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Abstract

Background: The high proportion of birth weight in Ethiopia is hypothesized to be due to inadequate maternal
diet which is associated with poor nutrition education during pregnancy. There was no study that evaluated the
effect of nutrition education on birth weight in the study area. This study aimed to assess the effects (overall, direct
and indirect effects) of guided counseling on the birth weight of neonates.

Methods: A two-arm parallel cluster randomized controlled community trial was conducted from May 1, 2018, to April 30,
2019, in West Gojjam Zone, Northwest Ethiopia. At the baseline, 346 pregnant women in the 11 intervention clusters and
348 pregnant women in the 11 control clusters were recruited. However, birth weight was measured from 258 and 272
newborns in the intervention and control groups, respectively.
In the intervention group, counseling was given monthly for four consecutive months in the participant’s homes. Besides,
leaflets with key counseling messages were distributed to each woman in the intervention arm. Pregnant women who
attended routine nutrition education given by the health system were recruited as control. Dietary practice, nutritional status,
and birth weight were the primary, secondary and tertiary outcomes of this intervention. Data were collected using a
structured data collection tool. Birth weight was measured within 48 h after birth. Independent sample t-test, linear mixed-
effects model, and path analysis were fitted to assess effects of the intervention.

Results: The intra-cluster correlation coefficient was 0.095. The average birth weight of newborns in the intervention group
was 0.257 kg higher compared with their counterparts in the control arm (β= 0.257, P< 0.001). The direct effect of this
intervention on birth weight was 0.17 (β= 0.17, P<0.001 ) whereas the indirect effect of this intervention was 0.08 (β= 0.08,
P<0.001 ).

Conclusion: Counseling using the health belief model and the theory of planned behavior has a positive effect on
improving birth weight. The findings suggest the need for enhancing nutrition education of pregnant women through the
application of theories to improve birth weight.

Trial registration: Clinical Trials.gov NCT03627156, “Retrospectively registered Jun, 13, 2018”.
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Background
According to the World Health Organization (WHO),
low birth weight (LBW) is weight at birth less than 2500
g irrespective of the gestational age of the neonate.
Whereas macrosomic babies weigh more than 4000 g at
birth [1, 2]. LBW is a key indicator of the progress to-
wards the achievement of the global nutrition targets [3]
since a 30% reduction in the number of LBW live births
between 2012 and 2025 is one of the six global nutrition
targets [4]. However, progress in reducing the prevalence
of LBW is unsatisfactory (the average annual rate of re-
duction is 1.23% per year) to reach the global nutrition
targets as it requires an average annual rate of reduction
of 2.74% per year [5].
The magnitude of LBW is high throughout the globe

affecting 20.5 million neonates in 2015 with 91% from
middle and low-income countries [5]. Nearly three of
four LBW newborns live in Southern Asia and Sub-
Saharan Africa [5].
In Ethiopia, the prevalence of LBW ranged from 7.8% [6]

in Jimma to 18% in the Kembata-Tembaro Zone [7]. Ac-
cording to a prospective study done in the southwestern part
of Ethiopia, the incidence of LBW was also 17.88 per 100
births [8]. Moreover, the prevalence of LBW was 22.2% in
the Amhara region where the study was conducted [1]. Ethi-
opian demographic and health survey report showed an in-
creasing trend of the prevalence of LBW from 11% in 2011
to 13% in 2016 [1].
LBW is a known underlying cause of neonatal morbid-

ity and mortality. From all neonatal deaths, over 80% oc-
curred in LBW newborns [5]. According to the WHO
estimate of 2014, LBW was the underlying cause of 27,
243 deaths (4.53% of overall death) in Ethiopia [9].
Moreover, survivors also have a higher probability of be-

ing stunted and having impaired cognitive function [10]
which in turn can negatively affect school performance,
job opportunities, and productivity later in life [11]. LBW
also increases the likelihood of developing chronic non-
communicable diseases such as type 2 diabetes mellitus,
cardiovascular diseases, hypertension, and cancer [12, 13].
Not only, LBW babies but also macrosomic babies have a
high risk of dying during the neonatal period [14], indicat-
ing that any extremes of birth weight have an untoward
effect on child survival.
Factors associated with low birth weight were having

unemployed mother, lack of antenatal care visit, having
unintended pregnancy, rural residence, birth interval less
than 2 years, previous history of having low birth weight
baby, maternal undernutrition, lack of nutrition counsel-
ing, not taking an additional meal during pregnancy,
pregnancy complication, not taking an iron supplement
and preterm delivery [7, 15–17].
Poor maternal diet is one of the several contributing

factors to LBW [15–18]. Women who did not take an

adequate meal during pregnancy were more likely to
have LBW neonate than their counterparts [19–23].
Despite its serious consequences on birth weight and
other birth outcomes, nutrient intakes of Ethiopian preg-
nant women were less than the recommended amounts
for several key nutrients [24, 25]. This is hypothesized to
be due to poor dietary habits of pregnant women since
the majority of pregnant women in the country take a
cereal-based monotonous diet low in nutrient content
and with poor bioavailability [26–28].
High prevalence of LBW related to inadequate nutri-

ent intakes of pregnant women warrant the importance
of implementing preventive strategies to reduce low
birth weight. Moreover, previous researchers in Ethiopia
suggested enhancing nutrition education during preg-
nancy [16, 17] as has potential to reduce the incidence
of LBW [29, 30].
In Ethiopia, nutrition education is given during ante-

natal care visits and at the community level [31] by
health professionals and health extension workers focus-
ing on the need that pregnant women should take one
additional meal from available foods. During counseling,
they do not consider the difference in nutrient require-
ments based on the trimester of pregnancy and pre-
pregnancy nutritional status. Moreover, they do not take
difference in socioeconomic status and dietary habits of
different pregnant women into account. This type of
education was ineffective to improve the dietary prac-
tices of pregnant women [31]. As a result, the prevalence
of low birth weight is very high in the country [1, 26,
28]. Therefore, the effect of nutrition education given by
the routine health system should be investigated, and
possible remedial measures need to be taken.
In this intervention, education was given based on the

trimester of pregnancy, dietary habits, and socioeco-
nomic status of pregnant women. A full description of
the intervention can be found in the methods session.
Since multiple theories and models are needed to fully

explain dietary behavior [32], in this study counseling was
given using the health belief model (HBM) and the theory
of planned behavior (TPB). The HBM is a behavioral
change model designed to explain and forecast health-
related behaviors. Its constructs are perceived susceptibil-
ity, severity, benefits, and barriers. When an individual
perceives that he/she is susceptible to a specific problem,
perceives a problem is serious, and perceives benefits out-
weigh the barriers, he/she takes measures to change be-
havior. Having confidence and cue to perform a specific
behavior are the other important components of the HBM
to bring behavioral change [33].
The TPB suggests that the probability of an individual

performing a specific behavior is determined by the
strength of his or her intention towards a specific behav-
ior. Attitude, subjective norms, and behavioral control
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regarding a specific behavior are determinants of
intention to bring behavioral change [34]. The objective
of this study was to assess the effects (overall, direct and
indirect effects) of guided counseling on birth weight of
neonates in West Gojjam Zone.

Methods
Study design and setting
The intervention was implemented in West Gojjam
Zone, Ethiopia, considering the principles of the Helsinki
Declaration and the requirements of Good Clinical Prac-
tice [35]. The total population of the Zone during data
collection was 2,641,240 of which 50.7% were females. A
two-arm parallel cluster randomized controlled commu-
nity trial was conducted from May 1, 2018, to April 30,
2019, to assess the effects of guided counseling on the
birth weight of the newborns. A detailed explanation of
the study area has been described previously [31].
Pregnant women within the first 4 months of preg-

nancy who had planned to give birth in the study area
were included in this study. As hypertensive’s and cases
of diabetes mellitus have different meal plans from nor-
mal cases, they were excluded from this study. Full de-
tails regarding the study participants and their
enrollment are described elsewhere [31].
G power 3.1.9.2 software was used to estimate the

sample size [36, 37]. The following assumptions were
used to calculate the required sample size: assuming a
precision of 5%, a power of 85%, an effect size of 0.5,
and mean birth weight change of 100 g over the study
period in the intervention group (from 3090 g- 3190 g)
[38, 39]. A design effect of 2 was used, and a 10% loss to
follow up was taken into account. The calculated sample
sizes were 128 and 132 women in the intervention and
control groups, respectively. However, sample size deter-
mined using G power for the primary outcome of this
trial (dietary practice) gave the largest sample sizes (346
women in the intervention group and 348 women in the
control group), which were included in the trial. Due to
problems reported in Fig. 1, the actual data were col-
lected from 249 women in the intervention group and
272 women in the control arm.
The approval letter was obtained from the Ethical Re-

view Committee of Bahir Dar University (IRB#092/18–
04) to conduct the trial. The literate woman signed in-
formed consent, and women who couldn’t sign gave fin-
gerprints prior to conducting the study. The trial was
registered in the Clinical Trials.gov NCT03627156
“Retrospectively registered”. The CONSORT extension
flow chart and CONSORT checklist of the trial were
prepared based on the Consolidated Standards of
Reporting Trials (CONSORT) statement (Fig. 1 and
Additional file 1) [40, 41].

Recruitment and randomization
West Gojjam Zone has fifteen Woredas, of which eight
had nutrition education intervention on infant feeding
practices. These eight Woredas were excluded from this
study since women in these Woredas may not be repre-
sentative of women in the nonintervention area. Three
Woredas were selected using a simple random sampling
(SRS) method from the seven eligible Woredas. First, a
list of noncontiguous Kebeles was prepared using a map
in different colors in consultation with a mapping office.
Non-selected kebeles (buffer zone) were found between
the intervention and control Kebeles to prevent the
probability of message communication [39].
Then the Kebeles (clusters) were randomly allocated

to intervention and control arms using the lottery
method in a 1:1 ratio. All eligible pregnant women
within the first 4 months of gestation in the selected
Kebeles were included in the study after screening
through a home-to-home visit.

Intervention and fidelity check
Full details of the intervention and fidelity check are found
elsewhere [42]. Community-based counseling about ma-
ternal diet was implemented in this study. Counseling was
guided by a counseling protocol, the HBM, and the TPB.
The counseling guide was prepared by reviewing the rec-
ommendations of WHO and the Ministry of Health of
Ethiopia [43, 44]. Counseling protocol was attached as
Additional file 2.
The core contents of the counseling protocol were in-

creasing the amount and frequency of meals with gesta-
tional age, and diversity of meals. Iron/folic acid
supplement and iodized salt utilization were also in-
cluded in the counseling protocol. Moreover, reducing
workload, taking day time rest, infection prevention
methods, and health care services utilization were the
contents of the counseling protocol.
The result of taking insufficient nutrients, susceptibil-

ity to, and severity of the effects of inadequate nutrient
intakes were also discussed during counseling. The ben-
efits and barriers of eating sufficient amount and bal-
anced diet were included in the counseling protocol.
Attitude, subjective norms, self-efficacy, perceived con-
trol, intention, knowledge, and dietary practice were
assessed during each counseling session, and counseling
was given accordingly.
Individual nutrition counseling was given monthly at

women’s homes on religious holidays and weekends,
using the counseling protocol. Pregnant women in the
intervention arm were counseled four times; each coun-
seling session took 40 to 60min. During counseling,
women had an active role in discussing and choosing
from locally available, affordable, and acceptable
foodstuffs.
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The first counseling was implemented within the first 4
months of gestation. It included the importance of taking a
balanced diet, selection, preparation, amount, diversity, and
frequency of meals. The next two consecutive counseling ses-
sions were delivered during the second trimester of pregnancy
and covered the full contents of the counseling protocol. The
fourth counseling was delivered during the early third trimes-
ter of pregnancy to fill the identified gaps during counseling.

Counseled women were provided leaflets with the core
messages of the trial in Amharic (local) language and ap-
propriate pictures. For women who couldn’t read, some-
one at home or in the neighborhood who could read
was recommended to read the leaflet to the woman and
other family members. Women in the control arm re-
ceived nutrition education given by the health care sys-
tem. The routine practice by the health care system is

Fig. 1 CONSORT flow chart showing the allocation of the study participants through the trial according to the criteria recommended in the
CONSORT extension guideline
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advising pregnant women to eat one additional meal
from foods available at home compared to their meals
before pregnancy. The education was given during ANC
visit and at the community through a home visit and
women’s conference. Nutrition counseling was given in
the health system guide on key nutrition practices dur-
ing pregnancy which was attached as Additional file 3.
Counselors and supervisors of the counseling process

were BSc nurses and MSc nutritionists, respectively. The
counseling team was trained for 3 days using a training
manual. Furthermore, they were given a one-day supple-
mentary training after 60 days of the trial to keep up
their proficiency in counseling.
Fidelity of the intervention was evaluated using criteria

for best practice recommendations developed by the Na-
tional Institutes of Health Behavioral Change Consor-
tium [45, 46]. The intervention design, training of
counselors, counseling process, receipt of intervention,
and enactment of skills gained from the intervention
were assessed using the criteria [46].
The intervention was guided by theory and counseling

guide. The counseling process was pretested before the
implementation. The frequencies and the duration of
counseling were approximately similar for all women to
make the counseling process standardized. Counselors
were trained together and pre- and post-training tests
were given. One process evaluator assessed the counsel-
ing process using a ‘yes/no’ rating system on items re-
lated to counseling.
Maternal knowledge on diet during pregnancy was also

assessed through enquiring about their understanding of
intervention messages. Moreover, women’s skill was deter-
mined by observing a demonstration of preparing and tak-
ing diversified meals. Women’s practices of increasing
frequency of meal, portion size, iodized salt and iron/folic
acid use were also assessed using a checklist.
Counselors and their supervisors met monthly to dis-

cuss and propose possible solutions to the challenges en-
countered during counseling. Participants, counselors, and
data collectors were not aware of the study hypotheses.
Furthermore, the data entry clerk was blinded by coding
the groups until analysis. The supervisors and the investi-
gators closely supervised the counseling process.

Data collection and measurement
Structured questionnaires on socio-demographic vari-
ables, obstetric characteristics, and dietary practices were
prepared based on literature [1, 47]. Data on the socio-
demographic and obstetric variables were collected at
the baseline. Data on dietary practice, mid-upper arm
circumference, and women’s weight were collected be-
fore and after the trial. Six nurses collected data through
face-to-face interviews at the participants’ homes.

Data collectors and supervisors were employed and
trained for 3 days. Supervisors and the principal investi-
gator followed the data collection process closely. The
data collection team met daily to discuss and solve diffi-
culties. Dietary practice and nutritional status of preg-
nant women were primary and secondary outcomes
whereas birth weight was the third outcome of this
intervention.
Birth weight was measured within 48 h of life using bal-

anced digital Seca scales, read to the nearest 100 g [48].
The scales were calibrated before each measurement using
an object of known weight. Moreover, the reading on each
scale was adjusted to zero levels before weighing each
newborn. During weighing the women wore light clothes.
Gestational weight gain was calculated by subtracting
baseline weight from the end-line weight.
To assess the Mid Upper Arm Circumference

(MUAC) of the respondents, the distance from the acro-
mion to olecranon processes was measured while the re-
spondents’ elbows were flexed to 900. The midpoint was
marked, and measuring tape was placed snugly around
the arm at the midpoint mark while hanging arm freely.
Dietary data were collected using the food frequency

questionnaire (FFQ) that contained 54 food items. Food
items of the FFQ were categorized into nine food groups
(1. cereals, roots, and tubers; 2. vitamin-A-rich fruits and
vegetables; 3. other fruits; 4. other vegetables; 5. legumes
and nuts; 6. meat, poultry, and fish; 7. fats and oils;
8.dairy; and 9. eggs) [31]. The consumer of a food group
was defined as a woman who eats one of the food items
for the food group within 1 week. Then for each food
group, a consumer was coded as “1” and nonconsumer
coded as “0”. Finally, the food groups were summed to
generate a dietary diversity score (DDS), which was rank
ordered into tertiles [31].
Count of each food items the women ate within a

week was used to compute the mean food variety score
(FVS). Respondents who consumed above the mean food
variety were labeled as having good FVS, or else having
poor FVS [49]. Count of the frequency of each animal
source food (ASF) the respondents ate within the days of
a week was classified into three parts. Women who took
the highest part were considered as taking high fre-
quency of ASF consumption, otherwise having a low fre-
quency of ASF consumption [49].
The sums of FVS, ASF consumption, DDS, and fre-

quency of meals were used to assess the dietary practice
of pregnant women. The Principal Component Analysis
(PCA) was used to generate the wealth index. The avail-
ability of a latrine, source of water, household resources,
livestock, and farmland ownership were variables in-
cluded in the PCA. The responses of all non-dummy
variables were categorized into three parts. The highest
score was labeled as one and the two lower values were
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coded as zero. Factor scores were produced using vari-
ables having a commonality value of above 0.5. The
wealth indexes of households were produced using the
scores of the first principal component. The wealth
index was categorized into five as the poorest, poor,
medium, rich, and richest [31].
The sums of composite questions were used to assess

each HBM and TPB constructs such as perceived sus-
ceptibility, perceived severity, perceived benefits, per-
ceived barriers, attitude, subjective norms, intention, and
knowledge on maternal diet.
Level one variables were intervention, crop production,

and source of drinking water whereas MUAC at the
baseline, maternal age, educational status, source of
drinking water, sex of the child, pre-intervention dietary
practice, wealth index, and decision making on monetary
resources were level one variables.

Data management and analysis
Multiple births, preterm deliveries, and stillbirths were
excluded from the analysis. A chi-square test was used
to compare the baseline characteristics of the two
groups. The birth weight difference between the two
groups was compared using independent samples t-tests.
Since the cluster sampling technique was used, birth

weights were nested within the clusters. Taking this into
consideration the linear mixed-effects model was used to
analyze the effect of the intervention on birth weight.
First, the empty model was fitted to determine the need
for assessing random effects at the cluster level. Next,
the full model which included both level one and level
two variables in addition to cluster-specific random ef-
fects were fitted. Due to the fact that similar counselor
counseled women in the same cluster; the intervention was
included as a level two variable. This study was conducted
among women in the rural area where the source of drinking
water and crop production is similar to women in the same
cluster. Due to this crop production and source of drinking
water were also considered as a level two variables. The
model was adjusted for level one variables such as MUAC at
baseline, maternal age, educational status, sex of the child,
pre-intervention dietary practice, wealth index, and decision
making on monetary resources.
Moreover, the intervention was given about dietary

practice, iron/folic acid supplement use, infection pre-
vention measures, and health service utilization. This
type of counseling has both direct and indirect effects on
birth weight. Taking this into consideration, path analysis
was also performed to evaluate the direct and indirect ef-
fects of guided counseling on birth weight [50]. Birth
weight was the outcome variable and intervention was the
predictor of the outcome. Dietary practice and gestational
weight gain were mediators of the intervention effect. All

other level one and level two variables listed above were
also adjusted during path analysis.
This regression-based path analysis was implemented

using the PROCESS macro version 3.4 for SPSS, devel-
oped by Andrew F Hayes [50]. The pre-requisites,
namely linearity, independence, normality, and homo-
scedasticity were checked before running the model.
Shapiro Wilk’s test (p > 0.05) showed that birth weight
was approximately normally distributed. Durbin-Watson
< 4 and scatter plots also showed that observations are
independent and linear, respectively. The variance infla-
tion factor (VIF) was less than five. Before path analysis,
a linear regression model was fitted to examine the asso-
ciation between predictors and birth weight.
Then, the mediation effects of dietary practice and ges-

tational weight gain were assessed in serial multiple me-
diation analysis. This model also adjusted for the
abovementioned predictors. P-value < 0.05 and 95% CI
were used to assess statistical significance. All statistical
analyses were performed using SPSS package version 23.

Results
Socio-demographic and obstetric characteristics of
pregnant women
Birth weight of 530(intervention group =258, control
group =272) neonates was measured within 48 h. The two
groups have comparable baseline socio-demographic and
obstetric characteristics (Table 1).

Birth weight and nutritional status of pregnant women
At the endline survey, the mean birth weight of babies
born in the intervention group was 3.18 kg (±0.44), while
it was 2.92 kg (±0.42) for the control arm showing higher
birth weight in the intervention group by 0.26 kg. Mean
gestational weight gain was 8.12 kg in the intervention
group and 7.17 kg in the control arm (Table 2).
A higher proportion of the newborns in the control

group had low birth weight than the intervention arm
(14.7% Vs 6.4%, p = 0.002). There were 1.2% of macroso-
mic babies in the intervention group, whereas, there was
no macrosomic baby in the control group. There was a
significant difference in the mean gestational age at birth
(mean ± SD = 39.20 ± 1.26 Vs 38.99 ± 1.16, P = 0.049).
MUAC of the study participants was comparable be-

fore the implementation of the intervention (P = 0.67).
At the end of the trial, counseled women had higher
MUAC than their counterparts. More women in the
intervention group gave birth in the health institution
than women in the control group (P = 0.001) (Table 3).

Effects of guided counseling on birth weight
The first model (empty model) showed significant vari-
ability of the average birth weight across clusters (p =
0.02). The intra-cluster correlation coefficient was 0.095.
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Table 1 Baseline socio-demographic and obstetric characteristics of pregnant women in West Gojjam Zone, Ethiopia

Variables Intervention group (n1 = 258) Control group (n2 = 272) P

Frequency (%) Frequency (%)

Number of clusters 11 11

Age (years)

< 20 21(8.2) 13(4.8) 0.138

20–24 47(18.2) 58(21.3)

25–29 82(31.8) 68(25.0)

30–34 62(24.0) 71(26.1)

> =35 46(17.8) 62(22.8)

Religion

Orthodox 256(99.2) 270(99.3) 0.958

Muslim 2(0.8) 2(0.7)

Educational status

Couldn’t read and write 199(77.1) 195(71.7) 0.060

Can read and write 17(6.6) 15(5.5)

Primary education 34(13.2) 39(14.3)

Secondary education 8(3.1) 23(8.5)

Occupational status

Housewife 120(46.5) 143(52.6) 0.163

Farmer 138(53.5) 129(47.4)

Marital status

Married 253(98.1) 271 (99.6) 0.197

Unmarried/ Divorced 5 (1.9) 1(0.4)

Husband education (n = 253, n = 271)

No formal education 190(75.1) 202(74.5) 0.988

Primary education 45(17.8) 49(18.1)

Secondary and above education 18(7.1) 20(7.4)

Wealth index

Poorest 41(15.9) 51(18.7)

Poor 56(21.7) 53(19.5) 0.767

Medium 58(22.5) 54(19.9)

Rich 52(20.2) 62(22.8)

Richest 51(19.7) 52(19.1)

Family Size

< 5 137 (53.1) 133 (48.9) 0.333

> =5 121 (46.9) 139 (51.1)

Number of pregnancy

1 57 (22.1) 57 (21.0) 0.602

2–3 75 (29.1) 68(25.0)

4–5 81 (31.4) 90 (33.1)

> =6 45(17.4) 57 (20.9)

Number of delivery

0 60 (23.3) 62(22.8)

1–3 125 (48.4) 118 (43.4) 0.552

4–5 55 (21.3) 68(25.0)
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According to the Linear mixed-effects model, the aver-
age birth weight in the intervention group increased by
0.257 kg compared with birth weight in the control
group (β = 0.257, P <0.001) (Table 4).
Path analysis also showed a similar result such that after

adjusting for the potential confounders, the average birth
weight in the intervention group increased by 0.26 kg com-
pared with birth weight in the control group (β= 0.26, P<
0.001 ). The direct effect of this intervention on birth weight
was 0.17 (β= 0.17, P<0.001) . Whereas, the indirect effect of
this intervention was 0.08 (β= 0.088, P<0.001 ) (Table 5).

Discussion
The findings of this study confirmed the effectiveness of
guided counseling using the health belief model and the
theory of planned behavior in improving gestational
weight gain and birth weight. Women who got counsel-
ing on the maternal diet had better gestational weight
gain than women who didn’t get counseling.
A similar finding was reported by the previous study

in Bangladesh [51]. This positive effect of the interven-
tion in improving gestational weight gain might be due
to the effect of counseling in improving women’s dietary
practice [52]. Counseled women were more likely to
have appropriate dietary practice than their counter-
parts. Taking an adequate amount and a good quality
diet is a direct determinant of gestational weight gain.
Neonates in the intervention group were heavier than

newborns in the control group. The mean birth weight
of newborns in the intervention group was 0.26 kg
greater than the mean birth weight of neonates in the
control group. This result is similar to the study finding
in Kenya [30].

After the model was adjusted for potential con-
founders, the linear mixed-effects model and process
model results also revealed higher birth weight in the
intervention group compared with the control group.
This result is consistent with previous studies reported
by different scholars [51, 53].
This difference might be due to the difference between

counseling given for the intervention and control
groups. In this study, counseling was given based on the
health belief model and the theory of planned behavior.
Counselors used a counseling guide with the core mes-
sages of the intervention. Counseling gave emphasis to
increasing portion size, frequency, and diversity of meals
with increasing gestational age. Moreover, in the inter-
vention group counselors follow a client-centered ap-
proach. They assess women’s, knowledge on diet during
pregnancy, availability, and accessibility of foodstuffs and
counseled them based on the need of individual preg-
nant woman. All these have significant contributions in
improving the dietary practices of pregnant women.
Taking an adequate amount of good quality diet plays a
crucial role in improving the birth weight of neonates.
Whereas, health professionals and health extension

workers counsel women to take foods available at home
by adding one extra meal compared with women’s usual
diet. One extra meal may not be enough for all pregnant
women during the third trimester. Foods available at
home may not be diversified to meet the nutrient de-
mand of all pregnant women. This type of general non-
tailored education may not bring positive results.
The direct effect of the intervention on birth

weight was 0.18. The possible explanation for the
direct positive effect of this intervention could be
the core contents of counseling. In addition to the

Table 1 Baseline socio-demographic and obstetric characteristics of pregnant women in West Gojjam Zone, Ethiopia (Continued)

Variables Intervention group (n1 = 258) Control group (n2 = 272) P

Frequency (%) Frequency (%)

> =6 18(7.0) 24 (8.8)

Sex of the child

Male 132 (51.2) 137 (50.4) 0.813

Female 126 (48.8) 135 (49.6)

IG Intervention group, CG Control group

Table 2 Comparison of gestational weight gain and birth weight of pregnant women in West Gojjam Zone, Ethiopia using
independent sample t-test (intention to treat analysis)

Variables Intervention Control Difference P

Mean (±SD) (Kg) Mean (±SD) (Kg) Mean (SE) (Kg) (95% CI)

Birth weight 3.18(±0.44) 2.92(±0.42) 0.26(0.03), (0.18,0.33) < 0.001

Gestational weight gain 8.12(±2.49) 7.17(±2.56) 0.95(0.22), (0.52,1.38) < 0.001

Gestational age (week) 39.20(±1.26) 38.99(±1.16) 0.20(0.10), (0.001,0.41) 0.049
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maternal diet, women in the intervention group got
counseling about disease prevention and health ser-
vice utilization. This increased women’s knowledge and
disease prevention practices [54, 55]. These healthy prac-
tices, in turn, improved birth weight [30].

The intervention effect on birth weight was mediated by
women’s dietary practice and gestational weight gain. The
indirect effect through path1 (intervention effect through
dietary practice) was significant. Previous studies also re-
ported the positive effect of nutrition counseling in

Table 3 Comparison of the birth weight of neonates and nutritional status of pregnant women in West Gojjam Zone, Ethiopia

Variables Intervention (n1 = 258) Control (n2 = 272) P

Birth weight

Low birth weight (< 2500 g) 16 (6.2) 40 (14.7) 0.001

Normal birth weight (2500 g -4000 g) 239 (92.6) 232 (85.3)

Macrosomic (> 4000 g) 3 (1.2)

MUAC before intervention

< 23 cm 108 (41.9) 109 (40.1) 0.676

> =23 cm 150 (58.1) 163 (59.9)

MUAC after intervention

< 23 cm 77 (29.8) 134 (49.3) < 0.001

> =23 cm 181 (70.2) 138 (50.7)

Place of delivery

Institution 214 (82.9) 193 (71.0)

Home 44 (17.1) 79 (29.0) 0.001

Table 4 Linear mixed model predicting birth weight among newborns delivered in West Gojjam Zone

Fixed effect

Model 1 Model 2 Model 3

Variables Estimate (SE) 95% CI Estimate (SE) 95% CI Estimate (SE) 95% CI

Intercept 3.05 (0.035) (2.98,3.12) 2.92 (0.027) (2.87,2.98) 1.56 (0.239) (1.09,2.04)

Intervention 0.261 (0.039) (0.17,0.34) 0.257 (0.041) (0.17,0.34)

Crop production

Cereals 1.00 1.00

Cereals & legume 0.001 (0.056) (−0.111,0.114)

Cereals, legume, vegetables & fruits 0.024 (0.049) (−0.073,0.122)

MUAC baseline 0.053 (0.009) (0.03,0.07)

Dietary practice baseline 0.180 (0.047) (0.08,0.27)

Being female 0.021 (0.036) (−0.04,0.09)

Increasing wealth 0.0001 (0.013) (−0.02,0.02)

Having decision making power 0.005 (0.039) (−0.07,0.08)

Piped water supply 0.062 (0.039) (−0.01,0.15)

Having formal education 0.045 (0.050) (−0.05,0.14)

Age 0.003 (0.003) (−0.01,0.01)

Random effect

Level two variance 0.0198 (0.008) 0.0009 (0.002) 0.0006 (0.001)

ICC 0.0954 0.0047 0.0039

AIC 651.034 629.991 594.473

Number of parameters 3 5 16

SE Standard error, CI Confidence interval, AIC Akaike information criterion, ICC Intra cluster correlation coefficient
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improving the dietary practice of pregnant women [52,
56] which, in turn, improved birth weight [57].
Another indirect effect of the intervention was through

gestational weight gain (path2). A systematic review of
studies about the effect of nutrition interventions on
birth weight also reported the indirect effect of nutrition
intervention on birth weight [29]. According to a study
done in Bangladesh, nutrition intervention improved
dietary intake, gestational weight gain, and birth weight
of the newborns [58]. Similarly in this study, indirect ef-
fect through path3 (intervention effect through dietary
practice and gestational weight gain) was also significant.
The possible explanation could be that women in the

intervention group got counseling about maternal diet
and the importance of gestational weight gain using the
HBM and the TPB. This type of counseling increased
women’s knowledge about the consequences of poor
diet, the benefits of taking a balanced diet, food prepar-
ation, and weight gain [54, 55]. This, in turn, improve
gestational weight gain and birth weight [30].
The prevalence of low birth weight in the control

group was higher than in the intervention group. The
2016 Ethiopian demographic and health survey also

reported a 13% prevalence of low birth weight [1]. Stud-
ies in Kenya [30] and Bangladesh [51] also reported a
lower prevalence of low birth weight in the intervention
group than the control arms. The positive effect of the
intervention in improving dietary practice and health-
seeking behavior might explain this difference.
The results have practical implications in preventing low

birth weight. The fact that significantly lower numbers of
newborns have LBW in the intervention group implies the
need for enacting the community level education through
health extension workers using theory enhanced approaches.
Although this study was a large and well-organized random-

ized controlled trial with good data management, increasing
the reliability of the data, it is not free from limitations. The
findings couldn’t be generalized to urban dwellers as this study
was done among rural residents. The high rate of loss to fol-
low up is also a limitation of this study. Though a loss to fol-
low up is high, the baseline characteristics of the study
participants were similar between the two groups.

Conclusion
Counseling using the health belief model and the theory
of planned behavior has a positive effect on improving

Table 5 Mediation analysis of direct and indirect effects of the intervention on birth weight of pregnant women in West Gojjam
Zone, Ethiopia

Variables Estimate (SE) 95% CI

Total effect of the intervention on birth weight 0.260 (0.038) (0.186,0.335)

Direct effect of the intervention on birth weight 0.172 (0.039) (0.094,0.249)

Total indirect effect of the intervention on birth weight 0.088 (0.023) (0.041,0.138)

Indirect effect1 0.046 (0.018) (0.011,0.084)

Indirect effect2 0.023 (0.012) (0.001,0.050)

Indirect effect3 0.018 (0.006) (0.007,0.032)

Effect of the dietary practice on birth weight 0.007 (0.002) (0.002,0.012)

Effect of gestational weight gain on birth weight 0.049 (0.007) (0.035,0.063)

Effect of the intervention on dietary practice 6.330 (0.617) (5.116,7.541)

Effect of the dietary practice on gestational weight gain 0.060 (0.015) (0.029,0.091)

Effect of the intervention on gestational weight gain 0.483 (0.242) (0.006,0.959)

MUAC baseline 0.050 (0.008) (0.032,0.067)

Dietary practice baseline 0.003 (0.002) (−0.001,0.008)

Being female 0.014 (0.035) (−0.054,0.083)

Increasing wealth 0.004 (0.013) (−0.022,0.030)

Having decision making power on monetary use 0.004 (0.038) (−0.070,0.080)

Piped water supply 0.036 (0.038) (−0.038,0.0112)

Having formal education 0.025 (0.049) (−0.072,0.122)

Age 0.003 (0.003) (−0.003,0.009)

Crop production 0.002 (0.021) (−0.040,0.045)

Indirect effect key:
Indirect effect 1: shows intervention effect on birth weight through dietary practice
Indirect effect 2: reveals intervention effect on birth weight through gestational weight gain
Indirect effect 3: indicates intervention effect on birth weight through dietary practice and gestational weight gain
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birth weight. Dietary practice and gestational weight gain
were mediators of intervention effect on birth weight.
The findings suggest the need for enhancing the nutri-
tion education of pregnant women through the applica-
tion of the health belief model and the theory of planned
behavior to improve birth weight. This study suggests
future research to determine the effect of guided coun-
seling starting before conception.
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