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Abstract

Ethiopia is currently known to be the most food-insecure country in sub-Saharan Africa,
where childhood undernutrition remains endemic. While attention is increasingly being paid
to childhood undernutrition in Ethiopia, a current surge of "triple burden of malnutrition"
(TBM) has received less attention. The purpose of this study was to determine the preva-
lence of TBM and identify the associated factors in Ethiopia. Data were from the Ethiopian
Demographic and Health Surveys (2005-2016) and a total of 20,994 mother-child pairs
were examined in this study. The TBM was our primary outcome variable, which encom-
passes three types of nutritional problems-when a mother may be overweight/obese, while
her child is stunted, wasted, or underweight plus has anaemia under the same roof. A multi-
level logistic regression explored the individual- and community-level factors associated
with TBM. Our study indicated that children under-five years of age were anaemic, stunted,
wasted, and underweight [49.3% (95% CI: 48.7-49.9), 43.1% (95% Cl: 42.4-43.7), 10.3%
(95% CI: 9.9-10.7), and 27.6% (95% CI: 27.0-28.1)] respectively. The overall prevalence of
TBM was 2.6% (95% Cl: 2.39-2.83). Multilevel analyses revealed that TBM was more likely
to occur among children aged 12—23 months (AOR: 2.54, 95% CI: 1.68-3.83), 24-35
months (AOR: 1.54, 95% CI: 1.03-2.29), children perceived by their mothers to be smaller
than normal at birth (AOR: 1.94, 95% Cl: 1.48-2.56), who experienced fever in the past 2
weeks (AOR: 1.58, 95% CI: 1.24-2.01), and lived in urban settings (AOR: 1.79, 95% Cl:
1.13-2.86). Lower odds of TBM were reported among female children (AOR: 0.59, 95% ClI:
0.47-0.72), and those who lived in rich households (AOR: 0.69: 95% Cl: 0.49-0.98). TBM
was found to be present in almost three percent of households in Ethiopia. Addressing the
TBM through double-duty actions will be of critical importance in achieving malnutrition in all
its forms in Ethiopia.
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Introduction

Due to the global nutrition transition, there is a growing concern about the co-occurrence of
undernutrition (i.e., wasting, stunting, and underweight) and overnutrition among the mem-
bers of a single household, a condition termed double burden of malnutrition (DBM) and
when accompanied by micronutrient deficiencies leading to anaemia it is termed triple bur-
den of malnutrition (TBM) [1]. The DBM can present at the household level when a mother
may be overweight/obese, while a child is categorized as undernourished (i.e., stunting, wast-
ing, or underweight) [2]. The TBM at the household level encompasses co-existance of three
types of nutritional problems in a single household, such as a mother being overweight/
obese, while her child is stunted, wasted, or underweight plus experiencing anaemia [3].
TBM is a complex problem, which it has not received much attention despite being a poten-
tial problem in many low-and middle-income countries (LMICs) where undernutrition
remains prevalent [3-6].

The rapid urbanisation and exponential population growth in LMICs have increased the
risk of exacerbated undernutrition inequalities, putting pressure on and collapsing ongoing
efforts to combat undernutrition [1,7]. Sub-Saharan Africa (SSA) has been identified as the
most affected region with childhood undernutrition [8]. The latest estimate showed that the
pooled prevalence of stunting among under-five children in SSA was 35% [9], and six in every
ten (60.2%) children aged 6-59 months were affected by anaemia [10]. Of the sub-regions, the
highest prevalence of stunting (37%) was in East Africa, where Ethiopia is located [9]. In Ethio-
pia, the burden of childhood stunting (37%), wasting (21%), and being underweight (7%) have
been reported [11], with national prevalence of anemia estimated to be 56% among children
under the age of 5 years [12], indicative of a severe public health problem [13].

Few studies have been conducted on TBM in mother-child pairs living under the same roof
in LMICs [3,4,6,14]. Previous studies have reported the prevalence of TBM to be 5.7% in India
[14], 7.0% in Nepal [3], and 1.2% in Ethiopia [6]. Ahinkorah et al. [4] estimated the prevalence
of TBM in SSA to be one percent. The most important contributing factors of TBM among
mother-child pairs include the age of the child [4], being a female child [15], perceived size at
birth [4,14], age of the mother [14], mothers with short stature [3], mothers who did not attend
ANC [4], lower maternal education [3,4,14], large family size/household size [15,16], and time
to and from a water source [6], place of residence [14], and wealth status [3,14].

Ethiopia has been committed to reducing the prevalence of all forms of undernutrition
[17,18]. Despite efforts, the country is far from meeting the global commitment to achieve
meaningful undernutrition reductions. On the other hand, the coexistence of overweight and
undernutrition among a single household members is a relatively new concept and has
received little attention in the country [6,16,19]. So far, there are limited studies on the TBM at
the household level in mother-child dyad in Ethiopia [6,20]. For instance, Tarekegn et al.
explored TBM using a single snapshot survey and reported the prevalence at 1.2% (95%CI:
0.83-1.57) [6]. On the other hand, Pradeilles and colleagues explored household-level DBM,
defined as the coexistence of maternal overweight/obesity and child undernutrition (i.e., stunt-
ing or anaemia) [20]. Beyond these two examples, little is known about TBM in Ethiopia and
previous studies have concentrated on the individual-level DBM [16,19,21-24]. To create
impactful policies and practices, it is crucial to understand the burden and determinants of
TBM. Additionally, comprehensive and timely accounting of the prevalence of TBM is crucial
for monitoring progress towards Sustainable Development Goals (SDG) targets. Therefore,
the aim of this study is twofold: (i) to assess the prevalence of TBM (i.e., coexistence of over-
weight/obese plus anaemia in mothers paired with their undernourished child), and (ii) to
identify associated factors of TBM in Ethiopia.
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Methods

The setting, data source, and study design

Data from the 2005, 2011, and 2016 rounds of the Ethiopian Demographic and Health Surveys
(EDHS), which comprise data for both anthropometric and anaemia measurements were used
in this study. The EDHS uses a stratified two-stage cluster sampling method and contains
nationally and regionally representative cross-sectional data for households [12,25,26]. In the
first stage, after the nine administrative units were stratified into urban and rural strata, Enumer-
ation Areas (EAs) were selected proportional to the household size of the cluster. In the second
stage, a fixed number of households per cluster were selected with an equal probability of system-
atic selection from the newly created household listing. At the time of those consecutive surveys,
Ethiopia had nine geographical regions (namely, Afar, Amhara, Benishangul-Gumuz, Gambella,
Harari, Oromia, Somali, Southern Nations and Nationalities and People (SNNP), and Tigray)
and two administrative cities (i.e., Addis Ababa and Dire Dawa). The complete sampling proce-
dure has been elaborated in the final reports of EDHS [12,25,26]. The EDHS captured childhood
anemia for the first time in 24 survey (EDHS-2005); hence, our analysis was restricted to data
from the EDHS (2005-2016). A weighted total of 20,994 mother-child pairs with complete
anthropometric and haemoglobin records were considered for this analysis.

Outcome variable

The outcome variable for the study was the triple burden of malnutrition (TBM) which is
defined based on previous similar literature as overweight/obese mothers paired with their
child having one form of undernourished (stunted or wasted or underweight) plus anaemia
[3,6]. Accordingly, a binary response variable TBM was created and assigned as “1” if an over-
weight/obese mother was paired with her undernourished plus anaemic child, otherwise
coded “0”. The WHO Child Growth Standard classification was used for all anthropometric
failures and height-for-age (HAZ), weight-for-height (WHZ), and weight-for-age (WAZ) z-
scores below —2 SD were used to define stunting, wasting, and underweight, respectively [27].
Maternal nutritional status was classified as underweight (<18.5 kg/ m?), normal (18.5

to < 24.99 kg/m?), or overweight/obesity > 25.0 kg/m?) [28]. The EDHS collected blood sam-
ples among all children of age 6 to 59 months included in the survey for hemoglobin tests. A
hemoglobin level of less than 11 grams/deciliter was categorized as anemia as recommended
by the World Health Organization (WHO) for classifying anemia [29].

Independent variables

In this study, the potential confounding variables were based on previous studies

[4,6,14,30,31] and their availability in the EDHS dataset. The identified factors were catego-
rized into individual and community-level factors. The individual level variables consisted of
sex of the child (male, female), age of the child (6-11 months, 12-23, 24-35, and 36-59
months), birth order (first born, 24, or 5 or higher), perceived size of the child at birth (large,
average and small), currently breastfeeding (yes, no), experienced diarrhea in the last 2 weeks
(yes, no), experienced fever in the last 2 weeks (yes, no), full vaccination (yes, no), received
deworming medication in that last 6 month (yes, no), received vitamin A in last 6 months (yes,
no), mother’s age (<18, 18-24, 25-34, or >35), mother’s education (no education, primary,
and above), mother’s occupation (not working, non-agriculture, or agriculture), antenatal care
(ANC) visits (none, 1-3, 4-7, and 8 +), maternal stature (normal/tall (>>155 cm), short (145 to
154.9 cm), very short (<145 cm)), wealth index (poor, middle, and rich), household size (1-4,
> 5), type of cooking fuel (clean fuels, solid fuels), housing status (built from finished
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materials, built from natural or unfinished materials), toilet facility (improved, unimproved,
open defecation), source of drinking water (improved, unimproved), time to get a water source
(on premises, < 30 min round-trip fetching time, 31-60 min round-trip fetching time, and
over 60 min round-trip fetching time). Community-level factors included the place of resi-
dence (rural, urban) and contextual regions (agrarian, pastoralist, or city administrations).

Data analysis

All analyses were carried out using STATA version 14 statistical software. The ‘Svy’ commands
were employed to allow for adjustments for the cluster-sampling design and weight. We con-
ducted frequency tabulations to describe the data used in the study and the distributions of
TBM by background characteristics. Due to the hierarchical nature of DHS data (i.e., nested
data) a multilevel model was used to assess the association between TBM and individual and
community-level determinants. First, multilevel bivariable analysis was performed to assess
factors associated with TBM. Variables with a p-value < 0.25 obtained in the multilevel bivari-
able analysis were selected to enter multilevel multivariable logistic regression models to esti-
mate their independent association with TBM. Subsequently, four models were used. The
empty model without any explanatory variables was run to detect the presence of a possible
contextual effect (model I); the second with individual-level variables (model II), the third with
community-level variables (model III), and the fourth with both individual and community-
level variables (model IV). Multicollinearity between the potential predictors was checked
using a tolerance test. Multicollinearity among independent variables was assessed by using
the variance inflation factor (VIF) [32]. Variation between clusters were assessed by computing
intra-class correlation coefficient (ICC) [33]. Model comparisons were done using the devi-
ance information criteria (DIC). The model with the lowest DIC was considered the best-fit
model. Finally, the fourth model with the lowest information criteria value was chosen as the
final best-fit model. Adjusted odds ratio (AOR) with 95% CI was used to determine the
strength of the association with a P-value < 0.05 considered as statistically significant.

Ethics statement

We used datasets provided by the Demographic Health Surveys programme and have not had
any form of contact with the study participants. Informed consent for the present analysis was
not necessary because secondary data analysis did not involve interaction with the participants.
This study was based on an analysis of existing public domain survey datasets that are freely
avaijlable online with all identifier information removed. Data is publicly available in open
access repository and available here: http://dhsprogram.com/. Ethical clearance for the Demo-
graphic Health Survey (DHS) was provided by the Ethiopia Health and Nutrition Research
Institute (EHNRI) Review Board, the National Research Ethics Review Committee (NRERC)
at the Ministry of Science and Technology, the Institutional Review Board of ICF Interna-
tional, and the CDC. The DHS programme recognizes and adheres to established international
and local ethical standards and protocols in its surveys. Further information regarding the
DHS data usage and ethical standards can be accessed online (https://dhsprogramcom/data/
Access-Instructionscfm).

Results
Characteristics of the study population

In this analysis, weighted data of 20,994 mother-child pairs were included (EDHS-2005,
n = 3,879; EDHS-2011, n = 8,898; EDHS-2016, n = 8,217). Out of these, 48.9% were female,
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46% were in the age category of 36-59 months, 70.6% were currently breastfeeding, and 14.5%
reported having diarrhea in the last fifty days prior to the survey. Nearly 27.2% of the children
were smaller than average size at birth. Only about 50.4% and 14.1% of children received vita-
min A and deworming medication in the last 6 months prior to the survey. Most of the moth-
ers were uneducated (70.1%), not working (53.0%), and had no ANC visit during pregnancy
(51.2%). A total of 45.4% of mother-child dyads were from the relatively poor wealth category,
while almost 10% of households had improved toilet facilities and 45.8% used improved
sources of drinking water (Table 1).

Prevalence of TBM

Fig 1 represents the percentage of the nutritional status of mothers and children in Ethiopia. It
was found that about 43.1% (95% CI: 42.4-43.7), 10.3% (95% CI: 9.9-10.7), and 27.6% (95%
CI: 27.0-28.1) were stunted, wasted and underweight, respectively. Almost half, 49.3% (95%
CI: 48.7-49.9) of children were anemic. It was also found that 3.7% (95% CI: 3.50-3.96) of
women were overweight/obese.

The overall prevalence of TBM was 2.6% (95% CI: 2.39-2.83). The prevalence of TBM
dropped from 3.6% (95% CI: 3.06-4.24) from the EDHS-2005 to 2.4% (95% CI: 2.12-2.76) in
EDHS-2011 and 2.3% (95% CL: 2.01-2.66) in EDHS-2016 (Table 2).

Factors associated with TBM

Tables 2 and 3 present results for the bivariate and multivariable multilevel associations of
background characteristics with TBM among mother-child pairs in Ethiopia, respectively.
Bivariate association indicates that TBM was associated with child, maternal, and household
factors (Table 2). TBM was less likely to occur among female children compared to males
(AOR: 0.59, 95% CI: 0.47-0.72). Children aged 12-23 months (AOR: 2.54, 95% CI: 1.68-3.83)
and aged 24-35 months (AOR: 1.54, 95% CI: 1.03-2.29) were more likely to experience TBM
compared to those aged 36-59 months. Children perceived smaller for size than average at
birth were more likely to suffer from TBM compared to those who were larger than average at
birth (AOR: 1.94, 95% CI: 1.48-2.56). The odds of TBM were higher among children who had
a fever in the last fifty days prior to the survey (AOR: 1.58, 95% CI: 1.24-2.01) than their coun-
terparts. Mothers with a non-agriculture occupation (AOR: 0.64, 95% CI: 0.46-0.88), mothers
who had one to three antenatal care (ANC) visits (AOR: 0.73, 95% CI: 0.56-0.96) and 4-7
ANC visits (AOR: 95% CI: 0.50, 0.34-0.72) were lower odds of experiencing TBM. Children
born to mothers with short height (AOR: 1.43, 95% CI: 1.15-1.76) had higher odds of
experiencing TBM compared to those born to mothers who had normal height. TBM was less
likely to occur among households within the relatively rich wealth category compared to poor
(AOR: 0.69: 95% CI: 0.49-0.98). Children born to households that spent a long-time fetching
water had higher odds of TBM than children born to households that had drinking water on
their premises. The odds of TBM were more likely to occur among urban residents compared
to rural (AOR: 1.79, 95% CI: 1.13-2.86) (Table 3).

Discussion

Ethiopia is currently known to be the most food-insecure country in sub-Saharan Africa,
where childhood undernutrition remains endemic. Concomitantly, there is evidence of high
burden of childhood undernutrition and anaemia. Current global nutritional transitions are
likely to aggravate the situation and foster a new dimension of the problem which include
underweight, hidden hunger (micronutrient deficiencies) and overweight collectively referred
to as the "triple burden of malnutrition" (TBM). While attention is increasingly being paid to
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Table 1. Socio-demographic characteristics of the sample population and prevalence of mother-child pairs of tri-
ple burden of malnutrition by characteristics of the study population, EDHS (2005-2016).

Variables Weighted, (n) Weighted, (%)
Individual-level characteristics

Child factors

Sex

Male 10,723 51.1
Female 10,270 48.9
Age (months)

6-11 2,360 11.3
12-23 4,510 21.6
24-35 4,426 21.1
36-59 9,636 46.0
Birth order

Firstborn 3,673 17.5
2-4 9,127 43.5
5 or higher 8,193 39.0
Birth interval

7-33 months 14,441 68.8
>33 months 6,553 31.2
Size of a child at birth

Larger 6,747 32.2
Average 8,494 40.6
Small 5,686 27.2
Currently breastfeeding

Yes 14,825 70.6
No 6,169 29.4
Full vaccination

Yes 4,132 24.9
No 12,454 75.1
Diarrhea

Yes 3,033 14.5
No 17,930 85.5
Fever

Yes 3,534 16.9
No 17,419 83.1
Deworming medication in the last 6 months

Yes 2,949 14.1
No 18,044 85.9
Vitamin A in last 6 months

Yes 10,393 50.4
No 10,220 49.6
Parental factors

Mother’s age

15-18 103 0.5
18-24 4,498 214
25-34 11.042 52.6
>35 5,351 25.5

Mother’s education

(Continued)
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Table 1. (Continued)

Variables Weighted, (n) Weighted, (%)
No education 14,723 70.1
Primary and above 6,270 29.9
Mother’s occupation

Not working 11,086 53.0
Non agriculture 4,618 22.1
Agriculture 5,202 24.9
Antenatal care (ANC) visit(s)

None 6,991 51.2
1-3 3,423 25.1
4-7 2,912 21.3
8+ 315 2.3
Maternal stature

Normal/Tall (>155 cm) 13,003 61.9
Short (145 to 154.9 cm) 7,492 35.7
Very short (<145 cm) 499 2.4
Listening to radio

Yes 7,952 37.9
Not at all 13,033 62.1
Watching television

Yes 4,612 22.0
Not at all 16,369 78.0
Household factors

Wealth index

Poor 9,531 45.4
Middle 4,409 21.0
Rich 7,053 33.6
Household size

1-4 4,965 23.6
>5 16,028 76.4
Type of cooking fuel

Clean fuels 289 1.4
Solid fuels 20,449 98.6
Housing status

Built from finished materials 438 2.1
Built from natural or unfinished materials 20,548 97.9
Toilet facility

Improved 2,111 10.2
Unimproved 9,277 44.7
Open defecation 9,350 45.1
Source of drinking water

Improved 9,493 45.8
Unimproved 11,239 54.2
Child stool disposal

Safe 5,578 26.7
Unsafe 15,326 73.3
Time to get a water source

On-premise 1,478 7.0

(Continued)

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0002831 March 7, 2024 7120


https://doi.org/10.1371/journal.pgph.0002831

PLOS GLOBAL PUBLIC HEALTH Triple burden of malnutrition in the mother-child dyad in Ethiopia

Table 1. (Continued)

Variables Weighted, (n) Weighted, (%)
< 30 min 11,751 55.9
31-60 min 4,483 21.3
>60 min 3,280 15.6
Community-level characteristics

Residence

Urban 2,269 10.8
Rural 18,724 89.2
Region

Agrarian 11,416 54.4
Pastoralist 9,087 43.3
City administration 490 2.3
Survey year

EDHS-2005 3,879 18.5
EDHS-2011 8,898 42.4
EDHS-2016 8,217 39.1

https://doi.org/10.1371/journal.pgph.0002831.t1001

childhood undernutrition in Ethiopia, a current surge of TBM has received less attention. We,
therefore, aimed to examine the prevalence and identify the factors associated with TBM
among mother—child pairs. Overall, the prevalence of TBM was 2.6% among mother-child
pairs in Ethiopia. Factors associated with increased odds of TBM included: older child age
(aged 12-23 months and aged 24-35 months), children reported to be smaller than normal at
birth, children who had a fever, short maternal height, time to get drinking water, and urban
residence. On the other hand, lower odds of TBM were identified with the female sex, mothers
having a non-agriculture occupation, children born to mothers who attended antenatal care
(ANC), and households within the relatively rich wealth category.

The present finding of the prevalence of TBM was lower than a study finding based on
the National Family Health Survey 2015-16 in India (5.7%) [14], 4.9% in Bangladesh [34],
and 7% in Nepal [3]. The low prevalence of maternal overweight/obesity in Ethiopia may be
the reason for the observed disparity. In Ethiopia, 8% of women between the ages of 15 and
49 are overweight or obese, according to the EDHS-2016 data [12], while the prevalence of
overweight or obese among women between the ages of 15 and 49 was found to be 22% in
Nepal in the same year [35]. It is noteworthy that socio-demographic, economic differences,
and other determinants towards addressing malnutrition in all its forms, could account for
variations in the prevalence of TBM. However, our finding demonstrated that the TBM was
higher in Ethiopia than data from 32 countries in SSA 1% [4]. A close examination of the
TBM trends reveals that it was 3.8% in the EDHS-2005, 3.12% in the EDHS-2011, and 3.0%
in the EDHS-2016, and that there was no significant decrease in the prevalence during these
years as the confidence intervals overlapped. Several factors seem to have contributed to the
prevalence of TBM in Ethiopia. These include: rapid urbanization, economic growth, a shift
in disease burden, and nutritional transition. It is reasonable to argue that the observed
high burden of TBM has been exacerbated by the high levels of stunting and anemia in the
country.

Our study shows that TBM was less likely to occur among female children. This result is
consistent with that of Ahinkorah et al., [4] that reported TBM to be less likely to occur among
female compared to male children. Several studies have shown that being a female child is
strongly tied to lower odds of undernourishment in Ethiopia [36-41].
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Fig 1. Prevalence of malnutrition and TBM in Ethiopia (EDHS 2005-2016).
https://doi.org/10.1371/journal.pgph.0002831.9001

This study shows that children who were perceived to be smaller sized than average at birth
were strongly associated with higher odds of TBM. This result is consistent with studies from
SSA [4], India [14], Ethiopia [42], and Bangladesh [43]. This result is not unexpected consider-
ing that low birth weight is highly correlated with child undernutrition and anemia [44-47]
and multiple concurrent forms of undernutrition [42,43]. The observed relationship between
TBM and perceived birth size could have been attributed to biological and maternal nutrition
status during pregnancy.

In this study, a higher child age is significantly associated with higher risks of TBM and con-
sistent with a previous study by Sunuwar et al. conducted in Nepal, that utilized the Nepal
Demographic and Health Survey (NDHS) 2016 [3], where children aged 12-35 months were
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Table 2. Unadjusted association between the triple burden of malnutrition (TBM) and maternal heights and other study covariates among mother-child pairs in

Ethiopia, EDHS (2005-2016).

Variables Prevalence of TBM, 95%CI Unadjusted OR (95%CI) p-value
Individual-level characteristics

Child factors

Sex

Male 3.72 (3.37-4.12) Ref.

Female 2.55 (2.25-2.89) 0.67 (0.57-0.79) p<0.001
Age (months)

6-11 2.28 (2.23-3.64) 1.56 (1.16-2.09) 0.003
12-23 5.81 (5.14-6.55) 3.26 (2.66-3.99) p<0.001
24-35 3.34 (2.83-3.93) 1.82 (1.45-2.29) p<0.001
36-59 1.87(1.61-2.18) Ref.

Birth order

Firstborn 2.19 (1.76-2.72) 0.57 (0.45-0.74) p<0.001
2-4 3.08 (2.74-3.47) 0.81 (0.68-0.97) 0.023

5 or higher 3.72(3.30-4.18) Ref.

Birth interval

7-33 months 3.16 (2.88-3.47) Ref.

>33 months 3.12 (2.71-3.59) 0.99 (0.83-1.18) 0.924
Size of a child at birth

Larger 2.01 (1.67-2.39) Ref.

Average 2.80 (2.46-3.19) 1.40 (1.12-1.76) 0.003
Small 4.89 (4.35-5.49) 2.49 (2.00-3.12) p<0.001
Currently breastfeeding

Yes 3.45 (3.15-3.78) Ref.

No 2.54 (2.18-2.95) 0.72 (0.59-0.86) p<0.001
Full vaccination

Yes 2.36 (1.95-2.86) Ref.

No 3.82(3.48-4.19) 1.63 (1.31-2.04) p<0.001
Diarrhea

Yes 4.88 (4.16-5.73) 1.79 (1.47-2.18) p<0.001
No 2.84 (2.60-3.11) Ref.

Fever

Yes 5.31 (4.61-6.11) 2.06 (1.72-2.47) p<0.001
No 2.68 (2.44-2.94) Ref.

Deworming medication in the last 6 months

Yes 2.50 (1.98-3.15) Ref.

No 3.25(2.99-3.53) 1.30 (1.01-1.68) 0.042
Vitamin A in last 6 months

Yes 50.4 Ref.

No 49.6 1.37 (1.59-1.61) p<0.001
Parental factors

Mother’s age

<18 3.06 (0.98-9.11) 0.89 (0.27-2.87) 0.850
18-24 3.32 (2.83-3.90) 0.99 (0.79-1.25) 0.983
25-34 2.99 (2.68-3.34) 0.89 (0.73-1.08) 0.248
>35 3.32 (2.85-3.87) Ref.

Mother’s education

(Continued)
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Table 2. (Continued)

Variables Prevalence of TBM, 95%CI Unadjusted OR (95%CI) p-value

No education 3.70 (3.39-4.03) 1.96 (1.59-2.42) p<0.001

Primary and above 1.91 (1.59-2.29) Ref.

Mother’s occupation

Not working 3.64 (3.31-4.01) Ref.

Non agriculture 1.84 (1.47-2.29) 0.49 (0.38-0.64) p<0.001

Agriculture 3.13 (2.64-3.72) 0.87 (0.71-1.07) 0.192

Antenatal care (ANC) visit

None 5.24 (4.71-5.83) Ref.

1-3 3.09 (2.53-3.76) 0.57 (0.45-0.72) p<0.001

4-7 1.77 (1.36-2.31) 0.32(0.24-0.43) p<0.001

8+ 0.61 (0.19-1.88) 0.11 (0.03-0.34) p<0.001

Maternal stature

Normal/Tall (> 155 cm) 2.91(2.63-3.22) Ref.

Short (145 to 154.9 cm) 3.58 (3.15-4.07) 1.23 (1.04-1.46) 0.015

Very short (<145 cm) 3.84 (2.33-6.28) 1.34 (0.78-2.28) 0.281

Listening to radio

Yes 1.98 (1.67-2.34) Ref.

Not at all 3.75 (3.43-4.09) 1.92 (1.57-2.33) p<0.001

Watching television

Yes 1.54 (1.22-1.95) Ref.

Not at all 3.62(3.33-3.93) 2.39 (1.85-3.09) p<0.001

Household factors

Wealth index

Poor 4.27 (3.88-4.69) Ref.

Middle 2.84 (2.31-3.48) 0.66 (0.52-0.83) 0.001

Rich 1.63 (1.35-1.97) 0.36 (0.29-0.45) p<0.001

Household size

1-4 2.64 (2.22-3.13) 0.78 (0.64-0.96) 0.019

>5 3.32(3.04-3.62) Ref.

Housing status

Built from finished materials 0.09 (0.48-1.77) Ref.

Built from natural or unfinished materials 3.26 (3.02-3.53) 3.70 (1.90-7.20) p<0.001

Toilet facility

Improved 1.72 (1.31-2.27) Ref.

Unimproved 2.36 (2.02-2.76) 1.42 (1.03-1.97) 0.033

Open defecation 4.07 (3.69-4.47) 2.48 (1.83-3.35) p<0.001

Source of drinking water

Improved 2.77 (2.44-3.15) Ref.

Unimproved 3.41 (3.08-3.77) 1.22 (1.03-1.45) 0.019

Child stool disposal

Safe 2.16 (1.79-2.60) Ref.

Unsafe 3.51(3.21-3.82) 1.63 (1.32-2.02) p<0.001

Time to get a water source

On-premise 1.22 (0.83-1.78) Ref.

< 30 min 2.76 (2.46-3.11) 2.32(1.54-3.49) p<0.001

31-60 min 3.80 (3.23-4.46) 3.26 (2.12-4.99) p<0.001

>60 min 4.55 (3.94-5.26) 3.88 (2.55-5.92) p<0.001
(Continued)
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Table 2. (Continued)

Variables Prevalence of TBM, 95%CI Unadjusted OR (95%CI) p-value
Community-level characteristics

Residence

Urban 1.76 (1.36-2.29) 0.49 (0.37-0.65) p<0.001
Rural 3.42 (3.15-3.71) Ref.

Region

Agrarian 3.17 (2.87-3.51) Ref.

Pastoralist 3.87 (3.36-4.45) 1.22 (1.01-1.48) 0.036
City administration 1.74 (1.32-2.31) 0.51 (0.37-0.70) p<0.001
Survey year

EDHS-2005 3.38 (2.82-4.03) 1.15 (0.92-1.45) 0.219
EDHS-2011 3.18 (2.83-3.57) 1.07 (0.89-1.28) 0.492
EDHS-2016 3.00 (2.64-3.41) Ref.

https://doi.org/10.1371/journal.pgph.0002831.t002

more likely to experience TBM. Prior evidence in Ethiopia showed that childhood anemia and
undernutrition are more severe in older children [36,40,45,48], explaining the observed higher
odds of TBM among children aged 12 or 35 months. Children born to mothers with short
height had higher odds of experiencing TBM compared to those born to mothers who had
normal height. These results are congruent with reports from elsewhere and in Ethiopia which
discussed the association between maternal statures and DBM, such as studies from Indonesia
and Bangladesh [15], Nepal [3], Ethiopia [49], Guatemala [50], and Brazil [51]. Some of the
pathways through which the maternal stature is associated with child malnutrition have been
described in detail elsewhere [49,52-54]. For instance, studies reported that Body Mass Index
(BMI) gain was higher in short-statured mother than those with normal height [55] and
women of short stature are more likely to have undernourished children [56,57].

Maternal occupation and household wealth status were drivers associated with the house-
hold-level TBM. Children of mothers who worked in non-agriculture occupation were less
likely to report TBM compared to children of mothers not working in paid jobs. The role of
maternal employment on poor child development have been previously reported [58,59]. For
example, a recent study conducted by Bliznashka et al. (2023) [60] on the associations between
parental employment (comparing agricultural and non-agricultural employment) and child
development found that parental agricultural employment was associated with poorer child
development. To our knowledge, no studies have examined the association between maternal
occupation and TBM. Hence, more research is needed to unpack these associations.

Compared to children from poor households, children from rich households had signifi-
cantly decreased odds of TBM. A lower rate of TBM among richer wealth could reflect that a
significant number of children aged 6-59 months were found to be anaemic in those in the
poorest and poorer wealth category in Ethiopia [48]. In addition, a high prevalence of TBM
was found in households with poor households than those in rich wealth category (4.27 vs
1.63, p<0.001). This finding might also be because mother-children from higher wealth quin-
tiles are more likely to receive a balanced diet that includes adequate macronutrients and
micronutrients.

The odds of TBM were significantly lower among children born to mothers who attended
ANC compared to those born to mothers who did not attend ANC. This is in agreement with
a prior study done in SSA [4]. This finding might be attributed to mothers receiving ANC may
be exposed to various health education programs and supplementation with folic acid, which
supports maternal health and meeting the nutritional needs of the child, which may help to
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Table 3. Adjusted association between prevalence of mother-child pairs of triple burden of malnutrition by characteristics of the study population, EDHS (2005-

2016).
Variables Model 1 Model 2 Mode 3 Model 4

Null model AOR (95%CI) AOR (95%CI) AOR (95%CI)
Individual-level characteristics
Child factors
Sex
Male Ref. Ref.
Female 0.59 (0.47-0.72)** 0.59 (0.47-0.72)**
Age (months)
6-11 1.10 (0.68-1.77) 1.07 (0.66-1.74)
12-23 2.60 (1.74-3.88)** 2.54 (1.68-3.83)**
24-35 1.58 (1.06-2.34)* 1.54 (1.03-2.29)*
36-59 Ref. Ref.
Birth order
Firstborn 0.74 (0.47-1.17) 0.73 (0.46-1.16)
2-4 0.91 (0.69-1.19) 0.91 (0.69-1.19)
5 or higher Ref. Ref.
Size of a child at birth
Larger Ref. Ref.
Average 1.31 (0.99-1.72) 1.30 (0.98-1.72)
Small 1.94 (1.47-2.54)** 1.94 (1.48-2.56)*
Currently breastfeeding
Yes Ref. Ref.
No 0.90 (0.68-1.18) 0.89 (0.68-1.18)
Full vaccination
Yes Ref. Ref.
No 1.11 (0.84-1.45) 1.13 (0.86-1.49)
Diarrhea
Yes 1.26 (0.98-1.61) 1.27 (0.99-1.63)
No Ref. Ref.
Fever
Yes 1.57 (1.23-1.99)** 1.58 (1.24-2.01)**
No Ref. Ref.
Deworming medication in the last 6 months
Yes Ref. Ref.

No 0.95 (0.67-1.33) 0.93 (0.65-1.32)
Vitamin A in last 6 months

Yes Ref. Ref.

No 1.14 (0.92-1.42) 1.14 (0.91-1.41)
Parental factors

Mother’s age

<18 0.76 (0.17-3.43) 0.79 (0.17-3.58)
18-24 1.16 (0.78-1.73) 1.17 (0.78-1.75)
25-34 1.01 (0.76-1.31) 0.99 (0.76-1.31)
>35 Ref. Ref.

Mother’s education

No education

1.17 (0.88-1.55)

1.20 (0.90-1.59)

Primary and above

Ref.

Ref.

(Continued)
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Table 3. (Continued)

Variables Model 1 Model 2 Mode 3 Model 4

Null model AOR (95%CI) AOR (95%CI) AOR (95%CI)
Mother’s occupation
Not working Ref. Ref.

Non-agriculture

0.65 (0.47-0.89)*

0.64 (0.46-0.88)*

Agriculture 0.90 (0.69-1.18) 0.92 (0.70-1.20)
Antenatal care (ANC) visit

None Ref. Ref.

1-3 0.76 (0.58-0.99)* 0.73 (0.56-0.96)*
4-7 0.54 (0.38-0.76)* 0.50 (0.34-0.72)**
8+ 0.39 (0.12-1.29) 0.35(0.11-1.18)
Maternal stature

Normal/Tall (>155 cm) Ref. Ref.

Short (145 to 154.9 cm) 1.41 (1.14-1.74)* 1.43 (1.15-1.76)*
Very short (<145 cm) 1.68 (0.90-3.12) 1.69 (0.91-3.15)
Listening to radio

Yes Ref. Ref.

Not at all 1.35 (1.04-1.74)* 1.32(0.79-1.62)
Watching television

Yes Ref. Ref.

Not at all 1.01 (0.77-1.56) 1.14 (0.79-1.63)
Household factors

Wealth index

Poor Ref. Ref.

Middle 0.79 (0.58-1.08) 0.81 (0.59-1.11)
Rich 0.75 (0.54-1.04) 0.69 (0.49-0.98)*
Household size

1-4 0.82 (0.62-1.09) 0.81 (0.61-1.08)
>5 Ref. Ref.

Housing status

Built from finished materials

Ref.

Ref.

Built from natural or unfinished materials

1.42 (0.54-3.71)

1.62 (0.61-4.27)

Toilet facility
Improved Ref. Ref.
Unimproved 1.10 (0.70-1.72) 1.17 (0.74-1.83)

Open defecation

1.28 (0.82-2.03)

1.36 (0.85-2.15)

Source of drinking water

Improved Ref. Ref.
Unimproved 0.83 (0.67-1.04) 0.86 (0.67-1.09)
Child stool disposal

Safe Ref. Ref.

Unsafe 1.02 (0.76-1.37) 1.04 (0.77-1.40)

Time to get a water source

On-premise

Ref.

Ref.

< 30 min

1.55 (0.84-2.85)

1.89 (1.01-3.57)*

31-60 min

1.81 (0.95-3.40)

2.22 (1.15-4.28)*

>60 min

1.85 (0.98-3.50)

2.30 (1.19-4.46)*

Community-level characteristics

(Continued)
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Table 3. (Continued)

Variables Model 1 Model 2 Mode 3 Model 4
Null model AOR (95%CI) AOR (95%CI) AOR (95%CI)
Residence
Urban 0.58 (0.43-0.79)* 1.79 (1.13-2.86)*
Rural Ref. Ref.
Region
Agrarian Ref. Ref.
Pastoralist 1.20 (0.99-1.46) 0.96 (0.74-1.24)

City administration

0.62 (0.44-0.86)*

0.94 (0.62-1.42)

Survey year

EDHS-2005 1.14 (0.90-1.44) 0.94 (0.66-1.31)
EDHS-2011 1.07 (0.89-1.29) 0.89 (0.68-1.15)
EDHS-2016 Ref. Ref.

Random Effect

Variance (SE) 0.2438 (0.0053)*** 0.2378 (0.0123)** 0.2673 (0.0054)*** 0.2384 (0.0122)**
ICC (95%CI) 6.90 (3.99-11.66) 6.74 (2.87-15.00) 7.51 (4.44-12.44) 6.75 (2.89-14.96)
Model fit statistics

AIC 5450.24 3284.06 5415.43 3287.58

BIC 5466.00 3574.86 5470.59 3614.74

LL -2723.12 -1602.03 -2700.72 -1598.79
Deviance 5,446.24 3,204.06 5,401.44 3,197.59

*p<0.05

**p<0.001

**p<0.0001

https://doi.org/10.1371/journal.pgph.0002831.t003

explain this finding. In addition, the odds of TBM were higher among those children who had
a fever in the last fifty days prior to the survey. Even though the cross-sectional data type pre-
vents us from seeing the association clearly, the underlying cause of fever could be different. It
can be caused by systemic infections in the body, which can affect the hemoglobin level in the
blood and cause anemia, resulting in TBM.

Households with children who spent time fetching water were at higher odds of experiencing
TBM than children born to mothers whose households have water access on their premises.
One possible explanation for this finding is that time to drinking water sources may be a proxy
indicator for poor health and, in many cases, associated with childhood undernutrition [40,61-
64]. Lack of access to drinking water in conjunction with other factors may result in TBM at the
household level. Therefore, the current findings emphasize the need to invest in a clean, safe,
and accessible water supply in Ethiopia. Furthermore, TBM was more likely to occur among
urban residents compared to rural dwellers. Despite the limited evidence on TBM available,
place of residence on TBM is a critical factor, with studies reporting similar results [3,4,14].

Although this study contributes to the scant literature on TBM in Ethiopia, it has limita-
tions. Due to the cross-sectional study design, cause-effect relationships could not be estab-
lished in the current study. Due to a lack of relevant data in EDHS, the potential confounding
factors, such as household food insecurity were not included in the study, which could have
influenced the observed TBM prevalence. Some variables included in this study were subject
to social desirability and recall bias. Finally, the pooling of the data of may be affected by het-
erogeneity across the three waves.
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Conclusions

The overall prevalence of TBM was 2.6% in Ethiopia. TBM was less likely to occur among
female children compared to males. Children from others with non-agriculture occupations,
mothers who attended antenatal care, and those who were from households within the rela-
tively rich wealth category had lower odds of experiencing TBM compared to their counter-
parts. Children aged 12-23 months and aged 24-35 months, children perceived as smaller size
than average at birth, those who had fever in the last fifty days prior to the survey, children
born to mothers with short height, and those living in an urban areas had higher odds of
experiencing TBM. Addressing the TBM through double-duty actions will be of critical impor-
tance in achieving malnutrition in all its forms in Ethiopia and the Sustainable Development
Goals 2.
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