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Abstract

Background The incidence of inadequate or excessive gestational weight gain (GWG) is an indicator of reproduc-
tive health problems. However, scientific evidence for the effect of nutrition education during pregnancy on GWG

and neonatal birth weight (BW) in urban settings in Ethiopia is sparse. This study aimed to assess the effect of nutri-
tion education during pregnancy on GWG and neonatal birth weight (BW) in urban settings in Southeast Ethiopia.

Methods A community-based two-arm parallel cluster randomized controlled trial was conducted among 447
randomly selected pregnant women attending antenatal care (224 intervention and 223 control) from February

to December 2021. Study participants were selected by multistage cluster sampling followed by systematic sam-
pling. Women receiving the intervention received six nutrition education sessions, while women in the control group
received standard care. GWG was the difference between the last recorded weight before delivery and the weight
recorded during the first trimester. BW was measured within the first hour of delivery. The generalized structural equa-
tions model (GSEM) and structural equations model (SEM) were used to examine the direct, indirect, and total effects
of nutrition education on GWG and BW via the dietary diversity score (DDS), food security (FS), and knowledge.

Results The GSEM revealed that receiving intervention during pregnancy had a total effect on GWG [(AOR=2.056,
95% Cl: 1.705, 2.695)]. Having dietary diversity had direct and total effects on GWG [(AOR=1.105, 95% Cl: 1.022, 1.196)].
Having food security had a total effect on GWG [(AOR=1.928, 95% Cl: 1.817, 2.052)]. Having fruit and vegetable
knowledge had a total effect on GWG [(AOR=1.971, 95% Cl: 1.856, 2.105)]. The SEM revealed that receiving interven-
tion during pregnancy had a direct effect on BW (unstandardized 3=0.144, 95% Cl: 0.034, 0.252). Similarly, it revealed
that receiving intervention during pregnancy had a direct effect on DDS (3=0.580, 95% Cl: 0.024, 1.038). Likewise, it
indicated that receiving intervention during pregnancy had a total effect on increasing BW (3=0.137, 95% Cl: 0.029,
0.243). Nevertheless, there was no statistically observed indirect effect of nutrition education during pregnancy

on GWG and BW via mediators.
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tively registered on 24/01/ 2022).

Conclusion The SEM revealed that receiving nutrition education interventions during pregnancy had a total effect
on GWG and direct and total effects on BW. The generalized structural equation modelling (GSEM) and structural
equation modelling (SEM) findings show that integrating theory-based nutrition education during pregnancy will
improve gestational weight gain (GWG) and birth weight (BW) in Ethiopia.

Trial registration The trial was registered on Pan African Clinical Trials Registry (PACTR202201731802989, retrospec-

Keywords Birth weight, Nutrition education, Pregnancy, Recommended GWG, SEM, Ethiopia

Introduction

The amount of weight gained during pregnancy, from
conception till the baby is born, is known as gestational
weight gain (GWG). Depending on the woman’s pre-
pregnancy body mass index (BMI), differing amounts
of GWG are recommended. Women with a BMI of less
than 18.5 kg/m? are advised to gain 12.5-18 kg; women
with a BMI of between 18.5 and 24.9 kg/m? are advised
to gain 11.5-16 kg; women with a BMI of between
25.0 and 29.9 kg/m? are advised to gain 7-11.5 kg;
and women with a BMI of greater than 30.0 kg/m? are
advised to gain 5-9 kg [1]. It has been demonstrated
that inadequate weight gain or weight gain below the
lower cut-offs can negatively affect maternal [2] and
birth outcomes [2-4], and inadequate GWG is a sig-
nificant public health concern in sub-Saharan Africa
(SSA) [5-10]. Low birth weight (LBW) and pre-
term birth (PTB) are more likely to occur in pregnant
women who do not gain enough weight [11]. Given the
significant incidence of prenatal under-nutrition [12],
persistently low GWG remains a burden for the future
health of women as well as their offspring, continuing
the cross-generational impacts of chronic under-nutri-
tion in early life. In contrast, pregnant women who gain
excessive gestational weight are at a higher risk of hav-
ing gestational hypertension (HTN) and diabetes [13],
caesarean birth [14], and significant postpartum weight
retention [15].

The World Health Organization (WHO) defines LBW
as a birth weight (BW) of less than 2500 g, regardless
of gestational age [16]. The BW of a newborn baby is
the first weight record, preferably when taken within an
hour of birth. BW is a good indicator of multifaceted
public health problems, including long-term maternal
malnutrition, chronic illness, and poor health care dur-
ing pregnancy [17]. LBW is estimated to account for
15% to 20% of all births worldwide, and a majority (90%)
of them are found in low- and middle-income countries
(LMICs) [16]. LBW is still the single most important
predictor of infant morbidity and mortality worldwide
[18]. The WHO has identified LBW as a public health
priority and targeted a 30% reduction in LBW globally
between 2012 and 2025 [16]. The proportion of LBW

was 13% [17], whereas the pooled prevalence of LBW in
Ethiopia was 17.3% [19].

Survivors are more likely to be stunted and have
decreased cognitive function [20], which can have
a detrimental impact on school performance, job
chances, and productivity later in life [21]. Predictors of
LBW include maternal and foetal factors, lack of nutri-
tion counselling, not taking an additional meal during
pregnancy, not taking an iron supplement, malaria dur-
ing pregnancy [22-25], and food security [26]. Despite
the negative repercussions on GWG, BW, and other
delivery outcomes, Ethiopian pregnant women were
reported to consume less than the recommended levels
of numerous critical nutrients [27, 28].

Nutrition education is critical in nutrition behav-
ior change attempts because it improves participants’
nutrition and food literacy [29]. The selection of the
proper model or theory is the most crucial stage in rec-
ognizing the different elements influencing behavior
and in planning and putting educational and interven-
tion programs into action [30]. In this nutrition educa-
tion, an integrated health belief model (HBM) and the
theory of planned behavior (TPB) were employed to
increase women’s dietary knowledge during pregnancy
on dietary diversity, nutritional status, and pregnancy
outcomes [31]. Nutrition education is provided in Ethi-
opia during antenatal care (ANC) visits and at the com-
munity level by health professionals and urban health
extension workers (UHEWSs), with a focus on the need
for pregnant women to consume one additional meal
from available foods. However, this form of education
was ineffective in changing pregnant women’s dietary
habits [32].

Previous observational studies in Ethiopia recom-
mended increasing nutrition education during pregnancy
[8-10], such as counselling on the consumption of nutri-
ent-rich, locally available foods, dietary quality, prenatal
care utilization, and food and nutrient supplementation
(for example, iron-folic acid (IFAS), calcium, and multi-
ple micronutrients), as well as weight during pregnancy
to ensure a healthy weight gain [33, 23, 34] and to reduce
the incidence of LBW ([35, 36]. Therefore, this study
aimed to assess the effect of nutrition education during
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pregnancy on GWG and newborn birth weight in urban
settings in Southeast Ethiopia using complex analyses.

Methods

Study design, setting, and subjects

A community-based, two-arm, parallel cluster rand-
omized controlled trial (cRCT) study using a 1:1 ratio
was carried out among pregnant women receiving ante-
natal care at medical facilities. It took place in Robe and
Goba towns, located in Bale Zone, Southeast Ethio-
pia, from February to December 2021. These towns are
located 430 and 444 km (respectively) from Addis Ababa.
Details are available elsewhere [37]. In Goba and Robe
towns, the corresponding numbers of pregnant women
were 1,832 and 2,048, respectively. The source popula-
tion was all pregnant women in their first and early-sec-
ond trimesters who attended ANC in the Robe and Goba
Towns. The study population included all first- and early-
second-trimester pregnant women attending ANC in the
selected Robe and Goba towns. All first- and early-sec-
ond-trimester pregnant women who lived permanently
in the study area were included in the study. The study
did not include pregnant women who had HTN or diabe-
tes mellitus.

Sample size determination and sampling techniques

By assuming an effect size of 0.25, a 95% confidence level
(CI), a precision of 0.05, and a power (1- ) of 80%, the
sample size was calculated using G-Power software ver-
sion 3.1 [38]. The computed sample size was 120. Using
the maximum sample size and considering a design effect
(DE) of 2 and a 10% attrition rate, the final sample size
was 264. Nonetheless, 454 were drawn (intervention
group =227, control group=227) since the computed
sample size for one of the broader study’s other objec-
tives was larger [37]. A maximum likelihood (ML) esti-
mate of multivariate normal data based on Monte-Carlo
investigations is recommended in SEM with a sample
size of 200—-400 [39].

Robe and Goba towns were chosen at random. Robe
Town has three kebeles, whereas Goba Town has two
kebeles. Robe and Goba towns have 36 and 24 clus-
ters, respectively. The number of pregnant women in
each cluster was determined using birth data prepared
by UHEWs. Clusters were randomly allocated to the
intervention and control groups in a 1:1 ratio. Pregnant
women in the Robe Town intervention group received
the treatment, while those in Goba Town did not. The
sample size was allocated to each cluster by probabil-
ity proportional to size (PPS). Pregnant women were
recruited utilizing a systematic sampling technique. If
a pregnant woman was not present at her house for the
interview, another woman who met the criteria was
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interviewed with the serial number, and then the follow-
ing day, the home of the absent woman was revisited.
Gestational age was determined by asking about the first
day of the last menstrual period (LMP) and confirming
pregnancy with a pregnancy test.

Randomization, intervention allocation, and blinding

After the pregnant women were assessed for eligibil-
ity, the lead author randomly assigned clusters to the
intervention and control groups by tossing coins. Dur-
ing nutrition education, local languages, Afan Oromo or
Ambharic, were employed as the languages of communi-
cation. The intervention group received nutrition educa-
tion, counselling cards, and a structured work schedule.
The HBM and TPB guiding principles were used to
develop the lessons’ key takeaways. HBM elucidates
health and related behaviors, while prediction of inten-
tion and behavior was conducted using the TPB con-
structs [30, 40]. It was adapted on the recommendation
of the Ministry of Health (MOH), Ethiopia [41].

Baseline and end-line assessments were made for the
two groups. After baseline data collection, pregnant
women in the intervention received nutrition education
every trimester consistently for six months (six sessions)
after they were recruited at their homes in each cluster.
Recruitment was done when animal-source foods (ASF)
were allowed. Nutrition education was delivered for 30
to 45 min every session by six nurses holding Bachelor of
Science (BSc) degrees under the supervision of Master of
Public Health (MPH) specialists.

The main topics covered in the session included:
increasing knowledge of iron-rich food sources, iron-
folate acid supplements (IFAS), iodized salt, meal fre-
quency, and portion size with increasing gestational age;
diversifying one’s diet; iron absorption enhancers and
inhibitors; reducing heavy workloads; taking day rest;
physical exercise; increasing utilization of health ser-
vices; and interrupting the intergenerational life cycle of
malnutrition; increasing pregnant women’s perceptions
of under nutrition and factors leading to it, poor eating
practices causing inadequate dietary intake and disease,
a food-based strategy, dietary changes, raising awareness
of fruit and vegetable (FV) intake through diversification,
identifying obstacles and finding solutions to them, low-
ering the perceived obstacles to creating an FV, enlist-
ing the help of participants in coming up with solutions,
The improvement of participants’ perceptions of con-
trol and intention; specific food taboos (meat and eggs);
knowledge and attitudes about pregnant women'’s capac-
ity to modify feeding practices; the improvement of par-
ticipants’ perceptions of control and intention; and the
improvement of participants’ hand washing proficiency.
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The methods used to give counselling included presen-
tations, discussions, demonstrations, and picture-based
exercises. Observation, self-report, and attendance were
used to assess compliance. MPH specialists led the coun-
selling session. Critical counselling techniques, important
messages, realistic activities, and the GALIDRAA (greet,
ask, listen, identify, discuss, recommend, agree, and make
a follow-up appointment) processes were applied by the
trainers.

The intervention group consistently received dietary
education from nurses. Due to the unique characteris-
tics of the cluster RCT and the nature of the interven-
tion under investigation, no allocation concealment was
adopted in the trial. Because the two towns were so far
apart, the study was not blinded. Pregnant women were
made aware of the intervention; however, they were
blinded to the research hypothesis. Once the pregnant
women were enrolled, reasonable steps were taken to
encourage their retention and complete follow-up for the
duration of the trial by providing them with bars of soap
to reduce missing data. In this way, interest in the study
was maintained through regular conversations about
compliance with the intervention as well as home visits
by trainers. Moreover, home visits were planned to mini-
mize the burden placed on pregnant women by follow-up
visits.

There was no set schedule for the control groups that
received regular medical care. At the conclusion of the
study, the control group received a brief intervention to
ensure justice and a high level of post recruitment satis-
faction. The MOH’s routine health extension programme
packages in Ethiopia include 16 components: family
health (family planning, maternal and child health, nutri-
tion, and vaccination services); disease prevention and
control (HIV/AIDS and STIs; tuberculosis; malaria; and
first aid care); hygiene and sanitation (promotion of sani-
tary latrines; waste disposal management; water supply;
food hygiene and safety; control of insects and rodents;
personal hygiene); and health education) [42].

Data collection

An interviewer-administered, structured questionnaire
was used to collect data. The data collection instru-
ments were adapted from the Ethiopian Demographic
and Health Survey (EDHS) and existing studies [10,
17, 34, 43-45]. Prior to the intervention, data on soci-
odemographic and economic aspects, substance abuse
(alcohol, smoking, tea, or coffee), and reproductive his-
tory were obtained. Nutritional, health care delivery sys-
tem, intimate partner violence (IPV), physical exercise,
knowledge, practice, HBM, and TPB instruments were
collected before and after the intervention.
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A 24-h qualitative dietary recall was used to compute
the dietary diversity score (DDS). The DDS for women
is a nine-food group score that is indicated as a qualita-
tive indicator of micronutrient sufficiency in a diet [46].
The score was calculated using nine food groups to rep-
resent the micronutrient sufficiency of the diet. Partici-
pants were asked to recall everything they had eaten and
consumed in the previous 24 h, both in and out of their
residences. End-line data were collected after 36 weeks.
In addition, participants were asked to recall any snacks
they had eaten in between large meals. Consumption of
a food item during the reference period received a score
of "1," but nonconsumption received a score of "0." The
foods were then divided into nine categories: (3) vitamin-
A-rich fruits and vegetables; (4) other fruits and vegeta-
bles; (5) beans, nuts, and seeds; (6) meat and fish; (7) fats
and oils; (8) milk and milk products; and (9) eggs. DDS
was computed by summing the food groups consumed
during the reference period and categorizing them into
tertiles, with the highest tertile representing high DDS
and the two lower tertiles representing low DDS [47].

Because mid-upper arm circumference (MUAC)
changes minimally during pregnancy, it is considered a
better indicator of pregnant women’s nutritional status
than body mass index (BMI), as pregnancy-related weight
gain affects the reliability of using BMI to assess the
nutritional status of pregnant women. MUAC measures
were taken on patients’ left arms to the nearest 0.1 cm
using flexible and nonstretchable measuring tapes, as per
standard methods [48]. Taking this into account, MUAC
was employed in this study to determine the nutritional
status of the women [48, 49]. Pregnant women with
MUAC>23 cm were regarded as well-nourished, while
those with MUAC <23 c¢cm were classified as undernour-
ished [48, 50].

The Hemo-Cuel Hb 301 system (HemoCue AB, Angel-
holm, Sweden) was used at each study setting by skilled
medical laboratory technologists to measure the hemo-
globin (Hgb) concentration (in g/dL) of pregnant women.
Five milliliters of venous blood was taken and centrifuged
for 5 min in a microhematocrit tube with an antico-
agulant. Details are available elsewhere [51]. Household
income was classified into tertiles: "high," "medium," and
"poor" [52]. Finally, the highest tertile was labelled having
a high income, while the two lowest tertiles were labelled
having a low income. The wealth index was calculated
using principal component analysis (PCA) and house-
hold asset items, among other characteristics. It was used
to rank and order respondents’ economic status into ter-
tiles of rich, medium, and low. Finally, the highest tertile
was coded as having a more wealthy lifestyle, while the
two lowest tertiles were coded as having a less wealthy
lifestyle. Its details are available elsewhere [37]. The status
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of food security was assessed using 27 previously verified
questions. Food-secure, slightly, moderately, and severely
food-insecure families were characterized as having less
than the first two, two to 10, eleven to seventeen, and
more than seventeen food insecurity indicators, respec-
tively [53].

Each HBM was determined using the sums of a 5-point
Likert scale (1=strongly disagree to 5=strongly agree)
to form a composite question: perceived susceptibility
(3 items), perceived severity, and perceived benefits (4
items each), perceived barriers (5 items), cues to action,
and self-efficacy (4 items each) [40] and TPB questions:
attitude and subjective norms (3 items each), perceived
behavioral control (2 items), and behavioral intention (7
items) [31]. The factor scores were summed and ranked
into tertiles, and the highest tertile was labelled as having
"yes" for perceived susceptibility, severity, benefit, barri-
ers, cues to action, self-efficacy, positive attitude, subjec-
tive norm, perceived behavioral control, and behavioral
intention; otherwise, the two lower tertiles were labelled
as "'no."

To assess the relevance of fruits and vegetables, a ten-
item knowledge test was also used [54]. A respondent
was given a score of “1” if they replied correctly; oth-
erwise, rated “0” The scores were then computed and
ranked by tertile, with the highest tertile labelled as hav-
ing the highest degree of nutrition knowledge. To lower
the risk of low birth weight, maternal anaemia, and iron
deficiency, pregnant women should take daily oral iron
and folate supplements for 180 days as part of their pre-
natal care plan [55].

Data quality control

To guarantee the consistency of the data, the question-
naire was designed in English and then translated into
the local languages, "Afan Oromo" and "Ambharic,” and
back-translated into English by independent language
professionals. The questionnaire was also pretested on
5% of the total predicted sample size, which had similar
characteristics to the research population in a different
neighboring context. An epidemiologist and a biostatisti-
cian reviewed the completed questionnaire to ensure its
face and content validity. Finally, the items were revised
based on the findings of the pretest and specialty views.
Training was given to eight nurses with BSc degrees as
data collectors and four MPH specialists as supervisors
on the objectives of the study, data collection instru-
ments, and ethical issues to minimize interviewers’ bias.
Six counsellors were trained by the lead author. The lead
author met with counsellors every two weeks to discuss
ways of improving the counselling process. Data supervi-
sors rigorously supervised the data collectors on a daily
basis to ensure that the questionnaire was completed
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successfully and took appropriate action if it was not. To
increase response rates, respondents were interviewed at
their homes. Cronbach’s alpha was also utilized to assess
the internal consistency of the tools’ cognitive, affective,
and psychomotor domains (Supplemental Table 1).

Outcome assessment

The DDS was the primary outcome variable, and the
results of finding an improvement in the DDS were pre-
viously published [37]. GWG and birth weight were
secondary outcomes. The difference between the last
recorded weight (just before delivery) and the initial
recorded weight during the first- and early-second-
trimesters was used to compute the total GWG. Par-
ticipants’ initial measured weight (before or at 16 weeks’
gestation) is used as a proxy for their weight at concep-
tion [1]. The weight of the newborns was measured in kg
within the first hour of birth using a calibrated Seca scale
and rounded to the nearest 100 g [44, 56]. Birth weight
(BW) was gathered from the health facilities where each
woman had her baby. The health facilities where the
mothers gave birth were traced through cell phone con-
versations with the mothers. Before each measurement,
the scales were calibrated with a known-weight object.
Furthermore, before weighing each newborn, the reading
on each scale was reset to zero.

Data processing, model building, and analysis
The data were reviewed for completeness, consistency,
and accuracy. The data were then entered, cleaned, and
analyzed using STATA™ version 14 and SPSS version 20
software. Descriptive statistics (frequencies, percentages,
medians, and interquartile ranges (IQRs)) were generated
for the selected variables. The baseline characteristics of
the intervention and control groups were compared using
the chi-square test. A Mann—Whitney U test was used
to compare the continuous outcome variables of inter-
est (GWG and BW) between the intervention and con-
trol groups. The highest collinearity among independent
variables was 0.12 for GWG. Stata command "vif”, was
employed to check multicollinearity (variation inflation
factor (mean VIF)=1.06 for BW. We assessed the intra
class correlation coefficient (ICC) using the “estat icc”
Stata command. The skewness and kurtosis tests were
used to assess an assumption of multivariate normality.
Accordingly, a maximum likelihood (ML) estimate was
employed along with a non-parametric bootstrapping
replications (2000) approach to address the violations of
multivariate normality [57-59] for BW. The Stata com-
mands ’linktest’ and ‘ovtest’ were used to assess model
specification and omitted-variable bias, respectively.
Nutrition knowledge, dietary diversity, and food
security are all latent variables that are difficult to
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properly assess directly. In regard to potential variables,
the usual statistical method may not be capable of elu-
cidating complex causal links. Thus, our study attempts
to answer the research questions: to what extent does
nutrition education in Ethiopia improve GWG and BW
via mediators? Generalized structural equation mod-
elling (GSEM) was used to examine the association
between exogenous and endogenous or mediating vari-
ables. Structural equation modelling (SEM) is a con-
siderably superior multivariate analytic strategy that
compensates for the shortcomings of traditional statis-
tical techniques [60]. It is a set of linear simultaneous
equations that is an effective statistical tool for examin-
ing direct and indirect (i.e., through mediators) correla-
tions between potential and observed variables [61, 62].

We used GSEM and SEM to explicate the direct, indi-
rect, and total effect of nutrition education on GWG and
BW via nutrition knowledge, dietary diversity, and food
security. GWG was treated as an ordinal family and logit
link function. BW was treated as a continuous response
variable. SEM employs a hybrid of factor analysis and
multiple regression analysis to answer research questions
involving complex, multifaceted constructs measured
with error, and to characterize systems of interactions
with direct and indirect effects [63]. Because it can
appropriately accommodate several indicators measur-
ing a latent construct with measurement error, SEM is a
viable alternative to multiple regression analyses.

Covariance, which represents the strength of the linear
relationship between two variables, is the fundamental
datum examined in SEM. The variables observed can be
continuous, censored, binary, ordered categorical (ordi-
nal), or combinations of thereof [64]. A direct effect is the
cause-and-effect relationship between an independent
and a dependent variable. An indirect effect is the causal
effect of an independent variable on a dependent vari-
able via a third variable, an endogenous variable known
as the mediator. The total effect is the sum of all potential
pathways from an independent variable to a dependent
variable, including both direct and indirect effects [65]. A
mediator is an intervening variable that exists along the
causal pathway between the exposure or intervention and
the endpoint variable [66].

Adjusted odds ratio (AOR) and path coefficients
(unstandardized B) along with a 95% confidence inter-
val (CI) and standard error (SE) were estimated for
GWG and BW, respectively. The model’s goodness of fit
was examined using recommended global goodness of
fit indices and cut-ofts [63] for BW. Initially, randomly
assigned pregnant women were examined in the groups
to which they were assigned (intention-to-treat analysis
principle). The statistical significance of the association
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was declared at a p value of less than 0.05, and all tests
were two-sided.

Hypothesized path model

Based on the findings of the existing studies, the theo-
retical relationships, and the authors’ experiences, the
hypothesized association between manifest and latent
variables and the respective endpoint variable was built.
Then, viable paths for linking the nutrition education
intervention to GWG and BW were constructed (Supple-
mental Figs. 1 and 2).

Results

Sociodemographic and economic factors

A total of 224 (98.7%) and 223 (98.2%) newborns were
included in the analysis in the intervention and control
groups, respectively (Fig. 1). There were comparable
baseline characteristics between the intervention and
control groups (P-value>0.05). There were 117 (50.2%)
males and 106 (49.5%) female newborns in the control
groups and 116 (49.8%) males and 108 (50.5%) female
newborns in the intervention groups (Table 1).

Health belief model and the theory of planned behavior
scores
There was significant improvement in the score of HBM
and TPB constructs except for perceived benefit and cues
to actions among the intervention group before and after
the intervention (P-value<0.0001). Furthermore, with
the exception of perceived severity and cues to action,
there was a significant difference in the dimensions of
HBM and TPB in the endline data (Table 2).

HBM Health belief model, TPB Theory of planned
behavior, P P-value, SD Standard deviation.

Effect of nutrition education during pregnancy

on gestational weight gain

The median gestational weight gain (GWG) was 10.5 kg
and 11 kg in the control group and intervention group,
respectively, with IQRs of 2.55 kg. There was not a statis-
tically significant difference in GWG between the control
groups and the intervention groups (P =0.25).

The proportion of types of GWG in the control group
was 65.9% (95% CI: (59.9, 72.1%) inadequate gestational
weight, 30.5% (95% CI: (24.3, 36.4%) adequate gestational
weight, and 3.6% (95% CI: (1.3, 6.3%) excessive gesta-
tional weight, whereas in the intervention group it was
63.4% (57.1, 69.9%) inadequate gestational weight, 34.4%
(95% CI: (28.2, 40.4%) adequate gestational weight, and
2.2% (95% CI: (0.4, 4.4%) excessive gestational weight.

The final model contained the measurement of the rela-
tionship between latent variables and their indicators or
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items and structural model components (the relationship
between latent variables) (Figs. 2 and 3).

The GSEM revealed that receiving intervention dur-
ing pregnancy had a total effect on GWG [(AOR =2.056,
95% CI: 1.705, 2.695)]. Having dietary diversity had
direct and total effects on GWG [(AOR=1.105, 95% CI:
1.022, 1.196)]. Having food security (FS) had a total effect
on GWG [(AOR=1.928, 95% CI: 1.817, 2.052)]. Hav-
ing fruit and vegetable knowledge had a total effect on
GWG [(AOR=1.971, 95% CI: 1.856, 2.105)]. Similarly, it
found that receiving intervention during pregnancy had
direct [(B=1.786, 95% CI: 1.126, 2.834)] and total effects
[(B=2.785, 95% CI: 2.117, 3.842)] on DDS. Having fruit
and vegetable knowledge had a direct [(AOR=1.027,
1.101, 1.178)] and total effect [(AOR=2.008, 95%
CI: 2.074, 2.184)] on DDS. Likewise, having received
intervention during pregnancy had a total effect
[(AOR=2.387, 95% CI: 1.969, 2.959)] on FS. Moreover,
having fruit and vegetable knowledge had direct and
total effects on FS [(AOR=0.903, 95% CI: 0.819, 0.995)].
Nevertheless, there was no statistically observed indirect

v Follow-Up ] l

Lost to follow-up (n = 4)

Miscarriage = 1, relocation = 3

¥

Analysed (n =223)
+ Excluded from analysis (due to inability to

provide endline data) (n = 4)

effect of nutrition education during pregnancy on GWG
via mediators (Table 3).

Effect of nutrition education during pregnancy on birth
weight

The median birth weight (BW) was 3.05 kg with an inter
quartile range (IQR) of 2.55 kg and 3.60 kg in the control
group, whereas it was 3.30 kg with an IQR of 2.7 kg and
3.69 kg in the intervention group. This was a statistically
significant difference between the control groups and the
intervention groups (P =0.03).

The SEM revealed that receiving intervention during
pregnancy had a direct effect on BW (unstandardized
f=0.144, 95% CI: (0.034, 0.252). Similarly, it revealed
that receiving intervention during pregnancy had direct
effect on DDS (B=0.580, 95% CI: 0.024, 1.038). Likewise,
it indicated that receiving intervention during pregnancy
had a total effect on increasing BW (3=0.137, 95% CI:
0.029, 0.243). Nevertheless, there was no statistically
observed indirect effect of nutrition education during
pregnancy on BW via mediators (Table 4).
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Table 1 Baseline socio-demographic and economic characteristics of pregnant women in Southeast Ethiopia, 2020/21

Variables Control group (n=223) Frequency (%) Intervention group (n=224) Frequency (%) P-value
Age (years)

<20 27.(12.1) 22(9.8) 044
>20 196 (87.9) 202 (90.2)

Marital status

Married 222 (99.55) 223 (99.55) 0.99
Unmarried 1(0.45) 1(0.45)

Religion

Orthodox 112 (50.22) 101 (45.09) 0.58
Muslim 88 (39.46) 102 (45.54)

Protestant 21(9.42) 20 (8.93)

Others® 2(0.90) 1(0.45)

Ethnicity

Oromo 187 (83.86) 193 (86.16) 0.03
Amhara 33(14.80) 21(9.38)

Others & 3(1.35) 10 (4.46)

Occupation status

Housewife 139 (62.33) 124 (55.36) 0.14
Government employee 46 (20.63) 52(23.21)

NGO employee 3(1.35) 13 (5.80)

Petty trade 22 (9.87) 22(9.82)

Student 9 (4.04) 11 (4.91)

Daily laborer 4(1.79) 2(0.89)

Maternal education

Literate 209 (93.72) 212 (94.64) 0.68
lliterate 14 (6.28) 12 (5.36)

Spouse education

No formal education 31(13.90) 24.(10.71) 0.20
Primary education 52(23.32) 39(17.41)

Secondary education 66 (29.60) 82 (36.61)

Tertiary education 74 (33.18) 79 (35.27)

Wealth index

High 66 (29.60) 76 (33.93) 033
Low 157 (70.40) 148 (66.07)

Family size

<5 197 (88.34) 188 (83.93) 0.18
>5 26 (11.66) 36 (16.07)

Food security

Food insecure 89(39.91) 82 (36.61) 0.47
Food secured 134 (60.09) 142 (63.39)

2 Others: ElWakafeta; Others: Gurage, Hadiya; NGO: Non-governmental organization

Reference category: Dietary diversity score (DDS)
(cont.); control, FS: food insecure; hemoglobin (Hgb)
(cont.), mid-upper arm circumference (MUAC) (cont.),
gestational weight gain (GWG) (cont.), gestational age
(cont.), knowledge (cont.), food secure (cont.), BW: birth
weight; B: beta coefficient; SE: standard error; P: P-value;
CI: confidence interval; EL: end-line; Cont.: continuous.

Goodness-of-fit model test

The results of the goodness of fit (GFI) model test were as fol-
lows: the likelihood ratio (P value>0.188; X?/df<5); the root
mean squared error of approximation (RMSEA) is 0.028 (90%
CL 0.001, 0.059); Pclose is 0.86; the comparative fit index
(CFI) is 0.790; the Tucker-Lewis index is 0.546; and the stand-
ardized root mean square residual (SRMR) is 0.025 for BW.
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Table 2 Comparison of the health belief model and the theory of planned behavior constructs between and within the intervention
and control groups during pregnancy in Southeast Ethiopia, 2021

HBM and TPB constructs Study period HBM and TPB constructs score P
Control group, Mean+SD Intervention group,
Mean+SD
Perceived susceptibility Baseline 527+22 533+248 0.80
Endline 546+1.95 743+1.74 <0.0001
p 0.04 <0.0001
Perceived severity Baseline 8.05+2.70) 7344272 0.006
Endline 8.57+249) 830+2.36 0.25
P <0.0001 <0.0001
Perceived Benefit Baseline 11.04+1.66 11.46+142 0.004
Endline 10.86+1.79 11.57+£1.22 <0.0001
p 0.10 0.07
Perceived barriers Baseline 855+2.71 8204243 0.39
Endline 9.25+2.88 7.88+2.54 <0.0001
P <0.0001 0.02
Cues to action Baseline 11.0£261 11.65+1.15 <0.0001
Endline 11.61+£144 11.55+1.19 057
p <0.0001 0.25
Self-efficacy Baseline 9224207 9.93+228 0.001
Endline 9.55+11.81 10.58+1.69 <0.0001
P <0.0001 <0.0001
Attitude Baseline 13.32+£1.66 12.32+3.84 <0.0001
Endline 13.61+£1.69 1423+£149 <0.0001
p 0.002 <0.0001
Subjective norm Baseline 1346+1.55 12.89+3.71 0.04
Endline 13.80+1.39 14.29+1.51 <0.0001
p <0.0001 <0.0001
Perceived behavioral control Baseline 748+2.25 7.92+244 0.04
Endline 817+1.92 937+140 <0.0001
P <0.0001 <0.0001
Behavioral intention Baseline 31.62+3.52 30.30+8.07 0.02
Endline 3291+2.39 33.64+2.71 0.003
p <0.0001 <0.0001
Kn 4-@2.8
9.1
-.028
-.018
6.1
Yy |ordinal |
Group S 0% 1 GWGO!
58 DDS - r
4.7
logit
.33
A1
-.085
y

FS 4'@3,1
3.2)

Fig. 2 The GSEM predicted the effect of nutrition education during pregnancy on gestational weight gain

Discussion weight gain (GWG) and birth weight (BW) in urban areas
This study aimed to elucidate the effect of a nutrition in Southeast Ethiopia using a structural equation mod-
education intervention during pregnancy on gestational  elling (SEM) approach. The proportion of inadequate
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Fig. 3 The SEM predicted the effect of nutrition education during pregnancy on birth weight

Table 3 Structural equation modelling predicted the direct, indirect, and total effects of nutrition education during pregnancy on

gestational weight gain through mediators, 2021 (N=447)

Gestational weight gain (GWG) Direct effect (unstandardized Indirect effect (unstandardized Total effect

factor loading) factor loading) (unstandardized factor

loading)

Variables AOR 95% Cl AOR 95% ClI AOR 95% ClI
Intervention -~ GWG 1.056 0.712,1.565 1.060 0.993,1.130 2.056 1.705, 2.695*
DDS EL 1.105 1.022, 1.196* no path 1.105 1.022, 1.196*
Food secured EL 0918 0.821,1.026 1.010 0.996, 1.026 1.928 1.817, 2.052*
Knowledge EL 0.972 0.867,1.089 1.003 0.989,1.016 1.971 1.856, 2.105*
Intervention — DDS 1.786 1.126, 2.834* 0.999 0.991, 1.008 2.785 2.117, 3.842*
Food secure 1.111 0.977,1.266 0 no path 1111 0.977,1.266
Knowledge EL 1.027 1.101,1.178* 0.981 0.973, 1.006 2.008 2.074,2.184*
Intervention — FS EL 1.386 0.999,1.925 1.001 0.970,1.034 2387 1.969, 2.959*
Knowledge 0.903 0.819, 0.995* 0 no path 0.903 0.819, 0.995*
Intervention — knowledge EL 0.982 0.719, 1.340 0 no path 0.982 0.719,1.340

*Statistically significant; reference category: control, knowledge EL (cont.), DDS EL (cont.), food-secure EL (cont.): DDS: Dietary diversity score; EL: end-line; SE: standard

error; Cl: confidence interval; cont.: continuous

GWG was 63.4% in the intervention group compared
to the control group. Other studies conducted in Ethio-
pia [8, 9] showed an even greater degree of inadequate
GWG. A meta-analysis [5] of studies from sub-Saharan
Africa showed a disparities, with studies involving under-
weight women having inadequate GWG ranging from
67 to 98%. Another meta-analyses reported lower pro-
portions of inadequate GWG [5, 67]. The proportion of
adequate GWG was 34.4%, which was comparable to the
meta-analysis conducted in SSA [5].

Finally, the proportion of excessive GWG in our study,
around 3% was much lower than in a meta-analysis car-
ried out in LMICs [67]. The findings were also lower than
the IOM recommendation [1]. Overall, the results sug-
gest that Ethiopian women come into pregnancy under-
weight and, during pregnancy, do not receive adequate
dietary diversity.

The findings indicated that pregnant women in the
intervention group were 2.056 kg more likely to be in
GWG in the higher groups. This study’s findings are in
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Table 4 Structural equation modelling predicted the direct, indirect, and total effects of nutrition education during pregnancy on a

newborn’s birth weight (BW) via mediators, 2021 (N=447)

Birth weight (BW) Direct effect (unstandardized

factor loading)

Total effect (unstandardized
factor loading)

Indirect effect (unstandardized
factor loading)

Variables B (SE) 95% ClI B (SE) 95% Cl B (SE) 95% Cl
Intervention - BW 0.144 (0.054) 0.034, 0.252* —0.008 (0.008) —0.024, 0.008 0.137 (0.054) 0.029, 0.243*
DDS EL —0.001 (0.011) —0.023,0.019 0 (no path) - —0.001 (0.011) —0.023,0.010
FS —0.020(0.015) —0.049,0.010 —0.001(0.001) —0.001, 0.001 —0.020 (0.015) —0.049,0.010
Hgb EL 0.004 (0.019) —0.034,0.043 0 (no path) 0.004 (0.019) —0.034,0.043
MUAC EL —0.029 (0.020) —0.069, 0.001 0 (no path) —0.029(0.020) —0.069, 0.011
GWG 0.011(0.011) —-0.010, 0.031 0 (no path) 0.011(0.0171) —0.010, 0.031
Gestational age 0.063 (0.046) —0.028,0.154 0 (no path) 0.063 (0.046) —0.028,0.154
Knowledge EL —0.003 (0.014) —0.031,0.024 00.002(0.001) —0.001, 0.004 0.001 (0.014) —0.029, 0.026
Intervention — DDS 0.580 (0.233) 0.024, 1.038* 0.035 (0.029) —0.023,0.092 0615 (0.233) 0.158,1.073%
FS— DDS 0.106 (0.064) —0.019,0.232 0 (no path) 0.106 (0.064) —0.019,0.232
Knowledge EL 0.028(0.070) —-0.109,0.165 —0.011(0.007) —0.024,0.002 0.016 (0.070) —-0.121,0.153
Intervention — knowledge EL —0.018 (0.160) —0.333,0.295 0 (no path) —0.018 (0.160) —0.333,0.295
Intervention — FS 0.327 (0.167) —0.001, 0.655 0.001 (0.016) —0.030, 0.034 0.329 (0.169) —0.001, 0.660
Knowledge EL —0.102 (0.063) —0.228,0.022 0 (no path) —0.102 (0.063) —0.228,0.022

agreement with studies conducted in Ethiopia [43, 68],
Egypt [69], LMICs [70], Iran [71], Bangladesh [72, 73],
and Turkey [74]. This could possibly be because pregnant
women in the intervention group became more aware
of the relevance of dietary intake during pregnancy and
GWG using HBM and TPB. This, in turn, increases the
women’s understanding of the implications of poor diet,
the advantages of a balanced diet, food preparation, and
weight gain [75].

This might also be due to the fact that nutrition edu-
cation delivered during pregnancy increases nutrition
knowledge of pregnant women, which in turn improves
nutrition literacy and understanding during pregnancy
[76], as well as the effect of counseling on improving
dietary practices [77]. This approach also agreed with the
data that interventions are more effective when they try
to improve actual conduct or actions crucial for behavior
change rather than simply transmitting knowledge [78].
Although lifestyle treatments reduced overall GW@G, they
were insufficient to provide weight gain within the range
recommended by IOM guidelines [79]. However, recent
research that examined the effect of lifestyle treatments
on GWG found that lifestyle interventions are ineffective
or have a low effect on overall GWG [80].

Monitoring GWG is a key step in dealing with inap-
propriate GWG and reducing its negative outcomes [81].
Food consumption is crucial for adequate GWG. It was
evident that the lifestyle intervention was effective in
improving food behaviors, increasing physical activity,
and lowering excessive GWG [82]. Nutritional behavio-
ral control, according to TPB, is attainable when women

have adequate nutrition skills. Cooking demonstrations
improved nutrition skills, which improved perceptions of
nutrition behavior control [83]. There was no statistically
observed indirect effect of nutrition education during
pregnancy on GWG via mediators.

The study’s findings revealed that receiving interven-
tion during pregnancy had the direct effect of improving
BW by 0.144 kg. This agreed with studies conducted in
Ethiopia [43, 84], Rwanda [85], Kenya [36], Bangladesh
[72, 73, 86], and LMICs [76]. It has also been observed
that interactions with a variety of multisectoral interces-
sions throughout pregnancy may result in a higher BW
[87, 88]. Overall, the combined intervention may improve
access to and use of various health services, increase
household food security, improve maternal nutrition
knowledge and safe food preparation, improve access
to clean water and sanitation, empower women, and
enhance behavior change towards healthy practices. All
of these factors could be plausible explanations for the
combined intervention’s direct effect on BW improve-
ment [87, 88]. The variation could be due to differences
in nutrition education, as our study was based on the
integration of the HBM and TPB, which improve the
retention of new information in pregnant women. These
findings show that a sufficient level of nutrition literacy
is essential to improve responsiveness to health advice
[29]. This might also be due to the difference in under-
standing among pregnant women about the importance
of nutrition during pregnancy as a result of the effect of
nutrition education on improving BW. Pregnant women
in the intervention group received counselling based on
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key messages and a client-centered approach. In addi-
tion, it may increase health-seeking behavior, women’s
knowledge [75, 89], and healthy behavior may lead to an
improvement in BW [36]. Another factor that had a small
but significant effect on decreasing BW was food insecu-
rity (data not shown), which is in agreement with XYZ.

There was no statistically observed indirect effect of
nutrition education during pregnancy on BW through
DDS, food security, and knowledge. This study’s result
disagreed with other studies conducted in Ethiopia [43,
84]. It might be that, as perinatal depression was not
assessed, the data set did not include those important
components.

Moreover, maternal nutrition education and coun-
selling have been shown to dramatically improve die-
tary behavior among women [77, 89]. The risk factors
for LBW increase in women with a low monthly family
income. This study’s findings agreed with studies carried
out in Ethiopia [90-92]. Nutrition education increases
income-generating activities such as home gardening,
which improves BW. Economic empowerment combined
with nutrition education may help women use and read-
just their resources to consume an appropriate and high-
quality diet, which increases GWG and foetal growth
[70]. It is advised to apply health education and health
promotion models to obtain meaningful and successful
outcomes since they are helpful resources for studying
the variables influencing behavior, planning, and effective
interventions [93]. The TPB is one of the best theories for
successfully changing unhealthy behavior into healthy
behaviour [30].

The main strength of this study was that it was a
community-based, cluster-randomized, controlled trial
(cRCT) in which encouraging the consumption of fruits
and vegetables (FV) was integrated with the HBM and
TPB, both of which are applicable to relevant and con-
ventional ANC. A cRCT requires both internal and
external validity to be generalizable [94]. The cluster
character of the study was taken into consideration dur-
ing the selection of the sample size. Evaluation of pro-
gram execution and adoption, or the degree to which the
setting is representative of the general population, could
similarly be used to measure external validity [94].

Moreover, to the best of the authors’ knowledge, the
current study is the first to adopt the SEM approach, a
robust multivariate statistical analysis, to examine the
effect of prenatal nutrition education on GWG and BW
via mediators in urban settings in Southeast Ethiopia.
One advantage of using SEM is that it focuses on latent
components rather than the variables used to quantify
them. In contrast to earlier research, DDS, food security,
and knowledge were considered as latent variables rather
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than their components as distinct variables. Furthermore,
the sample size for this study was large. Hemoglobin val-
ues were adjusted for altitude.

There were, however, limitations to the study. Even
well-behaved random errors might skew the coefficient
estimates of not only BW but also the other control vari-
ables included in the analysis. This occurs even when
the control variables are error-free [95]. As a result, we
employed GSEM and SEM to decrease measurement
error. Nonetheless, GSEM did not yield goodness-of-fit
values. Moreover, recall bias and social desirability bias
could have influenced the findings of our study. Despite
this, efforts were made to probe pregnant women numer-
ous times over the course of 24 h to improve dietary
recall. Self-reporting, on the other hand, is frequently
used in nutrition assessments and has been shown to
have more predictive ability than objective assessments
[96]. The pre-pregnancy weight was not measured, and
therefore we did not know whether the women were
mostly underweight prior to pregnancy. Moreover, mis-
classification of the mediator is a significant potential
source of error that might have an influence on expo-
sure-endpoint variable relationships [97]. The US IOM
guideline on GWG might not be applicable for Ethiopian
pregnant women as it is the recommendation of high-
income countries (HICs). As well, this study’s findings
may not be generalizable to pregnant women living in
rural settings in Southeast Ethiopia, as it was conducted
among pregnant women residing in urban areas in South-
east Ethiopia. Furthermore, food taboos, cultural norms,
and economic constraints may restrict food choices dur-
ing pregnancy. Selection bias can occur when the sam-
pling technique does not assure a fair representation of
all socioeconomic groups. The use of incentives might be
a limitation because incentives were not equally given to
controls, and this might influence the intervention group.

Conclusion

Overall, nutrition education integrating the health belief
model (HBM) and theory of planned behaviour (TPB),
using the generalised structural equation modelling
(GSEM) and structural equation modelling (SEM) find-
ings, revealed that nutrition education interventions
improved gestational weight gain (GWG) and birth
weight (BW). It also emphasizes the importance of uti-
lizing GSEM and SEM to examine the impacts of nutri-
tion education during pregnancy on GWG and BW,
which will allow researchers to undertake meta-analysis
of interventional studies. This study’s findings have impli-
cations for public health initiatives in urban settings in
Ethiopia, and would be useful for policymakers and pro-
gram planners at various levels.
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