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ABSTRACT
Introduction  This programme effectiveness study 
responds to the need for evidence of the effect on birth 
weight of switching from iron-folic acid supplementation 
to multiple micronutrient supplementation as part of 
routine antenatal care in Ethiopia. A 2019 meta-analysis 
reported a mean increase of 35 g in birth weight among 
newborns of women who took multiple micronutrient 
supplements in pregnancy compared with those who 
took iron-folic acid. Responding to that evidence, the 
government of Ethiopia decided to implement a 21 district 
pilot of the use of multiple micronutrient supplementation 
in routine antenatal care and requested an evaluation of 
implementation outcomes, including on birth weight.
Methods and analysis  A pragmatic, facility-based, 
randomised trial is being conducted in 42 districts 
over five regions of Ethiopia between January 2023 
and December 2024. Districts have been randomised 
to one of the two arms, either to retain iron-folic acid 
supplementation as part of routine antenatal care or 
switch to multiple micronutrient supplementation. During 
the study period, the birth weights of all eligible babies 
born in enrolled health facilities in these 42 districts are 
continuously recorded alongside data on maternal receipt 
and use of either multiple micronutrient or iron-folic acid 
supplementation. We hypothesise that newborns of women 
resident in the 21 multiple micronutrient supplementation 
districts will have higher mean birth weight than 
newborns of women resident in the 21 iron-folic acid 
supplementation districts. Facility surveys involving 
pregnant women and healthcare workers at baseline, 
midline and endline contribute to a process evaluation and 
cost and cost-effectiveness evaluation.
Ethics and dissemination  The study received ethical 
approval from the review boards at the Ethiopian Public 
Health Institute (EPHI-IRB-455-2022) and the London 
School of Hygiene & Tropical Medicine (LSHTM ref 
28021). Results from this pragmatic trial will be used by 
the government of Ethiopia in assessing success of the 
multiple-micronutrient supplements pilot and for decision 
making about subsequent scale-up. Dissemination 
of findings will also inform global decision making, 
particularly in settings where a transition from iron-folic 

acid to multiple micronutrient supplementation is being 
contemplated at scale.
Trial registration number  NCT05708183.

INTRODUCTION
Interventions to address maternal nutrition 
and low birth weight (LBW) include the 
optimal use of antenatal care (ANC) where 
micronutrient supplementation is provided 
as part of a package of essential pregnancy 
interventions.1 Traditionally, the provision of 
micronutrient supplementation at ANC has 
centred on iron-folate supplements (IFA), 
but there are advocates for a transition from 
IFA to multiple-micronutrient supplements 
(MMS).2 Numerous trials have investigated 
the extent to which the use of MMS during 
pregnancy may improve maternal, foetal 
and infant health outcomes. In 2019, a meta-
analysis of data from 19 MMS trials conducted 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This pragmatic cluster-randomised trial evaluates 
implementation outcomes, processes and costs of 
a large-scale policy change to prenatal care piloted 
in Ethiopia, generating evidence that is actionable 
for country decision making and relevant to other 
settings.

	⇒ Continuous data collection, capturing information on 
all births in enrolled health facilities, makes use of 
and strengthens routine health management infor-
mation systems.

	⇒ The design permits a dose–response analysis 
considering the changes in birth weight for differ-
ent levels of coverage, and permits adjustment for 
seasonality.

	⇒ Interpretation of trial outcome findings must be 
made in the context of coverage of and adherence 
to prenatal multiple-micronutrient supplements and 
iron-folate supplements in the pilot areas.
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in low-income and middle-income countries concluded 
that, relative to IFA, prenatal use of MMS reduced the 
number of LBW newborns by 12% (pooled risk ratio 0.88, 
95% CI 0.85 to 0.91). Furthermore, MMS was reported 
to lead to a 5% reduction in preterm births (pooled risk 
ratio 0.95, 95% CI 0.90 to 1.01), and a 8% reduction in 
babies considered small-for-gestational age (pooled risk 
ratio 0.92, 95% CI 0.88 to 0.97).3 In response to this meta-
analysis, WHO updated its guideline on MMS to ‘recom-
mended use in the context of rigorous research’.1

The government of Ethiopia is committed to improving 
healthcare, so that more infants and children survive and 
thrive. One factor that contributes to poor child health 
in the country is the underlying poor nutrition of women 
and girls who frequently have multiple-micronutrient 
deficiencies.4 Persistent nutritional problems have life-
cycle consequences with short-term, medium-term and 
long-term effects, including through the birth weight of 
newborns; 17% of Ethiopian newborns are estimated to 
be born LBW (<2500 g).5

The Ministry of Health (MoH) of Ethiopia now wants 
to understand the effect on birth weight of a policy 
change from provision of IFA to provision of MMS as part 
of routine ANC. For this purpose, in 2023, MoH removed 
IFA supplements from the routine ANC package in 21 
districts across five regions of Ethiopia so as to pilot the 
provision of MMS instead. The current pragmatic cluster-
randomised trial aims to generate evidence on the effect 
on birth weight of this pilot policy change, in addition 
to providing evidence on implementation processes and 
costs.

METHODS AND ANALYSIS
Ethiopian context
Ethiopian health policy states that women should have 
eight ANC contacts during pregnancy with the first 
contact taking place in the first trimester of pregnancy, 
and that they should consume IFAs (60 mg iron and 
0.4 mg folic acid) throughout pregnancy and for 180 
days afterwards, and that childbirth should be attended 
by a skilled provider in a health facility.6 Table 1 shows 
a summary of the uptake of these recommendations 
between 2011 and 2019.7 Although considerable progress 
was made during the period, by 2019 most women did 
not attend clinic early in pregnancy or have the recom-
mended number of antenatal visits, did not consume 
iron tablets for the recommended duration and did not 
deliver in a health facility.7 This context of relatively low 
use of recommended care underlines the importance of 
understanding programme feasibility, the acceptability of 
interventions and adherence to recommended schedules.

Study aim and objectives
The overall aim of the MMS evaluation is to investigate 
the programme effectiveness on birth weight of providing 
MMS as part of routine ANC, relative to providing IFA. 
The primary objective is to estimate the effect of MMS 

implementation on the mean birth weight of babies 
born in government health facilities to women living in 
areas where MMS is implemented, relative to the mean 
birth weight of babies born in government health facil-
ities to women living in areas where standard antenatal 
IFA supplementation is implemented. This objective is 
addressed through intention-to-treat analysis.

The secondary objective is to estimate the effect of 
MMS on mean birth weight of newborns of mothers who 
receive and use either MMS or IFA. That is, a per-protocol 
analysis restricting to women who self-report having 
(1) received and (2) consumed either IFA or MMS, 
with exploratory analysis around the number of tablets 
reported to be consumed. Additional secondary objec-
tives are to investigate the processes of MMS implemen-
tation, how providers and pregnant women respond to 
MMS and to estimate the cost and cost-effectiveness of 
MMS relative to IFA.

Intervention details
With the support of UNICEF, the 21 district pilot policy 
shift in Ethiopia aims to substitute IFA for MMS as part 
of routine ANC, providing women with enough supply to 
take at least one supplement a day between the first ANC 
visit and the end of pregnancy. For MMS, the UNIMMAP 
(United Nations International Multiple Micronutrient 
Antenatal Preparation) formulation is used that contains 
15 essential vitamins and minerals including: Retinol 
(Vitamin A-acetate) 800 µg; Vitamin E (as vitamin E-acetate) 
10 mg; Vitamin D (as Cholecalciferol) 200 IU; Vitamin B1 
(Thiamine mononitrate) 1.4 mg; Vitamin B2 (As Riboflavin) 
1.4 mg; Vitamin B3 (As Nicotinamide) 18 mg; Vitamin B6 (as 
Pyridoxine 1.9 mg; Vitamin B12 (as Cyanocobalamin) 2.6 mg; 
Folic Acid 400 µg; Vitamin C (As Ascorbic Acid) 70 mg; Iron (As 
ferrous sulphate) 30 mg; Zinc (As zinc sulphate) 15 mg; Copper 
(as Copper Sulphate) 2 mg; Selenium (as Sodium selenite) 65 µg 
and Iodine (as Potassium Iodate) 150 µg.8

Table 1  Population-level coverage of antenatal care 
and health facility delivery in 2011 and 2019, Ethiopia 
Demographic and Health Surveys*

2011 (%) 2019 (%)

Coverage of at least one antenatal 
care visit

34 74

Coverage of at least four antenatal 
care visits

19 43

Coverage of any antenatal care in first 
trimester

11 28

Coverage of antenatal iron 
supplementation

– 60

Percent of women taking iron 
supplementation 90 days or longer

– 11

Coverage of health facility births 10 48

*Ethiopian Public Health Institute (EPHI) (Ethiopia) and ICF. 2021. 
Ethiopia Mini Demographic and Health Survey 2019: Final Report. 
Rockville, Maryland, USA: EPHI and ICF.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

b
y g

u
est

 
o

n
 M

arch
 11, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
6 F

eb
ru

ary 2025. 
10.1136/b

m
jo

p
en

-2024-093385 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


3Marchant T, et al. BMJ Open 2025;15:e093385. doi:10.1136/bmjopen-2024-093385

Open access

During 2023–2024, the goals of this pilot are to (1) 
create an enabling environment to support the subse-
quent scaling up of MMS, for example through engage-
ment at multiple levels of the health system; (2) ensure 
delivery platforms that support the introduction of MMS 
as part of a comprehensive package of maternal nutri-
tion interventions, for example through strengthening 
of supply chains; (3) ensure that pregnant women and 
healthcare workers understand the importance of MMS 
and support its use, for example through revision of 
health education materials used as part of ANC and (4) 
integrate MMS monitoring into routine nutrition infor-
mation systems and generate evidence to inform national 
scale-up, for example through adaptation of existing 
routine ANC registers.9 Evidence to inform national 
scale-up will come in part from the two-arm facility-based 
cluster-randomised trial described here.

Study design
To address the primary objective of effect on birth weight, 
continuous data collection of birth weights from all births 
in enrolled health facilities is carried out between January 
2023 and December 2024, also recording data on MMS 
and IFA exposure among the mothers of newborns. To 
address secondary objectives on processes and costs, this 
continuous data are supplemented by baseline, midline 
and endline sample surveys of ANC users, health facility 
staff, facility readiness assessments and qualitative inter-
views (figure 1). The evaluation team plays no role in the 
implementation.

Randomisation
This two-arm trial has 42 districts randomised either to 
a comparison arm that continues to deliver IFA as part 
of the standard ANC package, or to an intervention arm 
where IFA is removed and replaced with MMS (figure 2). 
Districts were selected as follows. In November 2021, the 
MoH created a ‘long list’ of 286 districts that were assessed 
to be secure at that time. From that ‘long list’, MoH and 
UNICEF selected a shortlist of 42 districts across five 
regions where focal persons were present and provided 

this list to the evaluation team. Stratified randomisa-
tion by region was needed to ensure that districts from 
all five regions be included in both study arms. Districts 
were therefore listed within regions, assigned a random 
number then the region-by-region lists ranked by that 
random number. One half of the districts—those with the 
lowest ranks—were assigned to the intervention arm and 
the remaining districts assigned to the comparison arm.

Selection of health facilities
The selection of eligible health facilities within the 42 study 
districts was conducted as follows. The evaluation team 
reviewed District Health Information System-2 output to 
document the volume of births each month in all health 
facilities across the 42 districts. Within districts, facilities 
were ordered from high to low volume of monthly births 
and the top five health facilities were visited by the study 
team for manual record review. Health facilities with at 
least 15 births per month were enrolled as study health 
facilities. In total, 44 health facilities were enrolled in the 
21-district MMS arm and 54 health facilities were enrolled 
in the 21-district IFA arm.

Assessing effect on birth weight: continuous data collection
Continuous data collection of the outcome measure 
(birth weight) and exposure (receipt and use of interven-
tions) is collected on all eligible births in enrolled health 
facilities over a period of 2 years from January 2023 to 
December 2024.

Sample size
The sample size calculation for the continuous data 
collection was based on birth weight. Previous studies 
suggest a population mean birth weight of approximately 
3000 g with a SD of 500 g, and that the intra-cluster 
correlation coefficient (ICC) for birth weights within 
the same woreda ranges between 0.003 and 0.005.10–12 
The Cochrane meta-analysis suggests that babies born to 
mothers using prenatal MMS have a mean birth weight 
that is at least 35 g higher than babies born to mothers 
using prenatal IFA.3 Assuming the more conservative 

Figure 1  Implementation and evaluation timeline for the MMS pilot in Ethiopia. IFA, iron-folate supplements; MMS, multiple-
micronutrient supplements.
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ICC, a total of 42 clusters, that is, 21 in each group, each 
contributing 30 observations (birth weights) at each of 
2 monthly repeat cross-sectional surveys over 24 months 
(ie, 15 120 birth weights in total) would provide 80% 
power to detect a birth weight difference of at least 35 g 
between infants born to mothers offered MMS and those 
born to mothers offered IFA, assuming a 5% level of 
significance.13 Alternatively, with the specified sample 
size, there would be an 80% chance that the 95% CIs of 
the estimated difference in mean birth weights between 
the groups would exclude a zero difference if the real 
difference was 35 g or more.

Record review and experience in the study area suggest 
that 30 births per cluster every 2 months is feasible in all 
clusters and that most clusters will exceed this number, 
giving the study over 80% power.

Sample selection for birth weight
The newborn birth weights for all women who give birth 
to singleton babies in study health facilities during the 
continuous data collection period are eligible for inclu-
sion and will be documented; the following exclusion 
criteria will be applied:

	► Women who do not give consent for birth weight data 
to be recorded.

	► Women who experience a stillbirth.
	► Women who experience an emergency health event, 

including risk to their own life or the life of their 
newborn.

Informed consent
Written informed consent is sought from each individual 
woman before any data are recorded for the purpose of the 
evaluation (online supplemental annex 1). Birth weight 
is recorded by midwives as part of usual practice, but no 
data extraction or data collection of any kind occurs until 
after the mother and infant are settled and away from 
the delivery room. At that time, trained midwives provide 
the mother with information about the study purpose, 
risks and benefits and answer any questions. Women are 
assured that they have the right to refuse to participate 
with no adverse consequence to the care provided.

Data collection and data entry processes
Among women who agree to participate, data on birth 
weight and mother’s use of ANC and exposure to MMS or 
IFA is collected by the midwives attending births. These 
midwives are trained and continuously supervised by 
study supervisors through weekly Telegram, WhatsApp 
chats and Zoom and through bimonthly site visits. Data 
are recorded on paper forms that have preassigned 
unique numeric identifiers then collected by supervisors 
for double data entry and verification and stored in a 
secure room.

Variables captured through continuous data collection
The paper form was codesigned with midwives to capture 
outcome and exposure data as efficiently as possible, 
prioritising alignment with existing information recorded 

Figure 2  Map of Multiple Micronutrient Supplement evaluation study area.
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by the midwives on women’s health cards. The indicators 
included on this paper form are shown in table 2.

Data management and quality control
The data quality of birth weight is an ongoing focus for the 
study team. Each health facility is provided with a digital 
scale (Seca 384) and batteries. At the start of the study, 
all staff in the maternity ward plus the facility manager 
are trained to use the scales, including the use of calibra-
tion weights. A written standard operating procedure is 
left at the facility and at each subsequent supervision visit, 
the correct use of digital scales and calibration weights is 
revised through practical exercises. Also during supervi-
sion visits, supervisors review the paper forms completed 
by midwives to check completeness and to cross-reference 
against facility registers: any discrepancies are discussed 
in-person with facility staff with the aim of continuously 
improving data quality. On return to Addis Ababa, the 
forms are submitted for double-data entry and quality 
control checks are run by data managers for complete-
ness, outliers and to run histograms at the level of the 
health facility to check distribution of birth weight data. 
Birth weight summary reports are produced for each 
health facility and supervisors use these reports when 
providing feedback to midwives about data quality.

During each facility visit, supervisors also aim to make 
a reinterview home visit to one recently delivered woman 
who was discharged during the week of the supervision 
visit and who lives in the neighbourhood of the health 
facility. If the mother is identified and agrees to be reinter-
viewed, the supervisor works with the mother to complete 
the paper form again, then cross-references responses 
with the original form completed by the midwife. Again, 
any discrepancies are used to provide feedback to 
midwives as part of efforts to continuously improve data 

capture processes. Reinterview forms are also returned 
for double-data entry and subsequent analysis as matched 
pairs with the original.

All data associated with this MMS evaluation are anony-
mised and stored on secure servers at the Ethiopian Public 
Health Institute (EPHI). A data sharing agreement exists 
between EPHI and London School of Hygiene & Trop-
ical Medicine (LSHTM) to give equal access to all anony-
mised data sets and describes dissemination plans to key 
audiences in Ethiopia and through publication.

Statistical analysis for birth weight outcomes
Statistical analysis will be conducted at the individual 
mother–child dyad level, with appropriate adjustment 
for clustering within districts. Data on birth weights will 
be summarised at repeat 2 monthly intervals, creating 12 
cross-sectional summaries of mean birth weight in each 
study arm to explore temporal trends in changes in birth 
weight between the treatment groups.

For the primary intention-to-treat analysis, the mean birth 
weight of participants will be summarised according to 
their treatment allocation regardless of their uptake of 
the intervention. We will use a mixed-effects generalised 
linear model assuming a Gaussian distribution of the 
outcome with cluster-level random effects to estimate the 
overall mean difference in birth weight over the whole 
duration of the evaluation, comparing MMS versus stan-
dard care (IFA) clusters using 95% CIs.

For the secondary per-protocol analysis, the analysis 
of mean birth weight will be repeated but in data sets 
restricted to women (1) who received the interventions 
within the first 24 weeks of pregnancy and (2) who self-
report consuming at least 90 supplement tablets during 
pregnancy.

Table 2  Indicators available from the continuous data collection paper form on all births

Indicator Numerator Denominator

Maternal characteristics including 
age, parity, birth outcome, mode of 
delivery, number and timing of ANC 
visits.

# women with the characteristic All women registered who gave consent 
to participate

Newborn characteristics including 
gestational age at birth, singleton or 
multiple birth, sex

# newborns with the characteristic All newborns contributing birth weight 
data

Mean birth weight All recorded singleton birth weights N/A

Receipt of supplements this 
pregnancy, disaggregated by IFA/
MMS

All women who report having received either 
MMS or IFA while pregnant

All women whose newborn contributes 
birth weight data

Use of supplements this pregnancy, 
disaggregated by IFA/MMS

All women who report having consumed any 
number of tablets while pregnant

All women whose newborn contributes 
birth weight data

Use of at least 90 supplements this 
pregnancy, disaggregated by IFA/
MMS

All women who report having consumed at 
least 90 tablets while pregnant, among those 
who were first given supplements before the 
third trimester of pregnancy

All women whose newborn contributes 
birth weight data and who were first 
given supplements before the third 
trimester of pregnancy

IFA, iron-folate supplements; MMS, multiple-micronutrient supplements; N/A, not applicable.
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Sensitivity analysis will include inverse probability 
weighting to account for missingness where it is possible 
that data are missing not at random.

Assessing processes: facility surveys
A process evaluation14 is nested within the overall trial 
design, focusing predominantly on MMS implementation 
over time but also drawing comparison with processes 
for IFA where relevant. Facility surveys are carried out 
at three points in time (January–April 2023, April–June 
2024 and January–February 2025) and are described 
here. The facility survey involves (1) a health facility read-
iness assessment, which assesses the availability of essen-
tial supplies and services for ANC, (2) interviews with 
the health staff providing services on the day of survey, 
to assess their knowledge of the importance of nutri-
tional supplements, (3) exit interviews with service users, 
to collect information on receipt and use of nutritional 
supplements and (4) a subsample of qualitative inter-
views with both staff and service users, to explore attitudes 
towards nutritional supplements in individuals and their 
communities. As part of the process evaluation, data from 
all respondents will be triangulated where ever possible to 
enhance meaning. Voluntary written informed consent is 
sought from all participants.

Sample size
Facility surveys are conducted in all of the same health 
facilities (health centres and hospitals) included in the 
continuous data collection. One staff member providing 
ANC on the day of survey is interviewed per health 
facility. In addition, for each health centre one health 
post (the lowest level of the health system, usually the first 
point of contact for preventive care in the community) 
is randomly selected for the facility readiness assessment 
and health staff interview.

The sample size estimation for quantitative questions 
on the facility user exit interviews is based on detecting 
a 15 percentage point or greater difference between two 
point estimates of the use of nutritional supplements 
(ever used in pregnancy or used for at least 90 days during 
pregnancy), assuming a 50% baseline coverage. A sample 
size of 375 service users per time point, per study arm, 
will have 80% power to detect a change of 15 percentage 
points using a 5% significance level, a two-sided test, a 
design effect of 2.00 and 10% losses.13

The sample sizes for the qualitative interviews are 
expected to be approximately 20 in each study arm, to 
be finalised with reference to data saturation after daily 
summaries.

Data management and quality control
Primary data collection tools are designed with input 
from key stakeholders in English then translated to local 
languages (Amharic and Oromifa) with back transla-
tion to English for consistency checks. Quantitative tools 
are programmed in Open Data Kit (ODK) using limits 
on precoded responses to minimise errors as well as 

internal checks that require data input before advancing 
to another question. All tools are pretested before final-
isation and used alongside a detailed survey instruction 
manual during data collection by a survey team who 
have received classroom training. During data collection, 
supervisors review data daily before uploading to the 
secure server from where the data manager also reviews 
and runs consistency checks on key indicators.

The qualitative data are collected by recording inter-
views then transcribing and translating. In addition, field 
notes are made each day to make sure that insights are 
immediately used to update the interview guides. All data 
are collected using password-protected electronic devices 
and stored on secured servers.

Data analysis
The process evaluation will be descriptive, including 
questions about the fidelity of MMS implementation 
(the extent to which the MMS pilot was implemented as 
planned), the dose of implementation (the availability of 
MMS and of trained staff in health facilities), adaptation 
(the extent to which the planned protocol for integra-
tion of MMS within routine ANC needed to be amended 
as implementation proceeded, for example because of 
supply chain or acceptability issues), reach (the extent to 
which the population in need of MMS are able to access 
it, and any systematic inequalities there) and context (the 
health system structures within which implementation 
occurs). Regarding women’s knowledge, acceptability 
and adherence of MMS and IFA, point estimates and 
their 95% CIs will be calculated. Mean or median days 
adherence to supplements will be stratified by timing of 
first ANC attendance. Evidence of change between area 
or between time point will be determined through χ2 tests 
or t-tests, as appropriate.

For qualitative data, thematic analysis will be carried 
out. Transcripts will be read for familiarisation of concep-
tual themes to emerge around preferences, enables and 
barriers to the use of supplements. A coding template 
and code book will be developed using NVivo and all 
interviews coded prior to analysis.

Assessing cost and cost-effectiveness
The study aims to cost MMS and evaluate the incremental 
cost-effectiveness of MMS compared with IFA as part 
of routine ANC, based on local costs and birth weight 
outcomes. Ingredients-based costing will be applied and a 
decision analytical model employed to estimate the incre-
mental cost-effectiveness of MMS compared with IFA 
from the health provider perspective (excluding the costs 
borne by the clients accessing the services). For costs, data 
collection will be nested in a subsample of health facilities 
included in the midline facility survey and include inter-
views with health facility managers, district and regional 
health office managers, MoH staff and implementing 
partners. If the intervention demonstrates evidence of 
effectiveness on mean birth weight, a full economic evalu-
ation will be carried out to calculate the relative value for 
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money of MMS compared with the IFA standard of care, 
with methods aligned with the the iDSI Reference Case 
for Economic Evaluation criteria15 and with the Consoli-
dated Health Economic Evaluation Reporting Standards 
(CHEERS),16 and compared with estimates generated 
using the published MMS Cost–Benefit Tool which draws 
from global relative effectiveness data.17

ETHICS AND DISSEMINATION
Ethical approval was obtained from the institutional 
review board of the Ethiopian Public Health Institute 
(EPHI-IRB-455-2022) and the London School of Hygiene 
and Tropical Medicine (LSHTM ref 28021). All partici-
pants will be free to participate or not to participate, and 
written informed consent will be sought prior to data 
collection. Any change to the approved protocol will be 
communicated in writing to the IRB committees. The 
results from the study will be disseminated in-country, at 
conferences and in a peer-reviewed journal.

Oversight and monitoring
An independent Data Safety and Monitoring Board 
(DSMB) was established before the start of the trial to 
review, with strict confidence, the trial data approximately 
yearly for the duration of the trial. No formal interim 
analysis of the data is planned. Information on the rate of 
stillbirths in health facilities over time are collected and 
reported to the DSMB.

A steering group for the Ethiopian MMS pilot as a 
whole is led by the MoH and convenes monthly to bring 
together implementation and evaluation teams who share 
progress updates.

Finally, three types of feedback loop link data collected 
to implementation. First, supervisors alert MoH in the 
event that any health facility has a stock out of MMS or 
IFA. Second, data summaries from the paper form are 
tabulated every 4 months and shared with the implemen-
tation team to facilitate continuous monitoring and deci-
sion making for programme improvement. And finally, 
facility survey reports are shared with the steering group 
and include requested tabulations that may inform deci-
sion making.

DISCUSSION
This pragmatic trial aims to deliver actionable evidence 
on the programme effectiveness of a pilot to introduce 
MMS as the nutritional supplement of choice in Ethio-
pia’s routine ANC package, replacing IFA. Responding 
to requests from MoH and consistent with WHO guide-
lines, evidence will be provided on the effect on mean 
birth weight of changing from IFA to MMS. Additionally, 
the study will assess the costs associated with MMS imple-
mentation and evaluate processes that affect successful 
uptake. Feedback loops are an integral part of the design 
so that evaluation contributes to the potential for success 
of this pilot. The trial has three unavoidable but important 

limitations. First, the need for accurate measures of birth 
weight requires a facility-based study design, meaning that 
the study population are likely to be better healthcare 
seekers on average than the general population. Second, 
the large sample size needed to detect a difference of at 
least 35 g in mean birth weight necessitates working over 
a very large geographical area, within routine systems and 
with health staff rather than posting dedicated study staff 
in health facilities: continuous close attention is needed 
on data quality. Finally, the secondary analyses of differ-
ence in mean birth weight by exposure to supplements 
relies on women’s self-reports about tablets received 
and consumed, and these self-reports are known to have 
suboptimal validity.18

Nonetheless, this comprehensive study of the effect of 
an MMS policy shift on health benefits, processes and 
costs responds directly to country need and will make an 
important contribution to global learning.
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London School of Hygiene & Tropical Medicine. Contact: ​
RGIO@​lshtm.​ac.​uk

Author affiliations
1Department of Disease Control, London School of Hygiene and Tropical Medicine, 
London, UK
2Health System and Reproductive Health Research Directorate, Ethiopian Public 
Health Institute, Addis Ababa, Ethiopia
3Nutrition, Environmental Health and Non-communicable Diseases Research 
Directorate, Ethiopian Public Health Institute, Addis Ababa, Ethiopia
4Department of Medical Statistics, London School of Hygiene and Tropical Medicine, 
London, UK

Acknowledgements  We are grateful to the participants of this study for freely 
giving their time during interview and to the health facility staff and district and 
regional health management teams who facilitated data collection processes.

Contributors  This study represents a collaboration between the London School 
of Hygiene and Tropical Medicine and the Ethiopian Public Health Institute. TM and 
MT are principal investigators (PI) and co-PI and wrote the first draft of the protocol; 
AD and AK are research leads; SAB and EAZ lead the costing study; CO, BT and 
KZ are responsible for data management and trial statistics, LP and JS are senior 
researchers on the team and GTZ and AT contribute to the process evaluation. All 
authors read and approved the final version of the manuscript. TM is the guarantor.

Funding  This work was supported by Children’s Investment Fund Foundation grant 
number 2002-04486.

Map disclaimer  The inclusion of any map (including the depiction of any 
boundaries there), or of any geographic or locational reference, does not imply 
the expression of any opinion whatsoever on the part of BMJ concerning the legal 
status of any country, territory, jurisdiction or area or of its authorities. Any such 
expression remains solely that of the relevant source and is not endorsed by BMJ. 
Maps are provided without any warranty of any kind, either express or implied.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting or dissemination plans of this research.

Patient consent for publication  Consent obtained directly from patient(s).

Provenance and peer review  Not commissioned; externally peer reviewed.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

b
y g

u
est

 
o

n
 M

arch
 11, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
6 F

eb
ru

ary 2025. 
10.1136/b

m
jo

p
en

-2024-093385 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


8 Marchant T, et al. BMJ Open 2025;15:e093385. doi:10.1136/bmjopen-2024-093385

Open access�

terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Tanya Marchant http://orcid.org/0000-0002-4228-4334
Senait Alemayehu http://orcid.org/0000-0002-0429-3643
Lars Ake Persson http://orcid.org/0000-0003-0710-7954
Girum Taye http://orcid.org/0000-0003-3734-7705
Masresha Tessema http://orcid.org/0000-0002-7155-4815

REFERENCES
	 1	 WHO. WHO antenatal care recommendations for a positive 

pregnancy experience. nutritional interventions update: multiple 
micronutrient supplements during pregnancy. 2020. Available: 
https://www.who.int/publications/i/item/9789240007789 [Accessed 
27 Aug 2024].

	 2	 UNICEF. Interim country-level decision-making guidance for 
introducing multiple micronutrient supplementation for pregnant 
women. 2020. Available: https://www.unicef.org/media/96971/file/​
Interim-Country-level-Guidance-MMS-for-PW-2021.pdf [Accessed 
27 Aug 2024].

	 3	 Keats EC, Haider BA, Tam E, et al. Multiple-micronutrient 
supplementation for women during pregnancy. Cochrane Database 
Syst Rev 2019;3:CD004905. 

	 4	 Hafebo A, Wuehler S, Gibbs M, et al. Overview of the Ethiopian 
National Food Consumption Survey (NFCS): Implications for 
Fortification Programs. EJNFS 2015;5:961–2. 

	 5	 Katiso NA, Kassa GM, Fekadu GA, et al. Prevalence and 
Determinants of Low Birth Weight in Ethiopia: A Systematic Review 
and Meta-Analysis. Adv Public Health 2020;2020:1–13. 

	 6	 Ministry of Health, Ethiopia. National antenatal care guideline. 2022. 
Available: https://www.moh.gov.et/sites/default/files/2024-07/​
National%20Antenatal%20Care%20Guideline_2022.pdf [Accessed 
27 Aug 2024].

	 7	 Ethiopian Public Health Institute (EPHI) and ICF. Ethiopia mini 
demographic and health survey 2019: final report. Rockville, 
Maryland, USA EPHI and ICF; 2021. Available: https://www.​
dhsprogram.com/pubs/pdf/FR363/FR363.pdf [accessed 27 Aug 
2024]

	 8	 Multiple Micronutrient Supplement Technical Advisory Group (MMS-
TAG), Micronutrient Forum (MNF). Expert consensus on an open-
access United Nations International Multiple Micronutrient Antenatal 
Preparation-multiple micronutrient supplement product specification. 
Ann N Y Acad Sci 2020;1470:3–13. 

	 9	 Tesfa A, Defar A, Taye G. Piloting Multiple Micronutrient 
Supplementation within the Routine Antenatal Care System in 
Ethiopia: Insights from Stakeholders. Matern Child Nutr 2025. 

	10	 Berhane M, Workineh N, Girma T, et al. Prevalence of Low Birth 
Weight and Prematurity and Associated Factors in Neonates in 
Ethiopia: Results from a Hospital-based Observational Study. Ethiop 
J Health Sci 2019;29:677–88. 

	11	 Gebremedhin M, Ambaw F, Admassu E, et al. Maternal associated 
factors of low birth weight: a hospital based cross-sectional mixed 
study in Tigray, Northern Ethiopia. BMC Pregnancy Childbirth 
2015;15:222. 

	12	 Endalamaw A, Engeda EH, Ekubagewargies DT, et al. Low birth 
weight and its associated factors in Ethiopia: a systematic review 
and meta-analysis. Ital J Pediatr 2018;44:141. 

	13	 Hayes RJ, Moulton LH. Cluster Randomised Trials (2nd Ed.). 
Chapman and Hall/CRC, 2017. Available: https://doi.org/10.4324/​
9781315370286

	14	 Moore GF, Audrey S, Barker M, et al. Process evaluation of 
complex interventions: Medical Research Council guidance. BMJ 
2015;350:h1258. 

	15	 Drummond ME, Sculpher MJ, Torrence GW, et al. Methods for the 
Economic Evaluation of Health Care Programmes, Third Edition. 
Oxford University Press, 2006. Available: https://doi.org/10.1093/​
oso/9780198529446.001.0001

	16	 Bertram MY, Lauer JA, Stenberg K, et al. Methods for the Economic 
Evaluation of Health Care Interventions for Priority Setting in the 
Health System: An Update From WHO CHOICE. Int J Health Policy 
Manag 2021;10:673–7. 

	17	 MMS cost-benefit tool. Available: https://www.nutritionintl.org/​
learning-resources-home/mms-cost-benefit-tool/ last [Accessed 27 
Aug 2024].

	18	 L-Thorne-Lyman A, Lama TP, Heidkamp RA, et al. Cognitive testing 
of questions about antenatal care and nutrition interventions in 
southern Nepal. Soc Sci Med 2022;311:115318. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

b
y g

u
est

 
o

n
 M

arch
 11, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
6 F

eb
ru

ary 2025. 
10.1136/b

m
jo

p
en

-2024-093385 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-4228-4334
http://orcid.org/0000-0002-0429-3643
http://orcid.org/0000-0003-0710-7954
http://orcid.org/0000-0003-3734-7705
http://orcid.org/0000-0002-7155-4815
https://www.who.int/publications/i/item/9789240007789
https://www.unicef.org/media/96971/file/Interim-Country-level-Guidance-MMS-for-PW-2021.pdf
https://www.unicef.org/media/96971/file/Interim-Country-level-Guidance-MMS-for-PW-2021.pdf
http://dx.doi.org/10.1002/14651858.CD004905.pub6
http://dx.doi.org/10.1002/14651858.CD004905.pub6
http://dx.doi.org/10.9734/EJNFS/2015/21186
http://dx.doi.org/10.1155/2020/7589483
https://www.moh.gov.et/sites/default/files/2024-07/National%20Antenatal%20Care%20Guideline_2022.pdf
https://www.moh.gov.et/sites/default/files/2024-07/National%20Antenatal%20Care%20Guideline_2022.pdf
https://www.dhsprogram.com/pubs/pdf/FR363/FR363.pdf
https://www.dhsprogram.com/pubs/pdf/FR363/FR363.pdf
http://dx.doi.org/10.1111/nyas.14322
http://dx.doi.org/10.1111/mcn.13809
http://dx.doi.org/10.4314/ejhs.v29i6.4
http://dx.doi.org/10.4314/ejhs.v29i6.4
http://dx.doi.org/10.1186/s12884-015-0658-1
http://dx.doi.org/10.1186/s13052-018-0586-6
https://doi.org/10.4324/9781315370286
https://doi.org/10.4324/9781315370286
http://dx.doi.org/10.1136/bmj.h1258
https://doi.org/10.1093/oso/9780198529446.001.0001
https://doi.org/10.1093/oso/9780198529446.001.0001
http://dx.doi.org/10.34172/ijhpm.2020.244
http://dx.doi.org/10.34172/ijhpm.2020.244
https://www.nutritionintl.org/learning-resources-home/mms-cost-benefit-tool/%20last
https://www.nutritionintl.org/learning-resources-home/mms-cost-benefit-tool/%20last
http://dx.doi.org/10.1016/j.socscimed.2022.115318
http://bmjopen.bmj.com/

	Effect of prenatal multiple micronutrient supplementation on birth weight in Ethiopia: protocol for a pragmatic cluster-­randomised trial
	Abstract
	Introduction﻿﻿
	Methods and analysis
	Ethiopian context
	Study aim and objectives
	Intervention details
	Study design
	Randomisation
	Selection of health facilities
	Assessing effect on birth weight: continuous data collection
	Sample size
	Sample selection for birth weight
	Informed consent
	Data collection and data entry processes
	Variables captured through continuous data collection
	Data management and quality control
	Statistical analysis for birth weight outcomes

	Assessing processes: facility surveys
	Sample size
	Data management and quality control
	Data analysis

	Assessing cost and cost-effectiveness

	Ethics and dissemination
	Oversight and monitoring

	Discussion
	Trial sponsor

	References


