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Popular scientific summary

* Women of reproductive age often lack access to healthy diets because of the high costs of micronu-
trient-rich foods and poor nutritional knowledge.

* A behavior change intervention improved diet diversity and animal-source food consumption
among Ghanaian women. Neither a group-based microcredit program nor providing an improved
smoke oven enhanced these nutritional outcomes beyond the simple behavior change intervention.

* Acquiring a better understanding of the importance of micronutrient-rich foods for health in part
explains the observed dietary improvements.

Abstract

Background: Women of reproductive age (WRA), especially in sub-Saharan Africa, are vulnerable to micro-
nutrient deficiencies driven largely by poor quality diets. Intervening into food value chains, on which many
households in low- and middle-income countries depend for their livelihood, may be a promising approach to
improving diets in these contexts.

Objective: In this pilot-scale randomized trial, we evaluated whether a multisectoral, food value chain interven-
tion improved the diet diversity and the consumption of animal-source foods (ASFs) among WRA in Ghana.
Design: Twelve fish-smoking communities in two regions of Ghana with 296 eligible women were randomly as-
signed to one of three 9-month treatment arms: 1) behavior change communication (BCC) to promote improved
diet quality through twice-weekly audio messages and bi-weekly peer-to-peer learning sessions; 2) BCC with
microcredit to increase women'’s incomes; or 3) BCC with provision of new smoke-oven technology. We assessed
baseline-endline and between-treatment arm differences using a 10-food group diet diversity score (DDS), the
Minimum Dietary Diversity for Women (MDD-W) indicator, and 7-day frequency of ASF consumption.
Results: Among 118 participants (39 in both treatment arm 1 and treatment arm 3, and 40 in treatment arm 2,
with no participant refusals), DDS increased from a mean (SD) of 4.0 (1.3) at baseline to 5.1 (0.9) at endline
(P-value < 0.0001). The proportion of women achieving the MDD-W indicator nearly doubled from baseline
(35.6%) to endline (69.5%) (P-value < 0.0001). Frequency of ASF consumption similarly increased for meat
and poultry (2.7 (4.1) to 4.7 (5.3); P-value < 0.0001) and eggs (1.5 (3.1) to 2.3 (4.9); P-value = 0.02). Few dif-
ferences in these outcomes were observed among treatment arms.

Conclusions: A BCC intervention improved diet diversity and consumption of ASFs among participants.
However, neither a group-based microcredit nor improved smoke oven intervention, both of which increased
women’s income, led to additional dietary improvements.
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omen of reproductive age (WRA) in low- and

middle-income countries (LMICs) often lack

access to healthy diets. In sub-Saharan Africa
(SSA), for example, women’s diets are commonly com-
prised largely of starchy staples and lack the diversity
needed to provide appropriate nutrients (1). Low intake
of micronutrient-dense foods, especially from animal
sources (e.g. meat, poultry, fish, eggs, and dairy), is espe-
cially problematic (2-4). Increasing the diet diversity of
women, in particular their consumption of animal-source
foods (ASFs), has been shown to reduce micronutrient de-
ficiencies among WRA, partly due to the high density and
bioavailability of key micronutrients contained within
many of these foods (5-7). More diverse diets among
women are also associated with lower age-adjusted risk
of mortality (4), reduced risk of maternal anemia and ad-
verse pregnancy outcomes (8), and improved nutritional
status (9). The low diet diversity observed among many
households in SSA may be driven, in part, by low diver-
sity of agricultural production among farming house-
holds (10), but is perhaps even more strongly linked to the
often high costs of ASFs, thus limiting economic access to
such foods (11, 12). Such restricted access may be further
exacerbated by inadequate knowledge of the health bene-
fits of such foods (13, 14).

Previous research has highlighted the importance of
educating women in LMICs on how to change dietary be-
haviors to increase diet diversity and ASF consumption.
A cluster-randomized intervention in Bangladesh, for
example, involving maternal nutrition education to en-
courage a diverse diet increased the proportion of women
consuming five or more food groups per day from ~30% to
>80% (15). In Nepal, a quasi-experimental study showed
that education of anemic pregnant women in their second
trimester was successful at increasing the consumption of
ASFS (i.e. red meat, fish, liver, eggs, and dairy) as well as
fruits and dark green vegetables (16). In Burkina Faso,
another nutritional behavioral change communication
intervention along with enhanced homestead food pro-
duction increased maternal consumption of fruit, meat
and poultry, and overall diet diversity (17). Broader evi-
dence reported in reviews of multisectoral interventions
promoting improved crop or livestock production also
indicates the importance of including nutrition education
in such interventions to catalyze improved diets among
vulnerable groups (18, 19).

Although women’s knowledge of the benefits of a di-
verse diet can improve their diets and health, economic
access to diverse foods, and ASFs in particular, is also
important (13, 20). For low-income households in SSA
whose livelihood depends on work in food value chains,
whether food production, processing, or retail, interven-
ing through these value chains to improve diets may be
especially promising. With regard to ASFs, food value
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chain interventions may facilitate dietary improvements
by promoting the consumption of own-produced animal
products, or by stimulating their sale to obtain additional
income that could indirectly contribute to more diverse
diets (18, 21). For example, a combined agriculture and
nutrition intervention in western Kenya increased the
diet diversity of children and women who were directly
involved in farm diversification activities and improved
their nutrition through community-led agricultural ac-
tivities (22). A similar intervention conducted in South
Africa, that combined nutrition education with home
gardening, led to improvements in the diet diversity of
women (23). In another food production and nutrition
education program carried out among households in
Bangladesh, Cambodia, Nepal, and the Philippines, both
ASF consumption and diet diversity increased, especially
among women and children (24). Participating house-
holds were also able to invest increased earnings from
the sale of vegetables, fruit, poultry, and eggs toward the
purchase of more food, which contributed to greater diet
diversity (24). Few studies have examined the impact of
food value chain interventions on diet diversity and ASF
consumption among WRA. Understanding the separate
and combined effects of nutrition education and income
generation through food value chains is important, given
the emerging emphasis on adopting multisectoral food
system approaches to promote healthy diets globally.
These approaches simultaneously target multiple compo-
nents of food value chains (e.g. food production, process-
ing, and retail) (25-27). Such knowledge could also help
attain Sustainable Development Goals 2 and 3 that target
improvements to the health, nutrition, and well-being of
women and children (28).

In this study, we evaluated whether a multisectoral,
food value chain intervention improved the diet diver-
sity and the consumption of ASFs among WRA in
Ghana who smoke fish as their primary livelihood. This
pilot-scale, randomized trial was part of a larger forma-
tive evaluation that examined the implementation feasi-
bility and plausible impact pathways of reducing anemia
through interventions to decrease women fish smokers’
environmental exposures, enhance incomes, increase
knowledge about anemia and its determinants, and im-
prove the quality of diets. We hypothesized that enhanced
knowledge would increase women’s diet diversity and
the consumption of ASFs and further hypothesized that
women who received interest-free, rebated microloans for
their fish-smoking enterprises, along with corresponding
behavior change messages, would demonstrate larger di-
etary changes as compared with women only receiving
behavior change messages. We hypothesized that these
larger dietary changes would result from increased pur-
chases of ASFs among women receiving the interest-free,
rebated microloans.
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Methods

Study design and data collection

This study was carried out among 12 fish-smoking com-
munities in the Central and Volta regions of Ghana, rep-
resenting marine and freshwater fisheries, respectively. We
used available government census data on the population
and number of households within each region as well as
information from key informants on the presence of small-
scale fish-smoking enterprises to identify eligible commu-
nities. Eligible communities were defined as those located
in districts not prone to conflict, in which fish smoking
was carried out during 8 or more months of the year, and
which had at least 15 households participating in small-
scale fish smoking. We selected six communities from each
region, ensuring within-region variation in community
size and market access. Households in these communities
were commonly engaged in wild capture fishing and in
activities along the fish value chain as a main economic
activity (e.g. smoking fish and selling fresh or processed
fish to local and other domestic markets).

Following community selection, we conducted a census
in each community, and using the collected census data,
we randomly selected 10 households per community that
had a woman aged 18-49 years who met the following
inclusion criteria: 1) self-reported as not pregnant at the
time of enrollment; 2) engaged in small-scale fish smoking
as her principal livelihood or had earned income from fish
smoking in the past 12 months (‘small-scale’ was defined
as an operation with four or fewer functional smoke ovens
and no more than three hired laborers); 3) did not plan to
move from her community of enrollment for more than 3
weeks during the subsequent 11 months; 4) was willing to
accept a no-interest loan for her fishing smoking business
and perceived that such a loan would benefit her business;
and 5) did not already own an improved ‘Ahotor’-style
smoke oven at the time of enrollment. If more than one
woman in the same randomly selected household was eli-
gible for the study, we randomly selected just one woman
from the household for participation in the study. In total,
296 women across the 12 communities met these inclusion
criteria and were considered eligible for participation in
the study.

The 12 study communities were subsequently randomly
assigned to one of three treatment arms (TAs), such that
two communities in both regions participated in each of
the three TAs. The interventions were implemented for 9
months in each of the TAs. The first treatment arm (TA1)
was an anemia behavior change intervention. Participants
received twice-weekly audio messages on provided mobile
phones promoting several anemia-mitigating behaviors
(e.g. dietary improvements; infection prevention prac-
tices; and water, sanitation, and hygiene (WASH) best
practices). Participants also joined in bi-weekly, facilitated
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peer-to-peer learning sessions to reinforce the behavior
change practices communicated through the audio mes-
sages and to ensure participants listened to all received
audio messages. The specific dietary change messages
promoted through TAl included increasing the overall
diversity of diets of women to include a broad range of
legumes, vegetables, and ASFs as well as special emphasis
on increased consumption of ASF (including fish, meat,
organ meat, and eggs) to ameliorate deficiencies of iron
and key vitamins that underlie nutritional anemia (7, 29).
The messages were adapted from educational and health
promotion materials used by the Disease Control and
Nutrition Departments of the Ghana Health Service as
well as the National Malaria Control Programme. Impor-
tantly, all study participants, regardless of TA assignment,
received these interventions included in TAl. One-third
of the participants (n = 40 women) received only the TA1
interventions, while other participants in TA2 and TA3
received the TAI interventions plus the additional inter-
ventions described below that were a part of TA2 and
TA3, respectively.

Treatment Arm 2 (TA2) participants were additionally
provided with assistance aimed at increasing the profit-
ability of their fish-smoking businesses through a group-
based microcredit scheme. TA2 participants received
two, separate, interest-free loans for their fish-smoking
businesses (the second loan included a partial rebate de-
pending on the timing and extent of repayment of the first
loan, such that this second loan effectively functioned as
a cash transfer). The first loan amount was 1,000 GH¢
(~$US 250 at the time of the study), and the second loan
amount was 1,500 GH¢. Participants in TA2 also re-
ceived entrepreneurship training focused on marketing,
book-keeping, and saving strategies for their business as
well as twice-monthly text messages conveying market
price information for smoked fish.

Participants in TA3 were given an improved ‘Aho-
tor’-style fish-smoking oven (valued at $US550) to replace
the oven that was currently being used, in addition to the
TAT1 anemia behavior change intervention. The Ahotor
oven is designed to reduce emissions from biomass fuel
combustion, decrease polycyclic aromatic hydrocarbon
levels of smoked fish, and increase fuel efficiency vis-a-vis
the traditional Chorkor oven commonly used throughout
Ghana. TA3 participants also received training on the use
of the Ahotor oven with the aim of reducing harmful re-
spiratory exposures associated with the wood burning and
fish-smoking processes.

Measurement of variables

During the pre-intervention ‘baseline’ period (May—June
2018), a pre-tested, quantitative, household survey instru-
ment was administered by trained enumerators to collect
data on household sociodemographic characteristics,
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women’s fish-smoking practices, empowerment status,
and other information. For the index participant, we also
collected data from a 24-h dietary recall, with a repeat
recall on a nonconsecutive day during the same 7-day
period. All these data were again collected from each par-
ticipating woman at the ‘endline’ after interventions had
been completed (May—June 2019). The 24-h diet recalls
were collected using standard protocols involving the
multiple-pass method and context-specific serving dishes
and utensils (30). Data from the second 24-h dietary re-
calls obtained at both baseline and endline were used to
calculate a continuous diet diversity score (DDS) for the
baseline and endline periods, respectively. The first dietary
recall at baseline was not used due to errors in quantifying
specific serving sizes that were corrected in subsequent re-
calls. The DDS is based on recent consumption (i.e. past
24 h) of foods from 10 different food groups: 1) grains,
white roots and tubers, and plantains; 2) pulses (beans,
peas, and lentils); 3) nuts and seeds; 4) dairy; 5) meat,
poultry, and fish; 6) eggs; 7) dark green leafy vegetables;
8) other vitamin A-rich fruits and vegetables; 9) other
vegetables; and 10) other fruits (7). The consumption of
each food group was coded as 1 if any amount of that
food was consumed in the past 24 h, and as 0 otherwise.
Based on this, the Minimum Dietary Diversity for Women
(MDD-W) indicator was created by summing the values
for each of the 10 food groups. The MDD-W indicator,
ranging from 0 to 10, served as a proxy for the micronutri-
ent adequacy of diets of WRA (7). Women who ate five or
more of the 10 food groups were considered to have met
the MDD-W indicator (7).

ASF consumption was measured from each partici-
pant’s self-reported frequency of consumption of any
ASF in the past 7 days and used to create variables rep-
resenting different groups of ASF consumed. Meat and
poultry consumption, for example, was based on the num-
ber of days and average number of times per day items
from each of nine categories of meat and poultry were
consumed. This same approach was used to assess fish
consumption (based on eight categories of fish and shell-
fish), egg consumption (based on two categories), and
dairy consumption (based on five categories). To com-
plement these ASF consumption frequency data, we also
assessed household expenditures (GH¢) ASF items in the
past 7 days for the same ASF categories based on respon-
dent recall of expenditures on each food item.

Recent household income was assessed based on a
self-reported questionnaire documenting all income-gen-
erating activities by all household members in the past 30
days. Additional earnings from land sales or other sources
(e.g. remittances and social welfare benefits) were added
to calculate the total earnings per household.

Characteristics of the index woman in each household
included self-reported age and education level. At baseline
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and endline, we further assessed participants’ knowledge
of the dietary causes of anemia and strategies to pre-
vent anemia through dietary change. These knowledge
assessments were aimed at understanding participants’
uptake of the mobile phone audio messages focused on
dietary change that were shared as part of the TA1 inter-
vention. For each knowledge question pertaining to diet
and anemia, we coded respondents’ answers as ‘correct’
or ‘incorrect’ based on a pre-specified answer key. For all
questions, there were multiple correct responses. If the re-
spondent provided at least one correct response for the
question, it was coded as ‘correct’.

Statistical analysis

Differences between baseline and endline values were eval-
uated by treatment group for DDS, recent consumption
of specific foods group, and frequency of consumption of
ASFsin the past 7 days. For continuous variables (i.e. DDS,
ASF consumption meat and poultry, ASF consumption
fish, ASF consumption eggs, and ASF consumption milk
and dairy), the Wilcoxon signed-rank test for paired data
was used for non-normally distributed data, and ANOVA
was used for normally distributed data. To assess differ-
ences in categorical variables (i.e. MDD-W achieved and
each food category that comprises the DDS), Pearson’s
chi-squared test, McNemar’s test for correlated data, and
Fisher’s exact test were used. Differences in DDS, MDD-
W, and frequency of ASF consumption across treatment
groups at baseline and endline, respectively, were assessed
using ANOVA for continuous variables and Pearson’s chi-
squared test for categorical variables.

We further analyzed the association of treatment arm
with DDS and ASF consumption at study endline using
ordinary least squares linear regression models, and of
treatment arm with MDD-W using logistic regression
models. For each set of analyses, three models were con-
structed, adjusting for: 1) no covariates, 2) the baseline
value of the dependent variable, and 3) the baseline value
of the dependent variable as well as baseline household
income and maternal education status.

Statistical analysis was carried out in SAS version
9.4 (Cary, NC). We report statistical significance at the
P < 0.05 and P < 0.01 levels as well as at the P < 0.1
level to indicate potentially meaningful trends in this pi-
lot-scale study.

Ethical approval

The study protocol was approved by the University of
Michigan Health Sciences and Behavioral Sciences In-
stitutional Review Board and the Ethics Committee for
Basic and Applied Sciences at the University of Ghana,
Legon. Comprehensive informed consent was obtained
from all study participants. The trial is registered at clini-
caltrials.gov (NCT03498755) (31).
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Results

Overall, 118 (98.3%) women were included in analyses
(39 in TAs 1 and 3 and 40 in TA2). Two women who re-
located to different communities following the baseline
assessment were lost to follow-up. No women refused to
participate in the study when invited at baseline. The mean
(SD) age of participants at baseline was 39.2 (6.6) years,
and average monthly household income was GH¢250 (607)
(~US$46) (Supplemental Table 1). More than half of the
women (55.1%) had never attended school. Mean house-
hold size was 7.1 (3.0), and the mean number of under-18
children in households was 3.6 (2.0) (Supplemental Table 1).

Intervention impacts on diet diversity

DDS among participants increased from an average of 4.0
(1.3) at baseline to 5.1 (0.9) at endline (P-value < 0.0001)
(Table 1). We observed no differences in DDS across treat-
ment arms at baseline (TA1:4.0 (1.3); TA2:4.0 (1.5); TA3:

Ghanaian Behavior Change Intervention

3.9 (1.1); P-value = 0.94) or at endline (TA1: 5.3 (0.8);
TA2: 4.9 (0.9); TA3: 5.2 (1.0); P-value = 0.20).

In linear regression models (Table 2), unadjusted
(Model 1) analyses showed that DDS was lower at endline
among TA2 participants compared with TA1 participants
(B coefficient: -0.36; P-value = 0.09). After adjusting for
baseline DDS (Model 2), this difference persisted (B coef-
ficient: -0.36; P-value = 0.09), yet further adjustment for
baseline household income and maternal education status
(Model 3) weakened the association (B coefficient: -0.31;
P-value = 0.14).

Recent consumption of all foods that comprised the
DDS increased between baseline and endline (Table 1).
However, increased DDS from baseline to endline was
especially driven by greater consumption of meat, poul-
try, and fish (83.1-100%); dark green leafy vegetables
(77.1-100%); other vegetables (82.2-100%); to a lesser
extent by pulses (6.8-21.2%); eggs (13.6-25.4%); and

Tuble 1. Diet diversity and frequency of animal-source food consumption among study participants, by treatment arm and data collection period

Combined treatment arms

Treatment arm |

Treatment arm 2 Treatment arm 3

(n=118) (n=139) (n = 40) (n=39)
Baseline Endline Baseline Endline Baseline Endline Baseline Endline
Mean (SD) or %

Diet diversity

Diet diversity score (DDS) 4.0 (1.3) 5.1 (0.9  4.0(1.3) 5.3 (0.8 4.0 (l1.5) 4.9 (0.9)*+* 3.9 (L.1) 5.2 (1.0)*F*

%Achieving MDD-W indicator 35.6 69.5%%k 333 79.5%%k 40.0 60.0* 333 69.2%F¢

Any recent (24 h) consumption

of...,%

Grains, roots, and tubers 94.1 100k 92.3 100* 95.0 100 94.9 100
Pulses 6.8 2] .2%%k 10.3 18.0 25 25.0%%¢ 77 20.5%
Nuts and seeds 15.3 21.2 10.3 28.2%F 20.0 12.5 15.4 23.1
Dairy 14.4 17.8 7.7 15.4 25.0 12.5% 10.3 25.6*
Meat, poultry, and fish 83.1 100 87.2 100%* 82.5 100 79.5 1007
Eggs 13.6 25.4%% 15.4 28.2 10.0 17.5 15.4 30.8*
Dark green leafy vegetables 77.1 1007+ 84.6 100%* 67.5 100+ 795 100+
Other vitamin A-rich fruits 6.8 15.3%* 7.7 23.1% 10.0 15.0 2.6 7.7
and vegetables

Other vegetables 82.2 100%#* 82.1 1007+ 775 1007+ 87.2 100%*
Other fruits 5.1 10.2 2.6 12.8 12.5 7.5 0 10.3%*

Frequency of ASF consumption

(times consumed in past 7 days)

Meat and poultry 2.7 (4.1) 4.7 (5.3)*+* 2.6 (4.6) 4.9 (5.1)y++ 2.7 3.9) 5.3 (6.5)** 2.7 (3.8) 4.0 (4.2)**
Fish 182(132) 17.9(14.8) 16.7 (9.2) 184 (10.6) 206 (189) 21.0(21.3) 17.2 (8.5) 14.4 (8.5)
Eggs 1.5 (3.1) 2.3 (4.9)%* 1.7 (4.2) 1.5 (1.9) 1.6 (2.9) 3.0 (5.9)* 1.8 (1.8) 2.6 (5.9)
Dairy 2.3 (6.0) 1.6 (2.7) 2.4 (6.8) 1.2 (2.5) 2.4 (5.1) 2.3 (3.3) 2.3 (6.0) 1.2 (2.0

Values are means (SD) or percentages. The Wilcoxon signed-rank test was used to test for differences among non-normally distributed continuous
variables. McNemar’s test for correlated data and Fisher’s exact (for cell counts less than 5) test were used to test for differences among dichotomous
variables. Statistical significance is shown for differences in characteristics between baseline and endline by treatment group and for all groups combined.
*P < 0.1; %P < 0.05; ¥***P < 0.01. Abbreviations: ASF: animal-source food; DDS: diet diversity score; MDD-W: minimum dietary diversity for women.
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Table 2. Regression analyses examining the association between treatment arm (TA) and diet diversity at study endline

Dependent variable Model | Model 2 Model 3
Diet diversity score (DDS)

TAI (reference) - - -

TA2 -0.36* -0.36* -0.31

TA3 -0.08 -0.07 -0.07
Minimum diet diversity for women (MDD-W)

TAI (reference) - - -

TA2 0.39 (0.14, 1.05) 0.37%(0.13, 1.01) 0.38 (0.13, 1.08)

TA3 0.58 (0.21, 1.63) 0.58 (0.20, 1.63) 0.55 (0.19, 1.61)

Values for models using endline DDS as the dependent variable are B coefficients from ordinary least squares regression models. Values for
models using endline MDD-W as the dependent variable are OR (95% CI) from logistic regression models. In Model I, no covariates were in-
cluded in the models. In Model 2, regressions were adjusted for the baseline value of the dependent variable. In Model 3, regressions were ad-
justed for the baseline value of the dependent variable as well as baseline household income and maternal education status. *P < 0.1; **P < 0.05;
***p < 0.01. Abbreviations: DDS: diet diversity score; MDD-W: minimum dietary diversity for women; ref: reference group for regression analyses.

Tuable 3. Regression analyses examining the association between treatment arm (TA) and frequency of recent animal-source food consumption

at study endline

Dependent variable Model | Model 2 Model 3
Frequency of meat and poultry consumption
TAI (reference) - - -
TA2 0.40 0.38 0.39
TA3 -0.87 -0.89 -1.05
Frequency of fish consumption
TAI (reference) - - -
TA2 2.59 2.39 1.61
TA3 -3.92 -3.95 -4.30
Frequency of egg consumption
TAI (reference) - - -
TA2 1.46 1.48 1.52
TA3 1.10 1.23 1.33
Frequency of dairy consumption
TAI (reference) - - -
TA2 1.05% 1.05% 0.76
TA3 0.03 0.04 0.11

Dependent variables in all models are the number of times the animal-source food indicated was consumed by the index respondent in
the past 7 days. B coefficients from ordinary least squares regression models are shown. In Model |, no covariates were included in the mod-
els. In Model 2, regressions were adjusted for the baseline value of the dependent variable. In Model 3, regressions were adjusted for the base-
line value of the dependent variable as well as baseline household income and maternal education status. *P < 0.1; *P < 0.05; ***P < 0.0l.

other vitamin A-rich fruits and vegetables (6.8-15.3%)
(Table 1). The greatest increases occurred for the con-
sumption of other vitamin A-rich fruits and vegetables in
TA1 (7.7-23.1%), eggs in TA2 (2.5-25.0%), and pulses in
TA3 (15.4-30.8%).

The proportion of women achieving the MDD-W indi-
cator (i.e. consuming >5 food groups) nearly doubled from
baseline (35.6%) to endline (69.5%) (P-value < 0.0001)
(Table 1). We observed no statistical differences among
the three TAs, at either baseline or endline, in the pro-
portion of women achieving the MDD-W. The largest
percentage of women achieving the MDD-W indicator
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at endline was in TA1 (79.5%), followed by TA3 (69.2%)
and TA2 (60.0%) (P-value = 0.17 for differences in pro-
portions at endline). Unadjusted and adjusted regression
analyses confirmed that women in TA2 and TA3 had
lower odds of achieving the MDD-W indicator as com-
pared to TA1 participants, but none of these differences
were statistically significant (Table 2).

Intervention impacts on consumption of ASFs

ASF consumption did not differ at baseline among
treatment arms for meat and poultry (P-value = 0.59),
fish (P-value = 0.77), eggs (P-value = 0.84), or dairy
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(P-value = 0.99). Among all study participants, the
frequency of ASF consumption in the past 7 days in-
creased from baseline to endline for meat and poul-
try (2.7 (4.1) to 4.7 (5.3); P-value < 0.0001) as well as
for eggs (1.5 (3.1) to 2.3 (4.9); P-value = 0.02), but no
change in consumption of fish or dairy was observed
(Table 1). Frequency of fish consumption at baseline
(2-3 times per day) was already higher as compared to
other ASFs (2-3 times per week) (Table 1). Changes in
the frequency of consumption of meat and poultry were
driven primarily by increased consumption of chicken,
beef, pork, and to a lesser degree goat (Supplementary
Table 2). Comparisons within treatment arms showed
that meat and poultry consumption consistently in-
creased from baseline to endline (TAl: 2.6 (4.6) to
4.9 (5.1), P-value = 0.005; TA2: 2.7 (3.9) to 5.3 (6.5),
P-value = 0.02; TA3: 2.7 (3.8) to 4.0 (4.2), P-value =
0.02), and egg consumption nearly doubled among TA2
participants (Table 1). We observed no statistically sig-
nificant differences among treatment arms in the fre-
quency of consumption of any of the ASFs at endline.
However, frequency of consumption of all ASFs at end-
line was highest among TA2 participants as compared
to other treatment arms (Table 1).

Unadjusted and adjusted regression analyses confirmed
these overall trends (Table 3), indicating greater consump-
tion of ASFs among TA2 participants as compared to
TA1 participants; however, the only statistically significant
difference was more frequent dairy consumption among
TA2 participants as compared to TA1 participants.

Ghanaian Behavior Change Intervention

Intervention impacts on knowledge of the causes of anemia and
prevention strategies

The proportion of women who correctly identified causes
of anemia and prevention strategies increased from base-
line to endline for all treatment arms (Table 4). Similarly,
knowledge of foods that protect against anemia increased
from baseline to endline across all treatment arms, al-
though >80% of participants already demonstrated this
knowledge at baseline. However, knowledge of the superi-
ority of iron from ASFs, and of iron-rich foods for women
as compared to men, was low at baseline and increased
substantially for all treatment arms by endline (Table 4).

Intervention impacts on ASF expenditures

For all treatment arms combined, household expenditures
on chicken, beef, goat, and eggs increased from baseline
to endline, with chicken and goat expenditures showing
the largest increases (Table 5). Increased ASF expendi-
tures were consistently observed in all treatment arms,
with participants in TA2 showing the largest increases in
expenditures on beef, while participants in TA3 showed
the largest increases in chicken and eggs. Household ex-
penditures on fish were larger by far than any other ASF
category, though no statistically significant changes in fish
expenditures were observed across any of the treatment
arms between baseline and endline.

Discussion
The results of this study demonstrated that a behavior
change intervention, combining peer-to-peer learning

Table 4. Knowledge of the causes of anemia and prevention strategies by treatment arm (TA) at study baseline and endline

TAI (n=39) TA2 (n = 40) TA3 (n = 39)
Baseline  Endline Baseline  Endline X? Baseline  Endline X?

Knowledge assessment question (%) (%) (%) (%) (%) (%)
|.What causes anemia? 48.7 923 15,2 55.0 975 17.0%%¢ 59.0 100 16.0%+*
2. How do you think that anemia can be 43.6 84.6 10.77%% 57.5 92.5 12.3%¥% 59.0 100 16.0°%%*

prevented?
3.Which foods protect against anemia? 89.7 97.4 92.5 100 3.0* 84.6 100 6.0%*
4.Why is iron from animal-source foods supe- ~ 20.5 59.0 10.7°%% 35.0 70.0 8.9wkk 25.6 69.2 | 5.200¥%

rior to iron from plant foods?
5.Why do women need more iron-rich foods 56.4 84.6 8. | bk 70.0 97.5 9.3k 51.3 100 19.0%#¢

to prevent anemia than men?

Values are proportions indicating the percentage of participants that responded correctly to each question at each time point. Differences in the
proportion of respondents correctly answering the questions between baseline and endline were assessed using the McNemar's test for correlated

data. *P < 0.1; **P < 0.05; ***P < 0.01.

Correct answers for Question | included: poor quality diet; malaria; worm infestation; exposure to smoke; pregnancy. Correct answers for Question 2
included: sleeping under a treated mosquito bed net; reducing exposure to smoke; observing personal hygiene; observing a clean environment; ensuring
food is well cooked before eating. Correct answers for Question 3 included: small fish eaten whole; other kinds of fish; beef; duck; chicken; pork; bush
meat; offals of animals; dark green leafy vegetables; beans; nuts; seeds. Correct answers for Question 4 included: superior quality iron; animal foods have
iron that can be better absorbed. Correct answers for Question 5 included: women lose blood through menstruation; pregnancy and childbirth deplete
iron stores; breastfeeding increases women'’s requirement for iron; women'’s low social status limits their intake of nutrient-rich foods.
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Table 5. Household expenditures on animal-source foods, by treatment arm at study baseline and endline

Household expenditures ~ All treatment arms (n = 118)  Treatmentarm | (n = 39) Treatment arm 2 (n = 40) Treatment arm 3 (n = 39)
in past 7 days on
Baseline Endline Baseline Endline Baseline Endline Baseline Endline

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Pork 0.3 (1.6) 0.8 (3.5) 0.3 (1.6) 2.1 (5.9)* 0.6 (2.2) 0.1 (0.5) 0 0.1 (0.8)
Beef 3.1 (6.3) 5.0 (7.7)%** 2.6 (7.7) 4.3 (6.3) 4.2 (6.7) 6.7 (8.1)* 2.4 (4.1) 4.0 (84)
Corned beef 0 0.3 (2.8) 0 0 0 0 0 0.9 (4.8)
Goat 0.7 (3.9) 5.3 (27.8)** 0.9 (4.3) 0.9 (3.5) 0.8 (4.7) 1.1 (4.0) 0.4 (2.4) 14.1 (47.3)**
Mutton 0.1 (1.4) 0.1 (0.9) 0.4 (2.4) 0 0 0 0 0.3 (1.6)
Bushmeat/Wild Game/ 1.0 (5.5) 0.9 (6.1) 1.8 (7.9) 2.8 (10.5) 0 0 1.3(5.3) 0
Game birds
Other meat (dog, cat, etc.) 0.3 (2.8) 0.4 (4.6) 0 1.3 (8.0) 0.8 (4.7) 0 0 0
Chicken 6.8 (14.8) 122 (20.8)** 8.6 (21.7) 13.5(234) 8.5 (12.0) 9.5(9.7) 3.3 (6.3) 13.6 (25.9)*+
Other poultry 0.0 (0.5) 0 0.1 (0.8) 0 0 0 0 0
Fish 55.7(59.2) 493 (61.7)  659(85.8) 53.9(785) 54.1 (45.0) 53.8(62.6) 47.2(34.1)  40.1 (37.3)
Milk 2.7 (5.4) 3.0 (5.6) 3.0 (6.3) 39 (84) 3.2 (6.2) 303.7) 1.9 (2.9) 1.9 (2.8)
Eggs 1.7 (3.0) 2.2 (2.7)FF* 1.3 (2.0) 2.03.2) 1.9 (3.3) 2.1 (2.0) 1.8 (3.4) 2.5 (2.8)*

Values are mean (SD) household expenditures (GH¢) on the specific food categories shown over the past 7 days. Means are based on expen-
ditures across the entire sample, including household that did not purchase the food item in the previous 7 days. The Wilcoxon signed-
rank test was used to test for differences among non-normally distributed continuous variables. Statistical significance is shown for
differences in characteristics between baseline and endline by treatment group and for all groups combined. *P < 0.l; *P < 0.05; ***P < 0.01.

sessions with mobile phone audio messages promoting
diverse anemia-mitigating behaviors, improved diet diver-
sity and consumption of ASFs among Ghanaian WRA.
Neither a group-based microcredit intervention that in-
corporated entrepreneurship training and provision of
market price information, nor an intervention that pro-
vided participants with an improved smoke oven and
training on its use, additionally improved diet diversity
or consumption of ASFs beyond that of the behavior
change intervention alone.

Across all participants, DDS improved by an average
of more than one point (or 27.5%) during the 9-month
intervention, and the proportion of women achieving the
MDD-W indicator nearly doubled from 35.6% at baseline
to 69.5% at the end of the intervention. These changes
in diet diversity were driven largely by greater consump-
tion of meat and poultry, dark green leafy vegetables, and
other vegetables. The frequency of consumption of meat
and poultry, as well as eggs, also increased markedly be-
tween baseline and endline. We observed few differences
among treatment arms in these dietary changes.

While no studies that we are aware of have intervened
into fisheries value chains in the same manner as our
study, previous multisectoral interventions targeting both
agricultural improvements and dietary behavior change
have observed similar increases in diet diversity and ASF
consumption among study participants as we observed in
our study. These studies have intervened to diversify or
enhance homestead food production, while also providing
nutrition education. For example, a combined nutrition

(page number not for citation purpose)

education and home gardening intervention conducted
among South African women led to a one-point increase
in a DDS (based on nine food groups) from baseline to
endline mainly driven by increases in consumption of
meat, poultry, and fish; dairy; and legumes and nuts (23).
A similar study in western Kenya that combined nutri-
tion education with efforts to diversify farms (i.e. through
poultry rearing and kitchen gardens) observed a nearly
one-point increase in diet diversity among children aged
12-23 months (22). However, the designs of those two
studies precluded differentiating between individual effects
of the nutrition education and agriculture interventions.
Another study in Cambodia that used farmer field and
business schools combined with nutrition education to im-
prove farmers’ linkages to markets as well as child diets
also observed a nearly one-point increase in a DDS among
preschool-aged children whose households received the
combined interventions (32). The diet diversity of children
in households that received farm market training only also
increased, but to a lesser extent than that of children whose
households received the combined intervention. Finally, in
Ghana, a clustered randomized controlled trial of an in-
tervention combining home poultry rearing and gardening
with nutrition education showed that preschool-aged chil-
dren in the intervention group were more likely to meet a
minimum standard for a diverse diet (80.2% of interven-
tion children vs. 69.5% of control children), and to have
consumed eggs in the previous day (31.5% of intervention
children vs. 22.6% of control children) (33). Because this
study compared the combined interventions to a control
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group, the investigators were not able to assess the inde-
pendent effect of nutrition education.

Though the interventions in our study differed among
the three TAs, we observed few statistically significant dif-
ferences in the magnitude of TA-specific changes in diet
diversity. This was true despite large overall differences in
some outcomes between TAs. For example, at endline, 60%
of TA2 participants met the MDD-W indicator, while this
proportion was nearly 20 percentage points higher among
TAT1 participants (79.5%). Furthermore, the frequency of
consumption of all ASFs at endline was highest among
TA2 participants as compared to other TAs. The small
number of participants may have contributed to these
limited statistically significant differences in outcomes by
TAs. However, the study design also contributed to these
findings. All TAs received the interventions provided to
TAT1. This design was appropriate for the goals of the
larger formative evaluation that was being carried out but
minimized exposure differences among TAs.

The improved diet diversity that was observed is consis-
tent with our hypothesized program impact pathway that
in part focused on enhanced knowledge of the importance
of diet diversity and ASF consumption for women’s health
and well-being. We did not condition on diet knowledge
in our analyses because we hypothesized improved diet
knowledge to be on the causal pathway between our in-
terventions and the diet outcomes we assessed. The TA1
behavior change curriculum that women from all TAs
participated emphasized the health benefits of diet diver-
sity, generally, and specifically the protective properties
of certain foods for preventing and treating anemia, es-
pecially ASFs and micronutrient-rich plants. Consistent
with this hypothesis, we observed that the proportion of
women who correctly identified the causes of anemia and
prevention strategies increased across all TAs during the
intervention, as did knowledge of the importance of iron
from ASFs, and of iron-rich foods for women.

Another hypothesis was that women in TA2, who re-
ceived interest-free, rebated microloans for their fish-smok-
ing enterprises, would demonstrate larger dietary changes
compared with women in TA1 or TA3, given their access
to additional income (from increased business profits)
that could be used to purchase more ASFs and more
diverse foods. Previous studies that have provided cash
transfers to households have demonstrated that this inter-
vention leads to larger changes in diet-related behaviors
compared to control conditions (34-38). This is especially
true when combined with behavior change communica-
tion (BCC). For example, a randomized controlled trial
in Bangladesh testing the effectiveness of a nutrition-sen-
sitive social protection intervention on consumption of
a multiple-micronutrient powder among children 6-59
months found that children whose households received a
cash transfer and BCC were 32.0 percentage points more

Citation: Food & Nutrition Research 2022, 66: 7570 - http://dx.doi.org/10.292 1 9/fnrv66.7570

Ghanaian Behavior Change Intervention

likely to have ever consumed the micronutrient powder
over the 2 year intervention period relative to the control
group that received no intervention (39). Households that
received a cash transfer only were just 12.6 percentage
point more likely to have ever consumed the powder (39).
Similarly, in Nepal, a cluster-randomized controlled trial
found that pregnant women receiving an unconditional
cash transfer combined with participatory health educa-
tion consumed 0.4 more food groups in the previous day
than control women (40). Furthermore, cash transfers can
benefit health and wellness outside of diet-related behav-
iors alone, extending to the accumulation of productive
assets, non-farm enterprises, small livestock ownership,
flexibility of labor allocation in the home, and reduced
child labor (37). However, cash transfers appear not to be
effective in all contexts. In Mexico, the evaluation of a na-
tional food support program found that diet diversity of
children aged 6-23 months in households receiving a cash
transfer with education did not improve relative to a con-
trol group (41). Evidence from our study does not support
the hypothesis that TA2 participants (who received re-
bated, interest-free loans) or TA3 participants (who could
earn additional income from more efficient smoke ovens)
experienced larger dietary changes than TA1 participants.
Despite the substantial potential of TA2 and TA3 women
to benefit financially from such interventions (as evi-
denced by the low monthly household incomes observed)
and the effectiveness of the interventions at generating
increased income (as described below), TA2 and TA3
women did not show additional dietary improvements.
DDS and MDD-W did increase among TA?2 participants,
but the absolute change in the mean DDS and prevalence
of women achieving the MDD-W were lower among TA2
participants than TA1 and TA3 participants. However,
these two indicators of diet diversity are based on a sin-
gle 24-h recall, which likely misses important variation in
usual diet among participants. For example, TA2 partic-
ipants demonstrated the largest increase in consumption
of meat/poultry and eggs compared with the other TAs,
as well as the greatest increase in household expenditures
on beef. These findings align with other data from our
study (not shown) that indicate total earnings from fish
smoking among TA2 participants were nearly triple those
of participants in the other TAs, although earnings did
increase among TA3 participants as well, which may have
contributed to the higher ASF expenditures (on chicken,
eggs, and goat meat) among TA3 participants (42). There-
fore, higher income used to purchase ASFs may have con-
tributed to the changes in ASF consumption observed.
However, given the variability in changes observed across
all TAs, this was not the only contributing factor, and our
data do not allow us to establish whether income earned
from fish smoking or other specific sources contributed to
changes in ASF expenditures.
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The small number of participants in this pilot study, which
was part of a larger formative evaluation examining the
implementation feasibility of the described interventions,
may have restricted our ability to detect certain potential
statistically significant differences among TAs. Further-
more, while our study design was appropriate for the goals
of the formative evaluation being undertaken, the absence
of a control group that received no intervention limited
our ability to differentiate impacts by treatment arm be-
cause TA2 and TA3 also received the behavior change
interventions of TA1. The lack of a pure control group
also suggests that the observed changes in diet diversity
and ASF consumption could be due to secular trends in
diets that occurred between baseline and endline. A sin-
gle, 24-h diet recall was used to construct the DDS and
MDD-W indicators, yet these indicators do not capture
intra-individual differences in diet that are important
for understanding usual dietary patterns. However, our
assessment of 7-day ASF consumption frequency com-
plemented these 24-h diet indicators and contributed to
a more comprehensive assessment of participants’ diets.
Finally, although seasonality may contribute to dietary
differences of women in these two regions of Ghana, our
assessment of outcomes at baseline and endline occurred
during the same time of year (May-June).

Among the strengths of our study was that women en-
thusiastically participated in the interventions, with only
two lost to follow-up. Participants demonstrated a high
uptake of the behavior change messages (82.5% of mes-
sages sent were listened to by participants), high participa-
tion in educational activities (73% of all TA1 peer-to-peer
learning sessions were attended, and 86% of all TA3-spe-
cific trainings were attended by TA3 participants), high
loan repayment (100 and 97.5% of TA2 participants re-
paid their loans during the first and second loan cycles, re-
spectively), and comprehensive uptake of the new Ahotor
ovens (all TA3 participants consented with no objections
to replacing their old Chorkor oven with a new Ahotor
oven). In addition, the selection of participants was de-
signed to be representative of the two fishing regions, with
eligible fish-smoking communities identified using gov-
ernment census data and key informant insights to ensure
within-region variation in community size and market ac-
cess. Furthermore, we used a pre-tested household survey
instrument that was administered in the language of the
participant.

In conclusion, a 9-month behavior change intervention,
which was focused on anemia mitigation, improved diet
diversity and the consumption of ASFs among Ghanaian
WRA. Neither a group-based microcredit intervention
nor providing participants with an efficient oven (both
intended in part to increase income) improved diet diver-
sity or the consumption of ASFs more than the behav-
ior change intervention alone. It is likely that enhanced

10
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knowledge partly explains the observed dietary changes
because knowledge and understanding of the importance
of micronutrient-rich foods for health increased among
participants in all three TAs. Fish consumption was al-
ready high at baseline and did not change with the inter-
ventions, suggesting that more frequent fish consumption
should likely not be emphasized in future programs to
improve the micronutrient adequacy of diets in this popu-
lation. However, programs aimed at enhancing the quality
of fish consumed (e.g. small fish, consumed whole) may
be quite relevant. Larger-scale studies are needed to bet-
ter understand the dietary impacts of interventions into
fisheries value chains, and to further elucidate the mecha-
nisms of such impacts.
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