124-1 

32.  Vollmer S, Bommer C, Krishna A, Harttgen K, Subramanian 
S (2016) The association of parental education with childhood 

undernutrition in low- and middle-income countries: 

comparing the role of paternal and maternal education. Int J 

Epidemiol 46:dyw133 . https://doi.org/10.1093/ije/dyw133 

33.  Organization WH (2014) Global nutrition targets 2025: low 
birth weight policy brief (WHO/NMH/NHD/14.5). World 

Heal Organ 287: 

34.  Cutland CL, Lackritz EM, Mallett-Moore T, Bardají A, 
Chandrasekaran R, Lahariya C, Nisar MI, Tapia MD, 

Pathirana J, Kochhar S, Muñoz FM (2017) Low birth weight: 

Case definition &amp; guidelines for data collection, analysis, 
and presentation of maternal immunization safety data. 

Vaccine 35:6492–6500. https://doi.org/10.1016/j.vaccine. 

2017.01.049 

35.  Gebremedhin S (2015) Multiple Births in Sub-Saharan Africa: 

Epidemiology, Postnatal Survival, and Growth Pattern. Twin 

Res Hum Genet 18:100–107. https://doi.org 

/10.1017/thg.2014.82 

36.  Muhlhausler BS, Hancock SN, Bloomfield FH, Harding R 
(2011) Are Twins Growth Restricted? Pediatr Res 70:117–122 

. https://doi.org/10.1203/PDR.0b013e31821f6cfd 

37.  Agbozo F, Colecraft E, Jahn A, Guetterman T (2018) 
Understanding why child welfare clinic attendance and growth 

of children in the nutrition surveillance programme is below 

target: lessons learnt from a mixed methods study in Ghana. 
BMC Nurs 17:25 . https://doi.org/10.1186/s12912-018-0294-

y 

38.  Gribble JN, Murray NJ, Menotti EP (2009) Reconsidering 
childhood undernutrition: can birth spacing make a difference? 

An analysis of the 2002-2003 El Salvador National Family 
Health Survey. Matern Child Nutr 5:49–63 . 

https://doi.org/10.1111/j.1740-8709.2008.00158.x 

39.  Rana MJ, Goli S (2017) the returns of family planning: macro-
level assessment of the effect of contraceptive use on women’s 

anaemia and childhood undernutrition. J Biosoc Sci 49:773–

791. https://doi.org/10.1017/ S0021932016000717 

40.  Baschieri A, Machiyama K, Floyd S, Dube A, Molesworth A, 

Chihana M, Glynn JR, Crampin AC, French N, Cleland J 

(2017) Unintended Childbearing and Child Growth in 
Northern Malawi. Matern Child Health J 21:467–474. 

https://doi.org/10.1007/s10995-016-2124-8 

 

 

 

 

 

 

 

172 

https://doi.org/10.46829/hsijournal

