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Abstract

Combating the double burden of malnutrition (DBM) in adolescents is a critical public health
challenge in low-income countries like Ethiopia. However, past efforts have lacked focus and
exhibited diverse governance strategies. Therefore, this study assesses the effect of selected
double-duty interventions (DDIs) on DBM among adolescents in Central Ethiopia. The DBM
status (thinness, normal, overweight/obesity) was determined using WHO AnthroPlus
software. A two-arm parallel cluster randomised controlled trial was used among 708
adolescents (356 for the intervention group [IG] and 352 for the control group [CG]) from 13
October 2022 to 30 June 2023. The intervention’s effect was analysed through difference-in-
difference (DID) analysis and a multivariable multinomial generalised estimating equation
(GEE) model with significance set at P< 0.05. The overall DBM prevalence decreased by nearly
7% (4.7% for thinness, 2.2% for overweight/obesity) in the DID analysis. After adjusting for
possible confounders, the GEEmodel indicated that adolescents in the IGwere 34% less likely to
have higher DBM than those in the CG (AOR= 0.66, 95% CI [0.46, 0.94]). Additionally, the
probability of DBM decreased by 59% at the end line compared to baseline measurements
(AOR= 0.41, 95% CI [0.03, 0.92]). Adolescents in the category of time and IG interaction were
44% less likely to have increased DBM (AOR= 0.56, 95% [CI 0.02, 0.38]). Thus, this study
underscores the effectiveness of selected DDIs in addressing DBM among adolescents using a
health belief model. These results advocate for the integration of DDI strategies into existing
nutrition guidelines, programmes, and policies.
The trial was registered prospectively in ClinicalTrials.gov with registration number

NCT05574842.

Introduction

The term double burden of malnutrition (DBM) refers to the simultaneous occurrence of
undernutrition and overnutrition (overweight and obesity) in the same individuals, households,
and populations at the national and international levels throughout the life course.(1) It may, for
instance, manifest at the individual level as obesity accompanied by a vitamin or mineral
deficiency or as overweight adulthood following childhood stunting. Similarly, it could show up
as an overweight or anaemic mother with underweight children or grandparents at the
household level. The prevalence of both undernutrition and overweight/obesity can occur in the
same community, country, or region when it occurs at the population level.(1–3)

According to the WHO, adolescence is the age between 10 and 19 years and serves as a
transition between childhood and adulthood.(4) Due to accelerated growth and development, it
is a crucial time in a person’s life after infancy.(5) It is also a time when higher food intake is
necessary for their rapid growth as a result of developmental changes.(6,7)

Multiple types of malnutrition are experienced and faced by all of the global countries at all
levels of development and socio-economic status.(8,9) Especially in the previous three decades,
different regions of the world have experienced accelerated and varying degrees of dietary
change. Moreover, the nutrition transition occurred with different changes in health,
epidemiologic, demographic, and socio-economic factors coupled with dietary and activity
pattern changes. This shift leads to highly increased overnutrition and diet-related non-
communicable diseases (DR-NCDs) in addition to the already existing undernutrition and
micronutrient deficiency.(1) The common driving forces of DBM were early-life nutrition, diet
quality, biology-related factors, epigenetics, food environments, food systems, socio-economic
factors, and poor governance.(8,10–12) Of these, four are the most modifiable drivers for multiple
forms of malnutrition. These are dietary quality, early-life nutrition, socio-economic factors
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(e.g. poverty, poor educational status, poor occupational status),
and food environments (e.g. lack of nutritious foods, increased
availability packed foods in the market, processed foods).(12,13)

Globally, nearly a quarter of adolescents worldwide are
undernourished and overweight, and obesity is increasing rapidly
in nearly every country of the globe.(1,14) In summary, various
studies conducted among adolescents worldwide have revealed
that the prevalence of DBM ranges from 2.7% to 73.33%.
Specifically, the prevalence of thinness ranges from 3% to
39.4%, overweight ranges from 5.9% to 65%, and obesity ranges
from 2.7% to 73.33%.(15–19) In African countries, the prevalence of
DBMvaries significantly. The prevalence ranges from 1.8% to 25%,
with specific rates for thinness, overweight, and obesity ranging
from 6.3% to 11.2%, 2.2% to 25%, and 1.8% to 6.1%,
respectively.(20–25) Similarly, in Ethiopia, various studies conducted
in the country report the prevalence of DBM ranging from 2.39%
to 55.0%. Specifically, the prevalence of thinness ranges from 4.7%
to 55.0%, overweight ranges from 3.3% to 20.6%, and obesity
ranges from 2.39% to 4.7.(26–35)

To end widespread hunger and eradicate all forms of
malnutrition, the UN Decade of Action on Nutrition aims to
intensify actions within the global agenda of Sustainable
Development Goals (SDGs). This effort addresses both under-
nutrition and overnutrition. The SDGs 1 (‘end poverty’) and 2
(‘end hunger, achieve food security and improved nutrition’) are
directly related to tackling DBM. Target 1.1 aims to eradicate
extreme poverty by 2030, and target 2.2 aims to end all forms of
malnutrition by 2030. Progress towards these goals is slow and
uneven, making timely achievement unlikely. Furthermore, the
progress to achieve the 2012 global nutrition targets is very slow
and unfair. The achievement of these objectives is highly unlikely
in the next few years before that date without a miracle.(1,14,36–38)

With regard to the nutritional interventions implemented to
reduce the effect of DBM, several studies have shown that
nutritional interventions are effective in reducing nutrition-related
problems.(39,40) Although different forms of malnutrition can
coexist simultaneously in lower- and middle-income countries
(LMICs), most previous nutrition interventions targeted only one
form of malnutrition, which is undernutrition.(11,38,41) The 2018
WHO guidelines recommend evidence-informed interventions
and policies for adolescent nutrition.(4) Among the most essential
nutritional interventions are (1) promoting healthy diets in
adolescents, (2) preventing adolescent pregnancy and poor
reproductive outcomes, (3) promoting preconception and ante-
natal nutritional care in adolescents, (4) providing access to a safe
environment and hygiene for adolescents, (5) promoting physical
activity in adolescents, and (6) preventing and managing disease in
adolescents. Moreover, the 2017 WHO policy brief and the 2020
Lancet Series on the DBM highlight that overweight and obesity
are forms of malnutrition that now coexist with the persistent
problems of nutritional deficiencies in most countries around the
world, especially in LMICs, forming a ‘new nutrition reality’ that
will require new interventions, strategies, programmes, and
policies to successfully tackle it.(11,31,38,41,42)

Double-duty interventions (DDIs) are interventions that have
the potential to simultaneously tackle the burden of both
undernutrition and overnutrition in a comprehensive man-
ner.(11,43,44) These interventions can be achieved in three ways.
First, by not harming the existing interventions for malnutrition.
Second, through retrofitting the existing intervention to address all
types of malnutrition. Third, through the development of de novo
integrated interventions (starting from the beginning, anew, or a

new) aimed at the DBM.(11,38,41) Selected DDIs applied in this study
were optimised through strong education and nutrition behaviour
change communication (NBCC) focused on promoting healthy
diets (adequate adolescent nutrition, dietary diversity), physical
activity (performing proper physical exercise, avoiding sitting for
long time), preventing undue harm from energy-dense foods
(avoiding junk processed foods, avoiding sugar-sweetened drinks,
street fast foods, chips, salt, sugar, etc.), and regulations on
marketing foods from the customer side (e.g. buying packed foods
frequently).(11,38,41)

Previously, actions applied to address undernutrition and
overnutrition were developed and delivered separately, and they
are still isolated from each other. Unintentionally, as some
evidence has shown, programmes that address undernutrition
have increased risks for obesity and DR-NCDs, especially in
LMICs, where food environments are changing rapidly. Until now,
different countries of the world, including Ethiopia, have failed to
consider these risks in their policies and interventions.(38) In
contrast, DDIs can simultaneously tackle the risk of both
nutritional deficiencies leading to stunting, underweight, or
micronutrient deficiencies and obesity or DR-NCDs by the same
intervention. These interventions assume that all forms of
malnutrition share common determinants that can be addressed
through interventions that have a double impact in a holistic
approach.(11,38)

Evidences show that theory-based behavioural theories are very
effective for the acceptance of the intervention.(45,46) Among the
effective behavioural theories health belief model (HBM) is one of
them. The HBM comprises six theoretical constructs assessing
individuals’ health behaviours: perceived susceptibility, severity,
benefits, barriers, cues to action, and self-efficacy. This study
evaluates adolescents’ perceptions regarding these constructs in
relation to DBM. It examines how dietary intake impacts the DBM
risk, the consequences of dietary habits on DBM outcomes, views
on dietary improvements and physical activity, obstacles to
nutritional enhancement, cues prompting action, and confidence
in adopting healthy behaviours to improve nutritional status.
However, previous studies conducted on the reduction of
malnutrition did not use theory-based behavioural theories among
adolescents. Hence, to boost the acceptance of the DDIs in the
study area, this study applied HBM to reduce DBM. Moreover,
there is a gap in interventional research, policies, and actions
related to DBM among adolescents and its consequences on their
health, nutritional status, frequency of morbidity, and linear
growth in developing countries such as Ethiopia.(31,35) Most of the
studies are cross-sectional with insufficient evidence on DBM. In
addition, most studies conducted on the relationship between
DBM and its negative effects on adolescent health were mostly
from most affluent and moderately affluent countries.(34,47–50)

Therefore, the main objective of this study was to examine the
effect of selected DDIs on the DBM among secondary school
adolescents in Debre Berhan City, Central Ethiopia, 2022/23.

Methods and materials of the study

Study area, period, and design

This study was conducted in Debre Berhan Regiopolitan City,
North Shoa Zone, Amhara Region, Central Ethiopia (Fig. 1). The
city is 690 km far from Bahir Dar (the seat of the Amhara region)
and 130 km from Addis Ababa (the capital of Ethiopia). It is the
capital city of the North Shoa Zone of the Amhara region and was
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built by Emperor Zara Yakoob. The coordinates for the city are
9°41 0N and 39°32 0E. This study was conducted from 13 October
2022 to 30 June 2023, using a 9-month two-arm parallel design
school-based cluster randomised controlled trial considering
schools as a unit of randomisation.

Study population, eligibility criteria, and sample size
determination

The source population of the study was all secondary school
adolescents in the city, whereas the study population was all
adolescents in six selected clusters of the city during the study
period. The inclusion criteria were adolescents who had followed
their teaching learning process in the selected schools and who had
no intention of leaving the schools until the end of the study.
Regarding the exclusion criteria, adolescents who were not able to
respond to an interview due to not choosing to participate or illness
and who had physical disabilities, including deformities such as
kyphosis, scoliosis, and limb deformities that prevent them from
standing erect, were excluded from the study.

The sample size was calculated using the G power 3.1.9.2
programme with a power of 80.5% for Fisher’s exact test
(proportions for inequality and two independent groups) using

a double proportion formula, a precision (alpha) of 5%, a 10% loss
to follow-up, a design effect of 2, and proportions of indicators of
DBM (P0= 15.8%(51) and P1= 6.2%(28)). Thus, the calculated
sample size was 648. Thus, 324 children in the intervention group
(IG) and 324 children in the control group (CG) were enrolled with
an allocation ratio of one. However, due to the cluster sampling
method, the final sample size used for the study was 745. Of these,
at baseline measurement, 742 adolescents (IG= 375, CG= 367)
received complete information and were randomly assigned to
intervention and control groups. At end-line measurement, 708
respondents (IG = 356, CG= 352) were included in the study.

Sampling techniques, randomisation, and recruitment

A multistage cluster sampling technique was applied to select
adolescents from respective secondary schools in the Debre Berhan
Regiopolitan City (DBRPC), which were divided into five sub-
cities and thirty-seven kebeles. There are ten schools in the city. Of
these schools, eight are government and two are private schools.
Using a simple random sampling method, six secondary schools
were selected from ten schools randomly and allocated into
intervention and control groups using a randomisation table. The
number of adolescents in each selected cluster was taken from all

Figure 1. Map of the study area (Source: Municipal of Debre Berhan City administration).
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these school documentations. For the data collection and
providing the interventions, sections were used in the selected
schools. When an eligible study participant was absent during the
first visit, a revisit was conducted three times. They were
considered nonresponsive if the study participants were absent
in three visits. Schools in the city were considered as clusters for the
unit of randomisation instead of individuals to prevent contami-
nation of message of the intervention as well as for better logistical
suitability. To avoid information contamination, nonadjacent
kebeles that contained these schools were randomly assigned into
intervention and control groups using a simple random method.

Intervention packages of the study

The packages of the DDIs were modified and adapted from the
2017 WHO policy brief report and Hawkes et al..(52) These
interventions were delivered through robust NBCC focused on the
promotion of healthy diets (adequate adolescent nutrition, dietary
diversity), physical activity (do moderate intensity physical
exercise, avoiding sitting for a long time), prevention of undue
harm from energy-dense foods (avoiding junk processed foods,
avoiding sugar-sweetened beverages, street fast foods, chips, salt,
sugar, fats, etc.), and regulations on marketing foods from the
customer side point of view (e.g. avoiding buying packed foods
frequently).(11,52)

In a school-based setting, an NBCC tool using a theory-based
HBM was used to deliver the intervention packages of this study in
the sections of selected schools through multimodal approaches.
The interventions were provided for secondary school adolescents
within the selected intervention schools, particularly in the selected
section of the students. Each adolescent had at least twelve contacts
through multimodal approaches (NBCC through direct contact in
the class of students, school media and health clubs established in
each school, brochure, message text, and phone call). The first
contact was cluster-based NBCC, nutrition education, and
nutrition counselling on the core points of the intervention
package through school visits. During this communication, a
client-centred communication approach was used to recognise the
nutritional problems of adolescents in the study area. After the first
contact, a one-page brochure was prepared in the local language
(Amharic) with the core messages of the intervention package and
delivered for each of the IG adolescents to take home. For data
collection andmeasurement, the data were collected andmeasured
from selected adolescents.

Nutrition educators and communicators considered the
adolescents’ identified gaps during baseline data collection
affordable, acceptable, and available diets and dietary recommen-
dations. NBCC was delivered every 2 months (at the first, third,
fifth, and 7 months) throughout the study period using NBCC
tools. On average, each communication took 60–90 min at the
cluster level. The communications and intervention packages were
given after the baseline data collection had finished. The
communication was focused on school adolescents’ nutrition,
physical activity, control of highly energy-dense and junk foods,
control of purchased market foods, and causes, effects, and
consequences of DBM. The study participants were reminded of
the key mottos of the interventions highlighted during the training
through text messages every 2 months and phone calls every
2months. However, the CG received the standard care given by the
health care system. The compliance of the intervention was
measured by the number of participants who attended the NBCC,
number of participants who received the message, number of

participants who received the phone call, and number of
participants who received the leaflet, frequency, and attendance
of participants for the training sessions (Supplementary file 1).

Data collection methods, procedures, and measurements

Data collection methods and procedures
To collect the required data for this study, a pretested and
structured interviewer-administered questionnaire was used. It
was first organised in the English language and delivered in a face-
to-face approach in the class of respondents. To easily run the data
collection process, this questionnaire was translated into the
language spoken in the study area (Amharic) by language experts.
Then, to retain its reliability, it was translated back to English by an
independent language expert for both languages. A digital system
data collection using a Kobo toolbox tool was performed. Twelve
and six health professionals (nurses and health officers) were the
data collectors and supervisors of the study, respectively.

The questionnaire included questions related to the dependent
variable, which is the double burden of malnutrition (DBM).
Additionally, the questionnaire addressed several independent
variables such as sociodemographic factors, dietary practice, home
garden practice, meal frequency, and HBM theoretical constructs.
The HBM constructs included perceived susceptibility to DBM,
perceived severity of DBM, perceived benefits of preventing DBM,
perceived barriers to preventing DBM, cues to action, and self-
efficacy for the prevention of DBM. The questionnaire also
includes about DDI packages. Sociodemographic data were
collected at baseline to establish the initial context. Questions
related to adolescent dietary practices, HBM theoretical constructs,
and anthropometric measurements were assessed at both baseline
and end-line periods to assess changes over time and evaluate the
impact of the interventions.

The nutrition behaviour change communicators and super-
visors of the nutrition communication process were six bachelor’s
degree nutritionists and three master’s degree nutritionists,
respectively. Based on their previous nutrition communication
experience, nutrition communicators and supervisors were
selected for communication services. Before the actual data
collection, they participated in a 3-d exhaustive training with
fieldwork and role-playing activities. The training was focused on
the data collection procedures, intervention packages, tools,
objectives of the study, and ethical issues using a training manual
prepared by the research team. In addition, to preserve workers
relieved of consistent measures over time after 3 months of
intervention enactment, a 1-d extra training was given for both
nutrition communicators and supervisors.

Measurements
The weight of secondary school adolescents was measured to the
nearest 0.1 kg using a calibrated portable electronic digital scale
with the participants’ shoes taken off and wearing light clothes
(Seca Germany Brand). A known object weight was used to check
the validity of the scale between the measurements and every
morning. A CV of less than 0.03 (<3%) was performed for the
standardisation of the anthropometrists. Furthermore, the height
was measured to the nearest 0.1 cm using a portable wooden
height-measuring board with a sliding head bar following standard
anthropometric techniques with the shoe removed. The partic-
ipants were positioned at the Frankfurt Plane. Moreover, the four
points (shoulder, calf, heel, and buttocks) touched the vertical
stand, and their shoes were taken off. Calibration rods were used to
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check the stadiometer before starting the measurement. All
anthropometric measurements were collected in duplicate, and the
average values were used for analysis if there were variations in
measurements.

The WHO AnthroPlus software was employed for the analysis
of anthropometric data. Through the application of this software,
the outcome variable was categorised into three groups (thinness,
normal weight, and overweight/obesity). Thinness was categorised
as having a z-score less than –2, while overweight/obesity was
categorised as having a z-score greater thanþ1. The Wealth Index
was derived using principal component analysis, which considered
various household assets such as domestic animals, durable assets,
and housing characteristics. Subsequently, the variable was
categorised into three groups: poor, medium, and rich. Home
garden refers to the cultivation of vegetables and fruits within the
participants’ compound. It was assessed using a single question:
‘Do you have a home garden in your compound? The meal
frequency was assessed based on how often participants reported
eating meals within a 24-h period.

Data quality control and intervention fidelity

Data quality control
Tomaintain the quality and reliability of the questionnaire, pretest,
retranslation, and contextualisation of the adapted and further
developed English language version questionnaire into the
Amharic language version were performed by an Amharic
language speaker who qualified in the Amharic language. Again,
retranslation back to the English language was done by a person
who qualified in the English language. To retain the consistency of
the two versions, a comparison was made. The data collection was
carried out using the translated and pretested Amharic version
questionnaire. After the pretest was completed, the questionnaire
was further modified. All the details of the study were informed by
the interviewers during data collection. Data collectors were
trained for 3 d lasting 4 h for each session in the morning and
afternoon on the objective of the study, manner of data collection,
data collection tools, and the pattern of how each variable on the
questionnaire is measured. There was also a practical session and
actual demonstration on how to interview and take anthropo-
metric measurements.

A standardisation exercise was conducted for anthropometric
measurements to reduce interobserver error. The relative technical
error of measurement (% TEM) was calculated to minimise
random errors in these measurements. Data collectors’ accuracy in
taking anthropometric measurements was standardised with their
trainer during training and pretesting. For each adolescent, two
separate height and weight measurements were taken, and if the
variation between the two measurements exceeded 0.1 kg for
weight or 0.1 cm for height, the measurements were repeated. The
functionality of digital weight scales was verified each morning
using a known weight before data collection began. Additionally,
before every weight measurement, data collectors ensured that the
scale reading was exactly at zero. School adolescents were
encouraged to feel comfortable during the interview, and
interviewers were informed about the confidentiality of the
responses, assuring participants that their information would
not be shared beyond the research team. Adolescents who were
willing to participate and had signed informed consent documents
from their parents or guardians, along with their own assent forms,
were then interviewed.

Intervention fidelity
To assess the fidelity of the DDI, criteria were set up according to
the National Institutes of Health Behavioural Change Consortium
recommendations.(53) The fidelity criteria included checklists to
assess the DDI design, training of nutrition behaviour change
communicators, process of NBCC, receipt of the interventions, and
enactment of skills gained from the DDI.(54–60)

The DDI design had a theoretical background to be
implemented in this study.(41,44,61) In this study, for both the
intervention and control arms, equal numbers of clusters were
taken from each cluster to balance the variations between different
clusters in the city. Moreover, to overcome the possibility of
information contamination between clusters, nonadjacent kebeles
that contain the schools were selected by creating a buffer zone
between adjacent clusters. In addition, the trial used a CG to
compare the effectiveness of the DDIs. Furthermore, the
intervention process was pretested in an area other than the study
area with a similar set-up before the application of the actual trial.
In addition, each cluster received equivalent numbers and
frequencies of NBCC. Additionally, to make the process
homogenous, the lengths of interactions within an IG were
comparable and analogous.

Nutrition behaviour change communicator training was
prearranged and provided in a group using a training manual,
role-playing, demonstrations, and mock communication practice.
The knowledge and skill of communicators were assessed using
practical evaluation and before and after training tests. The process
evaluator evaluated the communication sessions by randomly
selecting for process evaluation, and all selected sessions were
evaluated. The process evaluator rated the communicator using a
‘yes/no’ rating system on items such as using a communication
guide, provision of the whole content, duration and frequency of
communication, preparedness, accuracy, and ability to properly
respond to questions.

Intervention receipt was assessed using checklists on the
knowledge of the secondary school adolescents on DDI packages
through interviewing about their understanding of the core
contents of the intervention. Intervention enactment was also
assessed using the checklist on a demonstration of food
preparation and consumption of the adolescents.

Due to the nature of the DDIs, participant allocation
concealment was not possible. However, data collectors,
participants, and intervention providers were blinded to the
study hypotheses. In addition, by using and labelling a
nonidentifiable unique number, the data entry clerk was blinded
until data analysis was finalised. The communication process was
supervised by the supervisors and principal investigator. An
interim analysis was performed to see the status and effect of the
intervention. The trial was terminated since the predicted
outcome was met and statistically valid experiments were
obtained via statistical tests and adjusted models.

Data management and analysis methods

The principal investigator conducted a visual inspection of all the
completed questionnaires to ensure they were complete and
consistent. Data collection was carried out using the Kobo toolbox
online tool, and the collected data were exported to SPSS version 25
for cleaning, which involved addressingmissing values and outliers
before proceeding with the analysis. Simple descriptive statistics,
such as simple frequency distribution, mean (standard deviation),
and percentages were employed to summarise the demographic,
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socio-economic, and adolescent-related characteristics of the
participants. For continuous data, normality assumptions were
assessed using various methods, such as histograms, mean,
median, mode, and Kolmogorov–Smirnov test, which was chosen
due to the sample size being greater than 50.

To compare and contrast the baseline characteristics of the
intervention and control groups, a chi-square test was conducted.
Anthropometric measurements within the intervention and
control arms were compared using paired and independent
t tests, respectively. The analysis included all study respondents
who followed the predetermined protocol and guidelines. The final
analysis included adolescents who actively participated in all
organised gatherings and provided end-line data, constituting a
per-protocol analysis. The model fitness (goodness of fit) was
assessed using the quasi-likelihood under the independence model
criterion.

The difference-in-difference (DID) analysis between the
intervention and control arms was compared using a McNemar
test. Moreover, a generalised estimating equation (GEE)model was
employed to evaluate the impact of the DDI on the outcomes of
interest over time, which accounts for the correlation between
repeated measurements (before and after interventions) and the
clustering of data within subjects. The model utilised a multi-
nomial probability distribution, which is suitable for analysing data
with multiple nominal outcome categories. The multinomial
categories of the outcome variable were thinness (undernutrition),
normal, and overweight/obesity (overnutrition). To determine the
relationship between the intervention and the outcomes, a
cumulative logit link function was used. This link function allows
for the modelling of nominal response variables, such as the
different categories of DBM status in this study. In addition, an
exchangeable working correlation structure was employed within
the GEE model. The exchangeable structure assumes that the
correlations between repeated measurements within the same
cluster (e.g. participants within the same school) are equal. This
structure accounts for the potential correlation between observa-
tions within the same cluster and helps to adjust for the clustering
effect in the analysis. Furthermore, the model was adjusted for
variables including time of measurement (baseline and end line),
group (intervention and control group), the interaction between
time of measurement and IG (i.e. end-line measurement*IG), sex
of adolescents, home garden practice, father’s educational status,
residence, and alcohol use. The interaction between time (baseline
and end line) and intervention was used to assess the effect of the
intervention on DBM. Adjusted ORs with corresponding 95% CIs
were calculated. Statistical significance was defined as results with
P values less than 0.05.

Results

Sociodemographic characteristics of the respondents

In this investigation, 745 study participants were enrolled during
the baseline data collection. At the baseline measurement, 742
(IG = 375, CG= 367) adolescents were provided full information
and randomly assigned to the intervention and control groups.
At the end-line measurements, 708 (IG= 356, CG = 352)
respondents strictly adhered to the protocol. During the baseline
data investigation, there was no significant variation between the
intervention and control groups’ baseline sociodemographic
characteristics (P> 0.05) (Table 1). The detailed baseline

sociodemographic characteristics of the respondents were pub-
lished before.(31) The results of this trial were reported using
Consolidated Standards of Reporting Trials (CONSORT) guide-
lines(62,63) (Fig. 2).

Comparison of HBM constructs before and after the
intervention

An independent and paired sample t tests were conducted to
compare the six HBM constructs of adolescents about DBM
between and within intervention and control groups. The scores of
the HBM constructs among the IG improved significantly
(P< 0.05) from baseline to end-line visits compared to the CG.
Except for perceived susceptibility and self-efficacy, there was no
visible change in theHBMconstructs at the baselinemeasurements
(Table 2). In this study, the correlation between HBM construct

Table 1. The baseline sociodemographic characteristics of adolescents in the
intervention (n= 375) and control (n= 367) groups in Debre Berhan City, 2022/23

Variables Categories

Intervention
group Control group

P
valueFrequency (%) Frequency (%)

Sex Male 155 (41.3) 199 (54.3) 0.081

Female 220 (58.7) 168 (47.7)

Age 10–13 0 (0) 1 (0.3) 0.96

14–16 183 (48.8) 153 (41.6)

17–19 192 (51.2) 213 (58.1)

Residence Urban 304 (81.1) 213 (58.1) 0.061

Rural 71 (18.9) 154 (41.9)

Family
size

≤ 5 237 (63.2) 220 (59.9) 0.362

> 5 138 (36.8) 147 (40.1) 0.063

Grade
level

Grade 9th 94 (25.0) 142 (38.7)

Grade 10th 120 (32.0) 92 (25.1)

Grade 11th 88 (23.5) 61 (16.6)

Grade 12th 73 (19.5) 72 (19.6)

Ethnicity Amhara 371 (98.9) 365 (99.4) 0.513

Oromo 2 (0.55) 1 (0.3)

Others* 2 (0.55) 1 (0.3)

Religion Orthodox
Tewahido

342 (91.2) 358 (97.6) 0.232

Muslim 8 (2.1) 6 (1.6)

Protestant 24 (6.4) 3 (0.8)

Others** 1 (0.3) 0 (0)

Wealth
Index

Poor 38 (10.1) 36 (9.8) 0.807

Middle 254 (67.7) 167 (45.5)

Rich 83 (22.2) 164 (44.7)

*Tigrai, Gurage.
**Pagan.
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scores and BAZ (BMI-for-age z scores) was compared both within
and between the intervention and control groups. Adolescents in
the IG outperformed those in the CG and their baseline scores in

terms of their HBM construct scores (P< 0.05). All HBM
components showed a significant positive connection with BAZ
after the intervention was implemented (P< 0.05) (Table 3).

Total numbers of secondary schools in Debre Berhan City (n=10) with total number of adolescent students (n=13,595)

Excluded schools by adjacent cluster (n=4)

Selected number of secondary schools (n=6)

Excluded number of adolescents by adjacent cluster

(n=4,304)
Randomised clusters (n=6)

-Randomly randomised adolescents (n=9,291)

Intervention clusters (n=3)
-Number of adolescents (n=4,739)

Control clusters (n=3)
-Number of adolescents (n=4,552)

Allocation

Intervention clusters (n=3)

-Selected no of adolescents (n=375)
-Received the intervention (n= 356)

-Discontinue the intervention due to lost to follow up and change in mind (n=19)

Control clusters (n=3)

-Selected no of adolescents (n=367)
-Lost to follow-up due to change in mind (n=15)

Follow-up

Control clusters (n=3)

-No of adolescents analysed (n= 352)

-Excluded from analysis (n= 15)

Intervention clusters (n=3)

-No of adolescents analysed (n= 356)

-Excluded from analysis (n= 19)

Analysis

E
nr

ol
lm

en
t

Figure 2. Schematic presentation of the sampling procedure for the participant selection process based on CONSORT guideline criteria.

Table 2. The comparison of the health belief model (HBM) construct scores within and between the intervention and control groups among school adolescents in
Debre Berhan City, Ethiopia, 2022/23

HBM construct Study period

Health belief model construct score

Mean difference (95% CI) P valueIntervention arm (mean [± SD]) Control arm (mean [± SD])

Perceived susceptibility Baseline 2.96 (0.83) 2.69 (0.54) 0.26 (0.16, 0.36) < 0.001

End line 3.53 (1.03) 3.32 (0.54) 0.21 (0.08, 0.33) < 0.001

P value < 0.001 < 0.001 < 0.001

Perceived severity Baseline 3.07 (0.71) 3.08 (0.64) –0.01 (–0.11, 0.09) 0.855

End line 3.48 (1.01) 2.94 (0.64) 0.54 (0.41, 0.66) < 0.001

P value < 0.001 < 0.001 < 0.001

Perceived benefits Baseline 3.03 (0.65) 3.14 (0.53) 0.07 (–0.02, 0.15) 0.124

End line 3.35 (1.06) 2.87 (0.54) 0.48 (0.35, 0.61) < 0.001

P value < 0.001 < 0.001 < 0.001

Perceived barriers Baseline 3.07 (0.66) 3.15 (0.51) –0.08 (–0.16, 0.01) 0.067

End line 3.44 (1.01) 2.87 (0.51) 0.57 (0.45, 0.68) < 0.001

P value < 0.001 < 0.001 < 0.001

Cues to action Baseline 3.27 (0.68) 3.23 (0.51) 0.04 (–0.51, 0.12) 0.416

End line 3.32 (1.08) 2.78 (0.53) 0.53 (0.41, 0.65) < 0.001

P value < 0.001 < 0.001 < 0.001

Self-efficacy Baseline 3.13 (0.68) 2.98 (0.52) 0.15 (0.06, 0.23) < 0.001

End line 3.41 (1.02) 3.04 (0.52) 0.37 (0.26, 0.49) < 0.001

P value < 0.001 < 0.001 < 0.001
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Effect of double-duty interventions on DBM among
adolescents

Effect interventions on DBM using difference-in-difference (DID)
analysis
Adolescents in the IG had lower DBM status because of the DDI
than those in the CG. In the IG at the end-line measurement, the
overall prevalence of DBM among the IG was decreased by 6.9% in
the study area using the McNemar test. More specifically, thinness
was decreased by 4.7%, and overnutrition was reduced by 2.2%
compared to the CG (P < 0.05) (Table 4)

Effect interventions on DBM using the GEE model
At the end of the measurement, adolescents in the IG showed a
substantial improvement in their nutritional status. After adjusting
for potential confounders, the multivariable GEE model analysis
revealed that adolescents in the IG had a 67% lower proportion of
being thinness (AOR= 0.33, 95% CI [0.21, 0.53]) and 49% lower
proportion of being overweight/obese (AOR = 0.51, 95% CI [0.32,
0.82]) than those in the CG. In addition, adolescents in the IG were
34% less likely to have DBM (thinness and overnutrition) than
those in the CG (AOR = 0.66, 95% CI [0.46, 0.94]). Besides, the
likelihood of DBM decreased by nearly 60% (AOR = 0.41, 95% CI
[0.03, 0.92]) among adolescents at the end-line measurement
compared to the baseline. Similarly, adolescents in the time-group
interaction were 44% less likely to have higher DBM status
(AOR= 0.56, 95% CI [0.02, 0.38]) compared to their counterparts
(Table 5).

Discussion

This study employed the impact of selected DDI packages on DBM
using an HBM to boost the acceptance of the intervention among
adolescents in the study area. In the IG at the end-line
measurement, the overall prevalence of DBM was reduced
compared to the baseline measurements. Moreover, adolescents
in the IG demonstrated a significant improvement in their
nutritional status than the CG.

In DID analysis, when compared to adolescents in the CG, the
proportion of adolescents who hadDBMwas considerably lower in
the IG. Adolescents in the IG saw a nearly 5% decrease in thinness
and more than 2% decrease in overnutrition. The total prevalence
of DBM within the IG had dropped by almost 7% compared to the
control arm. This result was in line with different studies
performed elsewhere. Different forms of malnutrition were the
focus of a systematic review conducted in LMICs, which
consolidated the evidence on the impact of interventions on
adolescent nutrition and educational outcomes.(64) Interventions
to enhance nutrition and prevent obesity had amarginal impact on
lowering BMI, according to a systematic review and meta-
analysis.(65) According to studies performed in Indonesia,(66)

Kenya,(67) Mexico(68) and South Africa,(69) the nutritional status
(overweight and obesity) of teenagers has decreased as a result of a
combination of nutrition education and physical activity inter-
vention. However, none of them execute the full packages of DDIs
to lower DBM on both sides. The present study applied double-
duty nutrition interventions together with physical activities that
are appropriate for DBM over the previous evidence.

Table 3. Correlations between BAZ and HBM constructs among school adolescents in Debre Berhan City, Ethiopia, 2022/23

Variables Perceived susceptibility Perceived severity Perceived benefit Perceived barrier Cues to action Self-efficacy BAZ

Perceived susceptibility 1

Perceived severity 0.779** 1

Perceived benefit 0.742** 0.874** 1

Perceived barrier 0.699** 0.822** 0.905* 1

Cues to action 0.685** 0.799** 0.876** 0.903* 1

Self-efficacy 0.680** 0.786** 0.860** 0.886** 0.891** 1

BAZ 0.780** 0.886** 0.790** 0.672* 0.871** 0.923* 1

BAZ, BMI-for-age z-score; HBM, health belief model.
*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).

Table 4. The difference-in-difference analysis of double burden of malnutrition (DBM) by time of measurements and groups among adolescents in Debre Berhan City,
Ethiopia, 2022/23

Variable Intervention group (IG) (n= 731) n (%) Control group (CG) (n= 719) n (%)

DBM status
Baseline
(n= 375)

End line
(n= 356)

Difference
(EL-BL)

Baseline
(n= 367)

End line
(n= 352)

Difference
(EL-BL) Difference-in- difference (DID)

Thinness 59 (8) 23 (3.2) –36 (–4.8)* 51 (6.9) 49 (6.8) –2 (–0.1)* –38 (–4.7)*

Normal 282 (38.0) 318 (44.1) 36 (6.1)* 300 (41.4) 286 (40.4) –14 (–0.1)* 22 (6.2)*

Overnutrition 34 (4.6) 15 (2.1) –19 (–2.5)* 16 (2.1) 17 (2.4) 1 (0.3)* –18 (–2.2)*

Overall DBM 93 (12.6) 38 (5.3) –55 (–7.3)* 66 (9.0) 67 (9.4) 1 (0.4)* –56 (–6.9)*

*P< 0.005, DID = IG-CG
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According to the GEEmodel analysis, after the implementation
of DDIs, adolescents in the IG had a nearly 50% reduction in being
overweight/obese and a 67% reduction in being thin than those in
the CG. Additionally, adolescents in the IG had a more than 33%
reduction of DBM than adolescents in the CG. The proportion of
DBM was decreased by nearly 60% among adolescents in the end-
line measurement compared to adolescents in the baseline
measurement. Similarly, adolescents in the time-group interaction
category had a 44% reduction of DBM than their counterparts.
This is consistent with studies conducted in Ethiopia,(70) Brazil,(71)

global,(65) LMICs,(64) small island developing states,(72) Croatia,(73)

Ghana,(74) Turkey,(75) and Poland.(76) Nevertheless, the present
study implemented a comprehensive approach by combining
diverse nutrition interventions and appropriate physical activities
specifically designed for individuals with DBM. This approach
aimed to effectively reduce DBM on both sides of the crisis. By
incorporating a wider range of interventions, the study sought to
build upon and expand the existing body of evidence in this field.

As a significant practical implication, it’s noteworthy that
Ethiopia ratified a food and nutrition policy in 2018, with the
overarching goal of achieving food and nutrition security for all its
citizens.(77,78) However, it’s crucial to recognise that the current
policy framework lacks comprehensive integration of DDIs, which
are specifically designed to simultaneously tackle the coexistence of
undernutrition and overnutrition. This gap in policy inclusivity
implies that the existing strategies may not effectively address the
multifaceted challenges posed by DBM. Therefore, a compelling
recommendation arises for the policy to undergo updates,
incorporating these intervention packages, not only within the
confines of the study area but also on a national scale. By
integrating DDIs into the policy framework, Ethiopia can
proactively address the intricate interplay between undernutrition
and overnutrition, thus mitigating their adverse health effects.
Such a strategic update holds the potential to significantly reduce
the prevalence of malnutrition across the country and alleviate the
associated consequences, thereby fostering improved health
outcomes and overall well-being among the population. In
developing countries like Ethiopia, researchers and decision-
makers can tailor DDIs to address DBM by focusing on contextual

adaptation, stakeholder engagement, capacity building, and robust
monitoring and evaluation.

When considering the strengths and limitations of the study,
one notable strength is its incorporation of a theory-based HBM,
coupled with a DDI approach, which effectively enhanced the
implementation of interventions. Additionally, the study
employed a multimodal delivery method, utilising text messages,
phone calls, and targeted communication to promote behaviour
change and educate participants. However, the study did have
some limitations. One such limitation was the potential for recall
bias, social desirability bias, and reporting bias. To mitigate these
limitations, the researchers took thorough measures to ensure
accurate reporting andminimise biases through rigorous protocols
and careful attention to data collection and analysis.

Conclusion

Owing to the implementation of the DDIs, adolescents in the IG
experienced a lower prevalence of DBM compared to those in the
CG. The IG demonstrated a significant reduction of nearly 5% in
the levels of thinness and more than 2% in overnutrition in
comparison to the CG. At the end of the trial, the total prevalence
of DBM within the study area had decreased by approximately 7%
in the IG. Furthermore, adolescents in the IG showed a substantial
improvement in their nutritional status at the end of the
measurement period in the GEE model. Given these positive
outcomes, it is recommended that the DDIs supported by HBM be
integrated into national guidelines as part of the country’s overall
strategy and nutrition policy. By doing so, the interventions can be
disseminated on a larger scale, leading to an improved nutritional
status and a reduction in the occurrence of DBM among
adolescents nationwide.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/jns.2024.68.

Availability of data andmaterials.The dataset supporting the conclusions of
this article is available from the corresponding author upon reasonable request.

Table 5. Modelling the effect of intervention on DBM using generalised estimating equation modela among adolescents in Debre Berhan City, Ethiopia, 2022/23

Parameter Category AOR (95% CI) P value

DBM status Thinness 0.33 (0.21, 0.53) 0.001

Normal Ref.

Overnutrition 0.51 (0.32, 82) 0.005

Group Control group Ref.

Intervention group 0.66 (0.46, 0.94) 0.023

Time Baseline Ref.

End line 0.41 (0.03, 0.92) 0.035

Time *group interaction End line*IG 0.56 (0.02, 0.38) 0.042

Baseline*IG Ref.

Baseline*CG Ref.

End line*CG Ref.

AOR, adjusted OR; DBM, double burden of malnutrition; Ref., reference category; IG, intervention group; CG, control group.
aThe model was adjusted for various variables such as meal frequency, home garden practice, age, sex of adolescent, father’s education, residence, alcohol use, etc.
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