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ABSTRACT

Introduction Chronic undernutrition affects over

150 million children worldwide and has serious
consequences. The causes are complex and include
insufficient dietary diversity and poor hygiene practices.
Systematic reviews of nutrition-sensitive agricultural
interventions concluded that while these hold promise,
there is insufficient evidence for their impact on

child growth. The Food and Agricultural Approaches

to Reducing Malnutrition (FAARM) project is a 1:1
cluster-randomised trial aiming to evaluate the impact
of a Homestead Food Production (HFP) programme
implemented by Helen Keller International on women’s
and children’s undernutrition.

Methods and analysis The HFP intervention comprises
training of women’s groups and asset distribution to
support year-round home gardening, poultry rearing and
improved nutrition and hygiene practices. Formal trainings
are supplemented by behaviour change communication
during household visits, and facilitated links between
producer groups and market actors. The FAARM ftrial will
examine if and how this complex intervention reduces
undernutrition. In 2015, FAARM enrolled married women
and their children (0-3 years) in 96 rural settlements of
Habiganj district in Sylhet division, Bangladesh. Covariate-
constrained randomisation was used to assign 48
settlements to receive a 3-year HFP intervention, with the
other 48 acting as controls, targeting over 2700 women.
To study impact pathways, a surveillance system collects
data on all participants every 2 months. In late 2019,
children 0-3 years of age (born during the intervention
period) will be surveyed, thus capturing impact during the
critical first 1000 days of life. Children’s length/height-
for-age z-scores will be compared between intervention
and control arms using mixed-effects linear regression.
Secondary outcomes include women’s and children’s
micronutrient status, dietary intake, dietary diversity

and other indicators of child growth, development and
morbidity.

Strengths and limitations of this study

» The trial includes 96 clusters and used covari-
ate-constrained randomisation, thus ensuring good
baseline balance.

» We evaluate programme impact on children con-
ceived after the start of the intervention who will
have benefited during their first 1000 days of life.

» A wide range of knowledge, behavioural, anthropo-
metric and biological indicators will be assessed in
women and children.

» Rigorous monitoring and surveillance systems pro-
vide a platform to examine outputs and outcomes
along the causal pathway.

» We measure child growth and blood parameters at
baseline in early 2015 and at endline in late 2019,
but not continuously over the course of the trial.

Ethics and dissemination Ethical approval was received
in Bangladesh and Germany. Results will be disseminated
through peer-reviewed publications and presentations in
Bangladesh and internationally.

Trial registration number NCT02505711; Pre-results.

INTRODUCTION
Child undernutrition is responsible for an
estimated 45% of child mortality, about
3.1million deaths amnually.1 Suboptimal
nutrition during the first 1000 days, from
conception to 2 years of age, can have irre-
versible consequences for child development
and long-term health, intelligence, educa-
tional attainment and work capacity.' ®

To reduce undernutrition sustainably, one
must address its complex root causes. The two
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main direct causes according to the Unicef and Lancet
frameworks are nutrient-deficient diets and frequent
gastrointestinal infections.' > An inadequate diet of the
mother limits the nutrients the child receives during preg-
nancy and from breast feeding, and an inadequate diet of
the young child further contributes to undernutrition.'
Nutrient-deficient diets of women and children are often
due to insufficient household and maternal knowledge
and resources, while unhygienic living conditions favour
gastrointestinal infections.'* In addition to the short-term
negative influence of infections on appetite and nutrient
absorption, frequent subclinical gastrointestinal infec-
tions may cause chronic inflammation and damage to
the mucosal barrier in the gut and disrupt the intestinal
microbiome, leading to ‘environmental enteric dysfunc-
tion’, further inhibiting the absorption of nutrients.*

Due to the many complex causes of undernutrition,
programmes that address several underlying factors of
child nutrition and health are needed. However, the
evidence on ‘potentially promising and culturally rele-
vant’ interventions to diversify diets by ‘enhancement of
agricultural production’ has been weak, because most
such interventions ‘have only been implemented at a small
scale, and have not been adequately assessed’, according
to the Lancet’s 2008 undernutrition series.” Evaluations of
nutrition-sensitive agricultural interventions, that is, agri-
cultural interventions focusing not only on yields, but on
improving nutrition of vulnerable groups, have been rela-
tively rare, leading to a gap in our understanding of their
potential contribution to reducing child undernutrition.’

Previous evaluations of nutrition-sensitive agriculture
programmes found that these can improve household
access and consumption of targeted foods and in some
cases improve household, maternal or child dietary
diversity, however, the evidence of their impact on child
anthropometric outcomes was very weak, according to
several reviews in 2012-2018.® This lack of evidence was
largely attributed due to methodological shortcomings
of previous studies, such as lack of appropriate control
groups and small sample sizes.”™®

In 2018, Ruel et al evaluated the recent literature (since
2014) and found several studies which had improved
methodologies and examined a wide range of nutri-
tion-sensitive agricultural interventions, including eight
Homestead Food Production (HFP) programmes.’ Ruel
et al, and another recent review report that most studies
showed increases in targeted food production, household
and child dietary diversity, and in micronutrient intake
when measured. Some also showed impacts on anaemia or
micronutrient status. However, evidence on stunting was
still lacking. Possible reasons cited were short programme
durations, poor age targeting (outside the critical 1000
days) and insufficient statistical power to detect changes
in stunting prevalence.” "’

With the Food and Agricultural Approaches to
Reducing Malnutrition (FAARM) trial, we attempt to
address these limitations through a strong cluster-ran-
domised design, sufficient sample size and duration,

recruitment strategies to target children in their first 1000
days, as well as measuring a wide range of indicators along
the causal pathway.

Study aims and objectives

The study will evaluate the impact of an HFP programme
implemented by Helen Keller International (HKI) on
length /height-for-age z-score among children aged 0-3
years who were conceived during the intervention period.

Methods and analysis

Study design

The FAARM trial is a 1:1 clusterrandomised controlled
trial with repeated cross-sectional surveys of children
born to a cohort of women. To cover the first 1000 days
of life, we enrolled young, married women into the HFP
programme in 2015, with the target group at endline in
2019 being children under 3 years of age conceived by
these women during the intervention period.

Study setting

The FAARM trial is conducted in Bangladesh where the
prevalence of food insecurity and undernutrition is high.
In 2014, over half of women consumed inadequately
diverse diets, almost a fifth had a body mass index (BMI)
below 18.5 kg/mQ, and 35% of children under 5 years
were stunted.'’ Child marriage and early childbearing
are also common in the country: almost half of women
had their first pregnancy by age 18."" Only 20% of preg-
nant women receive adequate antenatal care and about
40% of mothers practise exclusive breast feeding during
the first 6 months."" Complementary feeding practices
for children aged 6-23 months are poor with only 43%
receiving an adequately diverse diet.''In addition, women
in Bangladesh and their families struggle with persistent
poverty, gender inequality and lack of women’s agency,
climate change and political volatility.

Within Bangladesh, the study area was identified
through an analysis of population demographics,
including proxies for wealth, results from national nutri-
tion surveys and information about other interventions
in the area. Sylhet division, in North-eastern Bangladesh,
has a prevalence of undernutrition above the country
average, with 44% of children under five stunted and
40% of pregnant women undernourished in 2014."
Sylhet division also had the largest wealth disparity and
the highest fertility in Bangladesh, and performed worst
on a range of gender indicators.'*"

Sample size

The study sample size was calculated in relation to the
primary outcome, length/height-for-age. A continuous
z-score was used, that is, length/height in SD below or
above the mean for a child of a given age and sex, which
can then be translated into the percentage of children
‘moderately or severely stunted’ (below -2 SD). We aimed
to detect a minimum difference of 0.20-0.25 in mean
z-score at a 5% significance level. This effect size has been
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seen in studies using educational approaches to improve
child growth.'

The sample size for each study arm was first calculated
for a simple randomised design and then multiplied by a
design factor to account for the clustered design as there
is greater similarity of children’s nutritional status within
a cluster. The intracluster correlation of length-for-age
z-score was estimated to be 0.03, and for a minimum
detectable effect size of 0.22 with 90% power, sample size
was calculated as 677 children per arm, assuming a cluster
size of 15. To account for loss to follow-up, possibly due
to late refusal, withdrawal from the study or permanent
migration out of the study area, an extra 10% was added.
Therefore, we aimed for approximately 745 children per
arm, 1490 children in total. Assuming an average of 15
children per cluster, born to 28 women, this meant that
nearly 100 clusters needed to be randomised.

Participant recruitment and cluster formation

Once the study site in Baniachong and Nabiganj subdis-
tricts of Habiganj district, Sylhet division, Bangladesh
had been selected, we enumerated all households in the
area to identify women eligible to participate in FAARM.
A woman was eligible for inclusion if she reported being
30 years old or less, was married and her husband stayed
overnight at the household at least once in the year prior
to interview, had access to at least 40 square metres of land
(ideally 10 square metres near the house) and was inter-
ested to participate in an HFP programme (figure 1).

Once eligible women were identified, clusters (the unit
of randomisation) were formed with at least 10 and no
more than 65 eligible women, based on geographical
location of women's residences. A minimum distance of
400 m between settlements was maintained to limit
contamination. Figure 2 shows the study site within
Bangladesh, and the 96 clusters within 13 unions of
Nabiganj and Baniachong subdistricts.

At the start of the baseline survey, eligible women who
had been assigned to a cluster were approached for
consent (figure 3). Some women were not enrolled in the
trial because they had migrated since enumeration, were
repeatedly not at home at the time of the survey visits or
refused to participate. With limited birth records, and
official birth records frequently incorrect, many adults
cannot accurately report their age. During the baseline
survey, age was again ascertained using event calendars
to get more accurate estimates. In cases where the newly
estimated age at baseline was over 30 years, we did not
exclude these women from the trial. The youngest biolog-
ical child of an enrolled woman was assessed at baseline if
the child was born after 1 March 2012, 3 years prior to the
first day of the baseline survey training.

During the first year of implementation, we additionally
invited women (and their youngest biological children)
to enrol who had married into households already partic-
ipating in the trial (figure 1). The number of women
enrolled in this way was nearly identical in the interven-
tion and control groups.

Cluster randomisation

After the baseline survey, 96 clusters were randomly
assigned to the intervention or control group (figure 3).
We used covariate-constrained randomisation to ensure
good balance, that is, that important baseline charac-
teristics did not differ greatly between arms,'” using a
self-programmed Stata routine.”® The randomisation
was constrained by covariates on the cluster, household,
woman and child level. (Cluster: union and number of
women; Household: religion, food consumption score,
household food insecurity access score, log of agricultural
land size; Women: height, BMI, haemoglobin; Child: age,
age-adjusted z-scores of length-for-age and weight-for-
length, haemoglobin, diarrhoea prevalence.)

The intervention

HKI has been implementing HFP programmes in Bangla-
desh since 1988, working in partnership with over 70 local
non-governmental organisations (NGOs)."" The objec-
tives of the HFP programmes are to increase household
access and consumption of nutrient-dense foods through
gardening, poultry rearing and nutrition counselling,
and to empower women through increased control of
assets and through group participation and leadership.
Together these changes are thought to improve the health
and nutrition of women and children. Over time, HKI has
adapted the programme based on community needs and
evolving evidence and expanded to several countries in
Africa and Asia.”**

Similar to earlier HFP projects, FAARM’s HFP
programme is implemented jointly with a local partner
NGO, the Voluntary Association for Rural Development
(VARD). Three full-time technical staff from HKI manage
the local project office and provide support and direction
to eight full-time project staff, a project coordinator and
an accountant from VARD. Each project staff member is
responsible for a certain geographical region for which
they have monthly targets for trainings, individual coun-
selling and asset distribution.

Prior to programme activities, 64 households with existing
home gardens were visited in six villages in the project area,
interviewed on previous experiences and all food crop
species were identified by agricultural researchers. Most
gardens had few species and plants and were only active few
months per year. Key issues reported were pests, poor soil
fertility, excessive shade and flooding exposure (preventing
yearround gardening). Strategies to overcome these were
incorporated into the HFP curriculum.

Programme activities begin with organising project
participants into village-level ‘women farmer groups’ of
around 16 households each (ranging from 8 to 26). This is
the key intervention unit. Within these groups, members
select a lead farmer family, who oversees a village model
farm on their property and acts as a multiplier. The lead
family receives additional training and is encouraged
to implement all recommended improved techniques,
produce seeds and seedlings for distribution to other
participants, and host trainings and meetings. In larger
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Figure 1

Purposive selection of areas from 13 unions within
2 sub-districts of Habiganj District
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v v
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households

Output monitoring
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Surveillance of diets, morbidity, and births

v

Impact assessment

Approaches to Reducing Malnutrition.

clusters where one village model farm may provide for
several groups, additional women serve as group leaders.
At project closeout, at least one motivated participant in
each group will be selected as a peer educator to remind
neighbours of promoted activities after the intervention

has concluded.

———->» e Settlements with < 15 households
e Settlements with insufficient land

e Non-married women

——>» e Women reporting ages of > 30 years

o Women with no interest in home gardening
e Households with insufficient land

————> e Clusters with < 10 women
o Women residing < 400 m from another cluster

———>» e Women repeatedly not at home
o Women who did not consent to participate or withdrew participation

Flow chart of FAARM participant selection, randomisation, monitoring and evaluation. FAARM, Food and Agricultural

FAARM’s HFP intervention includes a series of train-
ings, usually held at the village model farm. All partici-
pants will receive trainings on yearround vegetable
gardening, fruit tree production, poultry rearing and the
implications of household production and consumption
on health. In the first year, 1-day trainings are given on
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Figure 2 FAARM study site. The large map shows the
FAARM study site with 96 clusters in 13 unions of 2
subdistricts (Nabiganj and Baniachong) and the small map
on the top shows its location within Habiganj district and
Sylhet division in Bangladesh. FAARM, Food and Agricultural
Approaches to Reducing Malnutrition.

winter and summer crop cultivation, seed production
and preservation, and poultry rearing, while half-day
refresher trainings are given in subsequent years. The

Open access

trainings emphasise sustainable gardening techniques,
including the use of raised beds, live fencing, integrated
pest management, composting and soil management,
and seed preservation. In the third year of the interven-
tion, once homestead production and consumption are
established and there is surplus production, marketing
training is given to build linkages with local vendors in
order to provide opportunities for income generation
for women. In response to issues previously identified in
the area, additional trainings are given on sack gardening
(during the rainy season when gardens are prone to
flooding) and on production and application of urine-en-
riched biochar fertiliser (to enhance soil fertility), imple-
mented as part of a separate study.”

Furthermore, project staff conduct courtyard sessions
every 2 months for participants and family members,
covering nutrition, health and hygiene topics. An adult
learning approach is used, which includes dialogue, story-
telling, role play and drawing as well as joint activities such
as food preparation. Session content follows the global
Essential Nutrition Actions approach, including optimal
breast feeding, infant and young child feeding and nutri-
tion for women.**

In addition to formal trainings and meetings, project
staff visit all participants individually in their house-
holds every 2 months to review nutrition, health and
hygiene messages as well as provide technical support
for gardening and poultry rearing activities. These inter-
personal counselling sessions provide opportunities for
participants to bring up issues they are facing that may be
difficult to discuss in a group setting, and for project staff
to tailor messages to the unique situation of the partici-
pant and her family.

In the third year of the intervention, an additional food
hygiene training is added to reinforce messages on dietary
diversity and cover food-related hygiene topics more
intensively, in particular hand-washing, clean utensils,

Timepoint 2015

2016

2017 2018 2019

at|a2]azas]a1

Q2

Q3/04|Q1/Q2|03|Q4|Q1|/Q2/Q3|Q4|Q1|Q2|Q3|Q4

Enrolment:

Eligibility screen

Informed consent

Cluster formation

Allocation

Additional enrolment

Intervention:

HFP package*
HFP: marketing activities*

Biochar fertilizer module

Food hygiene module

Monitoring:

Intervention activity records
Output monitoring

Surveillance:

Routine assessment
Food consumption
Birth registration

Evaluation:

Baseline

i

Endline

i

* Lighter blue denotes a gradual lowering of the intervention intensity, with only household counselling sessions.

Figure 3 Activity timeline for FAARM trial in Sylhet, Bangladesh. FAARM, Food and Agricultural Approaches to Reducing

Malnutrition; HFP, Homestead Food Production.
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food storage and reheating (see online supplementary
file 1). This intervention is delivered by eight female staff
and consists of eight structured events, four group events
and four household visits.

FAARM'’s HFP intervention also transfers assets. Seeds
are distributed to all project households twice a year to
coincide with the main planting seasons and include
nutrientrich, seasonally and locally appropriate vege-
tables such as red amaranth, water spinach, tomato,
pumpkin, string bean and cabbage. Similarly, tree
saplings, chosen for nutrientrich fruits such as papaya,
lemon and jujube, were transferred to households with
greater land availability. Participants also receive poultry
assets, primarily a reimbursement for the majority of the
cost of a constructed, improved poultry shed, as well as
starter feed and watering stations.

A gender-equitable approach is integrated into the HFP
structure with the programme aiming to increase women’s
status in the household through asset transfer and control
of productive resources as well as the skill transfer associ-
ated with HFP trainings. Improving women’s status and
agency is thought to further support programme activi-
ties and improve child nutrition.*

Programme theory

A conceptual framework (figure 4) was constructed
to illustrate the HFP programme’s theory of change.
Training on gardening and poultry rearing can increase
household access to nutrient-dense foods, counselling

on health, hygiene and child care topics may lead to
improved practices, and the marketing of surplus prod-
ucts can increase household income. Throughout the
programme, the focus on women’s participation and
leadership may increase women’s empowerment by
increasing their decision-making role and social support.
When these outcomes are achieved, we expect to see
improvements in dietary intake and reduced infections,
leading to reduced maternal and child undernutrition
and better child development.

Control arm

In both intervention and control settlements, there are
certain benefits delivered alongside the data collection
activities. These include free pregnancy tests, birth coun-
selling to establish a birth plan, and a visit within 3 days
of birth where staff weigh and measure the child and
provide breast feeding counselling to the mother.

Monitoring plan

FAARM’s monitoring plan consists of three major
elements: intervention activity records, output moni-
toring of intervention households and a multipart surveil-
lance system that includes both intervention and control
households (figure 3). Indicators measured through these
systems are outlined in a detailed project monitoring plan
based on identified project impact pathways. All systems
gather data using Open Data Kit (ODK) Collect software
on Android mobile devices.

Training and asset transfer

|

Intra-uterine growth
retardation

Health / Home Poultry q . . Women’s
Nutrition gardening rearing Marketing Ll ‘ Hygiene ‘ groups
Outcomes
Health Food . ,
— availability and Ht:)usehold Child care Hous_ehold s Women’s
N S income practices hygiene empowerment
seeking utilization
Impacts
Matomal <— Dietary intake Infections
undernutrition

| !

Child development and growth

Figure 4 FAARM conceptual framework. The blue boxes represent components of Homestead Food Production intervention
trainings and counselling sessions. These will influence the outcomes listed (the green boxes), with women’s empowerment

interacting with all aspects. Better outcomes then lead to improved impacts including child development and growth. FAARM,
Food and Agricultural Approaches to Reducing Malnutrition.
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Intervention activity records

Project monitoring forms were designed to track
programme contact points, including attendance of each
participant and her family members at courtyard sessions
and trainings, and tracking when and what topics were
included in counselling sessions. In addition, supervisors
document their monitoring of project staff activities.

Output monitoring

Project staff conduct monitoring interviews of FAARM
intervention participants on a rolling basis, with each
respondent visited once per year (table 1). In these inter-
views, outputs and outcomes, such as garden diversity and
yields, poultry production and knowledge gained from
training modules, are assessed in the intervention arm.

Surveillance

FAARM’s surveillance system in intervention and control
households contains three components explained in detail
below: (1) routine assessment, (2) food consumption
assessment and (3) birth registration (figure 3). It serves
to examine indicators on the two main pathways, diet and
infection, through which the intervention could impact
child undernutrition, as well as assessing maternal under-
nutrition and intrauterine growth retardation (figure 4).
All surveillance activities are conducted by locally recruited,
female data collectors. Extensive training with field practice
is provided before any data collector begins work. Before
each 2-month data collection period, a refresher training
of 1-2 days is held to review and troubleshoot as well as
train on any questionnaire aspects that have been added
or changed. Participants are identified for interviews using
project ID cards or by verifying the names of the participant,
husband and household head. Collected data are reviewed
regularly for real-time monitoring and analysis. The surveil-
lance system is summarised in table 1, while information

on indicators collected is available in online supplementary
table 1.

A routine assessment round is completed every 2 months.
Women report their last menstrual periods using provided
calendars to mark the day. Pregnancies are identified with
the help of pregnancy tests, which are provided for free to
women for voluntary selfadministration. Pregnant women
are asked about antenatal care, and their weight and
mid-upper arm circumference are measured at every visit,
while non-pregnant women are weighed once per year.
Dietary diversity information is recorded from all pregnant
women each round and from non-pregnant women every
6 months, using 21 food groups.”” The Edinburgh Peri-
natal/Postnatal Depression Scale is administered during
pregnancy, shortly after delivery, and after the child has
attained 6 months of age.”*® For all children who are below
3 years of age (at the first day of each 2-month round), we ask
mothers about recent diarrhoea and acute respiratory infec-
tion episodes. Mothers of children 0-18 months are asked all
questions from the standard WHO Infant and Young Child
Feeding survey module each round, while children above 18
months are asked these questions every 6 months.” Starting
in the second year of the trial, the six WHO motor milestones
are measured on all children as appropriate for their age.™
Starting in the third year of the trial, all children have their
weight recorded around 18 months of age. Every 4 months,
women are asked about the different crop species grown
in their gardens in the previous season (cool-dry, hot-dry,
rainy) to assess diversity of production. Annually, questions
are asked about dietary habits during Ramadan. Periodically,
additional questions are added, for example, about poultry
production, garden characteristics, household hygiene and
food security.

Detailed quantitative food consumption information is
recorded through dietary recall on a randomly selected

Table 1 Food and Agricultural Approaches to Reducing Malnutrition data sources and data collection methods
Data collection
Data source device Responsible team Population Frequency
Survey Baseline Tablet Survey team Intervention and Once in 2015
control group
Programme Intervention activity Paper, then Implementation team Intervention group Rolling: during or
monitoring records smartphone after programme
activities
Programme Output monitoring  Smartphone Implementation team Intervention group Annually on a rolling
monitoring basis
Surveillance Routine Tablet Surveillance team Intervention and Every 2months
assessment control group
Surveillance Food consumption Tablet Surveillance team Subsample: Annually on a rolling
intervention and basis
control group
Surveillance Birth registry Tablet Surveillance team At birth: intervention ~ Within 72 hours of
and control group childbirth
Survey Endline Tablet Survey team Intervention and Once in 2019

control group
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subset of nine households per cluster, that is, a total of
864 households. To achieve even distribution over seasons
and arms, the 96 clusters were divided into two phases of
48 clusters, with 24 intervention and 24 control clusters
in each phase. Data are collected every 2 months, that is,
six times per year, alternating between phases, with each
cluster thus being visited three times per year to interview
three households each time. Total food consumed by the
household and how this was distributed among all house-
hold members is reported by the primary food preparer.
A separate module about snacks and food intake between
meals is asked to all available household members sepa-
rately. In a third of the sample each round (one of the
three households per cluster), diets are recorded on two
non-consecutive days, less than 10 days apart, in order to
enable estimation of usual intake and the proportion of
the population at risk of inadequate intake. The methods
used in data collection are derived from those designed
by the International Food Policy Research Institute for
the Bangladesh Integrated Household Survey.”' This
procedure is repeated annually in the same households
in the same season.

Birth registration activities are initiated on all identi-
fied pregnancies in the third trimester. Pregnant mothers
are provided with free phone cards and encouraged to
notify the team when they have delivered. An automated
calling list is used by birth registration team members
to give reminder calls to the pregnant women before
their estimated date of birth. As soon as notified, ideally
within 72 hours of birth, a trained female data collector
visits the family, measures the newborn’s weight, length
and head circumference, interviews the mother on the
delivery, and provides initial breast feeding counselling.
Birth registration data collectors are trained on standard
anthropometric measurement techniques for newborns
and calibrate measurement equipment on each day of
use.

Evaluation plan

Trial outcomes and measurements

Primary outcome

The primary outcome measure is length/height-for-age
z-score in children under 3 years of age at endline, using
the 2006 WHO child growth standards.*

Secondary outcomes

Secondary outcome measures include other measures of
child growth, namely weight-for-length /height and head
circumference-for-age z-scores in children 0-3 years; and
length /height-for-age z-score in children 6-30 months,
as well as growth outcomes at birth (length-for-gesta-
tional-age, weightfor-gestational-age and head circum-
ference-for-gestational-age). For women’s nutritional
status, indicators are BMI in non-pregnant women, and
mid-upper arm circumference and gestational weight gain
in pregnant women. Micronutrient status is measured
through anaemia (haemoglobin), vitamin A deficiency
(retinol-binding protein), iron deficiency (serum ferritin,

soluble transferrin receptor) and zinc deficiency (serum
zinc) in women and children, adjusting for inflammation
(serum C-reactive protein, serum o—l-acid glycoprotein)
when recommended (online supplementary table 2 and
file 2).

Dietary diversity is measured according to published
recommendations, using 10 food groups for women
and 7 food groups for children.?®* In addition, dietary
adequacy is assessed for a subsample of women and chil-
dren using the mean probability of adequate intake for
11 micronutrients (thiamine, riboflavin, niacin, vitamin
B, folate, vitamin B ,, vitamin C, vitamin A, calcium, iron,
zinc). Indicators for infections in children comprise 7-day
period and 2-day point prevalences of diarrhoea and of
acute respiratory infection. Early child development is
assessed using WHO motor milestones.” *

Food hygiene indicators include a hygiene behaviour
score measured through structured observation in
mothers with children 6-18 months of age, faecal contami-
nation (total coliforms and Escherichia coli) of complemen-
tary food samples and enteropathy biomarkers (faecal
myeloperoxidase, faecal o-1-antitrypsin, faecal neopterin,
serum C-reactive protein, serum o-l-acid glycoprotein).
This is conducted through the ‘Food Hygiene to reduce
Environmental Enteric Dysfunction’ study nested into the
FAARM trial (see online supplementary file 1).

Additional outcomes

The FAARM trial provides an ideal platform on which to
explore other research topics, such as linkages between
food production and diets, women’s agency and mental
health, dietary influences on arsenic methylation capacity,
mycotoxin exposure, (epi-)genetic factors influencing
innate immunity and micronutrient metabolism, as well
as diversity and composition of the mother’s and the
child’s gut microbiome through which the above effects
may be modified. Several of these additional research
components will be explored during the course of the
trial, contingent on time and funding.

Data collection

All measurements and samples are taken in accordance
with current standards and methodology, building on
questionnaire tools from HKI and James P Grant School
of Public Health at BRAC University, including from the
Food Security and Nutritional Surveillance Project in
Bangladesh."" HKI employs experienced field research
assistants who receive specific training and supervision on
anthropometric measurement and interview techniques.
All blood sampling is undertaken by clinically trained
staff, familiar with the appropriate methods of extraction,
storage and processing.

Most trial outcomes are measured during the endline
survey in late 2019 (figure 3). A week-long training is held
for all data collectors, with separate trainings conducted
for questionnaire interviewers, anthropometry and blood
sampling staff, following standard measurement proce-
dures.*™ HKI staff conduct trainings for interviewers,
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covering survey question content, question-asking tech-
niques and cultural sensitivity, and trainings for the
anthropometry team, including standardisation exercises
with local volunteers. Staff from icddr,b are responsible
for training and supervision of blood and stool sampling
and processing. Supervisors and trainers conduct quality
control in the field and refresher trainings are given when
needed. Data are collected via tablets and uploaded after
each interview or at the end of the day. Datasets are exam-
ined for quality and adjustments to the questionnaires or
refresher trainings with the data collectors are done as
needed.

Data management

Questionnaires have been programmed to prevent
common data collection errors. Data are compiled on a
regular basis, and data quality checks are conducted. Data
concerns are immediately communicated to the data
collectors or research team for resolution. All quantita-
tive and qualitative data are stored on password-protected
servers and computers. Only deidentified data are shared
with collaborators for analysis.

Statistical analysis plan

The main analysis will be to compare the mean length/
heightfor-age z-score in children, aged 0-35 months
at the start of the endline survey, between intervention
and control arms. This will be done using mixed-effects
linear regression, that is, modelling between-cluster vari-
ation as a random effect in a full probability model. This
method will be statistically more efficient than analysing
results at the cluster level and also allows for analysis of
individual-level covariates.”” In order to reduce between-
cluster variation and thus increase power and precision
of the study, we will adjust for baseline values of the
main outcomes of interest (eg, mean length-for-age at
cluster level) as well as potentially other relevant predic-
tors. Secondary and other outcomes that are normally
distributed will be analysed in the same way. Logarithmic
transformation will be used for continuous variables with
a skewed distribution (eg, agricultural yields). Binary
outcomes (eg, health service use) will be analysed with
mixed effects logistic regression models. Missing data on
outcome measurements, including loss to follow-up, will
be compared between intervention and control arms with
respect to baseline covariates to assess the potential for
selection bias.

Patients and public involvement

Participants were not involved in the study design or in
the setting of research objectives or outcomes. Interven-
tion implementation is adapted to participant concerns
and constraints. Key stakeholders will be involved in
dissemination of research findings.

Dissemination

Consent

All enrolled FAARM participants provide informed,
written consent by signature or thumbprint if illiterate,

for themselves and for their children, if applicable. All
participants receive an information sheet with contact
information of the local FAARM manager for any ques-
tions or concerns.

Risks and benefits

The risks from participation (time expenditure over
4 years, anthropometric measurement and biological
sampling) are minimal when compared with the poten-
tial knowledge gained from this study. There are some
benefits for all participants, including referral for serious
conditions when detected during surveys, early pregnancy
identification (through distribution of pregnancy tests)
and initial breast feeding counselling. Participants in the
intervention arm additionally benefit from intervention
activities in the form of assets, training and support to
adopt promoted behaviours.

All participants are informed about their anthropo-
metric measurements in cases of low BMI or child growth,
and haemoglobin values when anaemic. The results of
the trial will be disseminated to all research and imple-
mentation partners, published in peer-reviewed journals,
and presented at national and international conferences
and events. Programme and policy-related findings will
be distributed through the HKI network and other agri-
cultural and nutrition fora.

Project status

As of April 2019, participant enrolment, baseline survey
and intervention activities have been completed. The
surveillance activities are ongoing and the endline survey
is planned for late 2019.

DISCUSSION

To our knowledge, this is the first randomised controlled
trial to assess the impact of a complex, nutrition-sensitive
agricultural programme on children’s nutritional status
that enrols women prior to pregnancy, thus capturing the
first 1000 days of child development. Itis particularly rele-
vant and well placed in rural Bangladesh where stunting
and micronutrient deficiencies are common. We will be
able to assess whether the intervention has impacted each
outcome and how this occurs, due to a comprehensive
monitoring and surveillance system through which we
track programme fidelity and intensity, participation and
outcomes along impact pathways. By assessing participant
knowledge and behaviours as well as anthropometric and
biological measures, we will be able to examine changes
on a wide range of indicators. In addition, the rotating
data collection pattern of the surveillance system will
allow the project to map out changes in diets over seasons
and between intervention and control households over
time. Data on the sources of foods consumed by house-
holds will enable tracking of changes in food consump-
tion habits, comparing garden production to market
purchases. A limitation of our study is the lack of contin-
uous child growth monitoring and blood sampling during
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surveillance, due to financial and logistic constraints.
Data collection of children will also end at 3 years of age,
which may miss growth or child development impacts
which appear later.

We expect that the findings from this trial will
contribute to national policy discussions regarding the
contribution of complex nutrition-sensitive agricultural
interventions to improving nutritional status and other
outcomes. Furthermore, trial results may be generalis-
able to other settings where poverty, food insecurity and
climate change affect nutrition and health.
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