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Abstract

Background: In many sub-Saharan African countries, such as Malawi, antenatal care (ANC) services do not deliver
sufficient nutrition awareness to improve adequate dietary intake in pregnancy. We therefore compared the effects
of supplementary nutrition education and dietary counselling with routine ANC service on nutrition knowledge and
dietary intakes among Malawian pregnant women.

Methods: We used data from a two-armed cluster randomised controlled trial (RCT) of which the intervention group
received supplementary nutrition education, dietary counselling and routine ANC services whereas the controls
received only routine ANC services. The RCT was conducted in 10 control and 10 intervention villages in Mangochi,
Southern Malawi and included pregnant women between their 9" and 16" gestational weeks. We examined the
changes in nutrition knowledge and dietary diversity from enrolment (baseline) to study end-point of the RCT (two
weeks before expected delivery). We used three linear multilevel regression models with random effects at village
level (cluster) to examine the associations between indicators of nutrition knowledge and diet consumption adjusted
for selected explanatory variables.

Results: Among 257 pregnant women enrolled to the RCT, 195 (76%) were available for the current study. The
supplementary nutrition education and counselling led to significant improvements in nutrition knowledge, dietary
diversity and nutrition behaviour in the intervention group compared with controls. Most women from both study
groups had a moderate consumption of diversified foods at study end-point. A significant positive association
between nutrition knowledge and consumption of a diversified diet was only observed in the intervention group.

Conclusions: Nutrition knowledge and dietary diversity improved in both study groups, but higher in the interven-
tion group. Increased nutrition knowledge was associated with improved dietary diversity only in the intervention
women, who also improved their nutrition perceptions and behaviour. Antenatal nutrition education needs strength-
ening to improve dietary intakes in pregnancy in this low resource-setting.

Trial registration: Clinical trials.gov ID: NCT03136393 (registered on 02/05/2017).
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Background

Antenatal care (ANC) is the regular medical and nurs-

ing care for pregnant women, including the provision
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platform for the delivery of maternal nutrition interven-
tions in low-resource settings, such as sub-Saharan Africa
[1]. In Malawi in 2016, 80% of pregnant women reported
that their main source of nutrition information was ANC
services [2]. World Health Organisation (WHO)-revised
guidelines for undernourished populations emphasise
the relevance of nutrition education and counselling ser-
vices for ANC, aiming to increase daily energy and pro-
tein intake to reduce the risk of low birth weight (LBW,
birth weight <2,500 g) infants [3]. This is particularly rel-
evant for Malawi, where maternal malnutrition accounts
for more than half of the LBW babies [4].

Nutrition education is defined as any combination of
educational strategies, accompanied by environmen-
tal support, designed to facilitate voluntary adoption of
food choices and nutrition-related behaviours beneficial
to health and well-being [5]. Nutrition education plays
a pivotal role in nutrition behaviour change efforts, as
it can enhance participants’ attainment of nutrition-
and food literacy. Nutrition literacy refers to the set of
abilities needed to understand and interpret informa-
tion about food and their nutrients, while food literacy
encompasses nutrition literacy as well as the ability to
apply that information in making appropriate decisions
[6, 7]. Knowing the beneficial effects of good nutrition
and having skills to prepare the food can motivate the
pregnant women to develop intentions to improve their
dietary habits [5].

Food literacy in the Malawian context includes the
ability to understand the benefits of good nutrition by
applying the Six Food Group (SFG) which is a national
recommended guideline for measuring dietary qual-
ity [8]. The SFG is an example of food group diversity
that can be translated to a score to assess dietary qual-
ity and consists of staple (grains), vegetables, animal/fish
food, legumes, fruits, and fats [9]. The Dietary Diversity
Score (DDS) is another tool often used internationally
for assessing dietary quality in micronutrients [10]. It
includes 10 food groups; being grains, nuts/seeds, dairy,
meat/poultry/fish, eggs, dark green leafy vegetables,
other vegetables, vitamin A rich fruits, other fruits, and
legumes/pulses.

Nutrition education/counselling is only one of 15 top-
ics that constitute the educational component of the
Malawian ANC services. These competing topics to be
addressed during the eight antenatal visits recommended
by WHO may lead to situations where pregnant women
are unable to access quality nutrition education and
counselling through the ANC services [11-15]. In line
with this, studies have found that care providers often
have insufficient time to facilitate group- and individual
education sessions, attributing this to high client/pro-
vider ratios during the ANC visits [16—18]. Furthermore,
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attendance to antenatal visits remains low among women
in poor Malawian communities, which implies that many
pregnant women miss out on substantial education com-
ponents offered through ANC services [2]. These factors
raise uncertainties about the effect that nutrition educa-
tion counselling through routine ANC have on develop-
ing the required levels of nutrition- and food literacy.

There are limited published research on the contribu-
tions of ANC to food literacy among Malawian pregnant
women, and there is a need for evidence on the effective-
ness of ANC in nutrition education in order to inform
the development of appropriate interventions for this
vulnerable population. We previously conducted a clus-
ter randomised controlled trial (RCT) among pregnant
women in rural Malawi with the intention to increase
birth weight of their babies, nutritional knowledge and to
improve their dietary habits. Here we used data from this
RCT to describe the differences in nutrition knowledge
and dietary habits between women who attended only
routine ANC (control group) and women who accessed
a supplementary community-based nutrition education
and counselling (intervention group). Specifically, we
wanted to (i) describe and compare changes in nutrition
knowledge, perception and dietary habits at study base-
line and study end-point between the intervention and
control groups; and (ii) to evaluate the effects of nutrition
knowledge on dietary diversification among these two
study groups.

Methods

Study-setting

We conducted the RCT from January to December 2016
in the Namkumba area in Mangochi, one of the 12 dis-
tricts in the southern region of Malawi. Mangochi dis-
trict was prioritised for this intervention as it faces major
challenges in maternal and child undernutrition, accord-
ing to the Demographic Health Survey of 2010 [19].
Nankumba area is situated on the southern end of Lake
Malawi (Fig. 1). We included pregnant women attend-
ing ANC from Monkebay, Namkhumba, Malembo and
Nkope health centres. The population of the area is about
150,000 and the inhabitants’ livelihood is mainly fishing
or farming (depending on geographical location) [20].

Selection and recruitment of study participants

All consenting pregnant women who were between their
9" and 16™ gestational week, both primi- and multipa-
rous, were eligible for inclusion. Moreover, they had to
be available during the study period and had to intend
to give birth at the health facilities within the study area.
Women carrying multiple foetuses and those with severe
illnesses were excluded from the study.
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Fig. 1 Map of Malawi showing Mangochi District (red), Lake Malawi blue), and Location of T.A. Nankumba (right side inset) with the study villages
(intervention-green and control-white circles). Modified from source [21]

Twenty clusters, defined as a village which did not
share common borders with other villages in the study,
were eligible to be included and were mapped out in
the study area. The villages were assigned STATA-
generated random numbers to allocate them to either
the intervention or the control group, generating ten
clusters in each study group. The women from these
clusters were identified by the study team in their com-
munities and referred to the nearest designated local
health centre where their pregnancy and the gestational
age were confirmed and where they were also invited to
consent to participate in the study.

The intervention and data collection

The intervention addressed some of the underlying
and contextual causes of undernutrition as per the
UNICEF’s framework [22], such as poor dietary qual-
ity and factors usually resulting from inadequate: (i)
knowledge of the benefits of good nutrition and nutri-
tion dense foods, (ii) skills in food preparation that
ensure the inclusion of diverse food groups in the
diet, (iii) food processing that enhances absorption
of nutrients from the gut, and (iv) motivation to put
in the efforts needed to adhere to the recommended
dietary guidelines. In the intervention, we therefore
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applied nutrition education, cooking demonstrations
and home-based counselling. We used lay counsellors
who were women from the same community (and who
were already involved in community activities) to facili-
tate the education and counselling sessions. Moreo-
ver, we trained the lay counsellors in the intervention
processes, and to use standard guidelines to ensure the
implementation of the intervention.

The education component was offered before cook-
ing demonstration to groups of women (6—20 women
per group). Nutrition education was oriented towards
enhancing individual understanding of the importance of
eating diverse food, communicating the effects of diver-
sified diet for mother- and child health, and conveying
information about the food groups and their function
in the human body. The cooking demonstrations were
focused on teaching the women how to prepare foods
that integrated the SFG dietary guidelines. These ses-
sions were done once a month, during the week and uti-
lised a whole afternoon. Prior to the session, the women
were assigned to prepare the powder ingredients, pro-
cess maize flour and mobilise all other resources needed.
Most women attended about 4 sessions before they
delivered.

We demonstrated on how to use the recipes that
included ingredients made from food supplements
turned into powder seasoning to make the meals more
diversified. The powders were from anchovy (Bonya,
dried small bony fish), groundnuts (Nsinjiro) and dried
moringa tree leaves (Chammwamba). Anchovies are a
good source of calcium, iron, and zinc, groundnuts are
a good source of proteins and fats, while moringa leaves
are good source of protein, vitamin B,, vitamin By, vita-
min C, iron, vitamin A and magnesium [23]. The recipes
combined foods with high content of nutrients that were
lacking in their usual diet. The most limiting foods in
these settings were legumes while animal foods and veg-
etables were usually inaccessible at upland and lake shore
household. Nsima was usually taken with one relish,
which made the diet comprise of only two food groups
of the required six. The most accessible main meal com-
bination from upland was Nsima (a thick porridge), usu-
ally taken with only vegetables, whereas in the lakeshore
areas Nsima was commonly taken with fish.

The diets in the communities participating in the study
were predominantly plant-based and thus contained a
high content of phytate and polyphenols that inhibit the
absorption of iron, zinc and calcium [24]. The women
thus got demonstrations on food processing that enables
increased absorption of nutrients, such as soaking beans
overnight before cooking and soaking whole grain maize
for three days before turning it into maize meals used for
making porridge and the staple food Nsima.
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The practices promoted in this intervention were har-
monised with local dietary patterns and food beliefs.
Recipe development was guided by linear programming
analyses of dietary intakes of pregnant women in the
area. The project conducted Trials of Improved Prac-
tices to identify challenges with use of the recipes over a
longer time which could hinder adoption of the recipes.
In line with this, the recipes were tested among a compa-
rable group of pregnant women in a non-study area.

We also offered home-based nutrition counselling to
the women once a week to enhance intake according to
the proposed dietary guidelines. Counselling sessions
were offered weekly based on the individual needs and
involved women with their families, aiming to promote
their capabilities to source the required ingredients [25].
Each counsellor was expected to support up to twenty
women within walking distance from the counsellor’s
home. More information regarding delivery of the inter-
vention has been previously described [20]. No interven-
tion-related harm was detected.

Measurements

A questionnaire that was partly adapted from a validated
general nutrition knowledge questionnaire [26] was
developed to collect sociodemographic data, nutrition
knowledge and food consumption behaviours. Socio-
economic status was assessed using a household asset
index based on eleven household items according to their
monetary value and given scores very poor: <1.25; poor:
1.25-3.75; well-off: > 3.75) [27].

Women were included in the study between nine and
sixteen weeks of gestation and the average exposure to
the intervention was about 6 months. We assessed the
study groups at inclusion (baseline) and at two weeks
before expected delivery (study end-point) for differences
in nutrition knowledge, perceptions and dietary habits.
To assess nutrition knowledge, we asked the participants
if they knew the SFG dietary guideline and if they could
mention the food groups. Each food group mentioned
weighted equally with the score of one, making a total
score of six. We rated nutrition knowledge as low for
scores 1-3, moderate for scores 4—5 and high for score
6 [28]. To assess perceptions, we asked the participants
whether pregnant women have higher risk for malnutri-
tion (yes or no). The women were also asked to evaluate
their own dietary habits to determine if they were at risk
for malnutrition (yes or no). We further assessed dietary
habits through their recalled 24 h quantitative food con-
sumption, from which we evaluated their scores using
both the SEG and the DDS. Dietary diversification with
use of SFG guidelines was applied using the same rat-
ing used for nutrition knowledge. The DDS for women
(MDD-W) was based on 10 food groups as proposed
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by the Food and Agriculture Organisation [29]. The
MDD-W is a dichotomous indicator based on 10 food
groups and is considered the standard for measuring
population-level dietary diversity in women of reproduc-
tive age [30, 31]. Each food group was weighted equally
with the score of 1; hence the maximum possible score
was 10. The MDD-W was rated as either poor (scores
0-4), moderate (scores 5—7) or high (scores > 8). We also
assessed the women’s self-reported nutrition behaviour
using four questions, asking if they consumed diversi-
fied foods, healthy drinks and snacks, whole grains and
skipped the main meals more frequently or not.

Statistical analyses

For the RCT, we estimated the sample size based on the
assumption that we would be able to detect a clinical
meaningful mean difference in birth weight of 150 g
between the control and intervention group [32].
Using a two-sided test, an alpha of 0.05 and a statisti-
cal power of 80%, we obtained a minimum sample size
of 218 participants. In the current study we performed
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descriptive analyses using IBM SPSS Statistics 25 to
assess the differences in baseline and study end-point
characteristics between the two study groups, employ-
ing the Mann—Whitney U test for non-normal con-
tinuous variables and the Pearson chi-square test for
associations between categorical variables. Further,
the independent T-test was used to compare the mean
nutrition knowledge score and dietary diversity score
between the women in the two study groups.

We performed multilevel, multiple imputations of
missing data using the function “mice” in the miceadds
package in R We carried out 20 imputations under the
assumption that the missing values were missing at
random and exported the data to Stata. We then used
three-level linear multilevel regression models with
random intercept and random effect of time on partici-
pants at level 1 and village at level 2 to explore the asso-
ciation between nutrition knowledge and consumption
of diversified diet. We adjusted the associations for
maternal age, education, family size and food shortage.
All statistical models were fitted using Stata SE 15 and
the significance level was set at p <0.05.

Recruitment randomized controlled trial
257 pregnant women

Intervention
121 women available for
baseline analysis

|

Control
136 available for baseline

analysis

Current study
257 pregnant women

Excluded due to:

Missing data, n=22

Lost to follow-up, n=4
Miscarried/abortions, n=3

Excluded due to:

Missing data, n=26

Lost to follow-up, n=3
Miscarried/abortions, n=4

92 available for analyses at the
study end-point

Fig. 2 Flow chart showing the enrolment of participants into the two study groups

103 available for analyses at
study end-point
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Results

Of the 257 women who were recruited to the RCT, 195
(76%) were available for analysis at study end-point in
the current study (Fig. 2). The study participants were
mostly married, with 0 — 3 children, were either illiter-
ate or had attended only primary school and were very
poor (Table 1). Notably, the two study groups were well-
balanced, indicating that the randomization process was
adequate.

As presented in Table 2, there were improvements in
nutrition knowledge, perceptions and dietary habits in
both study groups, but mostly in the intervention group.
The results showed that the median nutrition knowledge
scores using SFG rating among the women in the inter-
vention and control group was 6 versus 3 at study end-
point. Significantly more women in the intervention
group (58.4%) compared to the controls (23.6%) attained
the highest score (6) for nutrition knowledge at study-
end point. Most (>80%) women from both study groups
expressed that pregnant women in general are at risk of
malnutrition. However, most of the study women did
not consider themselves as being at risk of malnutrition.
Table 2 shows that at study-end point median SFG score
was 5 for both study groups, whereas median MDD-W

Table 1 Baseline characteristics of the study groups
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was 7 and 6 in the intervention group and controls,
respectively. Although the differences between the two
study groups were small at study end-point, they reached
significance. Regarding nutritional behaviour, we found
that at study end-point, the majority of women in the
intervention group to a larger extent than the controls,
expressed that they frequently consumed a diversified
diet, healthy snacks and whole grains.

Figure 3 shows that an increase in nutritional knowl-
edge between baseline and end-point improved MDD-W
in the intervention group, but not among the controls.
Moreover, a comparison of the two study groups also
showed that improvements in nutritional scores>4 sig-
nificantly increased MDD-W in the intervention than in
the control. However, such improvements in MDD-W
between the two study groups were not observed at
baseline.

Figure 4 portrays mean changes in nutrition knowledge
and MDD-W within and among the two study groups.
There was a significant improvement in both nutrition
knowledge and MDD-W in the intervention compared
with the control group. We also found that nutrition
knowledge significantly improved MDD-W in the inter-
vention group, but not among the controls.

Characteristic Control (n=103) Intervention (n=92) p-value
Median (IQR) maternal age (years) 23 (18-28) 24 (19-30) 0.11
Median (IQR) number of previous births 1(0-3) 2(0-3) 012
Median (IQR) household size 5(3-6) 5 (3-6) 0.06
Median (IQR) months of houshold food shortage last year 2 (1-5) 3(1-6) 0.05
Geographic location (n, %)
Lakeshore 60 (58.3) 43 (46.7) 0.11
Upland 43(41.7) 49 (53.3)
Socio-economic status (n, %)
Very poor 29(28.2) 31(33.7) 0.56
Poor 43 (41.7) 39 (42.4)
Well-off 31(30.1) 22 (239
Maternal income (n, %)
No income 83 (80.6) 75(81.5) 0.87
Has income 20(194) 17 (18.5)
Marital status (n, %)
Single 12 (16.5) 9(4.3) 067
Married 91 (83.5) 83 (95.7)
Education (n, %)
llliterate/primary 79 (78.6) 79 (83.7) 0.10
Secondary/above 24 (214) 13(16.3)
Household head gender (n, %)
Female 9(11.7) 7 (4.3) 0.77
Male 94 (88.3) 85(95.7)

IQR Interquartile range
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Table 2 Nutrition knowledge, perceptions and dietary intake at baseline and at study end-point

Outcomes Baseline

Study end-point

Control (n=78)

Intervention p-value Control (n=78) Intervention p-value?

(n=68) (n=68)
Knowledge of SFG (% yes)
Staple 233 250 0.78 383 61.7 <0.01
Animal Food 233 326 0.14 37.1 629 <0.01
Vegetables 29.1 413 0.08 40.5 59.5 <0.01
Legumes 214 26.7 043 38.1 619 <0.01
Fruits 214 27.5 0.32 386 614 <0.01
Fats 184 239 035 430 66.0 <0.01
SFG knowledge scores
Mean (IQR) nutrition knowledge scores 0(0-2) 0(0-4) 0.52 3(0-5) 6 (3-6) <0.01
Low scores (%) 825 736 0.28 62.1 264 <0.01
Moderate scores (%) 58 11.0 146 154
High score (%) 1.7 154 23.6 584
Nutrition perceptions (%)
Know that pregnant women have high risk for malnutri- ~ 80.6 804 0.87 816 913 0.05
tion
Perceptions of not being at-risk for malnutrition 26.2 283 0.75 232 9.8 <001
Median (IQR) dietary diversity scores
SFG 4(3-5) 4 (3-6) 0.35 5(4-5) 5 (4-6) <0.01
MDD-W score 5 (4-5) 5(4-7) 0.19 6 (5-6) 7 (5-8) <0.01
Nutrition behaviour (% yes)
Consumption of diversified foods frequently 26.2 25.0 87 43.7 62.6 <001
Missing main meals less frequently 29.1 283 0.89 553 783 <0.01
Taking healthy drinks and snacks frequently 15.8 19.1 0.55 245 429 <001
Eating whole grain frequently 214 22.8 0.81 65.7 90.1 <0.01

2The p-values relate to the differences between the two study groups The n varies due to missing/incomplete data

IQR Interquartile range, SFG Six Food Group, MDD-W Minimum dietary diversity for woman

Discussion

This study compared the effects between nutrition edu-
cation and counselling offered through routine ANC
(control group) with a supplementary community-based
nutrition education and counselling (intervention group)
on nutrition knowledge and dietary behaviour of preg-
nant women in rural Malawi. Our results showed that
both nutrition knowledge and dietary diversity improved
in both study groups, but the improvements were sig-
nificantly higher in the intervention group at study end-
point. Increase in nutrition knowledge was associated
with improved dietary diversity only among women in
the intervention group. Moreover, women in the inter-
vention group significantly improved their nutrition per-
ceptions and behaviour.

Utilisation of ANC among pregnant women in rural
Malawi is at 80% [2], and of these nearly 90% receive
nutrition counselling as part of this care according to
the Malawian Demographic Health Survey (2015-2016)
[33]. The nutrition education offered is based on the
National Nutrition Guidelines [33], which note that

during pregnancy, women should eat meals containing
ingredients from each of the SFG and eat two extra meals
per day. The SFG dietary guideline is easy to apply in a
low-resource settings and its rating corresponds to the
MDD-W rating in terms of dietary adequacy [20].
Nutrition education and counselling are expected to
improve pregnant women’s food literacy, which corre-
sponds to an advanced level of nutrition knowledge and
understanding [34]. Our results show that exposure to
the intervention enabled the pregnant women to enhance
their food literacy as demonstrated by the fact that more
than half obtained higher scores in nutrition knowledge
and a diversified diet. Moreover, those in the interven-
tion group who scored high in nutrition knowledge had a
significantly higher MDD-W compared to the controls at
study end-point. These findings demonstrate that an ade-
quate degree of nutrition literacy is required to enhance
the responsiveness to health advice [7]. Nutrition literacy
in this context was demonstrated through the women’s
ability to understand and interpret information regard-
ing the SFG dietary guidelines whereas the transition to
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Fig. 3 Association between nutrition knowledge and dietary diversity score. The values represent marginal means with 95% confidence intervals,

a more diversified diet represented sufficient competence
to make appropriate nutrition decisions [7]. We may then
deduce that the intervention was effective in enhancing
food literacy which is exhibited through a combination of
competencies in nutrition literacy and the ability to apply
that information to make appropriate nutrition deci-
sions. These results are consistent with previous research
and theories that have identified success of nutrition
interventions having focus on a combination of nutri-
tion awareness, motivation and environmental support
for action [5]. The improvements observed among the
women were thus a product of different components in a
series of interventions beyond a mere provision of nutri-
tion education, as is the case for ANC services.

Our intervention targeted groups, households and
individuals with motivation and social support for the
pregnant woman to adhere to the recommended die-
tary habits. This approach was in line with the evidence
that interventions are more effective when they aim at
enhancing the actual behaviour or actions being impor-
tant for behaviour change rather than on impartation of
knowledge only [5, 35].

We attribute the nutrition knowledge gaps among
the controls to poor quality of nutrition education and
counselling. We observed that it might not be possible

to provide a comprehensive nutrition program within
the ANC setting due to time management constraints.
The education component of ANC services is offered as
group education sessions that last maximum 20 min and
do not include individualised targeted interventions. A
systematic review on processes and outcomes of ante-
natal care found that ANC education sessions were con-
ducted hurriedly and in a less supportive way due to lack
of time and inadequate skills [35]. These circumstances
may have yielded limited nutrition awareness and thus
unlikely for the women to remember or retain the infor-
mation [36]. Other studies from sub-Saharan Africa also
postulate that the poor quality of ANC is a result of low
skills among health workers responsible for the nutri-
tion education [11, 37]. Apparently, health workers often
do not utilise the standard guidelines, leading to varia-
tions in content and approaches [34]. Reportedly, there
was no difference in nutrition knowledge between preg-
nant women attending ANC and those who did not [11].
Moreover, residing in low-resource settings women often
under-utilise ANC so that those who make fewer ante-
natal visits are more likely to miss nutrition counselling
[2, 37]. Although ANC services remain the most acces-
sible source for nutrition education, they may not per-
mit the roll-out of a comprehensive nutrition education.
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Changes in nutrition knowledge from baseline
Intervention

Control

Changes in DDS from baseline

Intervention

Control

Difference in nutrition knowledge (ref: Control)
Intervention

Control

Difference in DDS (ref: Control)

Intervention

Control

Effect of nutrition knowledge on DDS
Intervention

Control

Fig. 4 Mean changes in nutrition knowledge and diet diversity score within and between the two study groups. Values are mean (95% confidence
intervals) changes in nutrition knowledge and DDS. Estimates to the right of the vertical line (dotted) in the forest plot represents increases in scores
whereas estimates to the left represent decreases of the scores. The 95% confidence intervals cutting through the vertical line represents results
that are not statistically significant. Cl, confidence interval; DDS, diet diversity score
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Under such circumstances, pregnant women should be
encouraged to access supplementary nutrition programs,
especially those aired in media, e.g. on radio or television.
In support of this, one Ethiopian study showed that this
approach proved effective in improving nutrition habits
among pregnant women [38].

Most of the women (over 50%) in both study groups
attained a diversified diet corresponding to a rating of
“medium” according to DDS, i.e. more than five food
groups. These results show a better improvement in con-
sumption of diversified diet when compared with find-
ings from a recent study from rural Malawi in which
only 31% of participants ate more than five food groups
[2]. We found a positive association between improved
nutrition knowledge and dietary diversification only
among women in the intervention group. Similar obser-
vation was made in a study from Ethiopia [39]. These

authors concluded that in-depth nutrition awareness
enabled pregnant women to become more concerned of
the effects of malnutrition on maternal and child health,
and thus drive them into action to avoid that. Adequate
nutrition knowledge may also explain the association
between socioeconomic status and dietary quality as it
may enhance the ability to identify various foods with the
same nutritive components which may offer a varied and
heathier food purchasing behaviour [40]. Furthermore,
this may limit the tendency of wasting money on expen-
sive foods when cheaper alternatives with the same nutri-
tion value are available in the local market.

The main strength of our study is the randomized
design adopting pragmatic measuring tools that can pro-
duce robust data in a challenging low-resource setting
as rural Malawi. Although the intervention consisted of
a comprehensive community-based nutrition education
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targeting several factors known to influence dietary hab-
its, other factors that may influence such habits such as
taste, convenience, social norms, religious and cultural
beliefs, were not addressed [41, 42].

Conclusion

Our study provides evidence that poor nutrition knowl-
edge is a barrier to consumption of a healthy diet dur-
ing pregnancy, a period where women residing in
low-resource settings are at increased risk of malnu-
trition. Thus our results emphasise the relevance for
augmenting nutrition education offered at ANC with
supplementary and community-based nutrition interven-
tions. In addition, we suggest that efforts should be made
to strengthen the education component of ANC services
as these are decentralised and locally accessible in most
low- and middle-income countries and may therefore
contribute to higher nutrition literacy regarding a healthy
diet during pregnancy.

Abbreviations

ANC: Antenatal care; DDS: Diet diversity score; LBW: Low birth weight; MDD-W:
Minimum dietary diversity for women; RCT: Randomized controlled trial; SFG:
Six food group.

Acknowledgements

We thank the women who participated in this study and their families,
the people of Namkumba who welcomed us into their communities, the
Malawian health workers and the interviewers involved in this study.

Authors’ contributions

LZKK collected and analysed the data and drafted the manuscript. PRK con-
ceived and designed the study and collected the data. GHO and POI designed
and conceived the study and analyzed the data. HEF analysed the data. IM
and ZS conducted the statistical analyses. All authors read and approved the
final version of the manuscript.

Funding

This project was funded by the University of Oslo, The Global Health and Vac-
cination Program (GLOBVAC) of the Research Council of Norway and by the
Throne Holst Foundation.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the National Health Sciences Research Committee
in Malawi and by the Regional Committee for Medical and Health Research
Ethics in Norway. Consent to participate was through signature or fingerprint.
Informed consent was obtained from all subjects or, if subjects were under 18,
from a parent and/or legal guardian. All methods were performed in accord-
ance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Page 10 of 11

Author details

"Malawi Government, Health and Social Services, Mzuzu City Council, Mzuzu,
Malawi. “Department of Nutrition, University of Oslo, Oslo, Norway. *Depart-
ment of Community Medicine and Global Health, University of Oslo, Oslo,
Norway. “QU Health, Qatar University, Doha, Qatar. >Department of Haema-
tology, Oslo University Hospital, Oslo, Norway. ®Division of Human Nutrition,
Stellenbosch University, Tygerberg, South Africa.

Received: 9 March 2021 Accepted: 10 September 2021
Published online: 22 September 2021

References

1. Villar J, Ba'ageel H, Piaggio G, Lumbiganon P, Miguel Belizan J, Farnot U,
et al. WHO antenatal care randomised trial for the evaluation of a new
model of routine antenatal care. Lancet. 2001;357:1551-64.

2. Walters C, Bendulo P, Stoecker BJ. Assessment of dietary diversity ante-
natal care, food taboos, meal frequency and nutrition status of pregnant
adolescents in rural Malawi: a cross-sectional study. Afr J Food Agric Nutr
Dev. 2019;19:14555.

3. Tuncalp, Pena-Rosas JP, Lawrie T, Bucagu M, Oladapo OT, Portela A, et al.
WHO recommendations on antenatal care for a positive pregnancy
experience-going beyond survival. BJOG. 2017;124:860-2.

4. Ngwira A, Stanley CC. Determinants of low birth weight in Malawi: Bayes-
ian geo-additive modelling. PLoS One. 2015;10:e0130057.

5. Contento IR. Nutrition education: linking research, theory, and practice.
Asia Pac J Clin Nutr. 2008;17(Suppl 1):176-9.

6.  Zoellner J, Connell C, Bounds W, Crook L, Yadrick K. Peer reviewed:
Nutrition literacy status and preferred nutrition communication chan-
nels among adults in the lower Mississippi Delta. Prev Chronic Dis.
2009;,6:A128.

7. Spronk |, Kullen C, Burdon C, O'Connor H. Relationship between nutrition
knowledge and dietary intake. Brit J Nutr. 2014;111:1713-26.

8. National Guidelines on Nutrition Care, Support, and Treatment (NCST) for
adolescents and adults 2nd edition. Malawian Ministry of Health Health.
https://www.fantaproject.org/sites/default/files/resources/Malawi-NCST-
Guidelines-Revised-Nov2017.pdf. Accessed 23 Jan 2021.

9. Dietary diversity as a measure of the micronutrient adequacy of women’s
diets in resource-poor areas: summary of results from five sites. FANTA-2.
https://www.fantaproject.org/sites/default/files/resources/WDDP_
Summary_Report_Jul2011.pdf. Accessed 23 Jan 2021.

10. Guidelines for measuring household and individual dietary diversity.
Food and Agriculture Organization of the United Nations. Rome, 2016.

11. Perumal N, Cole DC, Ouédraogo HZ, Sindi K, Loechl C, Low J, et al. Health
and nutrition knowledge, attitudes and practices of pregnant women
attending and not-attending ANC clinics in Western Kenya: a cross-
sectional analysis. BMC Pregnancy Childbirth. 2013;13:146.

12. Arrish J, Yeatman H, Williamson M. Midwives and nutrition education dur-
ing pregnancy: a literature review. Women Birth. 2014,27:2-8.

13. Anya SE, Hydara A, Jaiteh LE. Antenatal care in The Gambia: Missed
opportunity for information, education and communication. BMC Preg-
nancy Childbirth. 2008;8:9.

14. Miltenburg AS, van der Eem L, Nyanza EC, van Pelt S, Ndaki P, Basinda N,
et al. Antenatal care and opportunities for quality improvement of service
provision in resource limited settings: a mixed methods study. PLoS One.
2017;12:e0188279.

15. von Both C, Flessa S, Makuwani A, Mpembeni R, Jahn A. How much time
do health services spend on antenatal care? Implications for the intro-
duction of the focused antenatal care model in Tanzania. BMC Pregnancy
Childbirth. 2006;6:22.

16. Konje ET, Magoma MTN, Hatfield J, Kuhn S, Sauve RS, Dewey DM. Missed
opportunities in antenatal care for improving the health of pregnant
women and newborns in Geita district, Northwest Tanzania. BMC Preg-
nancy Childbirth. 2018;18:394.

17. Machira K, Palamuleni M. Women's perspectives on quality of maternal
health care services in Malawi. Int J Womens Health. 2018;10:25-34.

18. Magoma M, Requejo J, Merialdi M, Campbell OM, Cousens S, Filippi V.
How much time is available for antenatal care consultations? Assess-
ment of the quality of care in rural Tanzania. BMC Pregnancy Childbirth.
2011;11:64.


https://www.fantaproject.org/sites/default/files/resources/Malawi-NCST-Guidelines-Revised-Nov2017.pdf
https://www.fantaproject.org/sites/default/files/resources/Malawi-NCST-Guidelines-Revised-Nov2017.pdf
https://www.fantaproject.org/sites/default/files/resources/WDDP_Summary_Report_Jul2011.pdf
https://www.fantaproject.org/sites/default/files/resources/WDDP_Summary_Report_Jul2011.pdf

Katenga-Kaunda et al. BMC Pregnancy Childbirth (2021) 21:644

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Malawi Deomgraphic and Health Study. Malawi 2010: results from the
Demographic and Health Study. Stud Fam Plann. 2012;43-147-152.
Ziyenda Katenga-Kaunda L, Iversen PO, Holmboe-Ottesen G, Fjeld

H, Mdala I, Kamudoni PR. Dietary intake and processes of behaviour
change in a nutrition education intervention for pregnant women in
rural Malawi: a cluster-randomised controlled trial. Public Health Nutr.
2020;23:2345-54.

Makaula P, Funsanani M, Mamba KC, Musaya J, Bloch P. Strengthening
primary health care at district-level in Malawi - determining the coverage,
costs and benefits of community-directed interventions. BMC Health
Serv Res. 2019;19(1):509.

UNICEF. Strategy for improved nutrition of children and women in devel-
oping countries: A UNICEF Policy Review. UNICEF. 1990, E/ICEF/1990/L. 6,
New York.

Nutrient Data Laboratory, Beltsville Human Nutrition Research Center,
ARS, USDA. USDA National Nutrient Database for Standard Reference,
Legacy Release. 2019. https://data.nal.usda.gov/dataset/usda-national-
nutrient-database-standard-reference-legacy-release. Accessed 14 June
2021.

Manary MJ, Krebs NF, Gibson RS, Broadhead RL, Hambidge KM.
Community-based dietary phytate reduction and its effect on iron status
in Malawian children. Ann Trop Paediatr. 2002;22:133-6.

Mistry SK, Hossain MB, Arora A. Maternal nutrition counselling is associ-
ated with reduced stunting prevalence and improved feeding practices
in early childhood: a post-program comparison study. Nutr J. 2019;18:47.
Parmenter K, Wardle J. Development of a general nutrition knowledge
questionnaire for adults. Eur J Clin Nutr. 1999,53:298-308.

Fink G, Victora CG, Harttgen K, Vollmer S, Vidaletti LP, Barros AJ. Measuring
socioeconomic inequalities with predicted absolute incomes rather than
wealth quintiles: a comparative assessment using child stunting data
from national surveys. Am J Public Health. 2017;107:550-5.

Ruel MT, Deitchler M, Arimond M. Developing simple measures

of women'’s diet quality in developing countries: overview. J Nutr.
2010;140:20485-50s.

Arimond M. Dietary diversity as a measure of the micronutrient adequacy
of women'’s diets in resource-poor areas: Summary of results from five
sites. In. Edited by FANTA -B. Washington, DC FHI 360;2011.

Kennedy G, Fanou-Fogny N, Seghieri C, Arimond M, Koreissi Y, Dossa R,
Kok FJ, Brouwer ID. Food groups associated with a composite measure
of probability of adequate intake of 11 micronutrients in the diets of
women in urban Mali. J Nutr. 2010;140:2070s-8s.

Martin-Prevel Y, Becquey E, Arimond M, Wiesmann D, Carriquiry A, Daniels
M, Deitchler M, Fanou N, Ferguson E, Joseph M. Potential of dietary

Page 11 of 11

diversity scores as proxies of micronutrient adequacy of women's diet in
urban Burkina Faso. Ann Nutr Metab. 2009;55:121.

32. Ashorn P, Alho L, Ashorn U, Cheung YB, Dewey KG, Harjunmaa U, Lartey
A, Nkhoma M, Phiri N, Phuka J, Vosti SA, Zeilani M, Maleta K. The impact
of lipid-based nutrient supplement provision to pregnant women on
newborn size in rural Malawi: a randomized controlled trial. Am J Clin
Nutr. 2015;101:387-97.

33. National Statistical Office. Malawi Demographic and Health Survey
2015-16. https://dhsprogram.com/pubs/pdf/FR319/FR319.pdf. Accessed
23 Jan 2021.

34. Girard AW, Olude O. Nutrition education and counselling provided during
pregnancy: effects on maternal, neonatal and child health outcomes.
Paediatr Perinat Epidemiol. 2012;26(Suppl 1):191-204.

35. Downe S, Finlayson K, Tuncalp O, Gulmezoglu AM. What matters to
women: a systematic scoping review to identify the processes and out-
comes of antenatal care provision that are important to healthy pregnant
women. BJOG. 2016;123:529-39.

36. Nikiema B, Beninguisse G, Haggerty JL. Providing information on preg-
nancy complications during antenatal visits: unmet educational needs in
sub-Saharan Africa. Health Policy Plan. 2009;24:367-76.

37. McHenga M, Burger R, von Fintel D. Examining the impact of WHO's
Focused Antenatal Care policy on early access, underutilisation and qual-
ity of antenatal care services in Malawi: a retrospective study. BMC Health
Serv Res. 2019;19:295.

38. Nana A, ZemaT. Dietary practices and associated factors during preg-
nancy in northwestern Ethiopia. BMC Pregnancy Childbirth. 2018;18:183.

39. ZerfuTA, Biadgilign S. Pregnant mothers have limited knowledge and
poor dietary diversity practices, but favorable attitude towards nutritional
recommendations in rural Ethiopia: evidence from community-based
study. BMC Nutr. 2018;4:43.

40. Mcleod ER, Campbell KJ, Hesketh KD. Nutrition knowledge: a mediator
between socioeconomic position and diet quality in Australian first-time
mothers. J Am Diet Assoc. 2011;111:696-704.

41. Wardle J, Parmenter K, Waller J. Nutrition knowledge and food intake.
Appetite. 2000;34:269-75.

42. Worsley A. Nutrition knowledge and food consumption: can nutrition
knowledge change food behaviour? Asia Pac J Clin Nutr. 2002;11(Suppl
3):S579-585.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://data.nal.usda.gov/dataset/usda-national-nutrient-database-standard-reference-legacy-release
https://data.nal.usda.gov/dataset/usda-national-nutrient-database-standard-reference-legacy-release
https://dhsprogram.com/pubs/pdf/FR319/FR319.pdf

	Enhancing nutrition knowledge and dietary diversity among rural pregnant women in Malawi: a randomized controlled trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Study-setting
	Selection and recruitment of study participants
	The intervention and data collection
	Measurements
	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


