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Abstract

Background: Anaemia in pregnancy remains prevalent in Nepal and causes severe adverse health outcomes.

Methods: This non-blinded cluster-randomised controlled trial in the plains of Nepal has two study arms: (1)
Control: routine antenatal care (ANC); (2) Home visiting, iron supplementation, Participatory Learning and Action
(PLA) groups, plus routine ANC. Participants, including women in 54 non-contiguous clusters (mean 2582; range
1299–4865 population) in Southern Kapilbastu district, are eligible if they consent to menstrual monitoring, are
resident, married, aged 13–49 years and able to respond to questions. After 1–2 missed menses and a positive
pregnancy test, consenting women < 20 weeks’ gestation, who plan to reside locally for most of the pregnancy,
enrol into trial follow-up. Interventions comprise two home-counselling visits (at 12–21 and 22–26 weeks’ gestation)
with iron folic acid (IFA) supplement dosage tailored to women’s haemoglobin concentration, plus monthly PLA
women’s group meetings using a dialogical problem-solving approach to engage pregnant women and their
families. Home visits and PLA meetings will be facilitated by auxiliary nurse midwives. The hypothesis is as follows:
Haemoglobin of women at 30 ± 2 weeks’ gestation is ≥ 0.4 g/dL higher in the intervention arm than in the control.
A sample of 842 women (421 per arm, average 15.6 per cluster) will provide 88% power, assuming SD 1.2, ICC 0.09
and CV of cluster size 0.27.
Outcomes are captured at 30 ± 2 weeks gestation. Primary outcome is haemoglobin concentration (g/dL).
Secondary outcomes are as follows: anaemia prevalence (%), mid-upper arm circumference (cm), mean probability
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of micronutrient adequacy (MPA) and number of ANC visits at a health facility. Indicators to assess pathways to
impact include number of IFA tablets consumed during pregnancy, intake of energy (kcal/day) and dietary iron
(mg/day), a score of bioavailability-enhancing behaviours and recall of one nutrition knowledge indicator. Costs and
cost-effectiveness of the intervention will be estimated from a provider perspective. Using constrained
randomisation, we allocated clusters to study arms, ensuring similarity with respect to cluster size, ethnicity, religion
and distance to a health facility. Analysis is by intention-to-treat at the individual level, using mixed-effects
regression.

Discussion: Findings will inform Nepal government policy on approaches to increase adherence to IFA, improve
diets and reduce anaemia in pregnancy.

Trial registration: ISRCTN 12272130.

Keywords: Anaemia, Pregnant woman, Menstrual monitoring, Home visiting, Haemoglobin, Participatory Learning
and Action, Community-intervention, Cluster randomised controlled trial, Nepal
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Introduction
Background and rationale {6a}
Anaemia in pregnancy is associated with low birth weight
[1–3], perinatal mortality [4] and maternal mortality, with
18% of maternal deaths attributable to severe anaemia [5].
A 1 g/dL increase in haemoglobin in late pregnancy can
reduce the risk of maternal mortality by 20% [6] cited in
[7]. Despite government provision of free iron/folic acid
(IFA) to pregnant women in many low- and middle-
income countries (LMICs), anaemia levels in pregnancy
remain alarmingly high [8, 9]. The global burden of
anaemia in pregnancy is estimated to be as high as 40%
[10] and 90% of severe cases are in LMICs, particularly in
Africa and South Asia [4, 9, 11, 12].
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The aetiology of anaemia is multifactorial [13–15].
Dietary iron deficiency is the most common cause of
anaemia [12, 13] but other micronutrient deficiencies [1,
16, 17], inherited blood disorders or haemoglobinopathies
(sickle cell anaemia and thalassaemia) [18] and parasitic
infestations (e.g. malaria and hookworm) [19] are also
responsible [12, 15]. Iron deficiency anaemia is estimated
to affect 25% [13] to > 50% [15, 20] of individuals globally.
In Nepal, estimates of anaemia in pregnant women

(PW) vary from 27% according to the 2016 Nepal
National Micronutrient Status Survey (NNMSS) [21], to
46% according to the 2016 Nepal DHS survey [22]. The
burden of anaemia is highest at 52% in the Terai (plains)
compared to the hills and mountains and varies by
season [23], ethnic group, and is higher amongst
adolescents, farmers, women of short stature and in
women married to illiterate men [24].
The extent to which iron deficiency is driving anaemia

in Nepal is difficult to ascertain. The NNMSS found
iron deficiency anaemia (IDA) in only 5% of PW [21],
but a global review attributed iron deficiency to 55% of
the anaemia burden in South Asia [12]. Other
micronutrient deficiencies in Nepal may also contribute
to anaemia [1, 17, 25], although these prevalence
estimates also vary widely, at 3–7% for vitamin A, 28–
42% for B12, 12–90% for folate, and 24–90 % for zinc
[21, 26–28]. This varied and discordant evidence around
iron deficiency and anaemia in pregnancy supports the
development of a multi-pronged intervention that keeps
iron deficiency central but also targets general enhance-
ment of diet and health in pregnancy.

Insufficient dietary intake
Micronutrient deficiencies in Nepalese women are largely
attributable to inadequate diets. Although dietary
inadequacies have been reported for many micronutrients
[29–32], attaining adequate dietary iron intake is
particularly challenging [29, 30, 33, 34], especially in
pregnancy due to the increased requirements. In the
plains of Nepal, the probability of dietary iron adequacy is
only 20% and intake of animal-source foods are low [30].
Dietary intake is also inequitable, with gender-based dis-
crimination and food restrictions preventing PW from
accessing high status, relatively expensive micronutrient-
rich foods [31, 35–38]. Low awareness of dietary needs in
pregnancy [36], food taboos [38] and household power
hierarchies [36] may also prevent households from provid-
ing micronutrient-rich foods to PW even when they are
available. Women may also ‘eat down’ or eat less than they
did before pregnancy for numerous reasons, including fear
of obstructed labour if the baby is large [39], religious fast-
ing, misconceptions about the stomach/intestines ‘squash-
ing’ the baby, morning sickness (especially in early
pregnancy), discomfort or indigestion from eating large

meals [40], food aversion and proscriptions such as avoid-
ing foods believed to heat the body [41, 42].

IFA supplementation and antenatal care
A Cochrane review of 44 randomised controlled trials
found that iron supplementation during pregnancy
reduced the risk of maternal anaemia at term by 70%
[43]. Accordingly, IFA supplementation in pregnancy
has been implemented in many LMICs, including Nepal
since 1997. IFA is an integral part of the Government of
Nepal (GoN)’s Safe Motherhood programme which also
recommends at least four antenatal care (ANC) visits at
health facilities at 4, 6, 8 and 9months of gestation,
though recently four additional antenatal ‘contacts’ with
a skilled provider are also being recommended. PW are
eligible to receive free IFA from 14 weeks gestation for
180 days of pregnancy and 45 days post-partum from
health workers or female community health volunteers
(FCHVs). If a PW is anaemic (< 11.0 g/dL), GoN recom-
mends the daily IFA dose is doubled from 60 to 120 mg/
day (per current WHO guidance [44]), though this is not
routinely practised. All PW are also advised to take a
single dose of 400mg of albendazole after the first tri-
mester to reduce the risk of anaemia from hookworm
infection [45].
In 2016, Nepal was able to provide some IFA

supplementation to 91% of PW, but only 42% completed
the minimum 180-day IFA dose. Increasing adherence
to IFA could reduce anaemia; a study from the Terai
found higher odds of anaemia amongst women who
took lower doses of IFA (≤ 143 vs ≥ 144 tablets) [46]. To
maximise IFA intake, ANC needs to begin earlier in
pregnancy [47]. In 2016, 31% of PW in Nepal had fewer
than 4 ANC visits and 42% of rural women had their
first ANC after 4 months [22]. In peri-urban breastfeed-
ing Nepalese woman, anaemia appears to have been pre-
vented through IFA supplementation. Women’s dietary
iron adequacy was 30% and bioavailability of non-haem
iron was low due to high levels of phytates in the diet,
yet only 5% reported low plasma ferritin iron deficiency
anaemia, suggesting that IFA had filled the gap [33]. In
many places however, supply-side issues may still pre-
vent women from receiving the necessary dose free of
cost and some may discontinue IFA consumption due to
side effects [47, 48].
Knowledge regarding anaemia, iron deficiency, and

IFA supplementation remains low amongst PW, and
improved social support to minimise barriers to uptake
and better understanding of the severe implications of
anaemia have been suggested as means of improving
IFA compliance [47, 49]. ANC counselling should
discuss benefits of taking IFA, how to manage side
effects, how to increase intake and bioavailability of
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dietary iron and signs of anaemia [44], but time is short
for high-quality counselling in busy health facilities.

Other drivers of anaemia in Nepal: infections, inflammation
and haemoglobinopathies
In addition to inadequate diets and IFA intakes,
infections and inflammation are important in the
aetiology of anaemia [15, 21]. Hookworm infestations
are prevalent in Nepalese PW [50, 51], and anaemia
prevalence was higher amongst PW who had not
consumed deworming medication in the past 6 months
compared to those who had [21], highlighting the
importance of quality ANC to detect and treat
infections.
Iron metabolism is influenced by haemoglobinopathies

[15, 52] and by genetic variation in individuals’ ability to
absorb iron [53]. The NNMSS tested NPW for blood
disorders and found 1% had alpha-thalassemia, 3% beta-
thalassemia, 1% sickle cell and 14% glucose-6-phosphate
dehydrogenase deficiency [21]. These haemoglobinopa-
thies, which account for 12% of female anaemias world-
wide [11] and are associated with low haemoglobin
during pregnancy [54], are usually not amenable to iron
treatment and may limit the effectiveness of IFA supple-
mentation [15] in a small proportion of cases.
A combined approach of improving diets, increasing

IFA uptake and tailored dosage according to guidelines,
and reducing infection could be an efficient way of
tackling anaemia in Nepal, especially in Terai
populations where anaemia prevalence is high.

Potential interventions to improve anaemia in Nepal
With IFA supplementation routinely provided in many
LMICs yet anaemia remaining stubbornly prevalent,
effective behaviour change interventions in pregnancy
are needed to increase IFA compliance, enhance dietary
micronutrient intake and bioavailability, and reduce
infections/inflammation through deworming [44].
Home visiting counselling and nutrition education

approaches have shown promise. In India, a home
visiting nutritional counselling model for PW reduced
anaemia from 96 to 79% and improved Hb by > 1 g/dL
[55]. In Nepal, an education programme with routine
iron supplementation improved haemoglobin levels in
PW by up to 0.26 g/dL and reduced anaemia prevalence
by 65% [56]. However, a systematic review of nutrition
education and counselling (NEC) interventions found
that effects are highly variable. When combined with
provision of food or supplements, women’s risk of
anaemia in late pregnancy was reduced by 42%, but
without this NEC effects were smaller (16% lower risk)
and only marginally significant [57]. In situations or
environments that are not enabling, educating women
and families may not automatically provoke changes in

behaviour. A long literature on behaviour change theory
[58–60] and qualitative research [36] indicates that
nutrition education may need to be coupled with
additional components that address wider contextual
factors that enable women and families to implement
new knowledge. As indicated by the NEC review, this
includes access to food and supplements. Other studies,
including our formative research, suggest this also
includes addressing complex factors such as gender
norms, power hierarchies, community cohesion and
trust in health services [61].
To address some of these wider community-level fac-

tors, women’s groups may be an effective intervention,
but as with NEC, a review of 36 studies on the effects of
women’s groups found highly heterogeneous effects on
nutrient intakes [62]. This heterogeneity may be due to
differences in implementation, context, or ways the
intervention interacts with context. Researchers have
suggested a typology of women’s groups to help identify
differences in approach: classrooms (didactic behaviour
change), clubs (build relationships between members),
and collectives (engage the whole community) [63]. In
the case of anaemia, a ‘collective’ approach may be
needed. One form of collective approach uses Participa-
tory Learning and Action (PLA), which follows a four-
phase ‘cycle’ of problem identification, planning strat-
egies to overcome the problems, implementing the strat-
egies and evaluating them. The PLA approach is based
on the theory that many health problems are rooted in
powerlessness and may be addressed by social and polit-
ical empowerment [64–66]. Hypothesised pathways to
impact include women sharing experiences and motivat-
ing each other to try new behaviours, collective owner-
ship of nutrition problems, increasing resources to
afford better nutrition and changing social norms to
promote healthy behaviours. Several interventions using
PLA groups in South Asia have been highly effective at
improving health outcomes, particularly reducing mater-
nal and neonatal mortality [67–73] and diabetes [74].
However, effects on women’s diets and anthropometry
have been less consistent, showing small [75], mixed
[76–78] and sometimes null effects [74]. The only study
that has reported effects of PLA on haemoglobin is the
UPAVAN trial in India which combined PLA with an
agricultural intervention [79], which showed no impact
on mothers’ haemoglobin or MUAC but did improve
dietary diversity [80].

CAPPT rationale
Taken together, evidence demonstrates that anaemia
could be reduced in rural Nepal by (1) increasing
adherence to WHO recommendations on IFA (tailoring
dose according to anaemia status and increasing PW’s
compliance), (2) improving diets to increase intakes of
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iron, bioavailability of iron and other micronutrients,
and (3) increasing access to deworming tablets. Previous
trials suggest that both PLA and NEC could improve
diets and haemoglobin concentrations, but evidence of
their effectiveness when integrated has not been studied.
Hence, CAPPT will test an intervention to reduce
anaemia by addressing IFA, diets and deworming, using
a combined approach of PLA groups with two nutrition
counselling home visits to PW at home in a
disadvantaged population in the Nepal Terai.
The CARING trial in India showed that a single home

visit to third trimester pregnant women, combined with
PLA groups, improved PW’s dietary diversity but not
MUAC [76], so our model of two home-based counsel-
ling visits in early to mid-pregnancy combined with PLA
groups could also improve diets. Experience from the
Low Birth Weight South Asia Trial (LBWSAT) in the
Terai showed that PLA groups wanted to implement
home visits as part of their strategies [77]; women may
be unable to leave the home in pregnancy, especially
during their first pregnancy [81]; and PLA group attend-
ance by pregnant women was a higher when PLA was
combined with cash or food transfers [77]. Home visits
might work synergistically to encourage PLA group at-
tendance, reach women who cannot/do not leave their
homes and engage household members who oversee food
purchasing and allocation decisions (males and mothers-
in-law) [36]. We hypothesise that our planned home visit-
ing intervention will facilitate personalised, direct one-to-
one support to PW and their families, whilst the PLA
groups will work at the community level to create an en-
abling environment, changing community-level norms,
and facilitate shared exchange of nutrition knowledge and
peer support amongst group members.

Objectives {7}
The primary objective of the Comprehensive Anaemia
Programme and Personalized Therapies (CAPPT) trial is
to assess the impact on haemoglobin (Hb) at 30 ± 2
weeks of pregnancy, of an integrated intervention
providing personalised nutrition counselling at pregnant
women’s homes, together with tailored dosage of oral
iron-folic acid (IFA) and PLA women’s groups in the
community, in addition to routine ANC, compared with
a control arm where women have access to routine
ANC only.
Secondary objectives are as follows:

1. Assess the impact at 30 ± 2 weeks gestation of this
integrated intervention by comparing prevalence of
anaemia, mean probability of adequacy (MPA) of 11
micronutrients, mid-upper arm circumference
(MUAC) between study arms and count of ANC
visits at a health facility.

2. Explore potential pathways to impact by comparing
between study arms: count of IFA supplements
consumed; daily energy and iron intakes, behaviours
to enhance bioavailability, nutrition knowledge.

3. Compare intervention effects between population
subgroups such as wealth groups, baseline BMI
category and anaemia levels.

4. Undertake a dose-response analysis to analyse the
effect of different levels of exposure to PLA groups,
home visits and number of IFA consumed, separately
and in combination

5. Conduct a process evaluation to describe exposure,
implementation and fidelity of the intervention to
that planned and measure hypothesised changes in
target behaviours of pregnant women and their
families including bargaining power and decision-
making power, equity of food and nutrient allocation
between PW and their husbands, experience of side ef-
fects of iron therapy and health literacy.

6. Estimate cost and cost-effectiveness of the interven-
tion package from a provider perspective.

Trial design {8}
This is a non-blinded parallel group two-arm cluster-
randomised controlled trial, with an allocation ratio of 1:
1, conducted in Kapilbastu district in the rural plains of
Nepal. Trial arms are as follows: (1) control (routine
antenatal care (ANC); (2) ‘Home visiting plus PLA’ inter-
vention package comprising a combination of tailored
IFA supplementation and counselling at home, and Par-
ticipatory Learning and Action (PLA) meetings held in
the community, in addition to routine ANC.
Our study protocol follows SPIRIT guidelines [82] as

outlined in a SPIRIT checklist.

Methods: participants, interventions and
outcomes
Study setting {9}
The study is set in Kapilbastu district in Province 5 in
the Western Terai (plains) of Nepal, bordering Uttar
Pradesh state of India. The district population is 569,844
with an estimated crude birth rate of 21.3 per thousand
population per year [83]. The population comprises
predominantly Madhesi (plains) ethnicity Hindus with
sizable minorities of disadvantaged Muslims and Dalits.
Literacy rates are 45% and 65% amongst women and
men respectively [83]. The lowland area is characterised
by rice production with winter crops of wheat and
pulses, with high temperatures and humidity for much
of the year. Kapilbastu’s Human Development Index is
0.452, putting it in the second-least developed category
of districts in Nepal [84]. Anaemia in women of repro-
ductive age was 44% in 2016 [22].
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Formative phase
In order to understand the project setting better and fit
the intervention design to the context, we conducted
formative activities before setting up the trial.

Policy engagement We interacted with government
stakeholders at federal, provincial and local levels,
meeting with Ministry of Health & Population and
Family Welfare Division, Province 5 Ministry of Social
Development and Provincial Health Directorate,
Kapilbastu Health Office, and elected municipality
representatives. We orientated stakeholders about, and
received their support for, trial activities around the time
of the census, and whilst randomly allocating clusters to
study arms. Before starting the interventions, we will
orientate the municipal health team, health workers and
FCHVs in selected clusters.

Formative research We conducted a scoping review of
literature to identify the current anaemia burden in PW,
their dietary practices, health-seeking behaviour and re-
search gaps for Nepal and South Asia. To explore the
factors affecting compliance and consumption of IFA,
access to antenatal care and consumption of
micronutrient-rich food, we conducted a detailed quali-
tative study in two rural and one urban municipality of
Kapilbastu.
We analysed pre-existing dietary data from LBWSAT

in Nepal using ‘Optifoods’ linear programming software
[85] to draw up dietary recommendations on the basis of
available foods. The Optifoods analysis confirmed the
difficulty in achieving an iron-replete diet using locally
available foods, especially amongst vegetarians, but was
helpful in identifying some key iron-rich foods to
promote.

Eligibility criteria {10}
Cluster selection
Prior to federal restructuring in 2017, the smallest
geopolitical unit of administration in Nepal was the
Village Development Committee (VDC), each divided
into nine wards (hereafter ‘old wards’). Each old ward
forms the catchment area of one female community
health volunteer (FCHV) who is responsible for holding
monthly health mothers’ group meetings in the
community. Since these groups are the platform for our
PLA intervention, we chose old wards as the basis for
forming study clusters.
We estimated cluster population by applying World

Bank annual population growth rates [86, 87] to
Kapilbastu 2011 census data at the old-ward level [83].
On the basis of pregnancy detection rates in LBWSAT
data, we predicted that 2.52 pregnancies/1000 total
population could be detected per month per ward and

conservatively assumed that up to two-thirds of the
pregnancies detected would be > 20 weeks’ gestation,
which would be too late to enrol into the trial.
Cluster inclusion criteria were set to ensure that the

majority of participants will be from the population
group with the highest anaemia prevalence in the
district, which is Madhesi ethnicity rural women who
make up the majority of the community in the south of
Kapilbastu district. Hence, our cluster inclusion criteria
are not adjoining the main East-West highway that tra-
verses Nepal; lying in the southern part of Kapilbastu
district (closer to the Indian border) where there is less
population heterogeneity and lower forest coverage; in a
rural area with no major market; projected population of
≥ 1100 and < 3200 from Nepal 2001 census; surrounded
with a buffer zone of non-study clusters; and > 50%
Madhesi (plains ethnicity) as per the pre-trial census
(below) [88].
Figure 1 summarises the process of excluding old

wards on the basis of population size and location
within the district, merging them to come up with a
sample of 78 clusters eligible for inclusion in the pre-
trial population census, and exclusion of cluster post-
census.

Pre-trial census
From November 2019 to February 2020, we conducted a
census to quantify the number of married women of
reproductive age and describe cluster characteristics that
could be used in restricted randomisation to allocate
clusters to study arms such as caste, religion, household
size, education and distance to the nearest public health
facility. Although we originally planned to include all 78
eligible clusters, we decided to halt data collection after
60 clusters had been completed, since the population
per cluster was considerably higher than predicted,
dropping the 18 remaining clusters. The higher
population per cluster also meant we needed only 54
clusters for the trial. Of the 60 clusters included in the
census, we found that 6 were atypical on the basis of
having a high proportion of hills ethnicity, being close to
the east-west highway, far from the nearest public health
facility or having a dense population with busy market-
place. Consequently, we dropped these clusters, resulting
in the final selection of 54 clusters comprising 103 old
wards (5 single- and 49 merged pairs of old wards),
which have been randomly allocated to 27 clusters per
arm, are listed in Supplementary Annex 2 and mapped
in Fig. 2. The total population enumerated in the census
is 139,448, mean 2582 (range 1299–4865) per cluster.
The population of women identified as eligible for men-
strual monitoring in the census is 12,648, mean 234
(range 114 to 480) eligible women per cluster.
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Individual participant eligibility
Inclusion criteria to be enrolled into menstrual monitoring
(to detect pregnancy) are being a married woman between
the ages of 13 and 49 years: being resident in the study
cluster (whether at her husband’s or parental home); could
become pregnant (i.e. she and her husband have not had
permanent sterilization such as tubal ligation or vasectomy,
has not attained menopause nor had a hysterectomy); and
consents to being asked about their menstrual status once
every 4 weeks.

Inclusion criteria for a woman to be enrolled into trial
follow-up include the following: a married female aged
13 to 49 years with a positive pregnancy test, at less than
20 weeks’ gestation, who is able to provide informed
consent/assent and respond to survey questions. The
gestational age is estimated from the date of the last
menstrual period (LMP) as recalled by the PW, which is
cross-checked against LMP dates recorded in the men-
strual monitoring register during menstrual monitoring.
If a PW has already visited a health facility for an

Fig. 1 Flowchart of the process of study cluster selection
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ultrasound test, this report is also checked before enrol-
ling the woman.
Exclusion criteria include non-consent and/or unable

to respond to questions, ≥ 20 weeks’ gestation from
LMP (or uterus clearly visible above the level of the um-
bilicus if LMP is not recalled/not available) and not
planning to reside in the study cluster for most of her
pregnancy.
Although the study participants give consent, their

family members are also encouraged to participate in
home visits and women’s groups. We will also ask for
consent from husbands or adult male household
members (or mother-in-law if no adult male), to meas-
ure their diets in addition to the PW.

Who will take informed consent? {26a}
Letters of approval to work in selected clusters were
received from municipality officials by field managers
employed by HERD International before undertaking the
census. Household heads provided written/thumbprint
consent to collect census data.
All consent for individual participation (using signature

or thumbprint) is taken by interviewers at the beginning

of menstrual monitoring and again at enrolment into
follow-up when pregnancy is detected. After obtaining
written consent, interviewers take oral consent at subse-
quent menstrual monitoring and trial follow-up visits. A
participant is free to withdraw consent or refuse data col-
lection on any of these occasions. Interviewers will take
written consent from the married woman herself where
she is 18 years or above. For adolescents 13 to 17 years, in-
terviewers will take written consent from guardians and
written assent from the adolescent, and both shall be re-
quired for the girl to participate. Supplementary annexes
3, 4, 5 and 6 provide the trial participation information
sheets and consent forms in English (copies in Nepali and
Awadhi available on request).

Additional consent provisions for collection and use of
participant data and biological specimens {26b}
This trial does not involve collecting biological
specimens for storage. Every consent form has a clause
asking permission to share the anonymised data
collected in this study with other researchers to conduct
secondary analyses and to revisit the participant for
future follow-up studies, should the need arise.

Fig. 2 Map of study clusters showing randomly allocated clusters
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Interventions
Explanation for the choice of comparators {6b}
We compare intervention with control clusters, where
women do not receive the interventions but have access to
routine antenatal care services within the government health
system. Menstrual monitoring in both intervention and
control clusters may mean pregnancies are detected earlier,
and women may receive ANC and/or IFA earlier, than
outside the study area.

Intervention description {11a}
Intervention staff recruitment and training
Six certified auxiliary nurse midwives are employed by HERD
as nutrition assistants (NAs) to deliver tailored home visits to
PW and facilitate PLA women’s groups in 4–5 intervention
clusters each. Training of NAs will involve role-play practice
sessions and field testing of intervention activities. Topics in-
clude (i) health consequences of anaemia in pregnancy and
anaemia prevention/treatment; (ii) diet in pregnancy and
how to increase iron intake and bioavailability; (iii) communi-
cation skills; (iv) how to engage families in dialogue and prob-
lem solving; (iv) use of Hemocue to measure Hb levels; (v)
use of mobile phones/tablets and CommCare for recording
and reporting of intervention activities; (vi) how to run
women’s groups following a PLA intervention manual.
A diagram summarising the home visiting and PLA

interventions is shown in Fig. 3.

Home visiting intervention
Home visits are designed to work synergistically to
encourage PLA group attendance, to reach women who

cannot / do not leave their homes and to engage family
members. Each home visit will comprise dialogical
counselling, home-based anaemia screening and tailored
provision of IFA. The NA will visit each PW twice at
home, first at 12 to 21 weeks and second at 22 to 26
weeks. Ideally the gap between visits will be 4 to 6 weeks,
unless logistical constraints imposed by the COVID-19
pandemic disrupt activities.

Home-based tailored dialogical counselling We will
take a dialogical approach to engage pregnant women
and their families to think critically about the causes of
anaemia in pregnancy in their household and
community. The NA will engage pregnant women and
their families in a cycle of action and reflection: (1)
listening for the key issues and emotional concerns of
the household; (2) promoting participatory dialogue
about these concerns and (3) planning and taking action
about the concerns that are discussed. At the first and
second home visits, the NA will use stories and
inductive questioning to trigger dialogue and reflection
[66]. Stories will directly address issues from our
formative research. We will train the NA about common
issues that may arise and provide a discussion and
reference manual with examples of actions that pregnant
women and their families could take. Families will make
specific action plans to address the issues that are
relevant for their family and in the second visit these
will be reviewed, and a different story used to trigger
discussion and reflection. The tailored counselling aims
to support women and their families to take actions to

Fig. 3 Components of the combined home visiting and Participatory Learning and Action (PLA) interventions

Saville et al. Trials          (2022) 23:183 Page 9 of 27



change dietary practices, take IFA and deworming
tablets, attend PLA groups and access antenatal care. If
the NA observes any pregnancy danger signs, as per the
government’s standard treatment protocol [45], she will
advise the woman to seek care straight away from the
nearest appropriate health facility.

Anaemia screening and tailored iron-folic acid
therapy At each home visit, following the nutrition
counselling, the NA will measure the PW’s haemoglobin
concentration using a hand-held Hemocue Hb 301+
analyser, measure her mid-upper arm circumference
(MUAC) with a SECA tape (93/42/EEC) to assess thin-
ness, and explain the results. Following GoN guidelines,
the NA will advise the PW to take IFA as follows:

� Not anaemic (Hb ≥ =11 g/dL), one IFA tablet (60
mg elemental iron and 400 μg folic acid) per day.

� Mildly or moderately anaemic (Hb 7–10.9 g/dL),
two IFA tablets (120 mg elemental iron and 800 μg
folic acid) per day.

� Severely anaemic (Hb < 7 g/dL), the NA will
immediately refer the PW for a blood transfusion at
a higher health facility.

At visit 1 (at 12 to 21 weeks’ gestation), the NA will
provide sufficient IFA tablets for a period of 4–10 weeks
until her second visit, at 22 to 26 weeks’ gestation. For all
women, NAs will emphasise the importance of increasing
dietary diversity and consuming micronutrient-rich food.
For women with low (< 230mm) or very low (< 210mm)
MUAC, the NA will also emphasise the importance of
consuming additional calories through more frequent
and/or larger meals and taking adequate rest. For women
with MUAC ≥ 300mm, the NA will stress the importance
of keeping active during pregnancy and avoiding sugary or
fatty foods and large portions of rice.
After repeating the haemoglobin and MUAC

measurements at the second visit, the NA will explain
to the woman how her anaemia and thinness status
have changed and provide the appropriate IFA dose.
She will also assess compliance to IFA by asking the
PW about their tablet consumption and checking used
blister packs. At visit 2, the NA will provide a single
(400 mg) albendazole tablet if the PW has not already
received it as per Nepal’s national protocol for women
in their second trimester.
The NA will record details of haemoglobin and

MUAC readings, IFA and albendazole tablets provided
on the Trial Participation Card (TPC) at each visit to
enable participants to show health workers what
treatment they have been receiving. The NAs will make
two copies of discussion action sheets to record actions
agreed to reduce anaemia based on the issues identified.

One copy will be given to the PW’s family, and the other
copy will be kept by the NA for reference. The NA will
also record Hb, MUAC, IFA and albendazole given, and
the actions agreed upon with the PW’s family on an
electronic data collection form just after the visit is
concluded. The NA will not enter data on the tablet or
phone during the visit to allow fluid interpersonal
interaction but will take a photograph of the TPC and
the discussion action sheet before leaving the home.
The modality of the home visiting intervention is

shown in Fig. 4.

Participatory Learning and Action women’s group (PLA)
intervention
In the intervention arm, the NA, together with the local
FCHV for that cluster, will facilitate monthly groups at a
convenient place and time for community members. As
FCHVs are mandated by the health system to hold
monthly mothers’ groups, we will work through these
groups where they already exist and revitalise them
where they are inactive.
The groups will run for a 15-month period, from the

last month of menstrual monitoring consent to (about 1
month before the first enrolment) until after the last en-
rolled woman has completed 30 ± 2 weeks gestation.
NAs, who are locally recruited and trained, will train the
FCHVs on the PLA meeting manual each month and
the FCHVs will assist the NAs in group facilitation.
Groups are open to anyone who is interested, and par-
ticipation is voluntary. As restrictive gender norms can
prevent women’s participation in mixed groups, the first
10 meetings will be exclusive to women. Men will be in-
vited to a large community planning meeting and groups
will discuss how they would like to engage with men
thereafter.
The PLA cycle will consist of four phases (1) problem

identification, (2) planning together, (3) strategy
implementation and (4) strategy evaluation. During the
‘problem identification’ phase, over 6 monthly meetings,
groups are introduced to the PLA method and discuss
local definitions and beliefs about the causes and
symptoms of anaemia, and local beliefs around taking
IFA supplements. They will then discuss barriers to
good nutrition to improve anaemia, and barriers to
uptake of IFA supplementation during pregnancy.
During the ‘planning together’ phase, over 3 monthly
meeting groups prioritise problems that they would like
to address and plan and implement a community
meeting to engage the wider community. Groups will
then lead on the implementation of these strategies in
Phase 3 and will continue discussing new topics related
to anaemia in pregnancy. They will evaluate the effect of
their actions in Phase 4 by reflecting on the original
problems and progress in solving them. Then they may
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reformulate strategies to begin another phase of
implementation.
During the PLA cycle, facilitators use a pictorial

meeting manual which contains varied triggers for
discussion—such as a story, a quiz or game—which are
often used with picture cards. These focus on iron- rich
foods and how to increase bioavailability, improve IFA
compliance, reduce side effects and manage nausea and
minor pregnancy ailments, and when to seek care for
more serious problems.

Criteria for discontinuing or modifying allocated
interventions {11b}
We do not expect that the tailored counselling or PLA
women’s groups to have any negative effects upon trial
participants, but some women may experience side
effects from consuming IFA or from deworming. Side
effects commonly experienced from IFA include
constipation and indigestion [1, 89], but these tend not
to be serious. Recent studies have also indicated that
iron supplementation may increase susceptibility to
infections but that this is more common in children
than adults [90]. Interviewers will collect data on side
effects of IFA and on morbidity of women during the 30
± 2-week interviews and NAs will ask women about side
effects and advise how to mitigate them during counsel-
ling sessions and at women’s groups. In exceptional
cases, if the higher IFA dose is not being tolerated, the
NA may advise the woman to reduce intake from two to
one tablet per day. All women who are feeling unwell at
the time of interaction with the NA or data collector are

advised to seek care at their nearby health facility or at a
higher care centre where needed.

Strategies to improve adherence to interventions {11c}
Nepal’s national protocol is to provide PW with IFA
from 20 weeks’ gestation onwards till 45 days post-
partum from all health facilities, outreach clinics and
FCHVs. Doubling the dose for anaemic women is in the
GoN protocol but usually not practised. We will orient
all health workers at the health facilities in/near inter-
vention areas, and the district and regional hospitals,
about the intervention and the distribution of IFA and
albendazole tablets by the NA during home visits and
encourage them to practice administration of double
dose for women who have been identified as anaemic in
line with NA prescription. NAs will ask women to show
their home visit TPC records of Hb, MUAC, IFA and
albendazole tablets to health workers at the beginning of
each ANC consultation to ensure women are not pre-
scribed double doses of IFA or albendazole. The NAs
will visit health facilities every month and provide a list
of the enrolled participants and the number of tablets
provided to them to avoid duplication. For more distant
health facilities, or where visiting health facilities is re-
stricted by COVID-19, information is sent by email or
SMS and NAs phone health workers to ensure the infor-
mation has been received.
NAs attend monthly meetings with intervention

coordinators to reflect on the previous PLA meeting and
plan for the next. Through discussion and role-play, fa-
cilitators develop common methods of holding meetings.
Whilst the trial surveillance system is getting established,

Fig. 4 Modality of the home visiting intervention
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a 1-month ‘run-in’ of women’s groups allows time for
groups to get established before the first ‘full-trial’ PW
enrols. The picture cards and women’s group manual
can be modified as needed to ensure that content is real-
istic, understandable, culturally appropriate, visually ap-
pealing, and motivating, but any changes will be applied
across all intervention clusters.

Relevant concomitant care permitted or prohibited
during the trial {11d}
Women who receive home visits and tailored doses of
IFA and deworming are strongly discouraged from
taking additional doses of micronutrients or additional
deworming. NAs and interviewers encourage PW to
seek concomitant care for any illnesses they may be
experiencing which are reported during interactions. If
the interviewer or NA detects severe anaemia, they give
the PW a referral slip, and advise her to go immediately
to the district hospital or other referral centre where
transfusions are available.

Provisions for post-trial care {30}
We do not envisage complications that would require
compensation but have necessary insurance arrangements
in place.

Outcomes {12}
All outcomes are measured during 30 ± 2-week inter-
views and are listed in Table 1 below.
The primary outcome of the trial is mean haemoglobin

concentration in g/dL ascertained from a Hemocue 301+
analyser reading. Secondary outcomes are prevalence of
anaemia (% Hb< 11.0 g/dL), mid-upper arm circumference
(cm) and mean probability of micronutrient adequacy of

11 micronutrients including vitamin A, riboflavin (B2),
niacin (B3), pyridoxine (B6), cobalamin (B12), thiamine
(B1), folate (B9), vitamin C, iron, zinc and calcium.
Indicators to compare between arms to assess pathways

to impact include the following: count of ANC visits at a
health facility, number of IFA tablets consumed during
pregnancy, intakes of energy (kcal/day) and dietary iron
excluding supplements (mg/day), a score of bioavailability-
enhancing behaviours (comprised of avoiding tea and coffee
at or near mealtimes, use of vitamin C-rich foods with food
and IFA tablets, use of sprouted pulses or grains and
spreading of haem-iron foods over 2 eating occasions),
recall of nutrition knowledge indicators pertaining to iron-
rich foods, importance of IFA and ways to improve bio-
availability of iron.
To describe intervention implementation and potential

mechanisms by which the intervention and its components
may have an effect, we also collect process outcomes given
in Table 2. Exposure to PLA groups, number of home visits
and side effects will be reported in the main trial paper,
together with factors which emerge as key indicators of
intervention fidelity. Other process indicators may be
reported in one or more separate publications. Process
indicators include weight gain in pregnancy, gestational age
at first ANC, amounts of promoted foods consumed, health
literacy, social networks and social norms. For assessment
of the effect of the intervention upon intra-household food
allocation, we measure ratios of MPA, energy adequacy and
iron intake between the PW and her husband (or senior
household member).
For the purposes of tracking any potential harms, we

track side effects from taking IFA tablets including
vomiting, constipation and indigestion or heart burn and
report them to the DMC.

Table 1 Trial outcomes and indicators on the impact pathway

CAPPT trial outcomes Effect measure to compare
arms/summary statistic

Primary outcome at 30 ± 2 weeks

Haemoglobin concentration ascertained from a Hemocue 301+ analyser reading (Hb g/dL) Difference/mean

Secondary outcomes at 30 ± 2 weeks

Prevalence of anaemia (% Hb< 11.0 g/dL) Odds ratio/proportion

Mid-upper arm circumference (cm) Difference/mean

Mean probability of adequacy (MPA) of 11 micronutrients including vitamin A, riboflavin (B2 ),
niacin (B3 ), pyridoxine (B6 ), cobalamin (B12 ), thiamine (B1 ), folate (B9 ), vitamin C, iron, zinc and calcium;

Difference/mean

Total number of ANC visits a health facility Ratio/mean

Indicators on the pathway to impact to be compared between arms at 30 ± 2 weeks

IFA tablets consumed by time of measurement at 30 ± 2 weeks Ratio/mean

Usual energy intake (kcal/day) Difference/mean

Usual dietary iron intake (excluding supplements) (mg/day) Difference/mean

Uptake of methods used to improve bioavailability Ratio/mean

Nutrition knowledge score Ratio/count
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Participant timeline {13}
Formative work ran from May 2019 to February 2020
but trial roll-out was delayed because of the Novel
SARS-CoV-2 Corona Virus (COVID-19) pandemic
which began to affect Nepal in March 2020, just as
trial enrolment was due to begin. Since census data is
now out of date, several months of formal menstrual
monitoring consent-taking and updating the census
with new women or households is required before en-
rolment can begin. The trial timeline from when we
are able to start the trial, showing the schedule of en-
rolment, interventions and assessments (as per the
SPIRIT figure guidelines), is provided in Fig. 5. Data
collectors will enrol women for one run-in and six
full-trial months and follow-up every woman until the
last enrolled woman reaches 30 ± 2 weeks. The ‘full-
trial’ phase will last for 14 months and only women
recruited after the run-in month will be included in
the final analysis.

Sample size {14}
Our trial includes 54 clusters with 6 months of
enrolment. We assume 2.52 pregnancies will be
detected per month per 1000 population, based on
the rate observed in LBWSAT, which used a similar
pregnancy detection mechanism. For women to be
recruited, their pregnancy must be detected at < 20
weeks’ gestation. In LBWSAT, 55% of the
pregnancies detected were < 20 weeks’ gestation at
enrolment. So, for our sample size calculations, we
assumed a best-case scenario of 50% and a worst
case of 33% detected pregnancies < 20 weeks. We as-
sume 20% loss to follow-up from enrolment to meas-
urement of the primary outcome at 30 ± 2 weeks
gestation, including losses due to miscarriage or ter-
mination and women migrating to their parental
homes during pregnancy. Therefore, for the best-
and worst-case enrolment scenarios, we expect an
average of 15.6 and 10.4 primary outcome measures
achieved per cluster respectively, giving us a sample
size of 421 and 281 PW in each arm (or 842 and
562 women in the full trial).
We used Hb data provided by the Suaahara nutrition

programme 2017 annual survey [91] from the
neighbouring plains district of Rupandehi, to inform our
sample size estimates. These data, which were sampled
on the basis of old VDC wards that are the same as our
cluster definition, provided a standard deviation (SD) of
Hb of 1.2 and an intracluster correlation coefficient
(ICC) of 0.09.
A Cochrane review showed a mean difference of Hb

0.888 g/L (95% CI 0.696 to 1.080) between PW
supplemented with iron versus women without
supplements [43]. Since in our control clusters we
expect lower intakes of IFA and iron-rich food than in
intervention clusters, we consider a 0.4 g/dL difference
in Hb at 30 ± 2 weeks of gestation between trial arms
plausible. We also consider this effect size to be of clin-
ical importance.
Our power calculations are based on a difference

of 0.4 g/dL Hb between arms in the primary
outcome, an ICC of 0.09 and SD of Hb of 1.2 (or
1.25) g/dL and a coefficient of variation (CV) in
cluster size of 0.27, based on CAPPT census data.
We assume two-sided testing at the 5% significance
level. In the best-case scenario of 50% of pregnancies
being < 20 weeks’ gestation, the design provides 88%
power assuming an SD of 1.2 and 86% power with
an SD of 1.25. Full details of the power available in
the different scenarios and details of the number of
cases to be enrolled in the full trial (before loss to
follow-up) are given in Table 3. Expected pregnancies
and population per cluster used in power calculations
are provided in Supplementary Annex 7.

Table 2 Process indicators

Intervention exposure and activities

Number of home visits received (0, 1 or 2)1

Family actions agreed upon in the home visit

Which family members took part in the home visit interaction

Doses of IFA prescribed

Exposure to PLA community strategies1

Whether any family members attended PLA groups

Which family members attended

Social and behaviour change processes

Health literacy

Social norms

IFA and ANC processes

Numbers of IFA tablets consumed in relation to those prescribed

Uptake of any antenatal care

Quality of antenatal care

Gestational age at first ANC visit

Dietary processes

Amounts of key promoted foods consumed by pregnant women

Intra-household allocation, as PW’s share {PW/(PW + senior male)} of
nutrients in term of Mean probability of micronutrient adequacy, iron
intake, and energy adequacy

Weight gain in pregnancy from enrolment to 30 ± 2 weeks (kg)

Side effects

Constipation1

Indigestion/heart burn1

Vomiting1

1These process indicators will be reported in the main trial paper whereas
others may be reported in one or more separate process evaluation
publications rather than in the trial paper
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Recruitment {15}
Strategies to achieve adequate participant enrolment to
reach the target sample size include monitoring
menstruation of all consenting non-pregnant eligible women
in the cluster and a free urine pregnancy test (UPT) after
one or more missed menstrual period so that pregnancies
are enrolled before 20weeks. We provide FCHVs a monthly
travel allowance plus an additional incentive on the basis of
pregnancies detected. We conservatively accounted for only
33 to 50% of pregnancies being detected < 20weeks, 20% loss
to follow-up, and will allow 1 month for trial run-in to iron
out problems at the start. To increase the response rate in
later pregnancy, we provide an incentive to trial participants
(NPR 1000) at the 30 ± 2-week interview.

Assignment of interventions: allocation
Sequence generation {16a}
To randomly allocate clusters to two arms, we used
covariate-based constrained randomisation, drawing

upon census data to characterise clusters to enable a
similar population composition between study arms.
The trial statistician (AC) randomly generated 5000 po-
tential allocations based on computer-generated random
permutation, from which 4206 were rejected on the
basis of any of the following thresholds for the difference
in cluster mean between arms:

� Difference in % Muslim more than 5
� Difference in % hills ethnicity more than 2
� Difference in number of eligible women more than 17
� Difference in travel time to health centre on foot

more than 3.5 min
� Difference in travel time to health centre by vehicle

more than 2 min

These thresholds were set at approximately 0.25 of the
SD in cluster summary value across the 54 clusters for
each covariate and were considered adequate for good

Fig. 5 Schedule of enrolment, interventions, and assessments (SPIRIT Figure)

Table 3 Power calculations based on different standard deviations and proportion of pregnancies detected < 20 weeks

% of pregnancies
< 20 weeks1

No of clusters
per arm

Average number of Hb
outcomes per cluster

ICC (rho) CV cluster size Detectable difference
in Hb

Power with
SD of 1.2

Power with
SD of 1.25

50% 27 15.6 0.09 0.27 0.4 88.3% 85.7%

33% 27 10.4 0.09 0.27 0.4 82.1% 79.0%
1enrolment cut-off is ≤ 19 weeks 6 days gestation
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balance. We did not restrict the randomisation more
strictly because of concerns this might impact on the
type 1 error, for example as pairs of clusters tended to
be allocated to the same arm. The remaining 794
candidate allocations were found unique and 12 were
selected at random. A final list of 24 potential
allocations was prepared, in which each of the 12
allocations was applied in the 2 possible ways (0/1 is
either control/intervention or intervention/control) to
ensure exactly equal chance of each cluster being
allocated to control or intervention.

Concealment mechanism {16b}
To ensure the randomisation process was observed to be
fair, we held a meeting with municipality and health
system leaders in March 2021 where we introduced the
trial and invited a leader to randomly pick out the
chosen randomisation option from a box of ping-pong
balls labelled with the randomisation number. The allo-
cation to arms was revealed to stakeholders and trial
team members at the same moment in this public forum
by a community stakeholder opening a sealed envelope
with the chosen randomisation sequence and reading it
out to the group.

Implementation {16c}
The potential cluster allocation sequences were
generated by the trial statistician (AC), and the final
selection at the meeting (as described above) was made
in advance of any recruitment of participants.
Participants will be enrolled by field staff on the basis of
meeting eligibility criteria and their cluster of residence
determines allocation.

Assignment of interventions: blinding
Who will be blinded {17a}
After assignment of clusters to study arms, blinding of
trial staff and participants is impossible, since the
interventions are implemented at a cluster level and are
publicised amongst community representatives, health
workers and policymakers, to increase intervention
uptake. Data collectors who collect primary outcome
haemoglobin measurements and other secondary
outcomes will know the study arm of the participant at
the time of data collection, but since the Hb reading is a
digital read out from a Hemocue analyser, the risk of
bias in collection of the primary outcome is low.

Procedure for unblinding if needed {17b}
The design is open label with only outcome assessors
being blinded so unblinding will not occur. Interim
reports for the Data Monitoring Committee (DMC) and
Trial Steering Committee (TSC) regarding recruitment,
follow-up and baseline characteristics are unblinded. In-
terim safety reports (morbidity and side effects) for the
DMC will be initially blinded but can be unblinded on
request of the DMC if differences are observed.

Data collection and management
Plans for assessment and collection of outcomes {18a}
A chart outlining the surveillance system is provided in
Fig. 6.
In total, 103 incentivised FCHVs, with support from 8

interviewers, will monitor menstrual status in paper
registers every 4 weeks. Interviewers collect data on all
trial participants at enrolment (< 20 weeks) and at 30 ±

Table 4 Variables to adjust for or to use in subgroup analyses
and exposure variables

Confounders/covariates to adjust for in analyses:

Wealth score constructed out of household assets

Education status of pregnant woman (none, primary, secondary, higher
secondary +)

Parity (n)

Age of pregnant woman in years

Gestational age at measurement in weeks

Baseline (study enrolment) measure of Hb (for primary outcome
analysis)

Adjustments for study design

Religion (Muslim versus Hindu)

Ethnicity (hills versus plains)

Travel time to health facility

Cluster size (number of eligible women identified in the cluster during
the census as used during constrained randomisation)

Cluster (as random effect)

Variables to use in subgroup analyses

Baseline (study enrolment) anaemia status

Categories of BMI at enrolment (kg/m2)

Wealth categories constructed out of household assets

Main exposure (independent) variable for analyses of outcomes
above:

Study arm: Home visiting +PLA versus Control (which is the reference
group)

Within the intervention arm the levels of exposure to PLA
women’s groups and home visits are coded in three (independent)
variables for analyses of a dose-response effect upon the out-
comes above (or a subset of them):

Exposure to women’s group—score of exposure constructed out of
number of meetings attended by pregnant woman and number
attended by family members

Exposure to home visiting with tailored counselling and dose of iron-
folic acid supplements—score of exposure constructed out of number
of meetings attended by pregnant woman and number attended by
family members

IFA consumption during pregnancy (count or ordinal score constructed
from the count)
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2weeks’ gestation, covering primary, secondary and process
outcomes. Six specialised dietary data interviewers undertake
two 24-h dietary recalls at 30 ± 2weeks’ gestation on non-
consecutive days but within approximately 1 week of one an-
other. They interview the woman and her husband/or a se-
nior adult male household member if the husband lives
away. If there are no adult males, the mother-in-law (or
other female household head) is interviewed.

Electronic data collection
Questionnaires are programmed in Nepali, Awadhi and
English on android operating system tablets or mobile
phones using the CommCare electronic data collection
platform [92]. In-built jump-sequences and value limits
prevent entry of data outside plausible ranges.
To enable seamless merging of data by participant and

efficient case management and follow-up, unique identi-
fiers (IDs) encoded into Quick Response (QR) codes are
printed onto stickers. These are allocated to women en-
rolled by attaching them next to their names in men-
strual monitoring registers. When a woman is enrolled
in the trial, her QR code is attached to her a trial partici-
pant card (TPC) and to a trial participant list held by
each interviewer. Her ID is scanned at every interaction
with interviewers, dietary interviewers and NAs, enabling
information stored in CommCare about that woman
(such as name, LMP, and other details) to be ‘called up’
and used to ensure questionnaire flow and accuracy.

Standard operating procedures
To standardise haemoglobin concentration (Hb)
measurements, anthropometric and 24-h dietary recall

measurements, standard operating procedures (SOPs)
are followed to ensure that measurements are accurate
and inter-observer difference minimised. Hb is deter-
mined using a portable battery-operated electronic
Haemoglobin Photometer (Hemocue Hb 301+, Angel-
hom, Sweden). The haemoglobin measurement follows
standard procedures as per the manufacturer’s instruc-
tions. Anthropometric measures are taken following the
WHO guidelines [93–95]. Mid-upper arm circumference
(MUAC) and weight of women and their husbands are
measured using Seca head circumference tapes (93/42/
EEC) to the nearest millimetre, and Seca 877 weighing
scales accurate to 100 g respectively. Heights are mea-
sured using portable Leicester Stadiometers. Calibration
of Hemocue and scales are checked at least once per
week by the interviewers. Videos on how to take an-
thropometric and Hemocue measurements have been
developed for use during training and are installed on
their tablets for reference. Interviewers’ tablets will be
programmed to provide reminders for calibration checks
and COVID-19 symptom checks as required. In the case
of anthropometric measures, a third reading is required
if the first two measures differ by more than a specified
margin. Dietary intake assessments will follow standard
protocols [96], including a five-stage multi-pass probing
method to minimise underreporting [97].

Enrolment of trial participants
FCHVs are responsible for detecting pregnancies in their
cluster as early as possible. Initially, the FCHVs and
interviewers visit every identified woman to take her
written consent for ongoing menstrual monitoring and

Fig. 6 Surveillance system process
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to update information from the census (adding new
women and households as appropriate). After consent
has been taken in all clusters, trial enrolment starts.
FCHVs record each consenting women’s LMP in the
page of the register corresponding to her unique ID. The
FCHVs subsequently visit every 4 weeks to record
women’s menstrual/pregnancy status over a period of 7
months.
Once an FCHV finds a woman who has missed at

least one period, she conducts a urine pregnancy test
(UPT) at the woman’s house. If the UPT is positive, the
interviewer visits the woman to check her eligibility and
take her written consent to enrol in the trial. The
interviewer provides each consenting eligible woman
with a TPC with her unique QR code identification
number affixed. If a woman is ineligible (≥ 20 weeks’
gestation, not planning to reside in the cluster, or unable
to respond to questions), she is advised to seek ANC
and, in the intervention arm only, is invited to join PLA
women’s groups. In intervention clusters, interviewers
notify the NAs about the location and gestational age of
the newly enrolled eligible women to receive her first
home visit and invite her to PLA groups.
When the interviewer takes informed written consent

from women, they ask 5–6 questions to check the PW’s
understanding of the trial process. Only those who can
demonstrate that they have understood are enrolled. At
both enrolment and primary outcome interactions,
interviewers will measure the woman’s haemoglobin
concentrations, height, weight and mid-upper arm cir-
cumference. We will also collect the woman’s age, parity,
medical history, date of the last menstrual period, preg-
nancy symptoms/ problems, pregnancy intention as
measured by the London Measure of Unwanted Preg-
nancy (LMUP), smoking and alcohol consumption, age
of husband, household size and other socioeconomic
and demographic information including caste/religion,
education, landholdings and assets, and housing
characteristics.

Outcome measurement in the third trimester of pregnancy
As listed in Table 1, all primary, secondary and process
outcomes are measured at 30 ± 2 weeks. Although
ideally during the 28-to-32-week window, due to poten-
tial disruption that the ongoing COVID-19 pandemic
may cause, an outcome may be collected any time up to
delivery as gestational age at measurement will be ad-
justed for in all analyses.
Dietary interviewers use an adapted quantitative 24-h

dietary recall tool [98] to measure dietary intakes of PW
and their husbands or another ‘senior’ male (or a female
household head if there are no men). Recalls are taken
twice on non-consecutive days after between 28 and 32
weeks, including typical and atypical (celebratory and

fasting) days. Daily nutritional intakes are calculated
using (i) a list of locally available foods; (ii) quantified in-
takes of each food, estimated using a combination of
weighed methods (using food models) and a photo-
graphic atlas of graduated portion sizes [99] and (iii) a
Food Composition Table that integrates nutritional com-
position data from Nepal [100–102], India [103],
Bangladesh [104], USA [105], UK [106, 107] and pub-
lished back-of-pack information from local foods [102].

Monitoring and supervision of data collection
All interviewers are supervised by field coordinators and
a monitoring manager who observe 5% of interviews,
take replicate measures of anthropometry and monitor
electronic form submissions. The monitoring team
meets monthly and Kathmandu-based team members
visit and/or hold video-conferencing meetings periodic-
ally to provide support. Problems with electronic forms
are logged and corrections made reversibly in the data
using Stata data cleaning ‘do’ files. A Kathmandu-based
data management team monitors data daily.

Plans to promote participant retention and complete
follow-up {18b}
Strategies to promote participant retention include
collecting and updating phone numbers of respondents
so interviewers can arrange a convenient time to visit;
and providing a small gift at the end of data collection.
Within the CommCare forms, target dates for
intervention and follow-up events, based on the LMP,
are displayed on customised lists by user to help inter-
viewers follow the schedule.

Data management {19}
Data are stored in the following places:

� FCHVs hold paper registers for menstrual
monitoring

� Interviewers have lists of women enrolled in
menstrual monitoring permanently stored on
password-protected tablets, and survey data are tem-
porarily stored before they are synchronised
(encrypted) to a CommCare cloud server. Essential
information required for case management is
retained on the devices within the CommCare to
facilitate follow-up and questionnaire flow.

� Enrolled women have a copy of some of their own
data, recorded on their trial participant cards

� Health facilities are provided with enrolled women’s
names and the IFA and albendazole prescribed by
NAs.

� HERD International’s data management team in
Kathmandu downloads all new data daily from the
CommCare cloud server onto their server using a
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semi-automated system to extract csv files, import
them into Stata and run automated do files for data
pseudonymising, labelling and recoding.

Pseudo-anonymised data are shared with other data
team members as needed but the person-identifiable in-
formation is stored in separate encrypted files, which are
not used day-to-day unless follow-up lists need to be
generated or maintained by authorised team members.
Follow-up lists and data collector performance outputs
are uploaded to a shared folder for the field managers
and data coordinators to perform their checks.
All data are stored on password-protected, encrypted,

secure server computers in lockable rooms at the
Kathmandu office. Data on physical servers are backed
up daily onto secure cloud servers and copied onto ex-
ternal secure backup hardware-encrypted hard drives in
Kathmandu each week. The pseudonymised files are
shared with named analysts / data managers for inspect-
ing data quality and generating data summaries for the
Data Management Committee and Trial Steering Com-
mittee as appropriate. Study arm is encoded but not la-
belled. Once all of the data have been collected and
uploaded to the secure server and follow-up is complete,
the data are deleted from supervisors’ laptops and data
collection tablets, and eventually from the CommCare
server.
Qualitative data collected in Awadhi and Nepali

languages are transcribed in Nepali. After transcription,
qualitative data collectors send audio recording and
transcriptions to the HERD Kathmandu office where core
team members check completeness and anonymisation
and store the data in a lockable cabinet. The transcribed
anonymised data is then translated to English, cross-
checked with the original Nepali transcripts and thematic-
ally analysed.

Data cleaning
Data cleaning is completed by HERD International Data
Management teams, NS and HHF as required. Variable
naming, labelling and initial recoding is automated at
the time of downloading. For all outcomes and
important process variables and covariates, variable
distributions are checked for normality and skewness
and outliers identified and removed as necessary.

Data archiving
After the trial is complete, the pseudonymised trial
master file, including all datasets, is securely stored
electronically with trial partners in HERD, UCL and
LSHTM. Both pseudonymised and person-identifiable
data are uploaded to the UCL Data Safe Haven along
with the questionnaires, data codebook and brief

description of the trial. Archiving of data in Nepal fol-
lows HERD International’s and NHRC policies.
The pseudonymised data will be made open access

using the UCL data sharing platform or similar as per
MRC guidelines. Any request for archived person-
identifiable data will go through the trial management
team.

Confidentiality {27}
It is necessary to obtain and maintain lists of
participants’ names to enable women to be followed-up
to detect pregnancy and track their progress through
pregnancy. It is also necessary to communicate to local
and health facilities women’s receipt of IFA and
deworming at home visits, to prevent double dosing.
However, person-identifiable information (names of
household members and GPS location) will only be
retained by the field staff who need to seek to interact
with trial participants and this information will not be
made available to others. Apart from follow-up lists,
which interviewers and home visitors will utilise, all
other data stored on portable, or team members’ com-
puters are anonymised such that the participants are
identified by their unique ID number but not their
name, address or geolocation.
Person-identifiable information associated with trial

participants such as their name and geolocation and
signed consent forms are stored in separate encrypted
data files in a UCL data safe haven and on encrypted
and password-protected external media which are stored
in locked cupboards kept by the trial PIs and data man-
ager in HERD.
During the consent process, study participants are

assured that all person-identifiable information will not
be attached to the data used for analysis. They are also
assured that the information they share with FCHVs re-
garding their menstrual or pregnancy status and any de-
tails recorded on data forms will not be shared with
anyone in the community. Participants consent to their
names and contact details being kept on follow-up lists
on phones, tablets, computers, registers and paper lists
but that this information are accessible only to specified
members of the data management team and to the field
team members that need to visit them during follow-up.
They are told that the details of any IFA and deworming
provided to them are shared with local health facilities
to avoid double dosing. They understand that they will
not be identifiable in the data that is used for the study
analysis or in any data shared within and beyond the
study team.
If a participant withdraws from the study after data are

anonymised and shared for analysis, it may not be
possible to remove their data, but we can assure them
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that they can be removed from follow-up lists in the fu-
ture, if they do not wish to be contacted.

Plans for collection, laboratory evaluation and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}
No storable biological specimens are collected during
this study.

Statistical methods
Statistical methods for primary and secondary outcomes
{20a}
A detailed Statistical Analysis Plan, drawn up by the trial
statistician (AC) and Nepal principal investigator (NS),
will detail the analysis strategies, covariate adjustment
and the approach to any missing data. Each version is
presented to the Data Monitoring Committee (DMC)
and Trial Steering Committee (TSC) for approval and
the first version is prepared before the first patient is
recruited.
Primary analysis is by intention-to-treat and will use

the standard 5% significance level. Analysis of the pri-
mary outcome (haemoglobin concentration at the 30 ±
2 weeks) is based on linear regression, with random ef-
fects to adjust for clustering. Analyses are conducted
with and without adjustment for predictors of the pri-
mary outcome (Table 4) including socioeconomic status,
parity, age of PW, gestational age at measurement, ma-
ternal education and characteristics used in the re-
stricted randomisation (individual level religion,
ethnicity and travel time to the nearest health facility
and cluster-level number of eligible women from the
pre-trial census).
Our primary analysis will also adjust for haemoglobin

at enrolment, to gain precision, but we acknowledge the
trade-off that this may dilute intervention effects since
in principle cluster-level intervention effects could be
mediated through haemoglobin at enrolment. In a sensi-
tivity analysis, we will remove adjustment for haemoglo-
bin at enrolment.
Analysis of secondary and impact pathway outcomes

(Table 1) and of process indicators (reported in 1 or
more separate publications (Table 2)) will follow a
similar methodology. We will use linear regression for
continuous outcomes, logistic regression for binary
outcomes, ordinal logistic regression for ordinal
outcomes and negative binomial regression for ‘count’
outcomes such as number of IFA consumed. For
continuous and count outcomes, before analysis of
intervention effectiveness, the distribution will be
examined and in the event of skewed or heaped data
transformations such as log will be considered, or
methods will be adapted such as for zero-inflation. For
energy, iron and other micronutrients, which are

(almost) ubiquitously consumed, we will use our dupli-
cate measure to account for the wide intra-individual
variability with a nonlinear random effects model and
person-specific random effects (the National Cancer In-
stitute method). For intakes of recommended foods that
are only episodically consumed but also have wide
within-person variance, we use a two-part model where
the probability of consumption is estimated using a
multilevel logistic regression, the amount consumed on
consumption days is estimated by fitting a multilevel
nonlinear regression model and the error terms of the
two parts are correlated [108].

Process evaluation
Our process evaluation is informed by MRC guidance
and our theory of change (Fig. 7), and captures how the
intervention was implemented, fidelity to plans, reach of
the intervention, pathways to impact and contextual
factors that explain heterogeneity in effects. The Theory
of Change was developed through two workshops and
refined after reviewing formative research findings. It
details the hypothesised mechanisms which will enable
change in our primary and secondary outcomes in
intervention areas and the assumptions that underpin
them.
Quantitative process outcomes, captured through

surveillance questionnaires, have been included in Table
2. We explore how the context in both intervention and
control areas may influence intervention effect [109].
We will describe the implementation of the intervention
and fidelity to plans through analysis of process
monitoring forms administered by supervisors of NAs. A
senior process evaluation officer will review these data,
and conduct focus group discussions with supervisors
and NAs three times during through the intervention to
explore how context affected the implementation of the
intervention, and to analyse factors affecting attendance
at groups and exposure to home visits. If we find effects
on our primary outcome, we will use mediation analyses
to unpack pathways along our theory of change,
exploring whether effects are explained by changes in
health literacy, social norms, dietary iron intakes, other
micronutrient intakes, IFA compliance or deworming.

Economic evaluation
Cost and cost-effectiveness of the intervention will be
estimated from a provider perspective. The costs of de-
sign and implementing the intervention package
(programme costs) and costs to public health care pro-
viders will be estimated. Programme cost data will be
collected from the project accounts of the implementing
partner, staff time use surveys and interviews with pro-
ject staff. Costs to public health care providers as a result
of any increased demand for health services caused by
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the intervention, will be estimated using health seeking
data from the 30 ± 2-week questionnaires with the study
participants and available secondary data on unit
costs for the services in question. Incremental cost-
effectiveness of the intervention package will be calcu-
lated as compared to routine care. Incremental cost-
effectiveness ratios (ICERs) will be estimated for the
primary outcome and for associated disability-adjusted
life years (DALYs) averted. A series of sensitivity ana-
lyses will be conducted to check the robustness of the
results.

Interim analyses {21b}
No interim analyses of intervention effectiveness are
planned. Interim reports for the Data Monitoring
Committee (DMC) and Trial Steering Committee (TSC)
regarding recruitment, follow-up and baseline character-
istics will be prepared and interim safety reports (mor-
bidity and side effects) for the DMC.
We do not specify a formal stopping rule since the

interventions under test are simply adapting WHO and
government policies for IFA supplementation that are
already in use. So, whilst women may consume more
IFA tablets as a result of the intervention, there is no

new drug being tested. The risk during the finger prick
test for Hemocue testing to know the haemoglobin
status is low. We also do not intend to consider
modification or early stopping of the trial on the basis of
interim evidence of intervention effectiveness (or lack of
effectiveness). Nevertheless, the DMC is presented with
harms data (adverse events and levels of morbidity)
disaggregated by study arm at each meeting and could
recommend to the Trial Steering Committee
modification or termination of the trial.

Methods for additional analyses (e.g. subgroup analyses)
{20b}
Subgroup analyses will compare the intervention effect
on the primary outcome by socioeconomic status, BMI
category at enrolment and by baseline anaemia
status (Table 4). The intervention effect is presented
within subgroups and testing for differential effect by
subgroup is based on an interaction term, using the
same regression approach as for our main analyses.
Our main analyses are under the intention-to-treat

principle, i.e. as randomised at the cluster level regard-
less of uptake of home visits, tailored IFA dosage or
PLA. However, for the primary outcome, we will also

Fig. 7 Theory of change
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conduct a ‘per protocol’ analysis in which participants
who received the intervention only (i.e. who had PLA
groups running in their community and received at least
one home visit) are compared to all participants in the
control arm.
Within the intervention arm, we will analyse the dose-

response effect upon the primary outcome (Table 4).
Three separate exposure scores will be derived based on
the (1) number of home visits received, and number of
family members engaged during visits, (2) number of
PLA meetings attended by PW and number attended by
family members and (3) number of IFA consumed. We
will investigate the association between each score and
the primary outcome, with and without adjustment for
the other scores.

Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data {20c}
We expect very low missing data in our baseline
covariates and in the haemoglobin measure at
enrolment. We do anticipate some women will not have
a primary outcome value. Where this is due to
miscarriage, we do not regard this as ‘missing’, but
where the woman is unavailable or has moved away, we
consider this to be missing. We do not however
consider that imputation of the primary outcome is
helpful since there is little information on which to base
the imputation other than baseline/enrolment measures,
which we are including as covariates in our regression
models.

Plans to give access to the full protocol, participant-level
data and statistical code {31c}
Two versions of the trial protocol are publicly available,
a version published on the ISRCTN registration page,
and this published protocol.
Participant-level data will be shared only at the time of

the publication of the main trial paper but will be made
fully available subsequently. Statistical code for
conducting the trial analysis will be shared in a web
annex to the main trial paper.

Oversight and monitoring
Composition of the coordinating centre and trial steering
committee {5d}
The coordinating centre for the trial is the Trial
Management Group comprised of senior representatives
from HERD International, the PI / local PI from UCL,
the trial statistician and key personnel involved in the
day-to-day management of activities on the ground. The
TMG meet weekly during trial set-up period and two-
weekly at other times.
The Trial Steering Committee is comprised of experts

from various institutions in Nepal, the UK, India and

Canada who are specialists on maternal nutrition,
anaemia, haematology, conduct of trials and/or maternal
nutrition in Nepal. The role of the TSC is to provide
oversight for the trial, providing advice through its
independent Chair to the Trial Management Group
(TMG), MRC and/or any other Funder on all aspects of
the trial. The TSC will meet at least yearly, but interim
meetings will be organised as required, in person or by
teleconference (or by a combination of the two). Certain
trial issues may need to be dealt with between meetings,
by phone or by email. Full details of the TSC charter
and membership are provided in Supplementary Annex
1.

Composition of the data monitoring committee, its role
and reporting structure {21a}
The data monitoring committee is made up of experts
from the fields of global health trials, statistics, obstetric
haematology, maternal nutrition, micronutrient status
and research ethics in Nepal, with three members from
Nepal and the remaining three from the USA, UK and
India. The role of the DMC is (i) to protect and serve
the CAPPT trial participants and to assist and advise the
Principal Investigators so as to protect the validity and
credibility of the trial; (ii) to safeguard the interests of
the trial participants, assess the safety and efficacy of the
interventions during the trial and monitor the overall
conduct of the trial. The DMC is entirely independent of
the sponsor and all members declare that they have no
competing interests.
Meetings involve members and investigators who are

outside Nepal joining by video link so as to reduce costs
and carbon emissions. The DMC meets once to review
and approve the protocol and once towards the end of
the trial to review trial findings. Further interim
meetings may be called if needed and the investigators
may seek advice from the chair by email if the situation
requires. After each meeting, the DMC chair will
prepare a brief report of DMC recommendations which
is signed and dated and shared with the TSC chair, the
Trial Statistician and the co-PIs within 3 weeks of the
meeting. The charter of the Data Monitoring Committee
is provided in Supplementary Annex 8.

Adverse event reporting and harms {22}
Surveillance questionnaires and questions posed during
counselling sessions will assess side effects of taking IFA
which we expect will mostly be mild symptoms
including dark stool, nausea, bloating, abdominal
discomfort, heartburn, loss of appetite, metallic taste and
constipation. The most serious problems that could arise
may be a severe allergic reaction to IFA (though this is
very rare) or participants contracting COVID-19 after
interacting with a trial team member. In addition, our
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primary outcome questionnaire will record recalled
symptoms of illness including pre-eclampsia, vaginal
bleeding, dysentery, gestational diabetes and malaria,
though none of these are expected to be associated with
our intervention.
Although we do not expect any adverse effects of

attending a PLA group, of being visited for counselling
or interviews/measurements, we will establish a
complaints procedure and ensure that trial participants
and their families know who to call or where to visit to
register a complaint. Contact details are provided in the
participation information sheet, and participants will be
reminded of the complaints procedure at each visit.
If any unanticipated effects (including maternal deaths

or COVID-19 cases associated with trial participation)
are noted by the NAs, interviewers or dietary data col-
lectors, they will inform field coordinators / managers
who will telephone and/or visit the home of the re-
spondent to ascertain the extent and nature of the prob-
lem and complete an adverse events form. Investigators
will then classify each event as a minor adverse reaction
(MAR), severe adverse reaction (SAR), severe adverse
event (SAE) or suspected unexpected serious adverse re-
action (SUSAR). These will be presented to PIs and to
the Data Monitoring Committee where appropriate. In
the case of illness, all participants are referred to the ap-
propriate referral centre depending on the severity of
their condition.

Harms associated with COVID-19 and their mitigation
The COVID-19 pandemic raises new issues with re-
spect to potential harms to study participants and /or
to research team members. Depending on the levels
of COVID-19 in the community, visiting women in
their homes and calling community groups together
may incur risk of increasing the spread of the disease,
putting participants, trial implementers, their families
and communities at risk. The measurements that
need to be taken in interviews and during home visits
require physical contact. PLA groups require commu-
nities to gather together, often in quite cramped con-
ditions to keep out of the sun or rain, which makes
keeping a distance of 2 m between group participants
impossible.
Because of these risks, the CAPPT trial enrolment and

follow-up was delayed between March 2020 and February
2021. Preparations were cautiously being initiated for
enrolment to start in June 2021, but these were halted due
to a new devastating wave of COVID-19 which began to
affect Nepal in April 2021.
We have devised adapted SOPs for COVID-19 Infec-

tion Prevention and Control (IPC) involving wearing of
a masks by both field team members and study partici-
pants at all times during interactions, washing hands

with soap and water (or sanitiser) on arrival at a local
and before departing, sanitising all anthropometric
equipment (stadiometers, weighing scales and MUAC
tapes) and Hemocue with antiseptic solution between
every use and maintaining 2 m distance wherever pos-
sible, except when taking readings. For use of picture
cards and photographic manuals for data collection, par-
ticipants will be encouraged to use a stick to indicate
pictures rather than touching them. If picture cards are
passed around at all, they will be laminated and wiped
clean with alcohol between interactions.
Before going to the field each morning, each staff

member fills a COVID-19 symptom data collection
form. They also phone the respondents that they are
planning to meet that day to fill in the symptom form
with them as well. If any symptoms of fever, new
cough, anosmia (loss of sense of smell) or any new
difficulty breathing are observed or have been ob-
served within the last 14 days in the trial staff mem-
ber or study participant, or any of their households
then the person is considered a suspected COVID-19
case. We also check if anyone has tested positive in
the last 14 days. In the case that any of the above are
positive, the interaction will be postponed until the
14-day threshold is reached. After each 14-day period
of non-contact, the COVID-19 screening form is re-
peated until it is safe for the interaction to be under-
taken. If infections increase, this may affect the
timing of enrolment and follow-up visiting and the fi-
delity of the intervention to plans.

Frequency and plans for auditing trial conduct {23}
The trial management committee regularly reviews
progress of the trial against the timeline and target
sample size by arm. Additionally, the trial steering
committee and data monitoring committee conduct
independent progress reviews (to which the funder
(MRC) is invited), as per their Terms of Reference.

Plans for communicating important protocol
amendments to relevant parties (e.g. trial participants,
ethical committees) {25}
Any deviation from the protocol is documented and
reported to the Principal Investigator, Sponsor and all
other research partners immediately. If major changes to
study design are needed during the trial, we will send an
amended protocol to the Trial Steering Committee for
approval and will seek approval from the NHRC, UCL
and LSHTM ethics boards. We will also amend the entry
in the trial registration registry and publish an
amendment to this published protocol as follows:

Amendment
No.

Protocol
version no.

Date
issued

Author(s) of
changes

Details of
changes made
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Dissemination plans {31a}
In addition to publications in peer-reviewed journals, na-
tional- and provincial-level dissemination workshops will
be held in Nepal with relevant policy makers, govern-
ment officials, academics and other relevant stakeholders
to inform them about the trial results. A policy brief will
be prepared in English and Nepali and distributed widely
at the dissemination events and elsewhere. Trial investi-
gators will seek funds to present findings of the trial and
of any ancillary studies in national, regional and inter-
national conferences or workshops wherever possible.

Discussion
We hope that the combination of PLA community
groups with two home visits to pregnant women with
dialogical counselling and tailored dosing of IFA will
result in improved haemoglobin levels, better dietary
intakes and better nutritional status amongst pregnant
women. Whether our intervention package is effective
or not, the evidence generated by this trial will inform
policy and practice to reduce anaemia in pregnancy in
Nepal and elsewhere in South Asia.

Trial status
Protocol version number Version 1.4. Date: 15 Jan 2022
Recruitment commencement date: recruitment was

planned to start in June 2021 but the COVID-19 pan-
demic in Nepal has made implementation as planned
impossible for the time being. Hence, we plan to begin
recruitment on 1 July 2023, pandemic scenario and
funds permitting.
Recruitment completion date: If the pandemic permits

recruitment to begin on 1 July 2023. We will complete
enrolment approximately 6 months later (by 28 Feb
2024).

Abbreviations
ANC: Antenatal care; CAPPT: Comprehensive Anaemia Programme and
Personalised Therapies; DHS: Demographic and Health Survey; FCHV: Female
Community Health Volunteer; GoN: Government of Nepal; Hb: Haemoglobin;
HERD: Health Research and Social Development Forum, Nepal; ISRC
TN: International Standard Randomised Controlled Trial Number; IDA: Iron
deficiency anaemia; IFA: Iron-folic acid supplement; LMP: Last menstrual
period; LMUP: London Measure of Unwanted Pregnancy; LSHTM: London
School of Hygiene and Tropical Medicine; LBWSAT: Low Birth weight South
Asia Trial; LMICs: Low- and middle-income countries; MPA: Mean Probability
of Adequacy; MRC: Medical Research Council; MUAC: Mid-upper arm
circumference; MoHP: Ministry of Health & Population; MICS: Multiple
Indicator Cluster Survey; NHRC: Nepal Heath Research Council; NNMSS: Nepal
National Micronutrient Status Survey; COVID-19: Novel SARS-CoV-2 Corona
Virus; NA: Nutrition Assistant; NEC: Nutrition Education and Counselling;
PLA: Participatory Learning and Action; PW: Pregnant woman / women; QR
code: Quick Response code; RCT: Randomised controlled trial; SOP: Standard
operating procedure; TPC: Trial participant card; TSC: Trial Steering
Committee; UCL: University College London; UPT: Urine pregnancy test;
VDC: Village Development Committee

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13063-022-06043-z.

Additional file 1: Supplementary Annex 1. Trial Steering Monitoring
(TSC) charter.

Additional file 2: Supplementary Annex 2. List of selected study
clusters with population and expected pregnancies.

Additional file 3: Supplementary Annex 3. Menstrual monitoring
participant information sheet in English.

Additional file 4: Supplementary Annex 4. Full Trial participant
information sheets in English.

Additional file 5: Supplementary Annex 5. Menstrual monitoring
consent form in English.

Additional file 6: Supplementary Annex 6. Full Trial consent form in
English.

Additional file 7: Supplementary Annex 7. Expected pregnancies to
be enrolled and numbers after loss to follow-up.

Additional file 8: Supplementary Annex 8. Data Monitoring
Committee (DMC) charter.

Acknowledgements
We thank Pankaj Joshi, Subash Gajurel, Romi Giri, Suprich Sapkota, Shophika
Regmi, Sanju Bhattarai, Audrey Prost, Vatsla Dadhwal and Aparna Sharma for
their contributions in development of this protocol.

Authors’ contributions {31b}
NMS led the protocol development and writing of the manuscript. CK
drafted the first version of the manuscript. NMS, SB and SK are the lead
investigators. They conceived the study, led the proposal and developed the
protocol with support from JM, AA, HH-F, PJ and AC. SG, BJB and NMS led
on the design and programming of the electronic data collection system.
HH-B and JS designed the economic evaluation. AC led on sample size cal-
culation, statistical analysis and trial methodology issues. AR assisted PJ with
formative work to develop quantitative dietary recall methods. JM and AA
led on the design of the PLA and home visiting interventions, the process
evaluation and the formative qualitative research. All authors provided inputs
and read and approved the final paper.

Funding {4}
The study is funded by UK Medical Research Council (MRC) / Newton Fund
(MR/R020485/1). The funding body has no role in the study design,
collection, analysis or interpretation of data, nor in the writing of the
manuscript.
Note that with matched funding from Indian Department of Biotechnology
(DBT), a ‘sister’ study with the same CAPPT abbreviation is planned to take
place in India implemented by AIIMS (All India Institute of Medical Sciences).

Availability of data and materials {29}
The anonymised trial dataset will be uploaded to the UCL data sharing
platform at the time of acceptance of the trial paper. The home visiting and
PLA manuals will be published for use by other organisations in future.

Authors’ information
UK: Sara Hillman (SH) is overall Principal Investigator based in London as
Clinical Training Fellow /NIHR Lecturer, at the Department of Maternal &
Fetal Medicine, UCL Institute for Women’s Health, London.
Naomi M. Saville (NS), Joanna Morrison (JM), Andrew Copas (AC) and Hassan
Haghparast-Bidgoli (HHB) are based at the University College London (UCL)
Institute for Global Health, London, UK. NS, Nepal Principal Investigator, Se-
nior Research Associate is based in Nepal and leads on trial design/imple-
mentation on the ground, particularly electronic data collection; JM, Social
Scientist, Senior Research Associate is based in Nepal and leads on interven-
tion design, qualitative formative research and process evaluation; AC, Trial
Statistician, inputs in the study design and sample size calculation and leads
on the statistical analysis plan, assisting NS to implement it as needed; HHB
and JS Health Economist, assist in the design of the costing and cost-
effectiveness data collection and analyses.

Saville et al. Trials          (2022) 23:183 Page 23 of 27

https://doi.org/10.1186/s13063-022-06043-z
https://doi.org/10.1186/s13063-022-06043-z


Helen Harris-Fry (HHF) works at the London School of Hygiene & Tropical Medi-
cine and leads on the design and analysis of quantitative dietary data collection.
Phil James (PJ) works at the Emergency Nutrition Network and led on the
formative work to design the dietary tools and Optifoods analysis.
B. James Beard (BJB) is a freelance consultant specialising in Data
management and electronic data collection, Guilford UK.
Nepal: Sushil Baral (SB), Abriti Arjyal (AA) and Santosh Giri (SG) work for HERD
International, Kathmandu, Nepal. HERD is trial sponsor and is responsible for
implementation of the trial on the ground in Nepal
SB is Nepal Co-principal Investigator; AA, Nepal social scientist, works on for-
mative qualitative research, intervention design and process evaluation; SG is
Nepal Data Management Officer. Chandani Kharel (CK) was responsible for
working on the first draft of the trial protocol and inputted into trial design
but will not be working on trial implementation.
USA: Adam Richter (AR) is a Medical Student and project intern, Vagelos
College of Physicians and Surgeons, Columbia University, New York, NY, USA.

Declarations

Ethics approval and consent to participate {24}
Ethical approval has been obtained from UCL ethics committee (Project ID
number: 14301/001), Nepal Heath Research Council (NHRC approval number:
353/2019) and London School of Hygiene and Tropical Medicine ethics
committee (approval number: 16528).
All correspondence with the NHRC is retained in the trial master file.
Substantial amendments that require review by NHRC will not be
implemented until permission is granted. The Principal Investigator will
notify NHRC of the end of the study, and if the study is ended prematurely,
including the reasons for the premature termination. Within 1 year after the
end of the study, we will submit to NHRC a final report with the results,
including any publications and abstracts.
Consent is taken on at cluster, household and individual levels.
Cluster-level consent: Before initiation of the census, general consent was
sought for conducting the trial in that cluster from municipality leaders,
municipality-level health system managers and cluster-level guardians, who
is the ward representative for that population cluster. We obtained written
permissions from all municipality and ward (cluster) offices for conducting
the census and formative activities related to the trial. None of the clusters
denied consent.
Individual level consent / assent: During the census, household heads
provided written consent for collection of a household roster, household
characteristics and information on women of reproductive age. When a
female was found eligible for menstrual monitoring during the census, oral
consent was taken for her name to be recorded in the menstrual monitoring
register and for the interviewer and FCHV to visit her again at the start of
menstrual monitoring to take written consent and initiate the 4-weekly visits.
For married girls who are under 18 years of age, informed assent is taken as
well as informed consent from their guardian at the onset of menstrual
monitoring and when a pregnancy is detected. To obtain consent, women
are given an explanation of the trial. After hearing information about the
study, participants receive a written information sheet about the study. The
interviewer asks 5–6 questions to check their understanding of the informa-
tion in the patient information sheet and once sufficient understanding has
been confirmed, they invite her to give informed written consent / assent, in
line with international ethical standards for research involving human sub-
jects. If the woman is illiterate, a thumbprint is taken whereas literate respon-
dents will sign the consent form. Both the participant and HERD
international keep a copy the signed consent / assent form. If there is any
doubt about whether a participant is happy to participate, the participant
will not be enrolled. Every participant is given the opportunity to ask ques-
tions, and all participants are free to withdraw their consent at any time
without providing any reason. They are free to refuse to answer any question
or to stop an interview at any time, should they choose to do so. On the rare
occasion that the interviewer does not speak the local language, a local
translator is enlisted to provide any translation as necessary, but interviewers
speak Awadhi so language should not be a problem. After taking written
consent, oral consent is taken at each subsequent interview and home visit-
ing interaction.
Informed consent/assent forms and information sheets for menstrual
monitoring and full trial participation in English, Nepali and Awadhi are
provided in Supplementary Annexes S3, S4 and S5 and S6.

Consent for publication {32}
We have not included any details, images or videos relating to an individual
person in this protocol. The written informed consent process for
participation in the trial follow-up includes the statement ‘I understand that
when I consent to have my photos taken while engaging in the research ac-
tivities during the research period, that these could be published on HERD
international’s or UCL’s website or other publications’. If respondent does not
reply ‘yes’ to this during the consent process, no photographs will be taken
of that respondent at any point during the study so that there will be no
photos of non-consenting individuals.

Competing interests {28}
The authors declare that they have no competing interests.

Author details
1Institute for Global Health, University College London (UCL), London, UK.
2HERD International, Thapathali, Kathmandu, Nepal. 3Department of
Population Health, London School of Hygiene & Tropical Medicine (LSHTM),
London, UK. 4Guildford GU1 3LD, UK. 5Vagelos College of Physicians and
Surgeons, Columbia University, New York, NY, USA. 6Health Research and
Social Development Forum (HERD), Kathmandu, Nepal. 7Institute for
Women’s Health, University College London (UCL), London, UK.

Received: 24 May 2021 Accepted: 19 January 2022

References
1. Haider BA, Olofin I, Wang M, Spiegelman D, Ezzati M, Fawzi WW, et al.

Anaemia, prenatal iron use, and risk of adverse pregnancy outcomes:
systematic review and meta-analysis. BMJ. 2013;346(jun21 3):f3443.
https://doi.org/10.1136/bmj.f3443.

2. Ren A, Wang J, Ye RW, Li S, Liu JM, Li Z. Low first-trimester hemoglobin and
low birth weight, preterm birth and small for gestational age newborns. Int J
Gynaecol Obstet. 2007;98(2):124–8. https://doi.org/10.1016/j.ijgo.2007.05.011.

3. Kozuki N, Lee AC, Katz J. Child Health Epidemiology Reference G. Moderate
to severe, but not mild, maternal anemia is associated with increased risk of
small-for-gestational-age outcomes. J Nutr. 2012;142(2):358–62. https://doi.
org/10.3945/jn.111.149237.

4. Rahman MM, Abe SK, Rahman MS, Kanda M, Narita S, Bilano V, et al.
Maternal anemia and risk of adverse birth and health outcomes in low- and
middle-income countries: systematic review and meta-analysis. Am J Clin
Nutr. 2016;103(2):495–504. https://doi.org/10.3945/ajcn.115.107896.

5. Daru J, Zamora J, Fernández-Félix BM, Vogel J, Oladapo OT, Morisaki N, et al.
Risk of maternal mortality in women with severe anaemia during pregnancy
and post partum: a multilevel analysis. Lancet Global Health. 2018;6(5):e548–
e54. https://doi.org/10.1016/S2214-109X(18)30078-0.

6. Stoltzfus R, Mullany L, Black R. Iron deficiency anaemia. In: Ezzati M, Lopez A,
Rodgers A, Murray C, editors. Comparative quantification of health risks:
global and regional burden of disease attributable to selected major risk
factors. Geneva: World Health Organization; 2004. p. 163–209.

7. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, et al. Maternal and
child undernutrition: global and regional exposures and health consequences.
Lancet. 2008;371(9608):243–60. https://doi.org/10.1016/S0140-6736(07)61690-0.

8. Chellan R, Paul L. Prevalence of iron-deficiency anaemia in India: results
from a large nationwide survey. J Popul Social Stud. 2010;19(1):59–80.

9. Stevens GA, Finucane MM, De-Regil LM, Paciorek CJ, Flaxman SR, Branca F,
et al. Global, regional, and national trends in haemoglobin concentration
and prevalence of total and severe anaemia in children and pregnant and
non-pregnant women for 1995–2011: a systematic analysis of population-
representative data. Lancet Global Health. 2013;1(1):e16–25. https://doi.org/1
0.1016/S2214-109X(13)70001-9.

10. Research DIP. 2020 Global Nutrition Report: action on equity to end
malnutrition. Development Initiatives: Bristol; 2020.

11. Kassebaum NJ, G.B.D. Anemia Collaborators. The Global Burden of Anemia.
Hematol Oncol Clin North Am. 2016;30(2):247–308. https://doi.org/10.1016/j.
hoc.2015.11.002.

12. Kassebaum NJ, Jasrasaria R, Naghavi M, Wulf SK, Johns N, Lozano R, et al. A
systematic analysis of global anemia burden from 1990 to 2010. Blood.
2014;123(5):615–24. https://doi.org/10.1182/blood-2013-06-508325.

13. Petry N, Olofin I, Hurrell RF, Boy E, Wirth JP, Moursi M, et al. The proportion
of anemia associated with iron deficiency in low, medium, and high human

Saville et al. Trials          (2022) 23:183 Page 24 of 27

https://doi.org/10.1136/bmj.f3443
https://doi.org/10.1016/j.ijgo.2007.05.011
https://doi.org/10.3945/jn.111.149237
https://doi.org/10.3945/jn.111.149237
https://doi.org/10.3945/ajcn.115.107896
https://doi.org/10.1016/S2214-109X(18)30078-0
https://doi.org/10.1016/S0140-6736(07)61690-0
https://doi.org/10.1016/S2214-109X(13)70001-9
https://doi.org/10.1016/S2214-109X(13)70001-9
https://doi.org/10.1016/j.hoc.2015.11.002
https://doi.org/10.1016/j.hoc.2015.11.002
https://doi.org/10.1182/blood-2013-06-508325


development index countries: a systematic analysis of national surveys.
Nutrients. 2016;8(11):693. https://doi.org/10.3390/nu8110693.

14. Camaschella C. Iron deficiency: new insights into diagnosis and treatment.
Hematol Am Soc Hematol Educ Program. 2015;2015(1):8–13. https://doi.
org/10.1182/asheducation-2015.1.8.

15. Pasricha S-R, Armitage AE, Prentice AM, Drakesmith H. Reducing anaemia in
low income countries: control of infection is essential. BMJ. 2018;362:k3165.
https://doi.org/10.1136/bmj.k3165.

16. Harika R, Faber M, Samuel F, Kimiywe J, Mulugeta A, Eilander A.
Micronutrient Status and Dietary Intake of Iron, Vitamin A, Iodine, Folate and
Zinc in Women of Reproductive Age and Pregnant Women in Ethiopia,
Kenya, Nigeria and South Africa: A Systematic Review of Data from 2005 to
2015. Nutrients. 2017;9(10);1096-1119.

17. Chaparro CM, Suchdev PS. Anemia epidemiology, pathophysiology, and
etiology in low- and middle-income countries. Ann N Y Acad Sci. 2019;
1450(1):15–31. https://doi.org/10.1111/nyas.14092.

18. Mockenhaupt FP, Rong B, Gunther M, Beck S, Till H, Kohne E, et al. Anaemia
in pregnant Ghanaian women: importance of malaria, iron deficiency, and
haemoglobinopathies. Trans R Soc Trop Med Hyg. 2000;94(5):477–83.
https://doi.org/10.1016/S0035-9203(00)90057-9.

19. Khambalia AZ, Aimone AM, Zlotkin SH. Burden of anemia among
indigenous populations. Nutr Rev. 2011;69(12):693–719. https://doi.org/1
0.1111/j.1753-4887.2011.00437.x.

20. DeMaeyer E, Adiels-Tegman M. The prevalence of anaemia in the world.
World Health Stat Q. 1985;38(3):302–16.

21. Ministry of Health and Population Nepal, New ERA, UNICEF, EU, USAID, CDC.
Nepal National Micronutrient Status Survey. In: Kathmandu. Nepal: Ministry
of Health and Population, Nepal; 2016. p. 2018.

22. Ministry of Health Nepal, New ERA, ICF. Nepal Demographic and Health
Survey 2016. Nepal: Ministry of Health; 2017.

23. Bondevik GT, Lie RT, Ulstein M, Kvale G. Seasonal variation in risk of anemia
among pregnant Nepali women. Int J Gynaecol Obstet. 2000;69(3):215–22.
https://doi.org/10.1016/S0020-7292(00)00206-X.

24. Bondevik GT, Ulstein M, Lie RT, Rana G, Kvale G. The prevalence of anemia
in pregnant Nepali women--a study in Kathmandu. Acta Obstet Gynecol
Scand. 2000;79(5):341–9.

25. Koury MJ, Ponka P. New insights into erythropoiesis: the roles of folate,
vitamin B12, and iron. Ann Rev Nutr. 2004;24(1):105–31. https://doi.org/1
0.1146/annurev.nutr.24.012003.132306.

26. Jiang TN, Christian P, Khatry SK, Wu L, West KP. Micronutrient deficiencies in
early pregnancy are common, concurrent, and vary by season among rural
nepali pregnant women. J Nutr. 2005;135(5):1106–12. https://doi.org/10.1
093/jn/135.5.1106.

27. Chandyo RK, Strand TA, Mathisen M, Ulak M, Adhikari RK, Bolann BJ, et al.
Zinc deficiency is common among healthy women of reproductive age in
Bhaktapur, Nepal. J Nutr. 2009;139(3):594–7. https://doi.org/10.3945/jn.108.1
02111.

28. Chandyo RK, Ulak M, Sommerfelt H, Schneede J, Ueland PM, Strand TA.
Nutritional intake and status of cobalamin and folate among non-pregnant
women of reproductive age in Bhaktapur, Nepal. Nutrients. 2016;8(6);375-
389

29. Henjum S, Torheim LE, Thorne-Lyman AL, Chandyo R, Fawzi WW, Shrestha
PS, et al. Low dietary diversity and micronutrient adequacy among lactating
women in a peri-urban area of Nepal. Public Health Nutr. 2015;18(17):3201–
10. https://doi.org/10.1017/S1368980015000671.

30. Harris-Fry HA, Paudel P, Shrestha N, Harrisson T, Beard BJ, Jha S, et al. Status
and determinants of intra-household food allocation in rural Nepal. Eur J
Clin Nutr. 2018;72(11):1524–36. https://doi.org/10.1038/s41430-017-0063-0.

31. Sudo N, Sekiyama M, Maharjan M, Ohtsuka R. Gender differences in dietary
intake among adults of Hindu communities in lowland Nepal: assessment
of portion sizes and food consumption frequencies. Eur J Clin Nutr. 2006;
60(4):469–77. https://doi.org/10.1038/sj.ejcn.1602339.

32. Parajuli RP, Umezaki M, Watanabe C. Diet among people in the Terai region
of Nepal, an area of micronutrient deficiency. J Biosoc Sci. 2012;44(4):401–
15. https://doi.org/10.1017/S0021932012000065.

33. Henjum S, Manger M, Skeie E, Ulak M, Thorne-Lyman AL, Chandyo R, et al.
Iron deficiency is uncommon among lactating women in urban Nepal,
despite a high risk of inadequate dietary iron intake. Br J Nutr. 2014;112(1):
132–41. https://doi.org/10.1017/S0007114514000592.

34. Chandyo RK, Strand TA, Ulvik RJ, Adhikari RK, Ulak M, Dixit H, et al.
Prevalence of iron deficiency and anemia among healthy women of

reproductive age in Bhaktapur, Nepal. Eur J Clin Nutr. 2007;61(2):262–9.
https://doi.org/10.1038/sj.ejcn.1602508.

35. Harris-Fry HA, Paudel P, Shrestha N, Harrisson T, Beard BJ, Jha S, et al. Status
and determinants of intra-household food allocation in rural Nepal. Eur J
Clin Nutr. 2018. https://doi.org/10.1038/s41430-017-0063-0.

36. Morrison J, Dulal S, Harris-Fry H, Basnet M, Sharma N, Shrestha B, et al.
Formative qualitative research to develop community-based interventions
addressing low birth weight in the plains of Nepal. Public Health Nutr. 2018;
21(2):377–84. https://doi.org/10.1017/S1368980017002646.

37. Gittelsohn J. Opening the box: intrahousehold food allocation in rural
Nepal. Soc Sci Med. 1991;33(10):1141–54. https://doi.org/10.1016/0277-953
6(91)90230-A.

38. Gittelsohn J, Thapa M, Landman LT. Cultural factors, caloric intake and
micronutrient sufficiency in rural Nepali households. Soc Sci Med. 1997;
44(11):1739–49. https://doi.org/10.1016/S0277-9536(96)00375-9.

39. Gupta P. Understanding food and diet pattern during pregnancy among
the Chamar women in rural Uttar Pradesh: perceptions and practices. J
Anthropol Surv India. 2016;65(1):23–37. https://doi.org/10.1177/2277436X201
60103.

40. Over D. Food for thought: a qualitative study that explores dietary beliefs
and behaviour among Maithili pregnant women in Nepal. London:
University College London; 2002.

41. Christian P, Bunjun Srihari S, Thorne-Lyman A, Khatry SK, LeClerq SC, Ram
SS. Eating down in pregnancy: exploring food-related beliefs and practices
of pregnancy in rural Nepal. Ecol Food Nutr. 2006;45(4):253–78. https://doi.
org/10.1080/03670240600846336.

42. Harding KL, Matias SL, Mridha MK, Vosti SA, Hussain S, Dewey KG, et al.
Eating down or simply eating less? The diet and health implications of
these practices during pregnancy and postpartum in rural Bangladesh.
Public Health Nutr. 2017;20(11):1928–40. https://doi.org/10.1017/S136898001
7000672.

43. Pena-Rosas JP, De-Regil LM, Garcia-Casal MN, Dowswell T. Daily oral iron
supplementation during pregnancy. Cochrane Database Syst Rev. 2015;7(7):
CD004736. https://doi.org/10.1002/14651858.CD004736.pub5.

44. World Health Organisation. WHO recommendations on antenatal care for a
positive pregnancy experience. Geneva: World Health Organisation; 2016.

45. Department of Health Services. Standard treatment protocols for health
posts and sub-health posts. Kathmandu: Ministry of Health and Population;
2012.

46. Yadav KD, Yadav UN, Wagle RR, Thakur DN, Dhakal S. Compliance of iron
and folic acid supplementation and status of anaemia during pregnancy in
the Eastern Terai of Nepal: findings from hospital based cross sectional
study. BMC Res Notes. 2019;12(1):127. https://doi.org/10.1186/s13104-019-41
67-6.

47. Alam A, Rasheed S, Khan NU, Sharmin T, Huda TM, Arifeen SE, et al. How
can formative research inform the design of an iron-folic acid
supplementation intervention starting in first trimester of pregnancy in
Bangladesh? BMC Public Health. 2015;15(1):374. https://doi.org/10.1186/s12
889-015-1697-2.

48. Tolkien Z, Stecher L, Mander AP, Pereira DI, Powell JJ. Ferrous sulfate
supplementation causes significant gastrointestinal side-effects in adults: a
systematic review and meta-analysis. PLoS One. 2015;10(2):e0117383.
https://doi.org/10.1371/journal.pone.0117383.

49. Rai SS, Ratanasiri T, Arkaravichien T, Thapa P, Koju R. Compliance and its
determinants regarding iron and folic acid supplementation during pregnancy
in Kathmandu, Nepal. Kathmandu Univ Med J (KUMJ). 2016;56(4):311–7.

50. Raut KB, Silwal K, Pun KM. Intestinal worm infestation and anaemia in
pregnant women. J Nepal Med Assoc. 2016;54(201):29–32. https://doi.org/1
0.31729/jnma.2813.

51. Bondevik GT, Eskeland B, Ulvik RJ, Ulstein M, Lie RT, Schneede J, et al.
Anaemia in pregnancy: possible causes and risk factors in Nepali women.
Eur J Clin Nutr. 2000;54(1):3–8. https://doi.org/10.1038/sj.ejcn.1600883.

52. Taher AT, Weatherall DJ, Cappellini MD. Thalassaemia. Lancet. 2018;
391(10116):155–67. https://doi.org/10.1016/S0140-6736(17)31822-6.

53. Brissot P, Bernard DG, Brissot E, Loréal O, Troadec MB. Rare anemias due to
genetic iron metabolism defects. Mutat Res. 2018;777:52–63. https://doi.
org/10.1016/j.mrrev.2018.06.003.

54. Mettananda S, Suranjan M, Fernando R, Dias T, Mettananda C, Rodrigo R,
et al. Anaemia among females in child-bearing age: relative contributions,
effects and interactions of α- and β-thalassaemia. PLoS One. 2018;13(11):
e0206928. https://doi.org/10.1371/journal.pone.0206928.

Saville et al. Trials          (2022) 23:183 Page 25 of 27

https://doi.org/10.3390/nu8110693
https://doi.org/10.1182/asheducation-2015.1.8
https://doi.org/10.1182/asheducation-2015.1.8
https://doi.org/10.1136/bmj.k3165
https://doi.org/10.1111/nyas.14092
https://doi.org/10.1016/S0035-9203(00)90057-9
https://doi.org/10.1111/j.1753-4887.2011.00437.x
https://doi.org/10.1111/j.1753-4887.2011.00437.x
https://doi.org/10.1016/S0020-7292(00)00206-X
https://doi.org/10.1146/annurev.nutr.24.012003.132306
https://doi.org/10.1146/annurev.nutr.24.012003.132306
https://doi.org/10.1093/jn/135.5.1106
https://doi.org/10.1093/jn/135.5.1106
https://doi.org/10.3945/jn.108.102111
https://doi.org/10.3945/jn.108.102111
https://doi.org/10.1017/S1368980015000671
https://doi.org/10.1038/s41430-017-0063-0
https://doi.org/10.1038/sj.ejcn.1602339
https://doi.org/10.1017/S0021932012000065
https://doi.org/10.1017/S0007114514000592
https://doi.org/10.1038/sj.ejcn.1602508
https://doi.org/10.1038/s41430-017-0063-0
https://doi.org/10.1017/S1368980017002646
https://doi.org/10.1016/0277-9536(91)90230-A
https://doi.org/10.1016/0277-9536(91)90230-A
https://doi.org/10.1016/S0277-9536(96)00375-9
https://doi.org/10.1177/2277436X20160103
https://doi.org/10.1177/2277436X20160103
https://doi.org/10.1080/03670240600846336
https://doi.org/10.1080/03670240600846336
https://doi.org/10.1017/S1368980017000672
https://doi.org/10.1017/S1368980017000672
https://doi.org/10.1002/14651858.CD004736.pub5
https://doi.org/10.1186/s13104-019-4167-6
https://doi.org/10.1186/s13104-019-4167-6
https://doi.org/10.1186/s12889-015-1697-2
https://doi.org/10.1186/s12889-015-1697-2
https://doi.org/10.1371/journal.pone.0117383
https://doi.org/10.31729/jnma.2813
https://doi.org/10.31729/jnma.2813
https://doi.org/10.1038/sj.ejcn.1600883
https://doi.org/10.1016/S0140-6736(17)31822-6
https://doi.org/10.1016/j.mrrev.2018.06.003
https://doi.org/10.1016/j.mrrev.2018.06.003
https://doi.org/10.1371/journal.pone.0206928


55. Garg A, Kashyap S. Effect of counseling on nutritional status during
pregnancy. Indian J Pediatr. 2006;73(8):687–92. https://doi.org/10.1007/BF02
898446.

56. Adhikari K, Liabsuetrakul T, Pradhan N. Effect of education and pill count on
hemoglobin status during prenatal care in Nepalese women: a randomized
controlled trial. J Obstet Gynaecol Res. 2009;35(3):459–66. https://doi.org/1
0.1111/j.1447-0756.2008.00970.x.

57. 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. https://doi.org/1
0.1111/j.1365-3016.2012.01278.x.

58. Briscoe C, Aboud F. Behaviour change communication targeting four health
behaviours in developing countries: a review of change techniques. Soc Sci
Med. 2012;75(4):612–21. https://doi.org/10.1016/j.socscimed.2012.03.016.

59. Spahn JM, Reeves RS, Keim KS, Laquatra I, Kellogg M, Jortberg B, et al. State
of the evidence regarding behavior change theories and strategies in
nutrition counseling to facilitate health and food behavior change. J Am
Diet Assoc. 2010;110(6):879–91. https://doi.org/10.1016/j.jada.2010.03.021.

60. Atkins L, Michie S. Changing eating behaviour: what can we learn from
behavioural science? Nutr Bull. 2013;38(1):30–5. https://doi.org/10.1111/
nbu.12004.

61. Morrison J, Giri R, Arjyal A, Kharel C, Harris-Fry H, James P, et al. Addressing
anaemia in pregnancy in rural plains Nepal: a qualitative, formative study.
Matern Child Nutr. 2021;17(Suppl 1):e13170.

62. Kumar N, Scott S, Menon P, Kannan S, Cunningham K, Tyagi P, et al.
Pathways from women’s group-based programs to nutrition change in
South Asia: a conceptual framework and literature review. Glob Food Sec.
2018;17:172–85. https://doi.org/10.1016/j.gfs.2017.11.002.

63. Gram L, Desai S, Prost A. Classroom, club or collective? Three types of
community-based group intervention and why they matter for health. BMJ
Glob Health. 2020;5(12). https://doi.org/10.1136/bmjgh-2020-003302.

64. Rosato M, Laverack G, Grabman LH, Tripathy P, Nair N, Mwansambo C, et al.
Community participation: lessons for maternal, newborn, and child health.
Lancet. 2008;372(9642):962–71. https://doi.org/10.1016/S0140-6736(08)61406-3.

65. Morrison J, Thapa R, Hartley S, Osrin D, Manandhar M, Tumbahangphe K,
et al. Understanding how women’s groups improve maternal and newborn
health in Makwanpur, Nepal: a qualitative study. Int Health. 2010;2(1):25–35.
https://doi.org/10.1016/j.inhe.2009.11.004.

66. Wallerstein N, Bernstein E. Empowerment education: Freire’s ideas adapted
to health education. Health Educ Q. 1988;15(4):379–94. https://doi.org/10.11
77/109019818801500402.

67. Prost A, Colbourn T, Seward N, Azad K, Coomarasamy A, Copas A, et al.
Women’s groups practising Participatory Learning and Action to improve
maternal and newborn health in low-resource settings: a systematic review
and meta-analysis. Lancet. 2013;381(9879):1736–46. https://doi.org/10.1016/
S0140-6736(13)60685-6.

68. Tripathy P, Nair N, Barnett S, Mahapatra R, Borghi J, Rath S, et al. Effect of a
participatory intervention with women’s groups on birth outcomes and
maternal depression in Jharkhand and Orissa, India: a cluster-randomised
controlled trial. Lancet. 2010;375(9721):1182–92. https://doi.org/10.1016/S014
0-6736(09)62042-0.

69. Nahar T, Azad K, Aumon BH, Younes L, Shaha S, Kuddus A, et al. Scaling up
community mobilisation through women’s groups for maternal and
neonatal health: experiences from rural Bangladesh. BMC Pregnancy
Childbirth. 2012;12(1):5. https://doi.org/10.1186/1471-2393-12-5.

70. Tripathy P, Nair N, Sinha R, Rath S, Gope RK, Rath S, et al. Effect of
participatory women's groups facilitated by Accredited Social Health
Activists on birth outcomes in rural eastern India: a cluster-randomised
controlled trial. Lancet Global Health. 2016;4(2):e119–28. https://doi.org/10.1
016/S2214-109X(15)00287-9.

71. Lewycka S, Mwansambo C, Rosato M, Kazembe P, Phiri T, Mganga A, et al.
Effect of women’s groups and volunteer peer counselling on rates of
mortality, morbidity, and health behaviours in mothers and children in rural
Malawi (MaiMwana): a factorial, cluster-randomised controlled trial. Lancet.
2013;381(9879):1721–35. https://doi.org/10.1016/S0140-6736(12)61959-X.

72. Manandhar D, Osrin D, Shrestha B, Mesko N, Morrison J, Tumbahangphe K,
et al. Effect of a participatory intervention with women’s groups on birth
outcomes in Nepal: cluster randomized controlled trial. Lancet. 2004;
364(9438):970–9. https://doi.org/10.1016/S0140-6736(04)17021-9.

73. Fottrell E, Azad K, Kuddus A, Younes L, Shaha S, Nahar T, et al. The effect of
increased coverage of participatory women’s groups on neonatal mortality

in Bangladesh: a cluster randomized trial. JAMA Pediatr. 2013;167(9):816–25.
https://doi.org/10.1001/jamapediatrics.2013.2534.

74. Fottrell E, Ahmed N, Morrison J, Kuddus A, Shaha SK, King C, et al.
Community groups or mobile phone messaging to prevent and control
type 2 diabetes and intermediate hyperglycaemia in Bangladesh (DMagic):
a cluster-randomised controlled trial. Lancet Diabetes Endocrinol. 2019;7(3):
200–12. https://doi.org/10.1016/S2213-8587(19)30001-4.

75. Harris-Fry HA, Azad K, Younes L, Kuddus A, Shaha S, Nahar T, et al.
Formative evaluation of a participatory women’s group intervention to
improve reproductive and women’s health outcomes in rural Bangladesh: a
controlled before and after study. J Epidemiol Community Health. 2016;
70(7):663–70. https://doi.org/10.1136/jech-2015-205855.

76. Nair N, Tripathy P, Sachdev HS, Pradhan H, Bhattacharyya S, Gope R, et al.
Effect of participatory women’s groups and counselling through home visits
on children’s linear growth in rural eastern India (CARING trial): a cluster-
randomised controlled trial. Lancet Global Health. 2017;5(10):e1004–e16.
https://doi.org/10.1016/S2214-109X(17)30339-X.

77. Saville NM, Shrestha BP, Style S, Harris-Fry H, Beard BJ, Sen A, et al. Impact
on birth weight and child growth of Participatory Learning and Action
women’s groups with and without transfers of food or cash during
pregnancy:findings of the low birth weight South Asia cluster-randomised
controlled trial (LBWSAT) in Nepal. PLoS ONE. 2018;13(5):e0194064. https://
doi.org/10.1371/journal.pone.0194064.

78. Harris-Fry HA, Paudel P, Harrisson T, Shrestha N, Jha S, Beard BJ, et al.
Participatory women’s groups with cash transfers can increase dietary
diversity and micronutrient adequacy during pregnancy, whereas
women’s groups with food transfers can increase equity in
intrahousehold energy allocation. J Nutr. 2018;148(9):1472–83. https://
doi.org/10.1093/jn/nxy109.

79. Kadiyala S, Prost A, Harris-Fry H, O'Hearn M, Pradhan R, Pradhan S, et al.
Upscaling Participatory Action and Videos for Agriculture and Nutrition
(UPAVAN) trial comparing three variants of a nutrition-sensitive agricultural
extension intervention to improve maternal and child nutritional outcomes
in rural Odisha, India: study protocol for a cluster randomised controlled
trial. Trials. 2018;19(1):176. https://doi.org/10.1186/s13063-018-2521-y.

80. Kadiyala S, Harris-Fry H, Pradhan R, Mohanty S, Padhan S, Rath S, et al. Effect
of nutrition-sensitive agriculture interventions with participatory videos and
women’s group meetings on maternal and child nutritional outcomes in
rural Odisha, India (UPAVAN trial): a four-arm, observer-blind, cluster-
randomised controlled trial. Lancet PlanetHealth. 2021;5(5):e263–76. https://
doi.org/10.1016/S2542-5196(21)00001-2.

81. Gram L. Women’s Empowerment in a Complex Public Health Intervention
in Rural Nepal. Doctoral Thesis. London: University College London; 2018.

82. Chan A-W, Tetzlaff JM, Gøtzsche PC, Altman DG, Mann H, Berlin JA, et al.
SPIRIT 2013 explanation and elaboration: guidance for protocols of clinical
trials. BMJ Br Med J. 2013;346(jan08 15):e7586. https://doi.org/10.1136/bmj.
e7586.

83. Central Bureau of Statistics N. National Population and Housing Census
2011 (National Report). Kathmandu: Government of Nepal; 2012.

84. Sharma P, Guha-Khasnobis B, Khanal D. Nepal Human Development Report
2014: Beyond geography, unlocking human potential. Kathmandu:
Government of Nepal National Planning Commission, United Nations
Development Programme; 2014.

85. Ferguson EL, Darmon N, Fahmida U, Fitriyanti S, Harper TB, Premachandra
IM. Design of optimal food-based complementary feeding
recommendations and identification of key “problem nutrients” using goal
programming. J Nutr. 2006;136(9):2399–404. https://doi.org/10.1093/jn/136.
9.2399.

86. World Bank. World Population Review: Nepal population 2019. Available
from: https://worldpopulationreview.com/countries/nepal-population.
Accessed 14 March 2019.

87. World Bank. Nepal Country Data 2019. Available from: https://data.worldba
nk.org/country/nepal. Accessed 14 March 2019.

88. Nepal 2001 Census Data. 2001 Available from: http://www.digitalhimalaya.
com/collections/nepalcensus/form.php?selection=19.

89. Gautam S, Min H, Kim H, Jeong HS. Determining factors for the prevalence
of anemia in women of reproductive age in Nepal: evidence from recent
national survey data. PLoS One. 2019;14(6):e0218288. https://doi.org/10.13
71/journal.pone.0218288.

90. Jonker FAM, Te Poel E, Bates I. Boele van Hensbroek M. Anaemia, iron
deficiency and susceptibility to infection in children in sub-Saharan Africa,

Saville et al. Trials          (2022) 23:183 Page 26 of 27

https://doi.org/10.1007/BF02898446
https://doi.org/10.1007/BF02898446
https://doi.org/10.1111/j.1447-0756.2008.00970.x
https://doi.org/10.1111/j.1447-0756.2008.00970.x
https://doi.org/10.1111/j.1365-3016.2012.01278.x
https://doi.org/10.1111/j.1365-3016.2012.01278.x
https://doi.org/10.1016/j.socscimed.2012.03.016
https://doi.org/10.1016/j.jada.2010.03.021
https://doi.org/10.1111/nbu.12004
https://doi.org/10.1111/nbu.12004
https://doi.org/10.1016/j.gfs.2017.11.002
https://doi.org/10.1136/bmjgh-2020-003302
https://doi.org/10.1016/S0140-6736(08)61406-3
https://doi.org/10.1016/j.inhe.2009.11.004
https://doi.org/10.1177/109019818801500402
https://doi.org/10.1177/109019818801500402
https://doi.org/10.1016/S0140-6736(13)60685-6
https://doi.org/10.1016/S0140-6736(13)60685-6
https://doi.org/10.1016/S0140-6736(09)62042-0
https://doi.org/10.1016/S0140-6736(09)62042-0
https://doi.org/10.1186/1471-2393-12-5
https://doi.org/10.1016/S2214-109X(15)00287-9
https://doi.org/10.1016/S2214-109X(15)00287-9
https://doi.org/10.1016/S0140-6736(12)61959-X
https://doi.org/10.1016/S0140-6736(04)17021-9
https://doi.org/10.1001/jamapediatrics.2013.2534
https://doi.org/10.1016/S2213-8587(19)30001-4
https://doi.org/10.1136/jech-2015-205855
https://doi.org/10.1016/S2214-109X(17)30339-X
https://doi.org/10.1371/journal.pone.0194064
https://doi.org/10.1371/journal.pone.0194064
https://doi.org/10.1093/jn/nxy109
https://doi.org/10.1093/jn/nxy109
https://doi.org/10.1186/s13063-018-2521-y
https://doi.org/10.1016/S2542-5196(21)00001-2
https://doi.org/10.1016/S2542-5196(21)00001-2
https://doi.org/10.1136/bmj.e7586
https://doi.org/10.1136/bmj.e7586
https://doi.org/10.1093/jn/136.9.2399
https://doi.org/10.1093/jn/136.9.2399
https://worldpopulationreview.com/countries/nepal-population
https://data.worldbank.org/country/nepal
https://data.worldbank.org/country/nepal
http://www.digitalhimalaya.com/collections/nepalcensus/form.php?selection=19
http://www.digitalhimalaya.com/collections/nepalcensus/form.php?selection=19
https://doi.org/10.1371/journal.pone.0218288
https://doi.org/10.1371/journal.pone.0218288


guideline dilemmas. Br J Haematol. 2017;177(6):878–83. https://doi.org/1
0.1111/bjh.14593.

91. Helen Keller International. SUAAHARA II Good Nutrition Program. In: Annual
Survey Year One (2017). Helen Keller International, Kathmandu, Nepal; 2018.

92. Dimagi. CommCare. 2020. https://www.dimagi.com/commcare/
93. Gibson RS. Principles of Nutritional Assessment. Second ed. Oxford: Oxford

University Press; 2005.
94. WHO. Physical status: the use and interpretation of anthropometry. In:

Report of a WHO Expert Committee. Geneva: WHO; 1995.
95. World Health Organization. Physical status: the use and interpretation of

anthropometry. In: Report of a WHO expert Committee. Geneva: WHO;
1995. Contract No.: 854.

96. Gibson RS, Ferguson EL. An interactive 24-hour recall for assessing the
adequacy of iron and zinc intakes in developing countries. HarvestPlus
Technical Monograph 8. Washington, DC and Cali, Colombia: International
Food Policy Research Institute, and International Center for Tropical
Agriculture; 2008.

97. Moshfegh AJ, Rhodes DG, Baer DJ, Murayi T, Clemens JC, Rumpler WV, et al.
The US Department of Agriculture Automated Multiple-Pass Method
reduces bias in the collection of energy intakes. Am J Clin Nutr. 2008;88(2):
324–32. https://doi.org/10.1093/ajcn/88.2.324.

98. Harris-Fry H, Beard BJ, Harrisson T, Paudel P, Shrestha N, Jha S, et al.
Smartphone tool to collect repeated 24 h dietary recall data in Nepal. Public
Health Nutr. 2018;21(2):260–72. https://doi.org/10.1017/S136898001700204X.

99. Harris-Fry H, Paudel P, Karn M, Mishra N, Thakur J, Paudel V, et al.
Development and validation of a photographic food atlas for portion size
assessment in the southern plains of Nepal. Public Health Nutr. 2016;19(14):
2495–507. https://doi.org/10.1017/S1368980016000537.

100. Nepal Nutrition Program. Food Composition Table for Nepal. Kathmandu:
Government of Nepal, Ministry of Agriculture Development, Department of
Food Technology and Quality Control; 2012.

101. Department of Food Technology and Quality Control Nepal. Nepalese Food
Composition Table. Department of Food Technology and Quality Control,
Government of Nepal, Kathmandu; 2017.

102. Pries A. Snacks and nutrition during the complementary feeding period:
a crosssectional study among children 12-23 months of age in
Kathmandu Valley, Nepal. London School of Hygiene & Tropical
Medicine: London; 2019.

103. Longvah T, Ananthan R, Bhaskarachary K, Venkaiah K. Indian Food
Composition Tables. India: National Institute of Nutrition, Department of
Health Research, Ministry of Health and Family Welfare, Hyderabad; 2017.

104. Shaheen N, Torab A, Rahim MA, Mohiduzzaman M, Banu CP, Bari ML, et al.
Food composition table for Bangladesh. Dhaka: University of Dhaka; 2013.

105. U.S. Department of Agriculture, Agricultural Research Service. 2012. USDA
National Nutrient Database for Standard Reference, Release 25. Nutrient
Data Laboratory Home Page. https://www.ars.usda.gov/ARSUserFiles/
80400525/Data/SR25/sr25_doc.pdf

106. Public Health England. McCance and Widdowson’s The Composition of Foods
Integrated Dataset 2019 User guide. London: Public Health England; 2019.

107. Public Health England. McCance and Widdowson’s composition of foods
integrated dataset. PHE publications gateway number: GW-2852015.

108. Kipnis V, Midthune D, Buckman DW, Dodd KW, Guenther PM, Krebs-Smith
SM, et al. Modeling data with excess zeros and measurement error:
application to evaluating relationships between episodically consumed
foods and health outcomes. Biometrics. 2009;65(4):1003–10. https://doi.
org/10.1111/j.1541-0420.2009.01223.x.

109. Moore GF, Audrey S, Barker M, Bond L, Bonell C, Hardeman W, et al. Process
evaluation of complex interventions: Medical Research Council guidance.
BMJ. 2015;350(mar19 6):h1258. https://doi.org/10.1136/bmj.h1258.

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

Saville et al. Trials          (2022) 23:183 Page 27 of 27

https://doi.org/10.1111/bjh.14593
https://doi.org/10.1111/bjh.14593
https://www.dimagi.com/commcare
https://doi.org/10.1093/ajcn/88.2.324
https://doi.org/10.1017/S136898001700204X
https://doi.org/10.1017/S1368980016000537
https://doi.org/10.1111/j.1541-0420.2009.01223.x
https://doi.org/10.1111/j.1541-0420.2009.01223.x
https://doi.org/10.1136/bmj.h1258

	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Administrative information
	Introduction
	Background and rationale {6a}
	Insufficient dietary intake
	IFA supplementation and antenatal care
	Other drivers of anaemia in Nepal: infections, inflammation and haemoglobinopathies
	Potential interventions to improve anaemia in Nepal
	CAPPT rationale

	Objectives {7}
	Trial design {8}

	Methods: participants, interventions and outcomes
	Study setting {9}
	Formative phase

	Eligibility criteria {10}
	Cluster selection
	Pre-trial census
	Individual participant eligibility

	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}

	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	Intervention staff recruitment and training
	Home visiting intervention
	Participatory Learning and Action women’s group (PLA) intervention

	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for post-trial care {30}
	Outcomes {12}
	Participant timeline {13}
	Sample size {14}
	Recruitment {15}

	Assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Electronic data collection
	Standard operating procedures
	Enrolment of trial participants
	Outcome measurement in the third trimester of pregnancy
	Monitoring and supervision of data collection

	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Data cleaning
	Data archiving

	Confidentiality {27}
	Plans for collection, laboratory evaluation and storage of biological specimens for genetic or molecular analysis in this trial/future use {33}

	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Process evaluation
	Economic evaluation

	Interim analyses {21b}
	Methods for additional analyses (e.g. subgroup analyses) {20b}
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant-level data and statistical code {31c}

	Oversight and monitoring
	Composition of the coordinating centre and trial steering committee {5d}
	Composition of the data monitoring committee, its role and reporting structure {21a}
	Adverse event reporting and harms {22}
	Harms associated with COVID-19 and their mitigation

	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties (e.g. trial participants, ethical committees) {25}
	Dissemination plans {31a}

	Discussion
	Trial status
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions {31b}
	Funding {4}
	Availability of data and materials {29}
	Authors’ information
	Declarations
	Ethics approval and consent to participate {24}
	Consent for publication {32}
	Competing interests {28}
	Author details
	References
	Publisher’s Note

