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Abstract 

Background  Malnutrition is the main cause of illness and death in children under the age of five. It affects millions 
of children worldwide, putting their health and future in jeopardy. Therefore, this study aimed to identify and estimate 
the effects of important determinants of anthropometric indicators by taking into account their association and clus-
ter effects.

Method  The study was carried out in 10 countries in East Africa: Burundi, Ethiopia, Comoros, Uganda, Rwanda, 
Tanzania, Zimbabwe, Kenya, Zambia, and Malawi. A weighted total sample of 53,322 children under the age of five 
was included. Given the impact of other predictors such as maternal, child, and socioeconomic variables, a multilevel 
multivariate binary logistic regression model was employed to analyze the relationship between stunting, wasting, 
and underweight.

Result  The study included 53,322 children, and 34.7%, 14.8%, and 5.1% were stunted, underweight, and wasted, 
respectively. Almost half of the children (49.8%) were female, and 22.0% lived in urban areas. The estimated odds 
of children from secondary and higher education mothers being stunted and wasted were 0.987; 95% CI: 0.979 – 
0.994 and 0.999; 95% CI: 0.995 – 0.999, respectively, times the estimated odds of children from no education mothers. 
Children from middle-class families were less likely to be underweight than children from poorer families.

Conclusion  The prevalence of stunting was higher than in the sub-Saharan Africa region, but the prevalence 
of wasting and underweight was lower. According to the study’s findings, undernourishment among young chil-
dren under the age of five continues to be a significant public health issue in the East African region. Governmental 
and non-governmental organizations should therefore plan public health participation focusing on paternal educa-
tion and the poorest households in order to improve the undernutrition status of children under five. Additionally, 
improving the delivery of healthcare at health facilities, places of residence, children’s health education, and drinking 
water sources are essential for lowering child undernutrition indicators.
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Introduction
Malnutrition is the main cause of illness and death in 
children under the age of five [1]. It affects millions of 
children worldwide, putting their health and future in 
jeopardy [2]. Even though the decline has not been con-
sistent worldwide, its prevalence has decreased. In mid-
dle- and low-income countries, notably in Sub-Saharan 
Africa, child malnutrition is still an issue, and many 
children still suffer from chronic malnutrition [3, 4]. 
The most common symptom of chronic undernutrition 
in children is an inadequate intake of the nutrients and 
energy needed for growth and development [5]. Three 
anthropometric indices of malnutrition, stunting, under-
weight, and wasting, are used to evaluate nutritional defi-
ciency or imbalance, the underlying causes of a number 
of children’s health problems [6–8]. The three are well-
known indicators of the severity of child malnutrition 
[9]. In poor countries, malnutrition contributes to more 
than half of under-five mortality. Sub-Saharan Africa has 
a very high proportion of under-five malnourished chil-
dren, and daily death rates are rising [7].

Indicators of child malnutrition include stunting, wast-
ing, and underweight, which refer to children who are, 
respectively, too short for their age (low height-for-age), 
too thin for their height (low weight-for-height), and 
too thin for their age (low weight-for-age). Height-for-
age, weight-for-height, and weight-for-age z-scores are 
generated using the 2006 WHO child growth standards. 
Children who have a weight-for-height z-score (WHZ), a 
height-for-age z-score (HAZ), or a weight-for-age z-score 
(WAZ) below two are referred to as stunting, wasting, 
and underweight, respectively [6]. According to UNICEF, 
environmental, social, and economic factors all have a 
major impact on childhood malnutrition [8].

Each year, more than half of all children under the 
age of five die from malnutrition and its complications 
[10]. It has been established that undernourishment has 
a major negative impact on young children’s growth 
and development [11]. The negative effects of child-
hood malnutrition are both short-term and long-term 
[12]. Long-term effects of undernutrition include poor 
educational practices [13], early mortality [11], and an 
increased risk of chronic illnesses like diabetes mellitus 
(DM), hypertension (HTN), and heart disease [14, 15]. 
Short-term effects of undernutrition include increased 
severity of illnesses [16], a delayed recovery period from 
disease [17], and delayed physical and mental develop-
ment in children [18]. Additionally, undernutrition has 

a detrimental effect on female adolescents’ reproduc-
tive health [19, 20]. Due to how frequently it occurs, 
undernutrition not only has detrimental impacts on a 
person’s health but also negatively affects the economy. 
Through both direct production reduction owing to 
physical infirmity and indirect cognitive dysfunction 
and educational impairments, this condition limits eco-
nomic growth and perpetuates poverty. In addition, a 
poor diet raises the cost of medical care [21].

In 2020, undernutrition was a factor in about half of 
the cases of childhood mortality [22]. In the same year, 
12.6% of children under the age of five are underweight, 
6.7% are wasted, and 22% are stunted [22]. Around 
149.2 million children under the age of five were 
affected by stunting in 2020, with 53% of these chil-
dren residing in Asia and 30.7% in Africa [22]. 45.4 mil-
lion Children under the age of five perished because of 
waste. More than two-thirds of all wasted children are 
located in Asia, and more than a quarter are found in 
Africa [22]. Stunting occurs more frequently in Eastern 
Africa (32.6%) than in Western Africa (30.9%), North-
ern Africa (21.4%), or Southern Africa (23.3%), accord-
ing to a more thorough analysis of the distribution of 
undernutrition on the African continent [22].

Numerous factors contribute to childhood stunting, 
wasting, and being underweight. The collective causes 
reported by several studies include the age of the child 
in a month [23–26], the gender of the child [27, 28], 
the birth size of children [29, 30], the birth order of 
the child [31, 32], age of mother at first birth and the 
maternal education [32, 33], household wealth index 
[23, 31, 34], the source of drinking water [24, 34], the 
family size [27], the place of residence [27], the hus-
band’s education level [31, 34], breastfeeding [35, 36], 
diarrhea [36, 37], fever [35] and cough [36, 38] in the 
last two weeks prior to the survey, the birth type of 
child [24, 32], number of children aged under-five [30] 
have been identified as some of the factors of childhood 
undernutrition status in East Africa.

Numerous studies on stunting, underweight, and 
wasting were carried out in East Africa. However, they 
paid little attention to their relationship and were una-
ble to identify the associated determinants of anthro-
pometric indicators among East African children under 
the age of five. In a study carried out in Ethiopia, India, 
and Malawi [9, 39, 40], the link between undernutrition 
indices was examined. The association was determined 
without taking into account the impact of additional 
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factors linked to stunting, underweight, and wast-
ing. Other East African and international researchers 
examined each indicator of undernutrition separately 
and determined the corresponding factors [32, 41–44]. 
However, it was noted that there is a dearth of research 
available or undertaken in East Africa that identifies 
and estimates the drivers of undernutrition indica-
tors in children under the age of five, such as stunting, 
underweight, and wasting, by taking into account the 
relationships between them. Furthermore, despite the 
fact that the population of East Africa is not uniform 
in terms of its culture, language, and other character-
istics, the cluster effect receives little consideration. 
When there is a chance that the outcomes of patients 
in comparable groups may correlate, clustering effects 
may develop, which may lead to a loss of observational 
independence [45]. Children from the same nation are 
more likely to have similar undernutrition status than 
children from different countries; therefore, when the 
cluster effect is ignored, the key determinants of a 
child’s undernutrition status within and between coun-
tries (cluster) are inadequately taken into account. As 
a result, the aim of this study was to identify and esti-
mate the influence of significant factors on indicators of 
undernutrition.

Method
Data from the Demographic and Health Survey (DHS), 
which was conducted using a cross-sectional study meth-
odology, were used in this investigation. For this particu-
lar study, we used Kids Record (KR) files, which include 
data on moms and children. We predict that children in 
the same cluster will be more similar than children across 
the country because the DHS data had a hierarchical 
structure and children were nested within clusters. The 
heterogeneity between clusters should therefore be taken 
into consideration using sophisticated models. A mixed-
effect logistic regression model was therefore built (with 
both fixed and random effects).

Data source and sampling method
The current study is based on data from the most recent 
Demographic and Health Surveys (DHS) conducted in 
ten East African countries (Burundi, Ethiopia, Comoros, 
Uganda, Rwanda, Tanzania, Zimbabwe, Kenya, Zambia, 
and Malawi). All datasets were combined to determine 
the region’s pooled prevalence and related causes of 
undernutrition indicators among children aged under-
five. The DHS survey employed stratified, two-stage clus-
ter sampling. The data was obtained from the Measure 
DHS website, which can be found at https://​dhspr​ogram.​
com/​Data/​terms-​of-​use.​cfm. Variables in this study (both 
dependents and independents) were taken from the Kid 

Record (KR file) data set after approval was granted via 
an online request stating the objective of this study. The 
current study used a weighted total sample of 53,322 chil-
dren under the age of five.

Inclusion/exclusion criteria
Children under the age of five who completed relevant 
forms about personal information and clinical signs met 
the inclusion criteria. As a result, children who had not 
completed all relevant information (questionaries’) or 
who were over the age of five were excluded.

Study variables
Response variables
Once the Zi for each child is calculated, the undernutri-
tion indices were recoded into dichotomies variables as:

stunted (0 = No if HAZ ≥ −2 and 1 = Yes if HAZ < −2),
wasted (0 = No if WHZ ≥ −2 and 1 = Yes if WHZ < −2) , and
underweight (0 = No if WAZ ≥ −2 and 1 = Yes if WAZ < −2)  

The outcome variables were measured using WHO 
2006 child growth standards [46].

Independent variables
The independent variables were chosen based on previ-
ous research on factors influencing children’s under-
nutrition status [47–49]. These variables are created 
by combining naturally continuous and discrete vari-
ables into categories. Table 3 lists the independent vari-
ables associated with the three-undernutrition indicators 
and reflected in this study. Face-to-face interviews with 
mothers and caregivers were used to collect the charac-
teristics listed in Table 3.

Data management and analysis
The variables were extracted from the literature, and then 
we integrated the DHS data from the 10 East African 
nations. Before performing any statistical analysis, the 
data were weighted to restore survey representativeness 
and take into consideration the sample design for gen-
erating standard errors and trustworthy estimates. This 
was done using sampling weight, a primary sampling 
unit, and strata. R 4.2.2 was employed for the cross-tab-
ulations and summary statistics. In order to find relevant 
factors connected to undernutrition indicators, a multi-
level, multivariate logistic model was utilized. Adjusted 
odds ratios (AOR) with a 95% confidence interval (CI) 
and a p-value less than or equal to 0.05 were used.

In present study, let Y1i,Y2iandY3i are the dichotomies 
outcome of stunting, underweight, and wasting of the ith 
under-five years children, respectively. For dichotomies 

https://dhsprogram.com/Data/terms-of-use.cfm
https://dhsprogram.com/Data/terms-of-use.cfm
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outcome Yji and a vector of independent variables X, 
multivariate binary logistic regression model is given by 
[50]:

Where πj(X) = P(Yji =
1
/X ) , the probability of the ith 

children aged under-five being stunted ( Y1i ), underweight 
( Y2i ), and wasting ( Y3i ) given other predictors X. Regu-
larly, the logit (log odds) that marked linear association 
with independent variables can be stated as:

The odds ratio is the best method that is used to meas-
ure the relationship between categorical variables in the 
logistic regression model. It is the proportion of odds 
defined as:

Multilevel multivariate logistic regression
Separate evaluations of anthropomorphic indicators, 
including underweight, stunting, and wasting, in children 
under the age of five were carried out in several studies 
[6, 25, 27, 29, 30, 51]. In this instance, logistic regres-
sion analysis is sufficient for determining the covari-
ate’s impact on the dependent variable. The relationship 
between the anthropomorphic indicators, however, 
would not be taken into account in a separate analysis. 
It is more logical to account for the relationship between 
estimates of covariate effects and anthropometric indi-
ces using a multivariate logistic regression model [49]. It 
is used to simultaneously model several interesting cat-
egorical outcomes and analyze how they relate to other 
factors [47, 52].

To quantify the impact of variables on anthropo-
metric measures in a nation with a varied population, 
like East Africa, a multivariate logistic regression 
model is insufficient. According to DHS data gath-
ered from children living in different nations in East 
Africa, there is a very high probability of a clustering 
effect. If there is a clustering effect in the dataset, the 
results will be disorganized. The intraclass correla-
tion coefficient (ICC) [47, 53] and median odds ratio 
(MOR) [54] were used to assess the clustering effect. 
The ICC can be calculated using the formula shown 
below:

(1)πj(X) =
eβj0+βj1X1+βj2X2+···+βjpXp

1+ eβj0+βj1X1+βj2X2+···+βjpXp
=

eXβj

1+ eXβj
, j = 1, 2, 3

(2)logit P Yji =
1
/X = βj0 + βj1X1 + βj2X2 + · · · + βjpXp = Xβ j , j = 1, 2, 3

(3)ORj =

πj(X1)
/

1−πj(X1)

πj(X2)
/

1−πj(X2)

where σ̂ 2
r  and σ̂ 2 are the estimated cluster variance 

(regarding to country) and residual variance, respectively 
[47, 53]. The MOR is defined as: 
MOR = exp

[

0.6745
√

2σ̂ 2
r

]

 [47, 52]. After arranging the 
data in SPSS 26, the statistical analysis was carried out 
using R software, VGAM, and the GLMER package.

Prior to fitting the model, it is necessary to assess 
the model’s suitability or goodness of fit. The evalu-

ated model’s forecasting ability may help to understand 
this. In a multivariate logistic regression model, the 
concordance proportion is frequently used to assess or 
identify the predictive power. The concordance value 
calculates the likelihood that the predictions and results 
are in agreement, or whether the anticipated outcome 
matches the actual outcome [50]. In order to assess how 
well the projected model approximates the data, the 
concordance proportion was evaluated in this study.

Results
Characteristics of the outcome variables
This study included a weighted total of 53,322 children 
aged under-five, with 34.7% (18,527), 14.8% (7894), 
and 5.1% (2743) suffering from stunting, underweight, 
and wasting, respectively (Table  1). The prevalence of 
stunting, underweight, and wasting was different across 
countries. The prevalence of stunting, wasting, and 
underweight was lowest in Zimbabwe (25.3%), Rwanda 
(2.3%), and Zimbabwe (7.5%), respectively, whereas the 
prevalence of stunting, wasting, and underweight was 
highest in Burundi (55.3%), the Comoros (11.0%), and 
Burundi (286.6%), respectively (Table 2).

Characteristics of the Independent variables
The result of Table 3 revealed that more than half (50.2%) 
of children aged under-five were males, and 79.2% of 
them were in the age group of 12 to 59  months. More 

(4)ICC =
σ̂ 2
r

σ̂ 2 + σ̂ 2
r

Table 1  Anthropometric outcomes of the sample (n = 53,322)

Outcome variables Categories Percentage (95%CI)

Stunting Yes 34.7 (34.30 – 35.10)

Underweight Yes 14.8 (14.50 – 15.10)

Wasting Yes 5.1 (4.91 – 5.29)
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than half of the mothers (57.5%) had their first child 
when they were under the age of 20. 45.4% of children 
aged under-five were born into poor households. More 
than three-fourths of (78.0%) householders were rural 
settlers. The overall prevalence of stunting, underweight, 
and wasting among children aged under-five in the 
region was 34.7, 14.6, and 5.1%, respectively.

The results in Tables  4 and 5 indicated that children 
under five were affected by more than one of the three 
undernutrition indicators; as a result, consideration is 
essential in empathetically treating the total number of 
malnourished children. For example, 5689 (10.67%) of 
the children were both stunted and underweight. For 
more detail, see the results in Tables 4 and 5.

The whole prevalence of indicators of undernourish-
ment was measured by the composite index of anthro-
pometric failure (CIAF) [55]. Accordingly, children aged 
under-five can be grouped into eight categories: no fail-
ure; stunted only; underweight only; wasted only; stunted 
and underweight; underweight and wasted; and stunted, 
underweight, and wasted. According to the composite 
index of failure, approximately 39.15% = (22.48 + 0.86 + 
10.67 + 1.68 + 0.60) % of children aged under-five were 
diagnosed with malnutrition, whereas 60.85% of the chil-
dren sampled in East Africa were not diagnosed with 
malnutrition. The result indicates that 39.15% of children 
were stunted, underweight, or wasted. This suggests that 
the occurrence of overall undernourishment in children 
is about 39.15% in the region.

Table 6 shows all of the possible pairwise relationships 
between stunting, underweight, and wasting using odds 
ratios (OR). The odds ratios for the dependency among 
stunting and underweight, stunting and wasting, and 
underweight and wasting were 3.566, 1,121, and 2.941, 

respectively. The result is different from unity. This indi-
cates a dependency between the three anthropometric 
indicators, and hence fitting a multivariate logistic model 
for the three dependents is suitable to include their 
dependency and estimate the effects of the predictors.

Table 7 shows the bivariate analysis of the relationship 
between independent variables and each of the under-
nourishment indicators and the distribution of scores 
below five at each level of the independent variables. 
Place of residence, education level of mother, source 
of drinking water, family size, number of children aged 
under-five, wealth index, age of mother at first birth, edu-
cation level of husband, birth order of children, birth type 
of children, sex of children, place of delivery, and size of 
children at birth were independent variables that were 
independently associated (p-value  0.05) with the three 
undernourishment indicators.

Parameter estimation
Random effect model
The calculated ICCs for stunting, underweight, and wast-
ing were 59.1%, 55.87%, and 56.61%, respectively, which is 
a high value. This strongly suggests that there is a cluster-
ing effect and that there is between-group variability that 
would benefit from a cluster effect due to country. A high 
ICC, in this sense, indicates a high degree of similarity 
among children from the same country who have under-
nutrition indicators. On the other hand, the estimated 
clustering variance on stunting ( ̂σ 2

rs ), underweight ( ̂σ 2
ru ) and 

wasting ( ̂σ 2
rw ) found to be significant (p-value 0.05) in the 

model indicates that there is a country effect in the model. 
Stunting (MOR = 1.593), underweight (MOR = 1.492), and 
wasting (MOR = 1.515) have different MOR values. This 
indicates that there is significant clustering variation. To 

Table 2  Frequency distribution of stunting, underweight and wasting in East Africa

Region Country Name DHS year Total frequency (%) Stunting Underweight Wasting
Yes (%) Yes (%) Yes

East Africa Burundi 2016/17 5596 (10.5) 3097 (55.3) 1601 (28.6) 281 (5.0)

Comoros 2012 2087 (3.9) 611 (29.3) 321 (15.4) 230 (11.0)

Ethiopia 2016 8876 (16.6) 3384 (38.1) 2052 (23.1) 887 (10.0)

Kenya 2014 7554 (14.2) 1950 (25.8) 806 (10.7) 281 (3.7)

Malawi 2015/16 4262 (8.0) 1553 (36.4) 464 (10.9) 112 (2.6)

Rwanda 2019/20 3266 (13.7) 1226 (37.5) 287 (8.8) 74 (2.3)

Tanzania 2015/16 7294 (13.7) 2453 (33.6) 974 (13.4) 341 (4.7)

Uganda 2016 3563 (1.9) 1002 (28.1) 341 (9.6) 120 (3.4)

Zambia 2018 6342 (11.9) 2118 (33.4) 711 (11.2) 263 (4.1)

Zimbabwe 2015 4481 (8.4) 1133 (25.3) 337 (7.5) 154 (3.4)
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take into account the cluster effect because of country, 
a multilevel multivariate logistic regression model was 
applied because the traditional model cannot remove the 
cluster effect because the traditional model cannot remove 
the cluster effect (see Table 8).

Fixed effect model
The independent variables that were included in the cur-
rent study were: the education level of the mother, place 
of delivery, birth size of children, age of children, and the 
husband’s education level. These common predictors 
were significantly associated with the three undernour-
ishment indices. Fever and diarrhea in the two weeks 
prior to the survey, gender of children, birth type of chil-
dren, wealth status of the household, number of children 
aged under-five in the household, source of drinking 
water, and place of residence were common determinants 
that were significantly associated with both stunting and 
underweight. Where family size and birth order of chil-
dren were predictors that were significantly associated 
with stunting (Table 8).

A multilevel multivariate binary logistic regression 
model for estimation of undernourishment indicators 
was used to calculate concordant and discordant indi-
ces. 79.8% of children under the age of five with under-
nourishment indicators such as stunting, underweight, 
and waste would have a good chance of estimating their 
stunting, underweight, and waste levels. In this respect, 
the concordant index was very high. Indicating that the 
model’s ability to explain the association between the 
indicators was very decent and fit the data well.

Discussion
In this study, the impacts of the independent variables 
were assessed using data from a recent demographic 
health survey in east Africa to examine the associa-
tion between undernutrition indicators such as stunt-
ing, underweight, and wasting in children under the age 
of five. This research discovered a strong link between 
stunting, wasting, and underweight status. Further-
more, it was discovered that underweight is a composite 
measure of stunting and wasting when the relationship 
between the three indicators is looked at, even when the 
impacts of other independent variables are not taken into 
consideration. Previous studies from Ethiopia, India, and 
Malawi [9, 39, 40] support this conclusion.

In this study, the prevalence of stunting, underweight, 
and wasting were 34.7, 14.8, and 5.1%, respectively. The 
prevalence of wasting and underweight were lower than 
the study reported in sub-Saharan Africa [3], but higher 
than the study reported in India [39], whereas the preva-
lence of stunting was higher than the study reported in 

Table 3  Independent variable description and frequency 
distribution in East Africa

Variables Categories Weighted 
frequency 
(%)

Place of residence Urban 11,745 (22.0)

Rural 41,577 (78.0)

Education level of mother No education 14,224 (26.7)

Primary 26,393 (49.5)

Secondary and above 12,075 (23.8)

Source of drinking water Not improved 36,528 (68.5)

Improved 16,794 (31.5)

Family members Small 15,810 (29.7)

Medium 33,167 (62.2)

Large 4345 (8.1)

Number of children aged under-
five

Only one 19,726 (37.0)

Two 24,135 (45.3)

Three and more 9461 (17.7)

Wealth index Poor 24,183 (45.4)

Middle 10,462 (19.6)

Rich 18,677 (35.0)

Mother age at first birth Less than 20 30,643 (57.5)

20 to 34 22,559 (42.3)

35 to 49 120 (0.2)

Husband education level No education 10,585 (19.9)

Primary 25,959 (48.7)

Secondary and above 16,778 (31.5)

Birth order of child First 10,343 (19.4)

2 to 3 19,880 (37.3)

4 to 5 12,361 (23.2)

6 and more 10,737 (20.1)

Birth type of child Single birth 51,908 (97.3)

Multiple births 1414 (2.7)

Sex of child Male 26,770 (50.2)

Female 26,552 (49.8)

Breastfeeding No 953 (1.8)

Yes 52,369 (98.2)

Place of delivery Home 17,099 (32.1)

Health facility 36,223 (67.9)

Size of children at birth Small 8437 (15.8)

Average 29,246 (54.8)

Large 15,639 (29.3)

Diarrhea No 44,737 (83.9)

Yes 8585 (16.1)

Fever No 41,230 (77.3)

Yes 12,091 (22.7)

Cough No 38,265 (71.8)

Yes 15,057 (28.2)

Infant 11,107 (20.8)

12 to 59 42,215 (79.2)
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sub-Saharan Africa [3]. This is due to the fact that the 
region is clearly affected by food scarcities, harsh climatic 
conditions, and drought situations, as well as inadequate 
access to land for farming purposes [56]. These dynamics 
extremely challenge progress toward improving farming 
efficiency, nutrition security, and child nutrition in east 
Africa.

The mother’s education level, the location of the deliv-
ery, the size at birth and age of the children, as well as 
the husband’s education level, were found to be the com-
mon predictors that were significantly linked to the three 
undernourishment indices. This is in line with earlier 
research in Sub-Saharan Africa and Ethiopia [24, 43]. 
The likelihood of children being stunted, underweight, 
or wasted decreased as father education increased, which 
was consistent with research conducted in Ethiopia [57]. 
Children born in medical institutions had a lower chance 
of being stunted, underweight, or wasted. Which agreed 

with the results of a study conducted in Sub-Saharan 
Africa [46]. A child with a small birth size has a higher 
risk of developing malnutrition than a child with an aver-
age birth size. Which was in line with the research in 
Ethiopia and Sub-Saharan Africa [46, 57]. According to a 
recent study, a child’s nutritional indicators were highly 
correlated with the child’s age. This result is in line with 
research conducted in Burkina Faso, Ethiopia, and Bang-
ladesh [26, 58–60], which discovered that a child’s risk of 
malnutrition rose with age. The late introduction of sup-
plemental foods with poor nutritional value is one poten-
tial cause [61].

Common determinants that were significantly associated 
with stunting and underweight included fever and diarrhea 
in the two weeks prior to the survey, the gender of the chil-
dren, their birth type, the wealth status of the household, 
the number of children under the age of five living in the 
household, the source of drinking water, and their place of 
residence, which is consistent with the findings in Ethio-
pia [24]. According to results from research in Gahanna 
and Pakistan [36, 37], children who had a fever two weeks 
prior to the survey period had a higher risk of stunting and 
underweight than children who had no fever at the time. 
Children who experienced diarrhea two weeks before the 
survey were more likely to be stunted and underweight 
than those who did not. This outcome is congruent with 
what was discovered in Ethiopia throughout the study [34]. 
The supplementary study showed that stunting and under-
weight were more common in males than females among 
east African children. This is consistent with the earlier 
Burkina Faso study [58]. One possible explanation is that, 
even after accounting for gestational phase and body size, 
boys still experience more complex childhood illnesses 
than females [62]. Children from mothers who had multi-
ple births were more likely to have stunting and be under-
weight compared to singleton children at birth, which is 
similar to the Ethiopian research [24]. This finding further 
demonstrates the correlation between the wealth index 
and stunting and underweight. In line with the findings 
of an earlier study conducted in Bangladesh [33], a child 
from a low-wealth index household is more likely to be 
stunted and underweight. Increased revenue may be the 

Table 4  Simultaneous frequency distribution of stunting, underweight and wasting

Underweight Total

No Yes

No Stunting No 32,448 456 32,904

Wasting Yes 11,986 5,689 17,675

Yes Stunting No 994 897 1,891

Yes 0 853 853

Total 45,428 7,895 53,323

Table 5  Cross-classification of undernutrition indicators and 
resultant frequency distribution

Undernourished indicators Frequency (%)

Non- undernourished 32,448 (60.85)

Stunting only 11,986 (22.48)

Underweight only 456 (0.86)

Wasting only 994 (1.86)

Stunting and underweight 5, 689 (10.67)

Stunting and wasting 0 (0.0)

Underweight and wasting 897 (1.68)

Stunting, underweight and wasting 853 (1.60)

Table 6  Pairwise dependency between undernutrition 
indicators using odds ratio (OR)

Stunting Underweight
OR ((95% CI) OR ((95% CI)

Wasting 1.121 (0.879 – 1.412) 2.941 (2.872 – 3.011)

Underweight 3.566 (3.054 – 3.328)
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Table 8  Parameter estimation of undernutrition indicators using Multivariate binary logistic regression

Predictors Stunting Underweight Wasting

AOR (95% CI) P-value AOR (95%CI) P-value AOR (95%CI) P-value

Intercept 3.188 (3.054, 3.328) 0.000 2.941 (2.872, 3.011) 0.000 2.765 (2.741, 2.790) 0.000

Place of residence

  Urban Ref Ref Ref

  Rural 1.052 (1.040, 1.064) 0.000 1.006 (1.000, 1.013) 0.000 1.000 (0.997, 1.001) 0.416

Education level of mother

  No education Ref Ref Ref

  Primary 0.992 (0.912, 0.931) 0.000 0.974 (0.968, 0.979) 0.000 0.998 (0.995, 1.000) 0.033

  Secondary +  0.987 (0.979, 0.994) 0.000 1.000 (0.999, 1.013) 0.078 0.999 (0.995, 0.999) 0.018

Source of drinking water

  Not improved 1.022 (1.012, 1.031) 0.000 1.007 (1.002, 1.012) 0.007 1.000 (0.998,1.001) 0.656

  Improved Ref Ref Ref

Family size

  Small 0.969 (0.957, 0.982) 0.000 0.995 (0.988, 1.003) 0.207 1.000 (0.997, 1.002) 0.740

  Medium 0.992 (0.984, 1.000) 0.061 0.997 (0.992, 1.001) 0.129 1.000 (0.998, 1.017) 0.768

  large Ref Ref Ref

Number of under-five children

  Only one 1.007 (0.998, 1.017) 0.135 1.001 (0.995, 1.006) 0.836 1.001 (0.999, 1.003) 0.379

  Two 0.969 (0.962, 0.976) 0.000 0.993 (0.989, 0.997) 0.000 1.000 (0.999, 1.002) 0.926

  3 and more Ref Ref Ref

Wealth index

  Poor Ref Ref Ref

  Middle 0.944 (0.936, 0.951) 0.000 0.986 (0.982, 0.990) 0.000 0.999 (0.997, 1.001) 0.294

  Rich 0.987 (0.978, 0.996) 0.004 1.000 (0.995, 1.005) 0.979 1.000 (0.998, 1.002) 0.797

Mothers at first birth

  Less than 20 Ref Ref Ref

  20 to 34 1.049 (0.986, 1.116) 0.129 1.018 (0.984, 1.053) 0.307 1.001 (0.988, 1.014) 0.876

  35 to 49 1.019 (0.983, 1.057) 0.295 1.003 (0.983, 1.023) 0.771 1.000 (0.993, 1.008) 0.986

Husband education level

  No education Ref Ref Ref

  Primary 0.951 (0.941, 0.961) 0.000 0.976 (0.970, 0.981) 0.000 0.998 (0.996, 1.000) 0.063

  Secondary +  0.994 (0.987, 1.002) 0.124 1.001 (0.998, 1.015) 0.000 1.002 (0.999, 1.003) 0.009

Birth order of children

  First Ref Ref Ref

  2 to 3 1.000 (0.989, 1.011) 0.996 1.002 (0.996, 1.008) 0.486 1.000 (0.998, 1.002) 0.951

  4 to 5 1.004 (0.996, 1.013) 0.326 1.001 (0.996, 1.006) 0.770 1.000 (0.999, 1.002) 0.649

  6 and more 0.990 (0.982, 0.998) 0.011 0.996 (0.992, 1.001) 0.059 1.000 (0.998, 1.001) 0.078

Birth type of children

  Single birth Ref Ref Ref

  Multiple births 1.272 (1.240, 1.305) 0.000 1.069 (1.054, 1.084) 0.000 1.001 (0.996, 1.007) 0.610

Sex of children

  Male Ref Ref Ref

  Female 0.937 (0.929, 0.944) 0.000 0.990 (0.985, 0.994) 0.000 0.998 (0.997, 1.000) 0.064

Breastfeeding

  No Ref Ref Ref

  Yes 0.999 (0.992, 1.071) 0.078 0.993 (0.977, 1.009) 0.391 0.997 (0.991, 1.003) 0.290

Place of delivery

  Home Ref Ref Ref

  Health facility 0.998 (1.022, 1.042) 0.000 0.985 (0.980, 0.990) 0.000 0.997 (0.995, 0.999) 0.002
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cause, which boosts nutritional variety [63] and, in turn, 
boosts nutrient intake and nutritional status. This find-
ing suggests that the risk that a kid would be stunted and 
underweight increases with the number of children under 
the age of five living in a household. This finding is consist-
ent with the earlier research in Ghana [36]. Stunting and 
underweight were significantly influenced by the source of 
drinking water. Those from families without an improved 
source of water were more likely to have stunting and be 
underweight when compared to those who do. This study 
supports the conclusions of a prior investigation con-
ducted in Ethiopia [34].

Conclusion
The mother’s education level, place of delivery, the size at 
birth, the age of the children, and the husband’s educa-
tion level were identified to be the common predictors 
that were significantly linked to the three undernourish-
ment indices in this study. Common factors that were 
significantly associated with stunting and underweight 
included fever and diarrhea in the two weeks prior to 
the survey, the gender of the children, the type of birth 

the children had, the wealth status of the household, the 
number of children under the age of five in the house-
hold, the source of drinking water, and the location of 
residence. Family size and child birth order, however, 
were the only variables that were strongly linked with 
stunting. According to the study’s findings, undernour-
ishment among young children under the age of five 
continues to be a significant public health issue in the 
East African region. Governmental and non-govern-
mental organizations should therefore plan public health 
engagement focusing on maternity and child moth-
ers’ husbands’ education and the poorest households in 
order to improve children under the age of five’s under-
nutrition status. Additionally, improving the delivery of 
healthcare at health facilities, places of residence, chil-
dren’s health education, and drinking water sources is 
essential for lowering child undernutrition indicators.

Abbreviations
DHS	� Demographic health survey
EAs	� Enumeration areas
GDHS	� Gambian demographic and health survey
Ref.	� Reference Category

Key: Ref. Reference, OR Odds ratio, CI Confidence Interval

Table 8  (continued)

Predictors Stunting Underweight Wasting

AOR (95% CI) P-value AOR (95%CI) P-value AOR (95%CI) P-value

Birth size of a child

  Small Ref Ref Ref

  Average 0.904 (0.896, 0.912) 0.000 0.956 (0.951, 0.961) 0.000 0.996 (0.994, 0.998) 0.000

  Large 1.027 (1.020, 1.034) 0.000 1.015 (1.011, 1.019) 0.000 1.002 (1.000, 1.003) 0.029

Diarrhea

  No Ref Ref Ref

  Yes 1.048 (1.036, 1.060) 0.000 1.017 (1.010, 1.023) 0.000 1.001 (0.999, 1.004) 0.239

Fever

  No Ref Ref Ref

  Yes 1.022 (1.011, 1.033) 0.000 1.010 (1.004, 1.016) 0.000 1.001 (0.999, 1.003) 0.346

Cough

  No Ref Ref Ref

  Yes 1.003 (0.993, 1.013) 0.563 1.000 (0.995, 1.006) 0.992 0.999 (0.997, 1.001) 0.298

Age of children in months

  Infant Ref Ref Ref

  12 to 59 1.166 (1.157, 1.174) 0.000 1.020 (1.016, 1.024) 0.000 1.002 (1.002, 1.017) 0.000

Random effect
  Variance 2.790 0.000 2.446 0.000 2.521 0.000

  ICC% 59.10 55.87 56.61

Dependency OR (95%CI) P-value
Stunting and underweight 3.188 (3.054 – 3.328) 0.000

Stunting and wasting 1.015 (0.733 – 1.406) 0.136

Underweight and wasting 2.734 (2.734 – 2.879) 0.000
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HAZ	� Height for age standardized score
ICF	� International Coaching Federation
WAZ	� Weight for age standardized score
WHZ	� Weight for height standardized score
OR	� Odds ratio
UNDP	� Untied Nation Development Program
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