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Abstract 

Background  The World Health Organization (WHO) recommends balanced energy and protein (BEP) supplementa‑
tion be provided to all pregnant women living in undernourished populations, usually defined as having a preva‑
lence > 20% of underweight women, to reduce the risk of stillbirths and small-for-gestational-age neonates. Few 
geographies meet this threshold, however, and a large proportion of undernourished women and those with inad‑
equate gestational weight gain could miss benefiting from BEP. This study compares the effectiveness of individual 
targeting approaches for supplementation with micronutrient-fortified BEP vs. multiple micronutrient supplements 
(MMS) alone as control in pregnancy in improving birth outcomes.

Methods  The TARGET-BEP study is a four-arm, cluster-randomized controlled trial conducted in rural northwest‑
ern Bangladesh. Eligible participants are married women aged 15–35 years old identified early in pregnancy using 
a community-wide, monthly, urine-test-based pregnancy detection system. Beginning at 12–14 weeks of gestation, 
women in the study area comprising 240 predefined sectors are randomly assigned to one of four intervention arms, 
with sector serving as the unit of randomization. The interventions involving daily supplementation through end 
of pregnancy are as follows: (1) MMS (control); (2) BEP; (3) targeted BEP for those with pre-pregnancy body mass index 
(BMI) < 18.5 kg/m2 and MMS for others; (4) targeted BEP for those with pre-pregnancy BMI < 18.5 kg/m2, MMS for oth‑
ers, and women with inadequate gestational weight gain switched from MMS to BEP until the end of pregnancy. Pri‑
mary outcomes include birth weight, low birth weight (< 2500 g), and small for gestational age, defined using the 10th 
percentile of the INTERGROWTH-21st reference, for live-born infants measured within 72 h of birth. Project-hired 
local female staff visit pregnant women monthly to deliver the assigned supplements, monitor adherence biweekly, 
and assess weight regularly during pregnancy. Trained data collectors conduct pregnancy outcome assessment 
and measure newborn anthropometry in the facility or home depending on the place of birth.
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Introduction
In 2015, an estimated 20.5 million babies, or 14.6%, were 
born with low birth weight (LBW, < 2500 g), an important 
predictor of infant mortality, morbidity, poor growth, 
and development [1, 2]. Over 90% of LBW is estimated 
to occur in low- and middle-income countries (LMICs), 
predominantly in South Asia and sub-Saharan Africa [3]. 
LBW can result from being born prematurely (< 37 weeks 
gestation) and/or due to intrauterine growth restriction 
(IUGR) and accounts for 99.5% of the “small vulnerable 
newborn” types [4, 5]. Small for gestational age (SGA) is 
an indicator of IUGR and is defined as birth weight by 
gestational age below the 10th percentile of a reference 
population [6]. In South Asia, as many as 42% of babies 
are born SGA, where one in four neonatal deaths is asso-
ciated with SGA [7, 8]. In addition, infants born SGA face 
poorer neurodevelopment outcomes [9, 10], and have a 
greater risk of stunting in childhood [11]. Multiple fac-
tors such as short birth intervals [12], maternal infections 
[13], and young maternal age have been associated with 
an increased risk of SGA [14]. However, short maternal 
stature, low pre-pregnancy BMI, low gestational weight 
gain, and micronutrient deficiencies are independent risk 
factors for SGA [15–17].

Recently, daily multiple micronutrient supplementa-
tion (MMS) containing 15 vitamins and minerals, all at 
an approximate Recommended Daily Allowance (RDA), 
has been shown to reduce LBW (RR: 0.88, 95% CI: 0.85–
0.91, 18 trials) compared to iron and folic acid (IFA) and 
moderately reduced the incidence of SGA (RR: 0.92, 95% 
CI: 0.88–0.97, 17 trials) [18]. In an individual participant 
data analysis of the trials, MMS showed similar results 
and also resulted in reduction in preterm birth (RR: 0.92, 
95% CI:0.88–0.95) compared to IFA [19]. Due to these 
benefits, supplementation with MMS is being considered 
as a replacement for IFA in many countries.

The World Health Organization (WHO) recommends 
balanced energy and protein (BEP) dietary supplementa-
tion be provided to all pregnant women living in under-
nourished populations to reduce the risk of stillbirths and 
small-for-gestational-age neonates. Undernourishment is 
usually defined by a low body mass index (BMI < 18.5 kg/
m2),  where a > 20–39% prevalence of underweight 
women is considered a high prevalence of underweight, 
and 40% or higher is considered a very high prevalence 

[20]. This recommendation is based on a meta-analysis 
of BEP trials in high-income and LMIC settings, which 
showed that infants born to supplemented mothers had 
a significantly reduced  risk of stillbirth, increased mean 
birth weight, and decreased risk of SGA [21]. A compari-
son of three meta-analyses has demonstrated that among 
all pregnant women regardless of setting, supplementa-
tion effect with BEP on mean birth weight ranges from 
41 to 73  g, whereas among undernourished pregnant 
women or those in LMIC contexts only, the increase in 
mean birth weight is higher at 66–107 g [21–23].

As BMI rates are increasing globally [24], very few 
countries meet this criterion at the national level, how-
ever; recent analyses demonstrate high variability in 
nutritional status at subnational levels in LMICs [4]. 
Further, in 2015, pregnant women living in sub-Saharan 
Africa and South Asia achieved less than 60% and 64%, 
respectively, of the recommended gestational weight gain 
(GWG) in pregnancy [25], a risk factor for LBW, and its 
underlying causes of SGA and preterm birth (PTB) [26]. 
Sub-national differences in nutritional status and high 
rates of inadequate GWG in LMICs stress the need to 
explore novel targeting strategies for maternal nutrition 
interventions to address inequities and improve birth 
outcomes, the evidence for which is lacking [27]. Low 
pre- or early-pregnancy BMI or low mid-upper arm cir-
cumference (MUAC) have been proposed as indicators 
for identifying nutritionally vulnerable women who could 
benefit from BEP supplementation [27]. Additionally, 
regular monitoring of inadequate GWG through ante-
natal care, combined with counseling and supplementa-
tion, could be an effective strategy to improve the course 
of GWG and mitigate adverse outcomes. However, this 
combination of strategies has not yet been evaluated in 
LMIC contexts.

Our research group has been conducting maternal 
nutrition intervention research in northwestern rural 
Bangladesh since 2001 [28]. Our large, randomized 
controlled trial of MMS vs IFA showed 10–12% reduc-
tion in LBW, PTB, and stillbirth, although the increase 
in birth weight was limited at about 50  g and maternal 
undernutrition was high, with 40% low BMI at baseline 
[29]. In 2018, the Bangladesh Demographic Health Sur-
vey (BDHS) survey reported a national low BMI preva-
lence of 12% among women of reproductive age, but 
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regional rates ranged from 7.6 to 21.7% [30]. Recently, 
a new formulation for BEP was proposed through an 
expert consultation for a ready-to-use BEP, fortified with 
micronutrients and low-dose calcium and with adequate 
energy (250–500 kcals) to meet the increased require-
ments during pregnancy and 14–18 g of high quality pro-
tein [31]. This product formulation  is being tested in a 
number of trials in LMICs [32]. Thus, we are conducting 
a cluster-randomized controlled trial in rural Bangladesh 
to test the enhanced BEP product versus MMS as stand-
ard of care in this study area, both by applying a targeted 
and untargeted approach to examine their effective-
ness on increasing birth weight and reducing SGA. Our 
hypothesis is that a targeted approach using low BMI and 
inadequate GWG criteria will result in a higher impact 
on these birth outcomes compared to BEP supplementa-
tion to all pregnant women.

Methods
The trial protocol was developed in accordance with the 
Standard Protocol Items: Recommendations for Inter-
vention Trials (SPIRIT) checklist (Additional file  1) and 
all relevant items from the WHO Trial Registration Data 
Set are included.

Study design
The TARGET-BEP study is a four-arm, cluster-rand-
omized controlled parallel group 1:1:1:1 superiority trial 
designed to assess the effect of different strategies for 
BEP supplementation during pregnancy on the primary 
outcomes of birth weight, LBW, and SGA in rural Bang-
ladesh (Fig.  1). Newly pregnant women are identified 
through a pregnancy surveillance system, consented, and 
enrolled into one of four arms based on the randomized 
allocation of the cluster in which they reside. From 
12 weeks of gestation until pregnancy outcome, partici-
pants receive either daily MMS or BEP supplements.

Women in each of the groups receive MMS or BEP 
supplements, depending on the allocation and targeting 
criteria, for daily consumption from the time of enrol-
ment, planned at 12 weeks of gestation, until the end of 
pregnancy (Fig. 1):

•	 Arm 1 (control): all pregnant women receive daily 
MMS.

•	 Arm 2 (all BEP): all pregnant women receive daily 
BEP supplements.

•	 Arm 3 (low BMI BEP): pregnant women with a 
pre-pregnancy BMI < 18.5  kg/m2 receive daily BEP 
supplements, while those with a pre-pregnancy 
BMI ≥ 18.5 kg/m2 receive daily MMS.

•	 Arm 4 (low BMI and IGWG BEP): pregnant women 
with a pre-pregnancy BMI < 18.5 kg/m2 receive BEP 
supplements, while others a daily MMS. Among the 
latter, those identified as having inadequate gesta-
tional weight gain (IGWG) are switched from MMS 
to BEP as described by the protocol below. All other 
women not experiencing IGWG continue to receive 
a daily MMS until the end of pregnancy.

Birth outcomes are assessed within 72  h and women 
and their infants are followed up through 1-month post-
partum. Secondary aims include evaluating the effects of 
each intervention on secondary outcomes of newborn 
anthropometry and gestation, maternal GWG, and ane-
mia status, and exploring implementation outcomes of 
acceptability and cost-effectiveness.

Study setting
The TARGET-BEP study is being conducted in the rural, 
predominantly agrarian Gaibandha district, Rangpur 
Division, of northwestern Bangladesh. The climate con-
sists of a dry season from October to April–May, fol-
lowed by the monsoon season from May to September. 
In Gaibandha, the diet mainly consists of rice, potato, 

Fig. 1  TARGET-BEP study design. BMI, body-mass-index; MMS, multiple-micronutrient supplement; BEP, balanced energy-protein supplement; 
GWG, gestational weight gain
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legumes, seasonal vegetables, and fish products, and die-
tary diversity has been positively associated with house-
hold socioeconomic factors and nutritional status [33]. 
Micronutrient deficiencies, including anemia, vitamin D, 
vitamin B-12, and vitamin E, persist in both children and 
women [34, 35].

The TARGET-BEP study area includes 8 Unions in the 
Gaibandha district. The study area has been divided into 
240 community clusters called sectors which are used as 
the unit of randomization, each with a number of house-
holds ranging from 150 to 200 (Fig. 2). These sectors were 
drawn at the inception of the JiVitA project two decades 
ago, and contribute to the larger JiVitA field site, which 
covers 280km2, 284 total sectors, and a total population 
of women of reproductive age of approximately 75,000.

Recruitment and eligibility
Recruitment in the study is done using an existing list of 
married women of reproductive age in the selected sec-
tors. At the outset, a cadre of sector-specific community 
health research workers (CHRW), local women with 
high-school degrees or more, employed and trained by 
the JiVitA project, visited all women to ascertain their 

current residential and marital status. In addition, a cen-
sus of all households was done to enumerate women who 
were newly married or had moved into the study area. 
Women found in their households are screened for inclu-
sion in a community-based pregnancy surveillance based 
on the following criteria:

•	 The woman is 15 to 35 years of age.
•	 Married and living with husband.
•	 Neither woman nor husband are permanently steri-

lized.
•	 The woman is not currently pregnant and does 

not have an infant less than one year of age (risk of 
another pregnancy is low due to lactational amenor-
rhea and appropriate child spacing).

Consenting participants who meet these criteria have 
their weight, height, and MUAC measured and are 
included in a pregnancy surveillance system for home-
based visits to ascertain their menstruation history. The 
pregnancy surveillance system, active throughout the 
duration of study enrolment, involves the CHRWs visit-
ing the women in their catchment areas every 5 weeks to 

Fig. 2  TARGET-BEP study area
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ask about their last menstrual period (LMP). Participants 
who report no menstruation in the preceding 30  days 
during these visits receive a urine-based human chori-
onic gonadotropin (hCG) test. Pregnant women identi-
fied with positive test results are consented for enrolment 
in the trial, unless they meet one of the exclusion criteria 
outlined below:

•	 Women who refuse anthropometry measurements or 
do not provide consent.

•	 Women greater than 28  weeks gestation based on 
their last menstrual period.

To achieve the target sample size, the study area-wide 
census and enumeration will continue to be imple-
mented every 6 months to allow newly married women 
or women who have moved into the study area to join the 
pregnancy surveillance cohort if eligible.

Consent
Consent in the study is obtained by two cadres of project-
hired data collectors. Oral consent for the enumeration 
and pregnancy surveillance is obtained by CHRWs. Writ-
ten consent is obtained by a cadre of trained female inter-
viewers (FIs) for enrollment into the trial, and a copy of 
the signed consent document is provided to the partici-
pant. The informed trial consent form includes key infor-
mation about the study, why the research is being done, 
what will happen if the participant joins the study, the 
duration of participation, and what happens to the par-
ticipant’s data, including clauses on confidentiality and 
data sharing, the risks and benefits of being in the study, 
and the IRB contact information to ask questions or reg-
ister complaints. All consent procedures are adminis-
tered in the participant’s home, in a private setting and 
sufficient time is provided to consult with their husband 
and other senior family members should they wish to.

As part of the main trial consent, we ask participants 
for their permission to use their de-identified data in 
future studies. They may choose to refuse that their data 
be used in ancillary studies and still consent to and par-
ticipate in the main trial. A point-of-care hemoglobin 
(Hb) assessment is done to test for anemia, but no bio-
logical specimens are collected in the study. Results of 
the test are provided to the participant.

Interventions
The BEP product is a packaged, micronutrient fortified 
ready-to-eat snack in the form of a lipid-based paste, 
made with milk powder, puffed rice, and lentil or chick-
pea flour, produced by Frontier Nutrition in Bangladesh 
(https://​front​iernu​triti​on.​com/). The nutrient composi-
tion follows the expert group consensus specifications 

[31] and contains 382  kcal, 14.3  g of protein, and 18 
micronutrients at 1 RDA for pregnant women per 75 g 
sachet (Table  1). A formative research study was con-
ducted before the trial to assess the acceptability and 
short-term adherence of the product among women of 
reproductive age in the study area [36]. From the find-
ings, minor flavor and processing alterations were made 
to improve acceptability. Additionally, three product 
options are offered to women allocated to BEP based on 
preference: unflavored (lentil-based) and malai, a pop-
ular clotted-cream flavor found in South Asian cuisine, 
in either a lentil or chickpea-based format.

The “standard of care” control in the study is a 
30-count, blister-packed, daily MMS in a tablet form 
containing 15 micronutrients at a level of 1 RDA 
according to the United Nations International Multi-
ple Micronutrient Antenatal Preparation (UNIMMAP) 
formulation [37]. MMS  was selected as the standard of 
care comparator given prior evidence of improved birth 
outcomes and improved maternal micronutrient status 
compared to IFA  in this population [18, 38].

Table 1  BEP supplement nutritional composition

Nutrients Per 75 g serving 
size

Unit

Macronutrients

  Energy 382.41 Kcal

  Energy from sugar 39 Kcal

  Fat 21.81 g

  Protein 14.30 g

  Carbohydrate 32.24 g

Micronutrients

  Retinol vitamin A 770.0 mcg

  Cholecalciferol 15.0 mcg

  Tocopherol (vitamin E) 16.0 mg

  Vitamin K1 90.0 mcg

  Thiamine 1.40 mg

  Riboflavin (vitamin B2) 1.40 mg

  Niacin 18.0 mg

  Pyridoxine (vitamin B6) 1.90 mg

  Cyanocobalamin (vitamin B12) 2.60 mcg

  Ascorbic acid (vitamin C) 100.0 mg

  Calcium 500.0 mg

  Phosphorus 383.6 mg

  Copper 1.00 mg

  Iron 30.0 mg

  Zinc 15.0 mg

  Iodine 220.0 mcg

  Folic acid 400.0 mcg

  Selenium 65.0 mcg

https://frontiernutrition.com/
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Screening criteria
Arm 4 requires BEP supplementation based on IGWG in 
addition to low pre-pregnancy BMI. In this arm, when a 
woman is identified with IGWG in the second trimester 
and for the first time, she receives standard pregnancy 
nutrition counseling on increasing daily energy and pro-
tein intake, as recommended by the WHO antenatal 
care guidelines [20]. If IGWG is identified again during 
a future assessment visit, she is switched from MMS to 
BEP until the end of pregnancy and provided nutrition 
counseling. If the first IGWG measurement occurs in the 
third trimester, this triggers a switch from MMS to BEP 
directly, provided alongside nutrition counseling. Nutri-
tion counseling occurs each time IGWG is detected, 
regardless of whether the pregnant woman has already 
been switched to BEP.

We defined IGWG for normal BMI women (18.5–
25.0  kg/m2) as total weight gain at a given gestational 
week falling below the 3rd percentile of the INTER-
GROWTH-21st reference standards [39]. For overweight 
and obese women (BMI ≥ 25.0 kg/m2), IGWG is defined 
as a rate of weight gain per week  below 70% of the rec-
ommended rate  by the Institute of Medicine (IOM) [40]. 
We implemented a modification to the IGWG criteria 
on July 18th, 2023, when approximately 25% of enroll-
ment was completed, based on monitoring the inci-
dence of IGWG in Arm 4. We saw that the proportion of 
women being switched from MMS to BEP in the normal 
BMI category was lower than in the overweight/ obese 
group. This led us to surmise that the 3rd percentile cut-
off was too stringent (no guidance about IGWG cut-offs 
has been provided in the IG-21st studies) and thus we 
changed the cut-off to be below the 10th percentile of 
the INTERGROWTH-21st reference standards. At the 
outset, the cut-off modification resulted in three women 
in Arm 4 being delayed in switching from MMS to BEP 
(mean delay 7 weeks), and four women were not switched  
as their pregnancy outcome had already occurred. Subse-
quently, all women who met the new cut-off criteria were 
switched approapriate if found to have IGWG.

Intervention delivery and adherence monitoring
In all arms, once a pregnant woman reaches 12 weeks ges-
tation according to her LMP, a CHRW visits her at home 
to provide a total of 40 daily sachets of BEP or MMS sup-
plements (a month’s supply with 10 extra to not disrupt 
continuity of supplement use). Home-based delivery of 
supplements was found to be the preferred method for 
supplement distribution among community women in 
the formative study [41]. At the outset, the participant is 
also provided standard of care nutritional counseling and 
promotion of antenatal care (ANC) services. She is sub-
sequently followed by monthly home visits to replenish 

her supplements, until the end of pregnancy. When a 
woman in Arm 4 meets the criteria described above for 
switching from MMS to BEP, the CHRW informs her, 
provides nutrition counseling, and explains to the woman 
that she will now receive BEP in place of MMS until the 
end of pregnancy. The final adherence of MMS for such a 
woman is recorded.

Adherence to supplementation is primarily measured 
through counting of sachets (BEP) and blister packs 
(MMS) at the time of the monthly home visit, which are 
collected back by the CHRW. Additionally, a 2-weekly 
history of supplement consumption and reasons for non-
adherence are collected by a mid-monthly phone call. 
Special calendars are provided to the women that serve 
as a visual reminder and to self-record their daily con-
sumption. Messages on the benefits of the supplements, 
instructions on when and how to consume them, and 
strategies for reducing sharing and increasing adherence 
are provided at the time of the first distribution visit, 
for both BEP and MMS. These messages were designed 
based on the findings from the formative study [36].

We do not anticipate any adverse reaction or harm 
related to consuming the MMS or BEP supplement. For 
any report of intolerance of either supplement, we pro-
vide the option to stop supplementation but continue 
participation in the study or withdraw from the study 
entirely.

Outcomes
The primary outcomes of the trial include mean birth 
weight and proportion of LBW (< 2500  g) and SGA 
(< 10th percentile of the INTERGROWTH reference 
standard), among live-born infants measured within 72 h 
of delivery. Birth weight is measured using the TANITA 
(BD-585) digital baby scale and gestational age is meas-
ured as the time between the date of outcome and the 
date of last menstrual period (LMP), in weeks. Second-
ary outcomes are detailed in Table 2 that includ newborn 
indicators of length-for-age (LAZ) and weight-for-length 
(WLZ) Z-scores and the incidence of large for gestational 
age (LGA; birth weight for gestational age > 90th percen-
tile), defined using the INTERGROWTH-21st reference 
standards [42]. The proportion of women with IGWG 
is defined using the INTERGROWTH-21st reference 
for normal pre-pregnancy BMI women, as the reference 
population represents a globally representative group. 
For the low, overweight, and obese pre-pregnancy BMI 
women, IGWG is defined using the IOM standards as 
they are the only available recommendations on GWG 
for women in these BMI categories [39, 40]. As noted 
above, IGWG is also an indicator used for screening 
women in arm 4 for supplementation, as well as a sec-
ondary outcome in the study. Weight gain is monitored 
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by the CHRWs with digital adult weighing scales (Tay-
lor 7086), during a home-based visit that is scheduled 
according to the recommended WHO ANC contacts at 
20-, 26-, 30-, 34-, 36-, 38-, and 40-weeks’ gestation.

Sample size
Based on the cluster-randomized design and assuming a 
sector size of 10 live births per sector with weight meas-
ured within 72  h, we estimated requiring (rounded) 60 
sectors per arm or a total of 240 sectors to yield 2400 live 
births, applying a conservative type 1 error of 0.0125 to 
account for multiple comparisons, and with 80% power 
to detect an 83  g increase in mean birth weight, a 20% 
and 24% relative risk (RR) reduction in the incidence of 
SGA and LBW associated with any of the interventions 
in the study relative to the control group. The intra-clus-
ter correlation (ICC) was assumed to be 0.005 or less 
for each of the primary outcomes based on the previous 
JiVitA-3 trial [29]. To achieve the sample size of 2400 live 
births and assuming 30% fetal loss and 6% loss to follow-
up based on data from the JiVitA-3 trial [29], our enroll-
ment requirement is for approximately 3750 pregnancies, 
which is planned to take 1.5 years.

Randomization and allocation
Sectors were randomized in permuted blocks of 8 fol-
lowing a geographically contiguous listing of sectors. The 
study statistician utilized the Stata 15.0 package “rand-
omizr” to randomly assign the blocked sectors to one of 
the 4 arms, ensuring balance across arms (24.6%, 25.0%, 
25.0%, and 25.4%, respectively). This food-based trial is 
unblinded and no concealment mechanism for the sec-
tor-specific allocation assignment was required and the 
location of a woman’s household in a sector at the time of 
enrollment determines her intervention allocation. Fol-
lowing enrollment, the woman is informed of their ran-
dom assignment by a female interviewer following the 
informed consent process based on the sector allocation 

list she is provided. Because each sector is randomized to 
one of the four arms, all pregnant women residing in that 
sector receive the same intervention.

Due to the nature of the intervention, it was consid-
ered infeasible to mask the participants or study staff to 
the intervention assignment (unblinded). The BEP arms 
are easily identifiable using the BEP sachet adherence, 
and arms 3 and 4 have a variable number of women con-
suming the product based on an identifiable condition, 
such as BMI. Additionally, as this is a pragmatic effective-
ness trial using an intervention already recommended by 
WHO given its effect on birth outcomes, we do not plan 
to mask the analytical team.

Data collection
Figure  3 outlines the participant timeline, including 
enrollment, interventions, and timing of assessments, 
and Fig.  4 details the flow of study procedures, includ-
ing the data collection modules and worker type for each 
study visit. Following consent, FIs conduct a home-based 
enrolment interview using a questionnaire, used previ-
ously in our trials, to collect demographic and health 
data on the enrolled woman and her household includ-
ing household socioeconomic status, pregnancy history, 
a 7-day food frequency recall of commonly consumed 
items, 30-day morbidity, 7-day work history and per-
sonal hygiene. The Edinburgh Postnatal Depression Scale 
(EPDS) [43], the Woman’s Agency Scale (WAS) [44], and 
the Household Food Security Access Scale (HFIAS) are 
also administered at baseline [45]. Weight, mid-upper 
arm circumference (MUAC), and hemoglobin assess-
ment using the HemoCue 301 is collected at the time 
of enrollment. A similar set of assessments, including 
30-day morbidity, 7-day food frequency, 7-day work 
history, personal hygiene, the EPDS, the HFIAS, and 
anthropometry and hemoglobin are repeated at the late 
pregnancy visit, occurring between 32 and 34  weeks of 
gestation. The multiple pass method is used by trained 

Table 2  TARGET-BEP study secondary outcomes

IG-21st Intergrowth-21st, GWG​ gestational weight gain, BMI body mass index, IOM Institute of Medicine

Newborn Maternal

1. Mean birth length, head and chest circumference among live-born 
infants measured within 72 h of delivery

1. Mean maternal weight gain and proportion with inadequate weight gain 
during pregnancy (using < 10th percentile IG-21st GWG reference for nor‑
mal BMI women and IOM recommendation for low and high BMI women)

2. Mean length-for-age (LAZ) and weight-for-length Z-score (WLZ), 
and proportion stunted and wasted (< − 2 Z-scores) at birth

2. Maternal hemoglobin and anemia (Hb < 11 g/dl) in the third trimester

3. Mean gestational age and proportion preterm (< 37 weeks) among live-
born infants

3. Maternal postpartum BMI (1 month)

4. Incidence of large-for-gestational age (LGA) (> 90th percentile of the IG-
21st reference standard) among live-born infants measured within 72 h 
of delivery

4. Maternal dietary intakes in the third trimester among a sub-sample 
of women
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data collectors to conduct a 24-h diet recall assessment 
in late pregnancy in a sub-sample of 200 women, 50 per 
arm, to assess whether BEP supplementation results in a 
replacement of home-based macronutrient intakes. Rep-
licate recalls are collected on non-consecutive days in the 
same week in 40% of the sample, or 20 per arm.

Using LMP-based gestational age, pregnant women 
are scheduled for at-home visits at 20-, 26-, 30-, 34-, 36-, 
38-, and 40-weeks’ gestation, where weight, MUAC, and 
blood pressure are measured by their local CHRW. His-
tory of ANC services, 7-day morbidity, and consumption 
of non-study nutritional supplements are also recorded 
at these visits.

A robust birth notification system supported by the 
high prevalence of mobile phones and project staff liv-
ing within the community allows birth assessments to be 
conducted in a timely manner.  Women and their new-
borns are visited by an FI within 72 hours of birth both 
at home or in a facility depending on where the birth 
occurs, with the aim of meeting them within 24  hours, 

to measure newborn length, weight, MUAC, and head 
and chest circumference, along with maternal weight 
and blood pressure. A questionnaire is administered to 
the mother to collect information on the infant’s vital 
status and sex, labor and delivery, breastfeeding, and use 
of  pre-lacteals. At 1-month postpartum, the FI revisits 
the woman to determine the infant’s vital status, repeats 
the same anthropometry measurements for the infant 
and mother, collects information on breastfeeding prac-
tices and maternal postpartum morbidity, and adminis-
ters the G-NORM scale to the mother to assess gender 
norms [46].

The quality of study data is maintained with extensive 
training of data collectors, regular field observation by 
supervisors, and everyday monitoring of data entry. All 
anthropometric measurements are taken in triplicate at 
each time point, except for weight, which is taken once 
at each time point. Anthropometry standardization was 
conducted among all staff before the study started and is 
repeated every 6 months. Digital weighing scales undergo 

Fig. 3  TARGET-BEP trial participant timeline for enrollment, interventions, and assessments. GA, gestational age; MMS, multiple-micronutrient 
supplement; BEP, balanced energy-protein supplement; IGWG, inadequate gestational weight gain; hCG, human chorionic gonadotropin; LMP, last 
menstrual period; SES, socioeconomic status
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daily calibration and the HemoCue 301 machines are 
checked monthly for quality control.

All data collection forms can be found at: https://​jivita.​
org/​targe​tbep/.

In cases where a woman moves out of the study area 
for delivery, every attempt is made to meet the woman 
and newborn within a reachable distance to conduct 
the outcome assessment. Women are considered lost to 
follow-up if they move out of the study area or refuse 
to continue participation in study activities. Reasons for 
withdrawal are recorded.

Data management
Data collectors use password-protected Android tablets 
to collect data during household visits via the ONA elec-
tronic data collection software. Data collection forms are 
programmed and tested using the ONA system and data 
range, plausible values, and other entry restrictions are 
applied to reduce data entry errors. Forms are assigned 

on a weekly or daily basis, depending on the timeliness 
of the data collection (i.e., birth visits) and completion 
of forms is monitored daily. Data is uploaded and stored 
on an encrypted server on a weekly basis and subject to 
data quality checks. Missing or improbable data is inves-
tigated by field staff to assure that there are no unusual 
values, patterns, and entry errors in the datasets.

Datasets prepared for analysis will be de-identified 
and stored on an encrypted server behind a firewall on 
an internal network. Access to identifiable information 
is restricted to the Principal Investigator (PI) and key co-
investigators and staff. Only de-identified datasets will be 
shared beyond the study team.

Statistical methods
The data analytic plan and approach are briefly described 
here. A detailed statistical analytic plan is being prepared 
and will be available in the main trial publication. The 
unit of analysis for the primary treatment effects analysis 

Fig. 4  TARGET-BEP study visits, data collection, and procedures. MWRA, married women of reproductive age; MUAC, mid-upper arm circumference; 
LMP, last menstrual period; SES, socioeconomic status; FFQ, food frequency questionnaire; Hb, hemoglobin; ANC, antenatal care; BP, blood pressure

https://jivita.org/targetbep/
https://jivita.org/targetbep/
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will be live births. The primary analysis will be a modi-
fied intention-to-treat approach, i.e., all study outcomes 
will be analyzed as randomized with an analytical sample 
restricted to those with outcome assessed (birthweight 
measured within 72 h). We will present crude estimates 
of all primary and secondary outcomes for each study 
arm with their 95% confidence intervals adjusted for 
clustering at the sector level using generalized estimating 
equations.

Before analyzing treatment effects for primary and 
secondary outcomes we will assess baseline comparabil-
ity by allocation arm. All the variables that are assessed 
at enrollment, i.e., before BEP or MMS provision, will be 
considered as baseline characteristics, and differences 
will be examined by comparing values of means, medi-
ans, and proportions across arms. Following CONSORT 
guidelines for effectiveness trials, no statistical tests 
will be conducted comparing baseline characteristics 
between study arms but analyses will be both unadjusted 
and adjusted for variables found to be different across 
groups.

Continuous outcomes measured at birth (including the 
primary outcome of birth weight and other anthropo-
metric measurements, gestational age, and maternal Hb 
in the third trimester) will be estimated using marginal 
models using linear regression with generalized estimat-
ing equations (GEE) to adjust for the cluster-randomi-
zation approach used in the trial. For binary outcomes 
measured at birth (LBW, SGA, PTB, inadequate GWG), 
we will calculate relative risk ratios (RRRs) and absolute 
risk differences that will be analyzed using log-binomial 
regression models with GEE. To control the family-wise 
error rate, we will use the conservative Bonferroni cor-
rection for the type 1 error threshold. Thus, for the four-
arm comparisons, the alpha threshold will be 0.0125 to 
reject the null hypothesis of no difference. In addition to 
an overall analysis of covariance, each intervention arm 
will be compared relative to the control as well to each 
other. Targeted vs. untargeted interventions will also be 
compared to test whether a targeted approach results in a 
higher impact (Arm 2 vs. Arms 3 and 4).

If variables are unbalanced at baseline across study 
arms (defined as more than 2.5% in absolute value), we 
will assess their associations with the primary and sec-
ondary outcomes. If these unbalanced variables are asso-
ciated with our outcomes, then multivariable analytic 
approaches will be used to adjust the treatment group 
differences to control for this imbalance.

Effect modification will be explored for a limited num-
ber of covariates collected at enrollment and known 
to influence birth outcomes. Given that these tests are 
exploratory in nature, we will assess interaction terms 
using p < 0.1 to determine statistical significance. In 

the presence of significant effect modification, we will 
present treatment effects stratified by the covariate(s). 
The following variables are considered as a priori effect 
modifiers: (1) BMI < 18.5  kg/m2 (underweight status); 
(2) MUAC < 23  cm; (3) maternal anemia at study inclu-
sion — Hb concentration < 11  g/dL; (4) maternal short 
stature: height < 145  cm; (5)  maternal age < 19  years; (6) 
parity (nulliparous vs. not); (7) household food insecurity 
(moderate or severe vs. none, early and later pregnancy). 
Since adherence to the supplementation is an important 
covariate of interest, we will measure compliance using 
different indicators including total packets consumed, 
mean packets consumed per woman per week, and pro-
portion of women consuming at least 90% and 50% of 
packets provided. To assess the dose–response, we will 
analyze the effectiveness estimates between high and 
low-compliant users based on categories created empiri-
cally using median (or tertiles/quartiles/quintiles) values 
and compare with true controls.

Oversight and monitoring
Data monitoring and auditing
The trial steering committee is led by the PI and is com-
prised of co-investigators and senior researchers from 
JHU and BRAC University and the implementing organi-
zation, the JiVitA project, including scientists, physicians, 
a statistician, and a data management specialist. The 
JiVitA leadership team is responsible for overseeing the 
day-to-day study activities, including recruitment of par-
ticipants, obtaining consent, and providing support and 
monitoring of data collectors and field workers. The trial 
steering committee meets weekly to monitor study pro-
gress and conduct.

Given that we are examining a targeting approach for 
an evidence-based and recommended intervention by 
the WHO for BEP supplementation, a Data Safety and 
Monitoring Board was not deemed necessary. Both the 
JHU Bloomberg School of Public Health and the BRAC 
University James P. Grant School of Public Health IRBs 
provided ethical approval for the study.

Adverse events reporting
Serious adverse events (SAE), defined under Good Clini-
cal Practice guidelines, include death, life-threatening 
events, hospitalization outside of routine delivery, sig-
nificant or persistent disability or impairment, and con-
genital anomalies. Data collection staff are trained to 
systematically identify and report serious and other 
adverse events (AEs) during regular home visits and 
research physicians conduct subsequent home visits to 
determine cause and attribution for SAEs. All SAEs are 
reported from the field to the PI who is responsible in 
consultation with the investigative team for assessing 
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relatedness to the intervention and follow the procedures 
for reporting AEs to the Institutional Review Boards 
(IRBs). Any maternal and infant deaths, and any unantici-
pated harms, will be reported in the main trial publica-
tion following CONSORT guidelines.

Ancillary care
Referral and travel cost to the local health center or hos-
pital is provided for women reporting a  group of severe 
morbidity symptoms and for those with high blood pres-
sure when assessed as part of the interview. Treatment 
for severe anemia (Hb < 70 g/L) with iron is also provided. 
All enrolled participants receive an information card that 
contains the contact information of the IRBs should they 
wish to report any harm from trial participation.

Discussion
Undernutrition among women of reproductive age in 
Bangladesh has reduced in recent years, but regional and 
sub-regional data show that improvements are not uni-
versal, and macro- and micronutrient deficiencies persist 
[30, 47]. In pregnancy, such deficiencies hinder proper 
fetal growth and development, contributing to an esti-
mated 23% LBW in Bangladesh nationally [48], which 
in turn contributes to high mortality and child stunting. 
In South Asia, 20% of children are stunted at birth and 
linear growth faltering at birth increases both the risk of 
stunting later in childhood as well as the risk of stunting 
relapse among those who recover [49]. While Bangladesh 
has made substantial progress towards achieving the 
Sustainable Development Goal target of reducing stunt-
ing prevalence to 20% by 2025 [50], further progress may 
hinge on the success of efforts to address the causes of 
adverse birth outcomes through effective antenatal care 
interventions. Micronutrient fortified BEP supplementa-
tion, in line with the expert consultation’s recommenda-
tions on composition [31], has the potential to address 
nutritional gaps in pregnancy, when requirements are 
higher, benefitting maternal health and birth outcomes. 
A recent trial conducted in Burkina Faso found that sup-
plementation with fortified BEP was associated with 
improvements in duration of gestation (0.20 weeks, 95% 
CI: 0.05, 0.36), birth weight (50 g, 95% CI: 8.11, 92.0), and 
reductions in LBW (− 3.95 percentage points (pp), 95% 
CI: − 6.83, − 1.06) compared to IFA only [51]. While the 
main effect for SGA was a 3.1% pp reduction, the confi-
dence intervals were wide (− 7.4, 1.2), suggesting a range 
of treatment efficacy possibilities. Harmonization of data 
across five pregnancy trials will provide additional evi-
dence on the effects of enhanced BEP supplementation 
on birth outcomes [32].

Evidence from previous meta-analyses suggests that 
undernourished women are more likely to benefit from 

BEP in terms of birth weight than non-undernourished 
women [21–23]. With the growing heterogeneity of 
nutritional status in LMIC contexts, it is imperative 
to evaluate targeted interventions, which, if effective, 
would likely have the double benefit of being more 
equitable and cost-effective [27]. The trial presented 
in this paper aims to address this research gap. This 
protocol describes the design of a cluster-randomized 
trial that will evaluate the effectiveness of two targeting 
strategies for fortified BEP supplementation, includ-
ing pre-pregnancy BMI and gestational weight gain 
monitoring, compared to MMS in pregnancy on birth 
outcomes. To our knowledge, this is the first trial in 
Bangladesh to evaluate micronutrient-fortified BEP 
with and without targeting in pregnancy.

This trial has several strengths. The targeting strate-
gies of pre-pregnancy BMI and gestational weight gain 
monitoring were developed based on the current lit-
erature [27] and in the context of the capacity of the 
Bangladesh health system. The monthly distribution of 
supplements represents a realistic distribution schedule 
for community health workers and was informed by the 
formative study findings on preference for at home dis-
tribution [41]. The BEP product itself was considered 
highly acceptable by women and health care providers 
in the formative study [36]. The combination of monthly 
sachet or blister pack counts and bimonthly participant-
reported recall will yield comprehensive adherence 
data. The timing of anthropometry visits was designed 
in accordance with the WHO ANC contact schedule, to 
closely monitor gestational weight gain trajectories and 
the effect of switching from MMS to BEP. This trial will 
generate data on several factors influencing pregnancy 
outcomes, including household socioeconomic status 
and food security, maternal diet, morbidity and mental 
health, and women’s agency and gender norms. Finally, 
the integration of this trial into the long-standing JiVitA 
project and its infrastructure will ensure the recruit-
ment, follow-up, and outcome assessment of the partici-
pants is robust, well-coordinated, and with a low risk of 
loss to follow-up since the fieldwork team is well-expe-
rienced in trial implementation and holds close contact 
with the local population. Although the study is designed 
as a cluster-randomized controlled trial, contamination 
between hamlets or neighborhoods cannot be excluded 
due to their close-knit location and relationships among 
the inhabitants. Challenges related to low fertility rates 
and loss to follow-up due to migration to larger cities 
being recently observed may impact the study duration 
and sample size accrual.

Results from the TARGET-BEP trial will provide evi-
dence for targeted BEP supplementation to identify ben-
eficiaries and improve birth outcomes, further enhancing 
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the WHO’s contextual recommendation on BEP supple-
mentation in pregnancy.

Trial status
Enrollment into the trial began on October 18th, 2022, 
and is expected to last until May 2024, followed by an 
additional 7  months of follow-up. As of December 14, 
2023, a total of 1880 pregnant women had been enrolled 
across the four study arms. We are implementing Proto-
col version 3, on January 5, 2024.

Abbreviations
WHO	� World Health Organization
BEP	� Balanced energy protein
MMS	� Multiple micronutrient supplements
BMI	� Body mass index
LBW	� Low birth weight
LMIC	� Low- and middle-income countries
IUGR​	� Intrauterine growth restriction
SGA	� Small for gestational age
RDA	� Recommended Dietary Allowance
IFA	� Iron and folic acid
GWG​	� Gestational weight gain
PTB	� Preterm birth
MUAC​	� Mid-upper arm circumference
BDHS	� Bangladesh Demographic Health Survey
SPIRIT	� Standard Protocol Items: Recommendations for Intervention 

Trials
CHRW	� Community health research worker
LMP	� Last menstrual period
hCG	� Human chorionic gonadotropin
FI	� Female interviewer
Hb	� Hemoglobin
UNIMMAP	� United Nations International Multiple Micronutrient Antenatal 

Preparation
IGWG​	� Inadequate gestational weight gain
IOM	� Institute of Medicine
ANC	� Antenatal care
LAZ	� Length-for-age z-score
WLZ	� Weight-for-length z-scores
LGA	� Large for gestational age
RR	� Relative risk
EPDS	� Edinburgh Postnatal Depression Scale
WAS	� Women’s Agency Scale
HFIAS	� Household Food Security Access Scale
PI	� Principal Investigator
SAE	� Serious adverse event
AE	� Adverse event
IRB	� Institutional Review Board

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13063-​024-​08135-4.

Additional file 1. SPIRIT Checklist

Acknowledgements
We give thanks to the women and families who participated in the TARGET-
BEP study. We acknowledge the JiVitA data collectors and supervisors of this 
study. We would also like to thank Care Nutrition (caren​utrit​ion.​com.​bd) for the 
development and manufacturing of the BEP product. The MMS supplements 
were procured from Renata Ltd. Dhaka, Bangladesh. 

Dissemination
Final trial results will be disseminated to the Civil Surgeon Office in Rang‑
pur and Gaibandha, the Divisional Family Planning Office, the District NGO 
Committee, the James P. Grant School of Public Health, BRAC University, the 
Directorate General of Health Services and Directorate General of Family 
Planning under the Ministry of Health and Family Welfare of the Government 
of Bangladesh, the Bangladesh National Nutrition Council (BNNC), National 
NGOs, Obstetrical and Gynecological Society of Bangladesh (OGSB), UN agen‑
cies, and other stakeholders in Bangladesh with a focus in maternal and child 
health. Study team members will present results at international workshops 
and conferences with relevant researchers and program or policy stakeholders 
and will publish results of primary and secondary analyses in peer-reviewed 
academic journals. Investigators who contributed to the design and imple‑
mentation of the study and realization of the study findings will be included 
as authors. Study participants and field staff will be acknowledged.

Authors’ contributions
PC, ATL, HA, and AT conceptualized the study and PC was responsible for 
securing the funding. All authors contributed to the development of the study 
design, protocols, forms, and tools. TJS, HA, and RH led data collection and 
supervision in the field. EZ wrote the first draft of the manuscript. All authors 
reviewed and edited the manuscript and agreed on the final version of the 
manuscript.

Funding
This work was supported by the Bill and Melinda Gates Foundation grant 
number INV-033381. The sponsor is not involved in the study design, data 
collection or management, analysis, or dissemination.

Availability of data and materials
Data will be available upon reasonable request to PI, following guidelines 
of the BRAC and JHU Institutional Review Boards and local regulations. 
Following completion of the study, we anticipate taking up to two years to 
publish primary and secondary outcome papers. Data will be provided to the 
funder for data-sharing purposes after at least two years of completion of the 
grant period and according to data-sharing agreements with collaborators. 
Participant-level data when shared will be deidentified. The  statistical code 
can be provided upon request.

Declarations

Ethics approval and consent to participate
TARGET-BEP has been approved by the BRAC James P. Grant School of Public 
Health Institutional Review Board (FWA00029561) at BRAC University in 
Bangladesh and the Bloomberg School of Public Health IRB (FWA00000287) at 
Johns Hopkins University in Baltimore, Maryland. Written, informed consent to 
participate will be obtained from all participants. Important protocol modifica‑
tions will be communicated to the IRBs and reported on ClinicalTrials.gov.

Consent for publication
No identifying images or other personal or clinical details of participants 
are presented here or will be presented in reports of the trial results. Model 
informed consent forms are available upon request to the corresponding 
author.

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

Author details
1 Department of International Health, Center for Human Nutrition, Johns Hop‑
kins Bloomberg School of Public Health, Baltimore, USA. 2 The JiVitA Project, 
Rangpur, Bangladesh. 3 James P. Grant School of Public Health, BRAC University, 
Dhaka, Bangladesh. 4 The Bill & Melinda Gates Foundation, Seattle, USA. 
5 Department of Public Health, North South University, Dhaka, Bangladesh. 

Received: 16 February 2024   Accepted: 23 April 2024

https://doi.org/10.1186/s13063-024-08135-4
https://doi.org/10.1186/s13063-024-08135-4
https://carenutrition.com.bd/


Page 13 of 14Zavala et al. Trials          (2024) 25:315 	

References
	1.	 Hazel EA, Erchick DJ, Katz J, et al. Neonatal mortality risk of vulnerable 

newborns: a descriptive analysis of subnational, population-based birth 
cohorts for 238 143 live births in low- and middle-income settings from 
2000 to 2017. BJOG Int J Obstet Gynaecol. Published Online First: 8 May 
2023. https://​doi.​org/​10.​1111/​1471-​0528.​17518.

	2.	 Victora CG, Adair L, Fall C, et al. Maternal and child undernutri‑
tion: consequences for adult health and human capital. The Lancet. 
2008;371:340–57.

	3.	 Blencowe H, Krasevec J, de Onis M, et al. National, regional, and world‑
wide estimates of low birthweight in 2015, with trends from 2000: a 
systematic analysis. Lancet Glob Health. 2019;7:e849–60.

	4.	 Victora CG, Christian P, Vidaletti LP, et al. Revisiting maternal and 
child undernutrition in low-income and middle-income countries: 
variable progress towards an unfinished agenda. Lancet Lond Engl. 
2021;397:1388–99.

	5.	 Lawn JE, Ohuma EO, Bradley E, et al. Small babies, big risks: global esti‑
mates of prevalence and mortality for vulnerable newborns to accelerate 
change and improve counting. The Lancet. 2023;401:1707–19.

	6.	 ACOG Practice Bulletin No. 204: Fetal Growth Restriction. Am Coll Obstet 
Gynecol. 2019;133. https://​doi.​org/​10.​1097/​AOG.​00000​00000​003070.

	7.	 Lee AC, Kozuki N, Cousens S, et al. Estimates of burden and conse‑
quences of infants born small for gestational age in low and middle 
income countries with INTERGROWTH-21st standard: analysis of CHERG 
datasets. BMJ. 2017;358:j3677.

	8.	 Katz J, Lee AC, Kozuki N, et al. Mortality risk in preterm and small-for-
gestational-age infants in low-income and middle-income countries: a 
pooled country analysis. The Lancet. 2013;382:417–25.

	9.	 Murray E, Fernandes M, Fazel M, et al. Differential effect of intrauterine 
growth restriction on childhood neurodevelopment: a systematic review. 
BJOG Int J Obstet Gynaecol. 2015;122:1062–72.

	10.	 Levine TA, Grunau RE, McAuliffe FM, et al. Early childhood neurodevelop‑
ment after intrauterine growth restriction: a systematic review. Pediatrics. 
2015;135:126–41.

	11.	 Christian P, Lee SE, Donahue Angel M, et al. Risk of childhood undernutri‑
tion related to small-for-gestational age and preterm birth in low- and 
middle-income countries. Int J Epidemiol. 2013;42:1340–55.

	12.	 Kozuki N, Lee AC, Silveira MF, et al. The associations of birth intervals with 
small-for-gestational-age, preterm, and neonatal and infant mortality: a 
meta-analysis. BMC Public Health. 2013;13:1–9.

	13.	 Weckman AM, Ngai M, Wright J, et al. The Impact of Infection in Preg‑
nancy on Placental Vascular Development and Adverse Birth Outcomes. 
Front Microbiol. 2019;10:1924.

	14.	 Kozuki N, Lee AC, Silveira MF, et al. The associations of parity and maternal 
age with small-for-gestational-age, preterm, and neonatal and infant 
mortality: a meta-analysis. BMC Public Health. 2013;13:1–10.

	15.	 Kozuki N, Katz J, Lee ACC, et al. Short maternal stature increases risk of 
small-for-gestational-age and preterm births in low- and middle-income 
countries: individual participant data meta-analysis and population 
attributable fraction. J Nutr. 2015;145:2542–50.

	16.	 Abu-Saad K, Fraser D. Maternal Nutrition and Birth Outcomes. Epidemiol 
Rev. 2010;32:5–25.

	17.	 Gurung S, Tong HH, Bryce E, et al. A systematic review on estimating 
population attributable fraction for risk factors for small-for-gestational-
age births in 81 low- and middle-income countries. J Glob Health. 
2022;12:04024.

	18	 Keats EC, Haider BA, Tam E, et al. Multiple-micronutrient supplemen‑
tation for women during pregnancy. Cochrane Database Syst Rev. 
2019;3:004905.

	19	 Smith ER, Shankar AH, Wu LS-F, et al. Modifiers of the effect of maternal 
multiple micronutrient supplementation on stillbirth, birth outcomes, 
and infant mortality: a meta-analysis of individual patient data from 17 
randomised trials in low-income and middle-income countries. Lancet 
Glob Health. 2017;5:e1090-100.

	20.	 World Health Organization. WHO recommendations on antenatal care 
for a positive pregnancy experience. Geneva, Switzerland: World Health 
Organization 2016. http://​www.​who.​int/​repro​ducti​vehea​lth/​publi​catio​
ns/​mater​nal_​perin​atal_​health/​anc-​posit​ive-​pregn​ancy-​exper​ience/​en/. 
Accessed 3 Jan 2020.

	21.	 Ota E, Hori H, Mori R, et al. Antenatal dietary education and supplementa‑
tion to increase energy and protein intake. Cochrane Database Syst Rev. 
2015;6:CD000032.

	22.	 Imdad A, Bhutta ZA. Maternal nutrition and birth outcomes: effect of 
balanced protein-energy supplementation. Paediatr Perinat Epidemiol. 
2012;26:178–90.

	23.	 Lassi ZS, Padhani ZA, Rabbani A, et al. Effects of nutritional interventions 
during pregnancy on birth, child health and development outcomes: A 
systematic review of evidence from low- and middle-income countries. 
Campbell Syst Rev. 2021;17:e1150.

	24.	 NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-
mass index, underweight, overweight, and obesity from 1975 to 2016 
a pooled analysis of 2416 population-based measurement studies 
in 128·9 million children, adolescents, and adults. Lancet Lond Engl. 
2017;390:2627–42.

	25.	 Wang D, Wang M, Darling AM, et al. Gestational weight gain in low-
income and middle-income countries: a modelling analysis using nation‑
ally representative data. BMJ Glob Health. 2020;5:e003423.

	26.	 Goldstein RF, Abell SK, Ranasinha S, et al. Association of Gestational 
Weight Gain With Maternal and Infant Outcomes: A Systematic Review 
and Meta-analysis. JAMA. 2017;317:2207–25.

	27.	 Christian P, Smith ER, Zaidi A. Addressing inequities in the global burden 
of maternal undernutrition: the role of targeting. BMJ Glob Health. 
2020;5:e002186.

	28.	 West KP, Christian P, Labrique AB, et al. Effects of vitamin A or beta 
carotene supplementation on pregnancy-related mortality and 
infant mortality in rural Bangladesh: a cluster randomized trial. JAMA. 
2011;305:1986–95.

	29.	 West KP, Shamim AA, Mehra S, et al. Effect of maternal multiple micronu‑
trient vs iron-folic acid supplementation on infant mortality and adverse 
birth outcomes in rural Bangladesh: the JiVitA-3 randomized trial. JAMA. 
2014;312:2649–58.

	30.	 National Institute of Population Research and Training (NIPORT), ICF. 
Bangladesh Demographic and Health Survey 2017–18. Dhaka, Bangla‑
desh and Rockville, Maryland, USA: NIPORT and ICF 2020. https://​dhspr​
ogram.​com/​publi​catio​ns/​publi​cation-​FR344-​DHS-​Final-​Repor​ts.​cfm.

	31.	 Members of an Expert Consultation on Nutritious Food Supplements for 
Pregnant and Lactating Women. Framework and specifications for the 
nutritional composition of a food supplement for pregnant and lactating 
women (PLW) in undernourished and low income settings. Gates Open 
Res. 2019;3. https://​doi.​org/​10.​21955/​gates​openr​es.​11163​79.1.

	32.	 Gernand AD, Gallagher K, Bhandari N, et al. Harmonization of mater‑
nal balanced energy-protein supplementation studies for individual 
participant data (IPD) meta-analyses - finding and creating similarities in 
variables and data collection. BMC Pregnancy Childbirth. 2023;23:107.

	33.	 Thorne-Lyman AL, Shaikh S, Mehra S, et al. Dietary patterns of >30,000 
adolescents 9–15 years of age in rural Bangladesh. Ann N Y Acad Sci. 
2020;1468:3–15.

	34.	 Schulze KJ, Mehra S, Shaikh S, et al. Antenatal Multiple Micronutrient Sup‑
plementation Compared to Iron-Folic Acid Affects Micronutrient Status 
but Does Not Eliminate Deficiencies in a Randomized Controlled Trial 
Among Pregnant Women of Rural Bangladesh. J Nutr. 2019;149:1260–70.

	35.	 Campbell RK, Shaikh S, Schulze K, et al. Micronutrient and Inflammation 
Status Following One Year of Complementary Food Supplementation 
in 18-Month-Old Rural Bangladeshi Children: A Randomized Controlled 
Trial. Nutrients. 2020;12:E1452.

	36.	 Zavala E, Rahman A, Kalbarczyk A,  et al. Acceptability of a balanced 
energy protein (BEP) supplement for pregnant women in Bangladesh. 
Matern Child Nutr. 2023;e13587.

	37.	 World Health Organization, United Nations University, United Nations 
Children’s Fund (UNICEF). Composition of a multi-micronutrient supple‑
ment to be used in pilot programmes among pregnant women in devel‑
oping countries: report of a United Nations Children’s Fund (UNICEF), 
World Health Organization (WHO) and United Nations University 
workshop. UNICEF 1999. https://​apps.​who.​int/​iris/​handle/​10665/​75358. 
Accessed 4 Nov 2022.

	38.	 Oh C, Keats EC, Bhutta ZA. Vitamin and mineral supplementation during 
pregnancy on maternal, birth, child health and development outcomes 
in low- and middle-income countries: a systematic review and meta-
analysis. Nutrients. 2020;12:491. https://​doi.​org/​10.​3390/​nu120​20491.

https://doi.org/10.1111/1471-0528.17518
https://doi.org/10.1097/AOG.0000000000003070
http://www.who.int/reproductivehealth/publications/maternal_perinatal_health/anc-positive-pregnancy-experience/en/
http://www.who.int/reproductivehealth/publications/maternal_perinatal_health/anc-positive-pregnancy-experience/en/
https://dhsprogram.com/publications/publication-FR344-DHS-Final-Reports.cfm
https://dhsprogram.com/publications/publication-FR344-DHS-Final-Reports.cfm
https://doi.org/10.21955/gatesopenres.1116379.1
https://apps.who.int/iris/handle/10665/75358
https://doi.org/10.3390/nu12020491


Page 14 of 14Zavala et al. Trials          (2024) 25:315 

	39.	 Cheikh Ismail L, Bishop DC, Pang R, et al. Gestational weight gain stand‑
ards based on women enrolled in the Fetal Growth Longitudinal Study of 
the INTERGROWTH-21st Project: a prospective longitudinal cohort study. 
BMJ. 2016;352:i555.

	40.	 Hasan SMT, Khan MA, Ahmed T. Institute of Medicine Recommendations 
on the Rate of Gestational Weight Gain and Perinatal Outcomes in Rural 
Bangladesh. Int J Environ Res Public Health. 2021;18:6519.

	41.	 Kalbarczyk A, de Boer M, Khaled N, et al. Assessing implementation 
outcomes for launching balanced energy protein supplementation: A 
formative study in rural Bangladesh. Matern Child Nutr. 2023;e13606.

	42.	 Villar J, Cheikh Ismail L, Victora CG, et al. International standards for new‑
born weight, length, and head circumference by gestational age and sex: 
the Newborn Cross-Sectional Study of the INTERGROWTH-21st Project. 
Lancet Lond Engl. 2014;384:857–68.

	43.	 Cox J, Holden J. Perinatal mental health: A guide to the Edinburgh 
Postnatal Depression Scale (EPDS). London: Royal College of Psychiatrists; 
2003. x, 125 p.

	44.	 Cheong YF, Yount KM, Crandall AA. Longitudinal Measurement Invariance 
of the Women’s Agency Scale. Bull Sociol Methodol Méthodologie Sociol. 
2017;134:24–36.

	45.	 Coates J, Swindale A, Bilinsky P. Household Food Insecurity Access Scale 
(HFIAS) for Measurement of Food Access: Indicator Guide: Version 3: 
(576842013–001). 2007. https://​doi.​org/​10.​1037/​e5768​42013-​001.

	46.	 Sedlander E, Bingenheimer JB, Long MW, et al. The G-NORM Scale: Devel‑
opment and Validation of a Theory-Based Gender Norms Scale. Sex Roles. 
2022;87:350–63.

	47.	 Institute of Public Health Nutrition (IPHN). National Low Birth Weight 
Survey Bangladesh, 2015. Institute of Public Health Nutrition (IPHN) 2015. 
https://​mater​nalnu​triti​onsou​thasia.​com/​wp-​conte​nt/​uploa​ds/​Bangl​
adesh-​LBW-​survey-​2015.​pdf.

	48.	 World Health Organization. Low birth weight prevalence (%). Glob. 
Health Obs. 2020. https://​www.​who.​int/​data/​gho/​data/​indic​ators/​indic​
ator-​detai​ls/​GHO/​preva​lence-​of-​anaem​ia-​in-​child​ren-​under-5-​years​ -​(-). 
Accessed 22 Oct 2023.

	49.	 Benjamin-Chung J, Mertens A, Colford JM, et al. Early-childhood 
linear growth faltering in low- and middle-income countries. Nature. 
2023;621:550–7. https://​doi.​org/​10.​1038/​s41586-​023-​06418-5.

	50.	 National Institute of Population Research and Training (NIPORT), ICF. 
Bangladesh Demographic and Health Survey 2022: Key Indicators 
Report. Dhaka, Bangladesh and Rockville, Maryland, USA: NIPORT and 
ICF . https://​www.​dhspr​ogram.​com/​publi​catio​ns/​publi​cation-​PR148-​Preli​
minary-​Repor​ts-​Key-​Indic​ators-​Repor​ts.​cfm. Accessed 18 Dec 2023.

	51.	 de Kok B, Toe LC, Hanley-Cook G, et al. Prenatal fortified balanced energy-
protein supplementation and birth outcomes in rural Burkina Faso: A 
randomized controlled efficacy trial. PLoS Med. 2022;19:e1004002.

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

https://doi.org/10.1037/e576842013-001
https://maternalnutritionsouthasia.com/wp-content/uploads/Bangladesh-LBW-survey-2015.pdf
https://maternalnutritionsouthasia.com/wp-content/uploads/Bangladesh-LBW-survey-2015.pdf
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/prevalence-of-anaemia-in-children-under-5-years
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/prevalence-of-anaemia-in-children-under-5-years
https://doi.org/10.1038/s41586-023-06418-5
https://www.dhsprogram.com/publications/publication-PR148-Preliminary-Reports-Key-Indicators-Reports.cfm
https://www.dhsprogram.com/publications/publication-PR148-Preliminary-Reports-Key-Indicators-Reports.cfm

	Targeting strategies for balanced energy and protein (BEP) supplementation in pregnancy: study protocol for the TARGET-BEP cluster-randomized controlled trial in rural Bangladesh
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Introduction
	Methods
	Study design
	Study setting
	Recruitment and eligibility
	Consent
	Interventions
	Screening criteria
	Intervention delivery and adherence monitoring

	Outcomes
	Sample size
	Randomization and allocation
	Data collection
	Data management
	Statistical methods
	Oversight and monitoring
	Data monitoring and auditing
	Adverse events reporting
	Ancillary care


	Discussion
	Trial status
	Acknowledgements
	References


