Kang et al. BMC Public Health ~ (2026) 26:313 BMC Public Health
https://doi.org/10.1186/512889-025-24944-x

Check for
updates

A systematic review of methodological
approaches and measurement of adherence
to micronutrient supplementation among
women of reproductive age in low-

and middle-income countries

|4,5

Bee-Ah Kang"”, Jordyn Britton??, Olajumoke Kiito Olarewaju', Aditi Luitel*, Daryl Stephens' and Rajiv N. Rimal'

Abstract

Background Ensuring adherence to recommended micronutrient supplementation regimens is essential for
addressing malnutrition among women in low- and middle-income countries (LMICs). While efficacy trials often use
biomarker changes as proxies for adherence, public health programs employ diverse methodologies to measure
adherence. However, consolidated evidence on the methodological approaches used in these programs and the
extent of their standardization remains scarce. This systematic review addresses this gap by exploring adherence
measurement methodologies, including adherence thresholds, data collection methods, the number of methods
utilized, and measurement frequencies.

Methods We conducted a literature search on PubMed, Scopus, and Embase. Studies that measured adherence to
WHO-recommended micronutrient supplements among women aged 15-49 in LMICs were included. Two reviewers
screened titles/abstracts and full texts independently. Fifty-nine articles met the criteria. Data extraction involved four
researchers. Article quality was assessed using Cochrane tools.

Results We categorized the included studies into behavioral vs. non-behavioral interventions to identify unique
patterns between the two. Across non-behavioral studies, adherence was frequently defined with a threshold of 80%.
These studies commonly used pill count to measure adherence and conducted frequent monitoring. Behavioral
studies often adopted more diverse thresholds (e.g., 70%, 90 tablets), while 67% of them did not provide a clear
threshold to define adherence. Self-report was the most commonly used measurement approach. The use of data
triangulation and regular monitoring bolstered the validity of self-reports.

Conclusions Micronutrient supplementation programs would benefit from adopting evidence-based thresholds
to define adherence levels, enhancing comparability across studies. Using a combination of methods and cross-
checking data from multiple sources can improve the validity of adherence measurements. We recommend against
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this underserved population.

reproductive age, Nutritional behavior

treating adherence as a static, standalone construct; instead, reporting its trajectory throughout an intervention
and its association with health outcomes can provide valuable insights for program planning. In terms of study
characteristics, most studies have primarily focused on pregnant and lactating women, leaving adherence
measurement approaches among nonpregnant women and adolescents largely understudied. We strongly
encourage future research to investigate how methodological issues of adherence is uniquely experienced among
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Background

Low- and middle-income countries(LMICs) dispro-
portionately bear the burden of nutritional deficiencies
among women. On average, 63% of women of reproduc-
tive age living in LMICs are vitamin D deficient, 41% are
zinc deficient, and 23% are folate deficient, in addition
to presenting inadequate levels of iron, B12, iodine and
calcium [1]. Micronutrient deficiencies among women,
especially during pregnancy, can lead to immediate and
long-term adverse health outcomes, such as maternal
mortality, pregnancy loss, low birth weight, as well as an
increased risk of cardiovascular diseases and cognitive
impairments later in life [1, 2]. According to the WHO’s
dietary and micronutrient supplementation recommen-
dations for pregnant women in antenatal care (ANC) [3]
and for menstruating adult women and adolescent girls
[4], providing micronutrient supplements has been a
practical and cost-effective strategy for achieving better
pregnancy, maternal, and child health outcomes globally.

Ensuring consistent uptake of recommended micronu-
trient supplements among individuals (such as Vitamin
A, folate, and calcium for pregnant women), therefore,
has been as a critical prerequisite for achieving optimal
health and programmatic goals, especially in LMICs
where dietary inadequacies are widespread. Adher-
ence has been defined as “the extent to which a patient’s
behavior matches the agreed recommendations from a
healthcare provider” [5]. Although there is a tendency
to dichotomize participants as being “adherent” or “non-
adherent” in health research, no scientific consensus cur-
rently exists on what constitutes satisfactory adherence,
as some studies define adherence as high as 90% of the
prescribed supplements [6], while others use a lower
threshold, such as 65% [7]. Also, heterogeneity in mea-
surement methods and frequency may affect programs’
ability in defining adherence and interpreting interven-
tion outcomes.

Given the intake requirements that differ by the type of
micronutrient and the population, along with contextual
factors that affect women’s adherence to supplementation
in LMICs, it is critical for micronutrient supplementation
programs to properly define, measure, and assess adher-
ence, ultimately to accurately examine the impact of
the interventions on health outcomes. This is necessary

not only to advance the field of adherence research in
nutrition, but also to guide program implementers and
funders to make informed decisions on implementing
and investing in supplementation programs. Prior lit-
erature reviews on adherence have largely focused on
obtaining pooled estimates of adherence among pregnant
women [8—10]. However, the interpretation of such esti-
mates requires close investigation of underlying method-
ological approaches partly due to divergent thresholds
adopted (e.g.,>50% vs.>80%). Also, another review of
trials in LMICs found that self-report was most com-
mon, with great heterogeneity in defining and calculat-
ing adherence [6]. This literature review’s primary focus,
however, was on pregnant women consuming iron and
folic acid (IFA), providing limited implications for how
methodological approaches were applied for non-preg-
nant women or adolescent girls and other micronutrients
[6].

Our literature review aimed to provide consolidated
evidence by reviewing adherence measurement meth-
odology across various study designs, types of micro-
nutrients, and populations. Reviewing various types of
interventions and exploring strengths and weaknesses
of each, we hoped to provide a way forward for guiding
evidence-based approaches. Specifically, we sought to
1) summarize the characteristics of studies that imple-
mented a micronutrient supplementation intervention
for women of reproductive age, 2) synthesize data on
adherence definition, measurement, and outcomes, and
3) examine studies that led to improvement in adherence.

Methods

Inclusion and exclusion criteria

We included studies that empirically measured adher-
ence to micronutrient supplements among women of
reproductive age. Since studies adopted various terms
for ‘adherence, such as compliance, uptake, and con-
sumption, we considered any micronutrient supplemen-
tation behaviors. Studies without health outcomes were
included as long as they measured and reported adher-
ence. We considered peer-reviewed original research
that evaluated a micronutrient supplementation inter-
vention based on primary data. Studies must have pro-
vided enough details about an intervention to describe
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the objective of a program. Studies that evaluated gov-
ernmental supplementation programs were included
only if they provided sufficient intervention descriptions
and collected primary data. Referring to the micronutri-
ent recommendations for women of reproductive age by
the WHO and UNICEF and findings from the United
Nations International Multiple Micronutrient Antenatal
Preparation (UNIMMARP) trials [3, 4, 11], we included
studies that focused on iron, folic acid, vitamin A, vita-
min E, vitamin B6, vitamin B12, vitamin D, vitamin C,
calcium, zinc, and multiple micronutrient supplemen-
tation (MMS). Micronutrient supplements must have
been in a form of tablet or pill. We included studies that
focused on women of reproductive age (15-49 years) and
examined interventions relevant to this population. Also,
studies were included if they were conducted in LMICs
per the World Bank categorization of lending groups in
2022 [12]. Given the possibility that adherence measure-
ment reflects recent changes in the health system, pro-
grammatic issues, and technology, we limited to studies
conducted between January 2010 and July 2022.

We excluded studies that did not measure any supple-
mentation-related behavioral outcomes among women
or those that relied on secondary data to assess adher-
ence. Dietary consumption that did not involve tablets
or pills were not considered. Our focus was on adher-
ence measurement methodologies; therefore, studies
were eligible even if they did not report health outcomes.
However, efficacy trials centered on the biological effects
of supplementation were excluded, as this review priori-
tized adherence measurement approaches within public
health interventions implemented in real-world settings.
We excluded studies that were designed for women not of
reproductive age or those with specific health conditions
(e.g., women with obesity) not directly associated with
micronutrient deficiencies. The inclusion and exclusion
criteria were finalized among a team of four researchers
(BAK, AL, RR, and AP).

Search strategy and methods

The literature search was conducted on PubMed, Sco-
pus, and Embase on July 20, 2022. A search strategy was
developed to include the following four key concepts:
“micronutrients,” “women of reproductive age,” “supple-
mentation behavior; and “LMICs” The concepts and
search terms were finalized in April 2022 upon agree-
ment among a team of four researchers (BAK, AL, RR,
and AP) and in consultation with a librarian. Search
terms for LMICs were adapted from the librarian’s pre-
developed list for PubMed. The final search strategy was
applied across all databases. An example of our search
strategy used in PubMed is provided as a supplementary
material(see Additional file 1). All articles retrieved were
transferred to Covidence for screening.
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Screening procedure

A total of 3,527 articles were retrieved after automatically
removing duplicates from the software (Fig. 1). Title and
abstract screening was conducted on Covidence from
April to September 2022. Two independent reviewers
(BAK and AL) screened the articles based on the eligibil-
ity criteria. Conflicts were resolved by a third study team
member (AP). From this screening process, 3,204 articles
were excluded as the articles did not meet the inclusion
criteria. Full-text screening of 322 articles was conducted
from September to November 2022 by two indepen-
dent reviewers (BAK and AL). Conflicts were resolved
by a third study team member (AP). Sixty-three articles
entered the data extraction process, during which 4 addi-
tional articles were excluded. In total, 59 articles were
included for data extraction and analysis.

Data extraction and quality assurance

A data extraction template was developed and finalized
using Covidence. The template was intended to capture
study characteristics, including study design, country,
population, intervention setting, adherence measure-
ment and outcomes, intervention strategies, and health
outcomes. A data extraction guideline was developed by
a researcher (BAK) and finalized upon agreement among
a team of four (BAK, JB, OO, and AL). Data extraction
was conducted from November 2022 to January 2023 by
the same four researchers. To ensure reliability of data
extraction, 20% of included articles(12 articles) were
extracted in the beginning by two independent research-
ers in pair to reach consensus on the extraction scheme.
A third reviewer not assigned to respective articles
resolved disagreement. Throughout the data extraction
process, a weekly meeting was held to discuss the prog-
ress and reach consensus if necessary. As a final step, spot
checks of randomly selected articles were conducted to
ensure accurate data entry.

Risk of bias appraisal

Four researchers (BAK, JB, OO, and AL) conducted
the quality assessment in pairs and resolved conflicts
through regular discussion. The quality of included
articles was assessed using the Cochrane tools [13]. We
used the “Risk of bias in randomized trials(RoB2)” tool
for randomized controlled trials and the 2021 version of
the “RoB2 for cluster-randomized trials” tool for cluster
randomized controlled trials. The assessment criteria
of the tools are based on random sequence generation,
deviations, outcomes (supplementation adherence) data
and measurement, and selective outcome report-
ing. All other non-randomized studies were analyzed
using the “Risk of bias in non-randomized studies—of
interventions(ROBINS-I)” tool. The tool additionally
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Identification of studies via PubMed, Scopus, and Embase
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Duplicate article removed automatically (n =
1,168)

"o
c Articles identified from PubMed:
g (n = 2,705)
8 Articles identified from Scopus: >
E (n=1,074)
o Articles identified from Embase:
= (n=916)
—
"o l
Articles screened —»
(n =3,527)
—>
_g’ Articles with titles, abstracts, and
5 keywords screened
[ (n =3,526)
[33
%)
Full-text articles assessed for
eligibility g
(n=322)
—
e \4
Studies included in data
extraction
(n=63)
5 —_—
T
=3
E :
£
Studies included in final review
(n=159)
—
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Duplicate article removed manually (n = 1)

Articles excluded because of the following
reasons: high-income countries, no
supplementation of focus, non-women of
reproductive age, non- primary research or
intervention evaluation, no MCH health outcomes
(n =3,204)

Excluded (n=258)

106 — protocols, reviews, or papers without
intervention evaluation

45 — no micronutrient or supplementation type of
focus

36 — upper-middle income countries

27 — no adherence measurement or results

20 — efficacy trials on biomarkers

15 — not women of reproductive age

7 — interventions not conducted within 2010-2022
2 — high-income countries

Excluded (n=4)

2 — interventions not conducted within 2010-2022
1 —no adherence results

1 — duplicate

Fig. 1 PRISMA flow diagram for a systematic review of adherence to micronutrient supplementation in low- and middle-income countries

assesses for biases stemming from confounding, partici-
pant selection, and classification of interventions.

Data analysis

Data analysis was conducted by one researcher (BAK)
from March to July 2023. We conducted the analy-
sis based on information about study characteristics,
adherence definition, adherence measurement methods,
adherence outcomes, and intervention type. If adherence
was not defined, we considered reporting cutoffs as proxy
and indicated accordingly. Furthermore, during analysis,
we observed distinct methodological patterns between
programs that sought to improve adherence through
intervention strategies (e.g., nutritional education) and
those that relied solely on supplement provision. Accord-
ingly, we categorized studies into behavioral and non-
behavioral groups. For adherence outcomes, we applied
each study’s own standards of statistical significance to

determine whether the intervention improved adherence.
Studies that reported adherence prevalence without sta-
tistical testing (e.g., before-and-after prevalence without
significance testing) were excluded from this analysis.
We then examined patterns among interventions that
demonstrated statistically significant improvements in
adherence.

Results

Study characteristics

The selected 59 studies include 52 unique projects across
19 countries in 4 different global regions(Table 1): Sub-
Saharan Africa(39%), South Asia(35%), East Asia and
Pacific(21%), and the Middle East(6%). Forty-two(81%)
of the included projects were from lower-middle-
income countries. The countries most represented
were India(n=12, 23%), Indonesia(n=8, 15%), and
Bangladesh(n=4, 8%). Twenty-eight projects(54%) were
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Author, Country, Study Intervention Study objectives® Population characteristics®  Total
year setting® design® setting® sample
sizePd
Unique non-behavioral projects (n=14)
Nguyen Vietnam (LM), RCT Home To evaluate weekly IFA or multiple micro- ~ Currently married women 5011
2016 [14],  rural nutrient (MM) supplements compared to aged 18-40 years planning
Ramakrish- only folic acid (FA) improves iron status on becoming pregnant in the
nan 2016 and anemia during pregnancy and early next year, from 20 communes
[15], and postpartum Thai Nguyen province
Gonzalez-
Casanova
2017 [16]
Abioye Tanzania (LM), ~ Cohort  Health clinic The study aims to assess how hematologic  Pregnant women in their first 600
2016 [17]  urban Study biomarkers respond to iron supplementa-  or second pregnancy and
tion and identify predictors of this response iron-deficient
in iron-deficient pregnant women
Vanobber- Tanzania (LM), RCT Home To assess the efficacy and safety of intrave-  Women close to delivery with 230
ghen 2021 rural nous ferric carboxymaltose versus oral iron  an iron deficiency and living
18] substitution following childbirth in women  close to the hospital who
with iron deficiency anemia in Tanzania agreed to attend scheduled
follow-up visits
Taneja India (LM), RCT Home To test the efficacy of a nutritional inter- Infants within 7 d of birthand 816
2021[19]  urban vention to improve the dietary adequacy  their lactating mothers mother-
of mothers during lactation and improve infant
the growth of their infants dyads
Karako- Cambodia (LM), RCT Community, To assess the effect of daily oral iron with Anemic non-pregnant women 809
chuk 2017 rural Home or without multiple micronutrients (MMNs) aged 18-45 y with a hemo-
[20] on hemoglobin concentration in nonpreg- globin concentration less than
nant women with anemia 117 g/L
James Gambia (L), rural RCT Health clinic, To test the efficacy of a nutritional Premenopausal women aged 298
2019 [21] Home supplement that improves one-carbon- 18-45 years, non-pregnant
related nutrient status by reducing plasma  with no plan to conceive in
homocysteine the next coming months, no
plans to travel, and no cur-
rent illness or chronic health
problem
Hofmeyr  Zimbabwe(LM), RCT Health clinic, To test the hypothesis that calcium supple-  Parous women with preg- 1355
2019[22]  urban Community, mentation before and in early pregnancy ~ nancy intention and a history
Home (up to 20 weeks' gestation) prevents the of pre-eclampsia or eclampsia
development of pre-eclampsia during pregnancy
Hanieh Vietnam (LM), RCT Health clinic, To compare the effect of intermittent Residents of trial commune, 1258
2013[23]  rural Home antenatal iron supplementation with daily  older than 16 years old with a
iron supplementation on maternal and confirmed pregnancy at 16 w
infant outcomes gestation
Gunaratna Tanzania (LM),  RCT Home To assess the efficacy of pre-pregnancy Non-pregnant women aged 802
2015241  rural supplementation with iron and multivita- ~ 15-29 planning to stay in the
mins to reduce the prevalence of anemia  study area for 6 months
during the periconceptional period
Goldberg  Gambia (LM), RCT Health clinic, To test the effects on blood pressure (BP) Pregnant women 662
2013 [25]  rural Home of calcium carbonate supplementation
(1500 mg Ca/d) in pregnant, rural Gambian
women
Duggan India (LM), RCT Health clinic, To evaluate if daily oral vitamin B-12 Pregnant women aged 18 366
2014 [26]  urban Home supplementation during pregnancy and older who presented
increases maternal and infant measures of ~ for prenatal care before or at
B-12 status 14 weeks gestation
Bharti India (LM), rural ~ RCT Community To evaluate the efficacy of directly ob- All anemic rural women and 1059
2015 [27] served home-based daily iron therapy on  adolescent girls aged 13 years

the prevalence of anemia

and older
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Table 1 (continued)
Author, Country, Study  Intervention  Study objectives® Population characteristics®  Total
year setting® design® setting® sample
sizebd
Bah 2019  Gambia (L), rural RCT Health clinic To test a hepcidin-guided screen-and-treat  Women aged 18-45 yearsat 498
[28] approach can achieve equivalent efficacy ~ between 14 and 22 weeks of
to universal administration, but with lower — gestation
exposure to iron
Adaji 2019 Nigeria (LM), RCT Health clinic To compare the effectiveness of the once  Consecutive pregnant women 164
[29] urban versus twice daily doses of ferrous sulphate  who presented for antenatal
in the prevention of iron deficiency anae-  booking during the study
mia in pregnancy period at gestational age
of 14-24 weeks and gave
informed consent
Unique behavioral projects (n=38)
Morteza [ran (LM), not Quasi- Community To determine the effect of the classes of Pregnant Persian women 230
2017[30]  specified experi- the pregnancy period preparation onthe  between 18-24 weeks of
mental nutritional behavior of the postpartum pregnancy
study period
Sedlander India (LM), rural  RCT Community To examine the effect of the intervention at  Women between the ages of 4110
2022 [31] midline to understand which components 15 and 49 who spoke Odiya
and Gan- of the RANI intervention affect uptake and planned to live in the data
joo 2022 collection area for the next
[32] year
Bilimale India (LM), rural ~ RCT Home To document the effect on adherence Pregnant women 113
2010[33] of directly observing patients taking iron
therapy of pregnant women
Anitasari Indonesia (LM),  Quasi- Community To determine if the use of media such as Pregnant women from com- 74
2017 [34] urban experi- leaflets and short message service (SMS) munity health clinics who can
mental reminders to improve compliance read and own a cell phone
study between 14-32 weeks gesta-
tional age
Heryadi Indonesia (LM), RCT Health clinic To provide knowledge about anemia Pregnant women who 192
2017 [35]  urban during pregnancy, increase adherence to  received ANC at the CHC
tablets, and improve consumption patterns within the study districts and
through counseling received supplements through
the government program
Rukmaini  Indonesia (LM),  Quasi- Community, To assess the effect of mobile control appli- Women in the first or second 86
2018 [36]  rural experi-  Home cation on the compliance of ferrum tablets  trimester of a singleton
mental consumption among pregnant women pregnancy who are able to use
study phone applications
Surtima- Indonesia (LM),  Quasi- Health clinic To determine if family support altered the  All pregnant women in 60
nah 2019 urban experi- amount of iron tablets consumed between  Sukasari community health
[37] mental two groups center who have received their
study first prenatal care visit and 30
iron tablets for a month
Nahrisah  Indonesia (LM),  Quasi- Home To determine the effect of individual Pregnant women with hemo- 158
2020 [38]  Not specified experi- education through a pictorial handbook on  globin levels below11 g/dL,
mental anemia in conjunction with counseling aged 20 years or above, free
study from obstetrical complications
Wulandari  Indonesia (LM),  Quasi- Health clinic To determine the effectiveness of the Pregnant women giving 46
2022 [39]  urban experi- mobile-health interactive message on the  birth in the city between
mental postpartum care behavior of mothersand ~ 28-34 weeks living with their
study their husbands husband with Whatsapp
access
Ariyani Indonesia (LM), RCT Health clinic To determine the effect of a web applica- Healthy pregnant women with 193
2022 [40]  not specified tion-based antenatal education program parity 1to 4

using an SCT model on HPLP Il scores,
compliance, and readiness for childbirth
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Table 1 (continued)
Author, Country, Study  Intervention  Study objectives® Population characteristics®  Total
year setting® design® setting® sample
sized
Walia 2020 India (LM), rural ~ Cross- Community To assess whether the behavior change SHG members who gave birth 1204
[41] sectional communication intervention improved to a live infant in the past year
study maternal behaviors among self-help group
members
Shivalli India (LM), rural  Quasi- Community, To examine the effectiveness of TIPs on Pregnant women in 98
2015 [42] experi-  Home dietary and iron-folate tablet intake during  13-28 weeks of gestation
mental pregnancy
study
Kamau Kenya (LM), rural  Quasi- Community To determine the effect of a community- Pregnant women aged 340
2020 [43] experi- based approach of IFAS distribution on 18-49 years and below
mental compliance 33 weeks in their pregnancy
study gestation
Gamboa  Indonesia (LM),  Cross- Community To understand how participation in the IPC Women of reproductive age 766
2020 [44] not specified sectional activities impacted maternal knowledge, living in the sample village
study attitude, intention, and consumption clusters
Compaore Burkina Faso (L), RCT Home To explore factors affecting adolescent Non- pregnant women aged 1959
2018 [45]  rural adherence to weekly iron and/or folicacid ~ 15-24 years living in the 30
supplements in a setting of low secondary  villages in the study districts
school attendance
Byamugi-  Uganda (L), RCT Health clinic To determine the effect of dispensing Pregnant women eligible 952
sha2022  urban blister and loose packaged IFA pills on for IFA supplementation in
[46] adherence their second trimester up to
28 weeks
Noronha  India (LM), Quasi- Health clinic To determine the effectiveness of a health  Pregnant women who at- 193
2013 [47] urban and rural  experi- information package (HIP) for anemic tended the antenatal clinic
mental pregnant women below 20 weeks of gestation
study
Khorshid  Iran (LM), rural RCT Health clinic, To evaluate the effect of SMS on compli- Women pregnant with a 116
2014 [48] Home ance with iron supplementation among singleton fetus between
pregnant women 14-16 weeks gestational age
with a mobile phone
Harding Bangladesh RCT Community, To evaluate sustained adherence to LNS Pregnant women at or before 405
2017[49]  (LM), rural Home and how it compares with adherence to 20 weeks gestation planning
IFA and determine programmatic and indi-  to live in the area for 3 years
vidual factors associated with adherence
Ahamed  India (LM), rural  RCT Community, To estimate the reduction in the preva- Pregnant women planningto 400
2018 [50] Home lence of anemia, improvement in iron sta-  live in the area for their second
tus, and to compare the compliance to oral trimester and registered for
iron supplementation during pregnancy antenatal care at the subcenter
Kung'u Ethiopia, Kenya, Quasi- Community To demonstrate how proven nutrition Mothers with children 997 (Ethio-
2018 [51] and Senegal, experi- interventions could be integrated into 0-11 months in the study pia), 464
not specified mental health programs to improve knowledge regions (Kenya),
study and practices 1444
(Senegal)
Ouedrao-  Niger (L), rural ~ Quasi- Community To assess the impact of the programmatic ~ Pregnant women in the se- 2307
go 2019 experi- intervention on: (1) utilization of ANC, (2) lected villages planning to stay
[52] mental adherence to daily IFA supplementation, in the study region
study (3) prevalence of adequate gestational
weight gain
Hazra India (LM), rural  Quasi- Community To assess the effects of health behavior Married women of reproduc- 4615
2020 [53] experi- change interventions through women tive age that gave birth in the
mental self-help groups on maternal and newborn last 12 months
study health
Kurzawa  Bangladesh Quasi- Health clinic, To examine the effects of capacity building  Women who gave birth within - Unclear
2021 [54] (LM), rural experi-  Community of frontline health care workers on IFA the past 6 months
mental consumption and adherence by pregnant

study

women
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Table 1 (continued)
Author, Country, Study  Intervention  Study objectives® Population characteristics®  Total
year setting® design® setting® sample
sized
Nguyen India (LM), rural ~ RCT Health clinic, To compare nutrition-intensified ANC (I- Recently delivered women 2460
2021 [55] Community ANC) with standard ANC (S-ANC) on cover- with children less than
age of nutrition interventions and maternal 6 months of age or pregnant
nutrition practices women in the second and
third trimesters of pregnancy
Sharma Nepal (LM), rural  Cross- Health clinic, To evaluate an intervention to promote Women aged 15-49 with at 1236
2016 [56] sectional Community maternal health among young women in  least one child under 2
study Nepal
Nguyen Bangladesh RCT Health clinic, To evaluate the effect of providing Recently delivered women 2000
2018a (LM), rural Community, nutrition-focused MNCH compared with with children less than
[57], Todd Home standard MNCH on coverage of nutrition 6 months of age
2019 [58], interventions, maternal dietary diversity,
Nguyen micronutrient supplement intake, and early
2017 breastfeeding practices
[59], and
Nguyen
2018b [60]
Brasington Egypt (LM), not  Quasi- Community, To assess the impact of SMART activities on  Mothers who had children less 3445
2016 [61]  specified experi-  Home knowledge and behaviors related to preg-  than one-year-old
mental nancy and newborn care among mothers
study of young children
Thapa Nepal (LM), rural  Cross- Health clinic To assess the coverage, compliance, Recently delivered women 1240
2016 [62] sectional acceptability, and feasibility of the within past 6 months
study intervention
Srivastava  India (LM), RCT Health clinic, To test whether the compliance to capsule  Pregnant women 18 and 204
2019 [63] urban Home formulation would be better than tablet older with gestational
formulation for oral iron supplementation  age> 12 weeks who had not
among pregnant Indian women consumed any iron supple-
ment prior to enrollment
Riang'a Kenya (LM), rural - Cross- Health clinic To determine the degree to which the Pregnant mothers who had at 188
2020 [64] sectional nutritional counselling and IFAs guidelines  least one previous ANC visit at
study during pregnancy have been implemented a health facility and mothers
as intended who had delivered within
1 month
Omotayo  Kenya (LM), rural RCT Health clinic, To employ the trials of improved practices ~ Pregnant women aged 15and 1036
2017 [65], Community, (TIPs) approach and explore adoption and  older from 16-30 weeks plan-
Omotayo Home acceptability of the WHO recommenda- ning to stay in the area for at
2018a [66], tions among pregnant women least 6 weeks
Omotayo
2018b [67],
and
Martin
2017 [68]
Nwaru Mozambique RCT Health clinic To examine the extent of participants Women who were not at high 4326
2015[69] (L), urban adherence to IFA tablets obstetric risk and women aged
18 years and older
Klemm Ethiopia (L), RCT Home To identify adherence strategies and inte-  Healthy pregnant women 48
2020701 rural grate calcium into antenatal IFA supple- aged 16 or older, between 12

mentation programming

and 28 weeks
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Table 1 (continued)
Author, Country, Study  Intervention  Study objectives® Population characteristics®  Total
year setting® design® setting® sample
sized
Clermont  Niger (L), rural RCT Community, To examine the factors influencing ac- Pregnant women less than 53
2018 [71] Home ceptability and utilization of these three 30 weeks gestation at the time
supplements of enrollment

Baxter Bangladesh Discrete- Community, to evaluate preference and acceptability of Pregnant women aged 18to 132
2014 [72] (LM), urban choice Home 4 different options for delivering prenatal 39y and a gestational age of

experi- calcium to pregnant women 13 to 30 weeks

mental

design

“L: low-income country, LM: lower-middle-income country

bFor studies under the same project, information available for the parent study is provided

Places where most interventions activities occurred

9The number of women that received interventions

randomized-controlled trials (RCTs), followed by quasi-
experimental studies(31%) and cross-sectional stud-
ies(10%). Most projects were conducted for pregnant
women(51%) or women who recently delivered(18%). The
most frequently tested micronutrient supplements across
study groups were IFA(43%) followed by iron(15%) and
calcium(13%).

Adherence definition

We considered studies that were under the same project
as constituting separate studies, given that adherence
cutoffs and outcomes tended to be distinctively reported.
Therefore, 59 included studies(16 non-behavioral and 43
behavioral studies) were analyzed(Table 2). In this sec-
tion, we followed studies’ description on adherence defi-
nition or their use of a designated cutoff to dichotomize
women who were adherent and nonadherent in report-
ing. Notably, adherence was frequently defined as the
proportion of provided supplements consumed, with
a common threshold set at 80% or higher across the 16
non-behavioral studies [14-29]. A study involving MMS,
IFA, and folic acid supplementation groups demonstrated
that 78% of overall women across the study groups con-
sumed over 80% of provided supplements [14]. Another
study assessed adherence to monthly IFA supplementa-
tion ANC and reported 40% compliance at 80% or more
[17]. However, none of the non-behavioral studies pro-
vided justification on selected thresholds for adherence
definition.

Adherence was defined more diversely across behav-
ioral studies [30-72]. One-third of them used a wide
variety of definitions, including a range from 70 to 90%
of recommended supplementation, more than 90 days
during pregnancy, and ordinal categories(e.g., full, par-
tial, short) based on the number of supplements con-
sumed by women. Studies were commonly following
national recommendations(e.g., at least 90 days of sup-
plementation) to define adherence; yet, other definitions

were seldom informed by scientific evidence. Twenty-
four(67%) of behavioral studies did not provide a defini-
tion, 13 of which provided reporting cutoffs alternatively.
For example, studies in India reported IFA consumption
as a binary outcome, categorizing current consumption
as being adherent and previous and non-usage as non-
adherent [31, 32]. Also, another behavioral study noted
the lack of accepted cutoffs for antenatal supplementa-
tion and selected 85% as the study’s standard based on
mean adherence to both calcium(86%) and IFA(88%)
[68]. Eleven behavioral studies provided neither a defi-
nition nor cutoffs, but used continuous adherence mea-
sures, instead.

Adherence measurement

The analysis of measurement methods sheds light on
the diverse approaches employed to assess adherence to
micronutrient supplementation. Self-report was the most
predominant approach, constituting 56%(#n =33) of over-
all studies. When comparing between study types, self-
report was more common in behavioral studies(n=33,
70%) than in non-behavioral studies(n=3, 19%) (Fig. 2).
A study that conducted training of community health
volunteers in Nepal adapted the international house-
hold survey questionnaires, such as Demographic and
Health Surveys, and asked the number of calcium tab-
lets consumed during last pregnancy [62]. It is worth
noting that most self-report measures took account of
women’s pregnancy status and time period between
supplement receipt and data collection. A study in Kenya
recruited pregnant women in health facilities who con-
firmed receiving IFA tablets at ANC visit [68]. This study
then conducted surveys after 4 to 6 weeks, asking about
consumption in prior month with 4-point Likert scale
responses. Those who responded “almost always” were
classified as high adherers. Other studies, such as a com-
munity-based study in Kenya [43], had one-week time
span in the measure to mitigate recall bias.



Page 10 of 27

(2026) 26:313

Kang et al. BMC Public Health

30U pIP SSWIN INq
M Z1 e uigojbow
-9y paseasnul Ajpued
-Y1ubis uou| 1985

D pue ‘%6€ f| ‘%8S
] ‘952t 219Mm uoD}
-U3AJalUI J3)je Sa)ed
adudjeaasd ejwauy

sdnoub ssoioe
S9UWODINO Y1Iq 4O elw
-3UB Ul SOOUSIBHIP ON
zo00>d

‘059°6€ SI)eJ RlWBUY
L00>d ‘9L L F
66°L1 :ulqojbowa
(P|O syuow 9

1e Juejul) be 10y
y1bua| ur sdnoib

M/Q 92U3J34Ip ON

UoJ| SNOUARIIU|
uey} JamMo| Ing ‘ulq
-ojboway pazijewlou
dnoib uoll [ejo ay3 Ul
syueddied Jo 916
1000">d

‘(1/6 £11) Ksanijap
03 (1/6 LOL) duljdseq
panoidwiy uiqo|b
-owsay ‘vonejndod
Sjoym sy} uiyim

sdnoib ssoioe ejw
-9UB U S9DUILIP ON

(50°0 >d “a1enbs-1yd) quasaype

9J9M USWIOM JO %88 3D pue ‘s109))3 apIs
1s9y61y yym sdnoab uonuaniajul ayy
Buowe 159M0|) %8/:| ‘%68:%1 ‘%98:'1
9|ge|IeAR 9dUBDLIUDIS

[eonsieIs oN ‘dnoub Apnis Ag Jayip 10U pip
9oueldwo) ‘syusws|ddns |eyeuaid pue uon
-daouodaid Y104 10} 9506 < Sem adueldwod)

3|qe|ieAe
22UedYIUBIS [BD1ISIIRIS ON {98/ SeM sKep
SU1 JO 95/ <10} 13|gR) B PRWNSUOD OYM
s1ayiow Jo uopodoid 3yl 59| =uon
-dwinsuod Ajlep Jo Jagquinu ueapy

3|gejieAe aduedYIUbIS

|BDI3SI3E1S ON 493 SYIUOW € 3DUBIYPE %06
USWIOM (9/1) /17 "SH29M Q 1B PaululIRIap

Se @dualaype 906 PeY (%6/£)08 U0l [RIO
3|ge|lere

2duedYIUBIS [B21S1IBIS ON "SABP 06 > USWIOM
(99%) 6/ 'sKep 06 < syusW

-3|ddns %00} USWOM (%1S) L 7€

‘9608 > 32uel|dwod U3WOom (9509)

19€ ‘%08 T 92uel|dwod (90t) USWOM 6£7
9|ge|IeAR 9dUBDLIUDIS

[e21Is1IeIS ON “(Aj1ep) Adueubaid buunp pue
(Appoam) uondasuod a10jeq Y1og dnoib uon
-UanJIUL Ag 9dueldWwod Ul SaduUIayIp ou
19608 < PRUINSUOD USWIOM [[BISAO 3U} JO %8/

(423u2d 3be||IA
212 3UNo3 [iid) A

(uonealasqo
12911p) A

(us1A dwioy
Ajyauouwl e bul
-ANp 3UNOD [iid) A

(USIA yoea
1eunod |id ‘boj
uondwnsuod) A

(ISIA Ayruow
1e 3unod |jid
dlUIP-Ul) A

(Hsin dwioy

1€ SY99M OM]
KISAS UOIIeA
-19500 1231IP) A

€

G<

G<

G<

yuow
AIaAs (O1UlD
-ul) Junod ||id
1910m Yijesy
AQ UOBAISSQO
123.Ip ‘(G1ul>-jo
-IN0) 1UNOD ||Id

(o1ul2-40-1n0)
Wunoo |id

(O1ul2-40-1n0)
Wunod |id

(uyp-uy)
uno3 |jid

J9yIoMm Yijesy
AQ UOI}_AIDSqO
1311 1ulP-4o
-1N0) 1UNOD ||Id

(D) 0g=2e|d

(sainsded  (5]) SWIA + o]

uopdwnsuod  Qg) 9N0q | Jo ‘) s
9|nsded Jo 9408 Alddns Ajyruoy ‘() Ajuo uoyj
O) v4

%06<  Soam om1 A1aA3 () vl ‘(1) SWW

JISIA SWoyY
Buunp yiuow | (D) 0ga>
V/N 10} s1919e1 SWIN -eld ‘(1) SW

1ybrom

Apog uo bul

-puadap Hede
skep £ 1sea) 1@ D vl
S350 OM] U] [e1o ‘() uou
UOIl [BIO IO} 96062 BW 000Z-00S | SNOUIABA|

DNV

sKep 06 < uoneyuawa|ddns pulnp v4| Jo
jo uoneinp 'skep Jo 9508 Alddns Ajyuopn () VI
syjuswia|ddns O) V4

papiroid Jo 908 < syoam omy A1ang (4 w41 ‘() SWW

[odl 210t
ANY20H
-eley

[S11910c
ueuysu
Sjewey

611 LzoT
efaue|

[8L] LzoT
uaybiaq

-glouep

[z11910¢
2hoiqy

910¢
uaknbN

(91 =N) S3IPNIS [eI0INEYSG-UON

_umeOUu:O YyljesH

3meOUu30 2Jcualaypy

,buioyuow
2duaIRYpY

sapuanbaiy
juswiainsespy

judWAINSe3aW
adualaypy

uoisinoad

quonIuyap duIBYpPY sws|ddng JusaiInuoDI

1eak
“loyny

uoleIuaWRIddNs JUSLINUOIDIW 0} 2DUSISYPE JO SIUIODINO PUB JUSWINSeaW ‘Uopiuyad g djgeL



Page 11 of 27

(2026) 26:313

Kang et al. BMC Public Health

we

v+ 943 01 paledwiod
81'0=d ‘980 elwaUE
10§ Y Uie AN+ V4

wiie 4 243 03 pased

-Wwod 0'0=4d'160 e 4 MIIAIRIUL (])) uoa+suiw
BIUIBUR 10J YY :We /| 9y 0} pa1edwod /9'=d ‘9%EQ (e AN + V4 (Ayruowl uosiad-ul 1jodal JSIASUWOY  -BUAINW + pIoE ]
(420) L "WIB /4 3y} 03 patedwod Of'=d ‘%18 :ulle 1unod |jid pue -J19S ‘1P syuawia|ddns Bupnp uois o104 €N w41 ‘() S10Z eul
BIUIDUE JOJ Yy :WiIe /4 V4| ‘(22Ua13491) 9dUeldWOD 978 ‘Wie /4 Hodau-J[as) A G -JO-1N0) UNOD ||id Bupey skep Jo 908 2 -inoud Ajyauopy  Ajuo pioedijo4  -ejeuno
(1£0=4d6,0
AW) 3uswdolaAap aAl}
-lubod jueyul o 0=d
'£0'L— YO uIqo|6
-OWSH NWW 221m [
(€0>d68'L
aw) v4i Ajrep uey
19y61y Juswdojanap
9AINUb 0D JuRju|
86'0=d ‘€00 HO ulq
-0|6owaH :y4] 1M
sdnoib sy buowe (L00">d) v4| Ajrep uey MIIAISIUI
JUIRYIP AJ[BD13SIIeIS 19mo| Ajpuesyiubis ‘9558 (NN 1ML uosiad-ul 1jodal SEENYe] (%)) syoom
jouaiem ybrem yuig  {(10°=d) y4| Ajrep ueys 1aybiy Apuesyiu (M3lAI)Ul JI9S eam Y19 K133 IsIA swoy /MY SININ
ueaw ‘uiqo|bowaH -BIs ‘0596 :y4| 9IM] 9 L6 ddUIdYpe Jo uosiad-ul A1aA3 11odal payodal Buunp syuaw - (¢)) yeem/aamy  [€7] €107
‘(@dua13)21) 4l Ajleg |2A9] uelpaw ay] :(dudidyed) V4| A|leq Hodau-J|as) A S IMIOM U)|eaH J0-1Nd ou ‘pauyap JoN -9|ddns papinoid 4l ‘() Alep 4l ysiuey
(sdnoub usamiaq ‘ez’ 0=4d)
96/ £ =1SIA %99M-0Z 23 01 Aourubaid
(sdnoib 210497 USIA 58| WU ‘(sdnoib ussmiaq
usamMlaq) 91 0=d ‘L10°0=d)"9% L8 =AKdoueubaid aiojoq
"(%6) yHig|ns }ISIA 3se| 3Y3 03 dn uonesiwopues wol4
(sdnoib usamiaq) %065 < auejdwod SPIM 7|
967°0=0d '(9%99) UoIs (sdnoib 15e| Jey3 Ssyusw
-UaMadAY [eUONEISED  UDIMID] ‘€950 =d) ‘%ES = SIA X29M-07 Y} -9|ddns papin
(sdnoib 03 Asueubaid 210429 1sIA 35| WO {(sdnoib  (s39|qe) pauinial -0id ‘'syoam Oz
U99MIaQ) |71'0=d U3amiaq '/ 180=0d) %/t =Adueubaid ai0/2q JO JaqUINU ‘SHSIA 191y "uoneisab
(%€7) (dwodino Alew USIA 3SE| 943 0} dNn UOIESILOPUR] WOJ{  pue Buloyuow OIulp-un) (905 < PUB %08 < Y10Qg 10} SY9aM 07 > A|lep (D) ogadeld (27l 6102
-ud) eisdwejda-aid 0508 < 90Ue||dUWOD)  ISYIOM Y}eaH) A G< JUNOD ||Id  2uop sem buipioday) %08 < 19|ge} 2UO ‘() wnpEed  JASWyoH
(ISIA Bulurewsas Jo 1aq
3UI|PUS 1B |013U0D 3y} awoy je pled -winu ay3 yum bui
yum pasedwod asind uondwnsuod -{29Y2-55010 pied USIA
1o ainssaid poojq uo JO uoIssiugns uondwnsuo) awoy buunp (D) ogade|d
UOIJUSAJSIUL JISYYIS JO (€70=0) %826 ‘| ‘%886 Ao 1odal 'SIDIOM Yijeay Spied uoleluswia|ddns - syuswaiddns jo " sww ) [Ladeloz
1092 OU Ssem Jay] | '@dualaype YbIy pamoys sudle Apnis Ylog  JSIOM U3eaH) A G< AQ uoneAIaSqO 4O JaqWINU 9y} JO 908 < syoed Ao gujwels  sswer
,bunioyuow sapuanbaiy juswdInsesaw uoisiroad 1eak
pSaW0dIN0 Y)jeaH pS2WODIN0 3dUBIBYPY DUABYPY  JuUdWDINSEIN dUIBYPY quoluyap duaIaYpy wawa|ddng uanuoniy  ‘ioyiny

(penunuod) zajqey



Page 12 of 27

(2026) 26:313

Kang et al. BMC Public Health

(8z0=4d) (L€l czoe
%S LLD %L LL (1L00°0 > d) %g:(4€D [ensn) D alleuuonsanb Aleuiq payodal sem (uonnguIsIp 1apue)
| :5]2A7 uIgo|bowsH %€ :(uoneonpa paseq-APunwiwiod) | N L panodai-4as 9duaiaype ‘pauyap 10N DNY) 1esjpun (O) V41 '() w4l -pas
(100">d) dnoib jonuod
Y3} Ul UBWOM JO 9,91 :(d4€D [ensn) D Yuow G ‘s 'z
wnlied-1sod syjuow € uoil 300} UBWOM alleuuonssnb ‘| ‘0 uonejuswalddns uoil (uonngusip 0€] 2102
V/N 30 %/t :(ssepd uonesedasd Aoueubaid) | N | payodal-jas JO uoieINg "PauUYaP 10N ONV) Jespun (D) Uoll'(j) uol|  eZaOW
(E¥=N) S3IpNis [esoireyg
(sdnoib usamiaq
'8¢6'0=>9n[eA-d)
YOF6 L rL=0357>)
yBram ypig mo1 DNV 18
{(sdnolb ussmiaq QIsIA AJlep pioe 1|0}
'9860=d) ¥OF '€ DNV yoea e yum uoil jo Ad
'69=(QS Fueaw) SENWleBEN][e] podas-yas ‘(0 -dns Ajlep ao1my (¢) uos 2M1 671 610¢
uBRM Yuig (10°0>d) %SS 1 '%SL 2l BuunoD) A 4 -Ul) 3unod |jid 9%59< J0Aep papirold  (‘huonadup  ifepy
(¥8 Aep)
%65 03 (0 Aep) %eS
W0l 3504 BILUBUY €| EDSWIN
(#8 Aep) 9%,5 01 (0 Aep) Bw o¢ 1021
%S WOI) 3501 BIUIBUY -pue-uaaIds
:dnoub bu 09 | NS
(8 Kep) %St (UoireAlssqo soam Jad puw 09 1021
01 (0 Aep) %8S wouy 3|qe|jiene 12211p (21u1>-ur) papiodal syuawia|ddns -pue-u2as [871 6107
padnpaJ ejwiduy:t]  aduedyiubis [ednsiiels oN 'sdnolb e ul 998 UNo |lid) A G< JUNOD ||id J0-1Nd oU ‘pauyap 10N / pPapIroid ‘() SWW yeg
shep 06 O) v4l
L000">d 10} SI93UNOAAQ JUSWIRDII-|DS
%891 ‘elw (uolsinsadns SIIoM Yyjeay papodas  Adesayi uolijo () 4| panIasqo  [£7] S10T
-9Ue JO Sl SANe|SY (L000">d) %09 :D “%E6 :I Alte@) A G< Aq uoneassqo 40-1nd ou ‘pauyap 10N uoisiaRdns Ajle Apdang 1Heyg
(syuawa|ddns
(11'0=0) (%57) L€l pasnun bul
JO €€ Sem uoljeplelal -]UNod $asINU sysieulleyd
Ymolb aupainenul youeasal Aq AQ s19|9e3 0%
Unm Jueyul ue Bul (¥r/0=0) painsesw (Otuip-ur payiodai Buiuieluod (D) oge2eld [92] 10T
-JNI]9P JO dUdPIDU| %07 D ‘%69 9181 9dueIdUIOD UBIA || AJYIUOW) A G< JUNOD ||id JO-IND OU ‘PauUYIP JON  SI1I0Q PapIAcld ‘() ZLg ulwenp  uebbng
(sdnoub usamiaq (Aunod SIDNIOM
‘£0=3NeA-d) 69F - 19|qe) pue 132N yieay Aq uon DNV 1€ Aproam [zl eloe
'SS=UeBWFQS=07d  O|ge|leAR 9DURDYIUDIS [PD1ISIFRIS ON ‘96/6 D e Jo buppayd -eAIDSqQ ‘(IuIP papodas syuswiaddns (D) ogade|d JEL]
1ybrem yuig '96/6 9dUB||dWOD US| || Ao9M) A % -U1) 3Unod ||id JO-1Nd ou ‘pauyap 10N ¢ papinold ‘() wnpjed -p|oo
1910M Yijeay o1l /10
AQ UOIIBAISSQO eAOUES
sdnoub ssoide ejw  sdnoib Ag s9oUBIBYIP OU 9608 < PRUINSUOD (UoneAIasqo 10241 {(21Ul>-JO syuawiaddns O)Vv4  -ed-z9
-9UB U S9DUILIP ON USWOM 34} JO %8/ ‘sdnoib Apnis ssoidy 122110) A G< -JN0) JUNOD ||Id papiroid Jo 908 < soam omy A1ang ‘(%) w41 ‘(1) SWA -BzuoD
,buioyuow sapuanbaiy juswInsesaw uoisiroad 1eak
pSAWOINO Y3jedaH pSAW0DIN0 3dUBIBYPY 2DUBIBYPY  JUBWAINSEI 2dUdIBYpPY quOnIUYAP dUIBYPY awaiddng uaunuoniyy  “oyiny

(penunuod) zajqey



Page 13 of 27

(2026) 26:313

Kang et al. BMC Public Health

(Lo>d)

dnoub [o13u0d 3y}
ueyr saybiy ‘b zee
}(ueaw) Jybram yuaig
A>ueubaid

JO J9)svWL} pAIY)
9y} buunp ejwaue
wioJl} paianodal

dnoub uonuaniayul (100> d) (94ed Jensn) dnoub |os3uod [8€]
SY3 Ul USWOM Jueu uey} 19yb1y ‘s sg eul 4| Jo Jaquinu M3IAIDIUI UOSIDd payodal  usIA DNY bulnp 0207 Yes
-63.d >1wdue ||y ued|y (bulj@sunod pue uoiednpa) | N 14 -ul Jodau-J|as JO-1Nd Ou ‘pauysp 10N () v41°(0) V4l -uyeN
yuoul e Joj
pied  S19|qe} Ul OE PaULINSUOD
(Lo0°'0>d) 9oueldwod 19|ge] oym uswom jueubaid jo [/€1610C
%0€£°€6 :(dnoib Buldsunod ayimpiw) ¢ M3lAJRUl uosIad abejuadiad ayy 1o} sauop yeuew
V/N ‘909 :(dnoab ssepd uswom jueubaid) | N | -urJodasjjas  sem Buioday ‘pauyap JoN  Aep o€ papiroid - (¢) uoar ‘() uod| -lung
usuom
Aqg pasn uopedyd
-de jo1uod
(Lo">d) 3|Iqow ‘(suwayl JNY buunp uou [og1810C
%L°TL 0l) aJleuuonsanb payodal uew
V/N  1S91150( ‘05 €€ 359134( :(dde ajiqouw) | N 14 pap0dal-}|as JO-1ND ON ‘PaUY3P 10N () uoy| -y
(Lo0>d) (00°L =d) (Buipsunod ou) 5 (s19/qe)
‘(3s0d) Z6'0F-2S°LL (L00">d) (3s0d) 09-G 'Sb=1€'0€-91 'S1-0) (D) wnpes pue
‘(3d) pT L F-6E0L 0°0¥-0°L ‘(31d) 60 ¥-8€"0 uondwns Oup-ur) s19|qe} JO Jaquunu auy Ag uou () wnped>  [sel £10T
uiqojbowsaH :| -uod uoJi pue wnpje) :(bulPsuNod) | N I 1UNoD ||id Bulpoday "pauysp 10N pue uoJ|  IpeAlaH
juedyiubis
Aj[eo1s1e3s J0N (1P
/B "1 JO 9beIaAR) [9A3)
ulgojboway paseaidul
ue pey syuapuods
-3l /1 (SWS) D sall0ba1ed (@oueljdwod-uou=g < pue
(Ip/6 90 9@d3ueldwod Juaipago pue wnipaw ay) ul ‘9duel|dwod 3.l
JO obeISNR) S|oAI) sjuapuodsau jo abejuadiad uj aseasnul -pouw=g—1 ‘aduelidwod =(
uigo|boulay paseaidul pue (50> d) K10691ed dd>uel|dWwod-uou 4O 21025 ) aJleuuonsany  Jo Addns Aep 06
ue pey sjuspuods 3Y3 ui syuapuodsau jo abejuadiad alleuuonsanb 8-SV Uo paseq bul b€l 2102
-2l 61 (3L | paseatdaq:(SNS) D % (s1oped)) | N 14 payodal-j|as -}oday ‘pauysp 10N (D) uoul ‘() uo|  LeSEYUY
(L00™>d) %/8°€S D "SA %" 9L USIA Yy | Jaquisw
(L00">d) %S£°TS D "SA %EL'6L USIA PIE :| Ajunwiwiod Aq
(L00">d) uolleAIasqO %05 <pue  Ssoide skep 00|
%TT 6% :(BuI[aSUN0D) D "SA %818/ USIA (uonealssqo ‘G1u1p-jo-1no) 908 < Y10q 10} UOp sem [eeloLo
V/N  puz:(buljasunod yum iaaiesqo 1aa1p) | 1031p Ajiep ) A € JUNo3 ||id Bunioday ‘pauysp 10N O) v4I'() v4I - slewl|ig
,buioyuow sapuanbaiy juswInsesaw 1eak
pSAWOINO Y3jedaH pSAW0DIN0 3dUBIBYPY 2dUABYPY  JUdWIdINSEI duIBYpPY quOnIUYAP dUIBYPY awaiddng uaunuoniyy  “oyiny

(penunuod) zajqey



Page 14 of 27

(2026) 26:313

Kang et al. BMC Public Health

2dualaype
(¢ >) 100d (05-57) wnip HSIA [s¥]8l0C
wie el) Ag 9oua 1odal -oW ‘(uopdwnsuod awoy Apeam ) aloed
V/N  -I24Ip OU YUM 06/ SeM SDUIYpe Uelpaly  (UORPAISSCO) A G< 193I0M U1eaH Aoam 05 <) poon)  Bulnp papircld  PIdR D110} () V4 -wo)
(1000™>d) 4| BuiAng
10 USAID BuIaq JO SPPO J91e1b GE'/ PaMOYs
ubredwed 03 aInsodx3 "3|qejieAe aduedYIU ONV
-Bis |ednsies oN 9%/ 56 uonduinsuo) Ateuiq payiodas sem 4| jo e 4| papia [¥7] 0C0T
V/N :(ubreduied uojedsunuwod [euosiadiaiul) | N | AaaIns podal-fas  uondwinsuod) "pauysp 10N -oid) Jesjpun () V41 eoquien
punoy sem gj@ uedyiubis oN
‘(%€ 7L 01 %S°89 Wo4y) %9 Aq paseasdul
dueljdwod :(uoinquisip y4| jesdsoH) O (1) Ayoom
(S0°0>d) (%" LL 01 %8'€9 Wiouy) awoy ay1 0}
%8 £q paseasnur dueldwo) :(buijas (swoy (d1u1p-Jo-1n0) (3oom Jad 1ybnoiq sajns [ev] 070T
¥/N  -unod pue uonnquisip y4| Aunwwod) | e 3unod ||id) A 4 UNOD |lid $13|qe1 G) S350p JO %0/ X -ded / papInoid O v4I'() v4l - newey
(Lo>d)|p
/B8ELFLEOLDIP
/B YT LFS LL dI19Mm
uigojboway uesy 3|
(10> d) %t'T Aq
paseanul:) (%L LE 3|ge|ieAe aduedYIUbIS M3IAJIU| (v4| paseyoind
01 %6°59) Jley Aq [B213S13B1S ON "JUBlAUIOD 9I9M 9%3€ (48D uostad-ul podal 10 panidal
podnpal‘elwdue Jo  [ensn) D Jueldwod aiam uswom jueubaid 43S {Iu1P payiodal 13y Uswom eyl 5102
adudjersad ayy ;| 40 9658 :(s901€ld PanoIdul| JO sjeld]) | N ¢ -JO-IN0) N3 |iid H0-INJ ON ‘PaUYSP 10N JO %t8) Jes|pun O)v4I'() w4l eAyS
(50'>d) £ :pasodxa
9Y) buowe ainsodxa Jo 109))d abetany
%6°L :(dnoib djpy-4j9s) O AJeuiq payiodal sem ONY
%61 :(Buibessaw M3l UOSIad  SAep Q0| 15E3] 1B S19|Ge1JO 1B S19|gR} PIpPIA [L¥] 0Z0T
v/N  9bueyd soineyaq yum dnoib djay-jjas) | N | -uryodas-jjas  uonduwnsuo)) ‘pauyap JoN -oid) Je3pun () v41() VAl ellepn
sdnoib (%6 16) [013UOD pUe (9%8'G6) JUSW
-1e31} 9y} UM} punoy sem uondwnsuod
19|qe1 UOII YHm 3duel|dwiod Ul 9dUIa4I1p ON ONY
(50> d) asealdul %771 (DONY Jejnbal) D 4oea Je pala}
(100> d) Juswireasy ul -S|UIUUPE. dIaM
uondwnsuod 19|ge} uodl yim aduelduwod ul (O1ut>-ur) (Bwi 09) s19/9e) lov] zz0T
V/N  95e310Ul 9| € ((U011eINPS DNV PISEG-GaMm) | N 4 JUNo3 ||id sAep 06 40 %08 < uol AWyL (D) uol ‘() uod  uehuy
SIHIOM L jEsY Ov
(L0">d) dnoub jonuod ayy AQ uonenIasqO Kieuiq papodal sem $33) UIWBYIA pUR 6]
uey) Jaybiy sawinl 9°¢ sem s3a|ge) uoui ‘2ueUUONSIND  -GBY UOJI pUB Y UIWRYA JO uoll ‘() Y ulw - zzoz e
/N Bujwnsuod jo adueyd ayy :(YesHw) | N € payodal-es  uondwnsuod ‘pauyap 10N 1esppun -BJIA PUB UOI|  -PUBINAA
,buioyuow sapuanbaiy juswInsesaw uoisiroad 1eak
pSAWOINO Y3jedaH pSAW0DIN0 3dUBIBYPY 2dUABYPY  JUdWIdINSEI duIBYpPY quOnIUYAP dUIBYPY awaiddng uaunuoniyy  “oyiny

(penunuod) zajqey



Page 15 of 27

(2026) 26:313

(SUSIADNY
(100> d) ‘dnoab jos3u0d dy) 1P JO AJUNWIWOD
ueyl 19YbIH *9% /' LE 01 %S WOl paseald MaIAIRIUIUOSIad  Aleulg papodal sem 41O 9yl Ul 4| PIpIA [esl zzoe
V/N -ul 3sn Y4 :(uonednpa AJUNWWo)) | N 14 -urjodales  uondwinsuod ‘pauysp JoN -0ld) 1esppun (O)v41'() v41 ooluen
SISAjeue wolj
papPN|PX3 1nq
(%78 "v41) ¢l 105 uBY} pa1oNpuUod sem (31 payiodal a1am adualaype USIA ) vAl
(%79 “1d-SN) | 10§ 1oMO| Sem adUBIBYpPE -U[2-JO-}N0) JUNOD  (940) UOU PUB (9%69—|) MO  awoy Ajyiuow ‘(') Juswaiddns
ybiy ‘Aoueubaid buung ‘dnoib Apnis Aq Illd ‘2J1euuonsanb (%0/ ) ybly 1€ syuswaiddns aINU [6%] £102
V/N  J94IP 10U PIp PIPUSWILIOII SB 9DUIYPY (Qunod |jid) A 4 pap0dal-j|as JO SJO-1ND "PaUYSP 10N PapPINOId paseq-pidil  BuipleH
96'0=d dnoib
Apnis Ag aoualayip ON
WA TLLOYIP/BILL pariodai
wolj pasnpai uiqo|b (10°>d) @ueldwod moj %9| pue 219m uoidwinsuod 33|ge} Jo 1USIA DNV 1@
-OWaH DIp/6 L1 0} ‘a1eidpow %81 Y61y %99 :(34e3 [ensn) 5 SPIODRIDIID (967t >) MO PUR (%29-Ck)  (Alddns yyuow [8¥] ¥10C
p/6 G| | WOl padnp 2sueldwod Mo| 92 pue ‘a)e UleaH ‘Ul 21RI9POW ‘(%48-€9) UbIY  -€) S19|qel uoll pIys
-9 UIO|DOWdH ;|  -19pOoW %t ‘YBIY %6 :(S19pulwdl SIAIS) | N | -Ul1) 3Uno2 |id JO SO-IND ‘PauUYP JON 001 papirocld (D) uodl (]) uod| -0y
Loo>d
je Juedyiubis a1om
sdnoub |je ‘paisay
919M SdWOdIN0
yjjeay pue adua 3|qe|jieAe aouedyIubis |ed
-19ype udamiaq  -11511e3s ON Jueljduwod Ajjeied alam Gz Jue
suonepossy  -jdwod a1am ¢ (Uoneiuswddns ) ¢
L00°'0>d3e jueldwod Ajjeited aiom | ‘quelduwod
dnoub ulyum sdnoib  219m uswom Qg (uonerusws|ddns v4)) D
uejdwod ssose jueldulod Ajjeinied payiodas alam adue dnoib /¥ €102
9dudjeAasd ejwaue 2I9M USWOM G7 pue Juel|dulod a1am alleuuonsanb -l|dwod-uou pue‘jeled  UOIIUSAIDIUI O} (“D) v4l eyuoloN
urasuaiayip ayy | USWIOM // JO INO i :(U0NedNPa +4]) | N € payodal-faS  ||n} JO sO-IND ‘PauYIP JON V4l papinold (D) w41 () VAl
JuasayIp Apuedyiubis
JOU SeM 893 Je (sliid o€ Jo N0 G 0}
ulqo|BOWRH Ueay 1U3JeAINDa dUBIBYPE %06
(s0'0>d) wle Apnis pUB %00 3}29M Y38 ‘s|jid
P/BEL+SLLD AQ 3uedylubis A||ed13siieIs 10U Y1oq ‘o8 9y 0€ JO 1IN0 87 03 JudjeAINba USIA
P 8 YOI ‘%6E oM (Buibexoed 9s00)) D (Ayauow MBIAIDIUI  2DURIBYPE %00 | N9M Ylfr) DNV Alyruow ov] ¢zoT
/6L L+6°LL ¥ Y99M %6158 syoed Ja1sliq podal-|as Diulp jujod awiy Ag patea  1e 4| jo Addns eysib
uiqojboway uea :| NOIM ‘%9 0 ¥ YoM :(Buibesoed 1931s1|q) | P2123]|0D) A 4 -Ul1) 3Unod |id 9oUaJaype Jo uoluyag  Aep-0¢ PapIAOLd Q) V41D V4l -nwieAg
,buioyuow sapuanbaiy juswInsesaw uoisiroad 1eak
pSAWOINO Y3jedaH pSAW0DIN0 3dUBIBYPY 2DUBIBYPY  JUBWAINSEI 2dUdIBYpPY quOnIUYAP dUIBYPY awaiddng uaunuoniyy  “oyiny

Kang et al. BMC Public Health

(penunuod) zajqey



Page 16 of 27

(2026) 26:313

Kang et al. BMC Public Health

L0>d
‘sabe|IA [013u0d 03 pasedwod uopdwns (Klyauowl (D) wnp [£5]
-uod y4| 19yb1y pey abpajmouy; pue  paydaYD 300q papodas  (Apnis Ag papia  -|ed pue 4| () eg810¢
V/N Buluier} 19139q yum sabej|in uoijuanIdlu| Bulioyuow) A 7z Kanuns yjodai-jes JO-1Nd ou ‘pauyap 10N -oud) Jesjpun  wnped pue 4| UANDBN
so>d‘0’eqia
100'0>d ‘6’L =HO ‘%96 MaIAISIUI payodal (uonnquasip [95]1910C
V/N 0} %S98 WOJy pasealsul ejul v N ¢ Asnins yiodai-[es 40-1n2 Ou ‘Pauysp 10N DNYV) feappun Q) v4I'() V4l eudieyS
juedYIubIs 30U sem s33[ge) 00 L < uol}
-dwnsuo) {(s0'0>d's'6 AIA) %9T 0} Aoueubaud
%0°8 Wouj paseasdu] uondwinsuod y4| (Alyruowl pap0dal sem winiojed pulnp s19|qel (O) wnp
(L0>d’S'L1 AIQ) %S"EL 03 %€ p=x294d pled MaIAISIUI pue 74| 10} S19|9e1 001 JO wnpe> 09¢  -[eD pue 4 ‘() [SS] Lzo
V/N  wody paseasnur uondwnsuod wnipjed | Bupoyuow) A 7 Aamunsyodal-es  uopdwnsuod ‘pauyap 10N pue 4| 081 Wnidjed) pue 4|  USANBN
(ybrem yuiq
MOJ /// "YHiq wisyaid (@>ua1aype
38 ‘elLaUR 96 ‘A1 payodai e
-|P}IOW [B}RUOSU 01 SUIRISAS
/9/ 1 "Ajjeriow jeu (10°0>d @iqg) dnoub josyuod uoleuliojul
-191eW 80| |) parone uey) J9yb1y %S 0 DuUaIdYpPY ‘0v8°0 Juswabeuew Aoueubaid 7S] 1202
SATvQ 12101 0905 0} GGE°0 PaseaIdU] el dUIBYPY :| yeay) A 7 Aanins podas-jes BulnNp s19|ge3 06 15e9| IV Jeappun (D) V41'() V4l emeziny|
(981'0=d'6'L Q|Q) Aoueubaid bulnp MIIAIRIUL S12|qe} 4| 10w [e5] 0coT
V/N $19|ge} 4| 210w Jo 00 | Jo uondwinsuod N 7z Kanuns yodai-jas 10 001 Jo uondwnsuod 1espun () v41() VAl eiZeH
(pa1sn(pe Adoueubaid buunp 4| Aue
AIng) L¥'=d "9%z'8/ 0} paniadal Ji shep 7 1se| ur uony [csl610C
95'6/ WOI} paseaidap 50> d ‘%19t 01 %8°ZE WOl paseadul -dwnsuod Ajlep uo paseq (uonngusip oboelp
90U3eAdld plLUBUY sAep £ 1se| 9y} ul uopndwnsuod Ajieq N 7 Aanins podas-jas Bulpioday ‘pauyap 10N JONY) Jespun (ORAT -anQ
08'=d 193942 UOIUSAIDI| 960'=d
‘%18 01908 D 100> d ‘%19 03 9%€G 1|
|ebauag
G0°>d 1039}y uonuanIu| L9/ =d
‘%81 03917 D'100™>d ‘%9€ 03 %I ‘I
eAudy|
LOt'=d 10349 UOIUSAIRIU| | 00> d
‘%81 019780 '100>d '%ET 03 %S0l MBIAIBIUI foueubaid (uonnguasip (151810
V/N eidolyig N 14 Hodai[es Buunp skep 06 1se3] 1y DNY) Jespun OV vl nBuny
(61Z°0=d) Juedyiu
-Bis jou Inq ‘|o13u0d
oy ui ueyy dnoib
UOIJUBAISIUL BY)
ul 19ybiy sem uoiy
-onpay {(100°0>d) SINIOM
%6°'6L 0} %6°T6 uijeay Ag/uon SI9HIOoM Yijesy
pasealdsp ejwaue (LO°0>d) %P 09 :(34ed [ensn) D \/HSY AQ UOISIA -eAISqO (21Ul AQg A|yauow 0518102
Jo dusjedld ;| %169 :(U0NeAIDSAO 23IP) | -13dNs Apeam) A G<  -JO-IN0)uUnod ||id sAep 001 0 %08 < V4| papincid O)v41'() 4l pawieyy
,bunioyuow sapuanbaiy juswdInsesaw uoisiroad 1eak
pSAWOOINO Y3jedaH pSAW0DIN0 3dUBIBYPY DUDIBYPY  JUBWBINSEI 2dUdIBYPY quOnIUY3P dUIBYPY awalddng uaunuoniyy  “oyiny

(penunuod) zajqey



Page 17 of 27

(2026) 26:313

Kang et al. BMC Public Health

o|qejiene [£9]
2ouedYIUBIS [BD13S1IeIS ON ‘(dN0oIb 9S0P-17) (Apnis Aq sdnoib uon 810z
0€¥ ‘(dnoib asop-€) bul 098 ‘(dnoib asop (Bupioyuow (rep SWAW  (sbuluado anoq papodas  papiroid) SSwly  -USAISIUI ||e Jo) oKey
v/N -2) Bw 0FS SIA paiy3 Jaye uonduwinsuo) DIUOJIIID)A Buiuieyqo) ¢ - buipiodal) SWIN HO-IND ou‘pauysp IoN ¥ S|jid papInoid 4| pue wniped -owO
(A]o1eledas
USIADNY DNV A12A3 je
3|ge|leAe 9OUBDYIUDIS [PIIS[IRIS ON ‘SJUSU Joud Bunnp paniedal (0 papiroid siaigel
-9|ddns pioe 21|10 PaySIuY USWOM %9 M3IAISUI Jodal wnwiuiw) syuswajddns pIoe d1jof pue 9] 020C
V/N  Pue ‘sjuaws|ddns uod) paysiuy UsaULIOom %89 N | -[2SAunod Iid 9y bulysiul4 ‘pauysp 10N uoll) J1espun (1) v4I  ebuely
USIA Ayauow
ZL1=d %0 1e paysiuajdal
:dnoib |013u0d ‘6770 9ouel|dwod sa|nsded Jo [€9] 6102
:dnoib uonuanzul - 3uedYIUBIS A||P21ISIRIS JOU ‘%891 (D) dnoib 100d se 9,06 > ‘9due $39|9e} Of 4O (D)12]1981 V4| eAelIse
Ul [9A3] UIqo|boulaH 19|ge] ‘UsWom 9%z (1) dnolb sinsded N ¢ UNoD ||Id -|[dwod poob se 9406 2 soedaisg ‘() 9|nsded w4 -AlIS
(ONV)
Aoueubaud jJo
d|ge|leae (1oys) skep 0 >‘(jeln  pua ayy |uN Jo
92UeDYIUBIS [BD1ISIRIS ON "9DUJIaYpe 1oYS MIAIDIUI -led) sAep 6106 ‘(JINJ)  SYIUOW G 10} 3Se)
‘lenied ||y payiodal 969'8 PUe ‘% | v 7 '%E /9 Aanins 1iodai AIDAIISP |13UN 10 sAep 0G| O3 S33|ge} JO oIS 2919102
V/N ‘WiND|ed PaAISdaI OYM USWom buowy N 14 -J|2S JUNnod ||id 10} Ajlep siajger om|  -laoid awn-auQ (1) wnpjed edey |
(S0'0>d ‘%Z'8h
SNSIAA 9,6°c€) dnoub
|043u0d 3y3 uey}
dnoub uonuanialul
9y} Ul uUdwom
Buowe 1amoj|
Ajpuesyiubis a1om
suonedijdwod wny
-1edysod payioday
(£9°0=d‘j0lu0d
'9G°9 ‘UOIUIAIUI (L0">d) spouiad sawn
'%/°S) sdnoib z ay3 |l Ul seale UOIUAAISIUI DY) Ul 1aYybiy (Alyruowl pPaWINSUOD $313] () wnp
U99M13] JB|[ILUIS 3IaM sem ayejul pa¥292 300q -qe} JO # JO pIod3l papodas  (Apnis Ag papia  -[eD pue 4| () [85]1 6107
S91eJ BlulaUR papioday judwa|ddns wnidjed pue y4] ueapy Bupoyuow) A € 19310M U}jesH JO-IND Ou ‘pauysp 10N -oid) Jesjpun  wndED pue 4| ppoL
(L00">d)
1dAB3 1M Ul %' PUR %/ 6T PUe
(100> d) 1dAB3 1addn ul AjPAndadsaqs [19]
%S" 0t puUe %Z'S L 319m sdnoib ains MIIAIDIUI Koueubaud (uonngusip 910 Uo}
V/N -odxa yb1y pue moj| sy ui BdudIBYPY N 7 Asmns Lodal-)es Bunnp s3a|qel 06 1se3] I DNY) Jespun O)V4I'() v41 - -Buisesg
,buioyuow sapuanbaiy juswInsesaw uoisiroad 1eak
pSAWOINO Y3jedaH pSAW0DIN0 3dUBIBYPY 2DUBIBYPY  JUBWAINSEI 2dUdIBYpPY quOnIUYAP dUIBYPY awaiddng uaunuoniyy  “oyiny

(penunuod) zajqey



Page 18 of 27

(2026) 26:313

Kang et al. BMC Public Health

3|qe|jiene

2oUBdYIUDIS [BD13S11RIS ON ‘[%/°€8 (606 =U)
Hodai-JIss 98/ (817G = u) Wunod |)1d] 4|

pue [9%/// (16 =Uu) 1odal -}|3S '9%8'89

(065 =U) 3uno2 ||1d] winID|ed 4o} SIaIaype

V/N ybiy se payisse|d atam syuedidiied SO
(s1s|qel

06 :a1q) syuawajddns wnpjed ‘(s3v|qe)l

9t :d1d) V41 jo uondwinsuod dyj 1oy

‘sease HONIN piepuels yum pasedwod

‘sease HONIAN Pasnd0j-uoiiianu ay3 ui

V/N 191e216 Apuesyiubis a1om syuswanoadwy

100> d ‘s|9A3] 11AISIPgNs

pue 15113sIp 9Y3 1e 10949 Huusysnd 1oy
paisnfpe auijpua pue auijaseq uaamiaq

‘dd g'z| pue 8'6 219m Adueubaid burinp
syudwajddns winpjed pue y4| pawns

v/N -uod Buiney J0j sd1RWISS 1299 dIA

JSIA 42ea JoJ JuedyIubIs A|ed1isiiels JoN
“(423uad y3eay eaeydey) sdnoib a4 Jejnbai
Ul %165 94 2AI1239[9S Ul USWIOM %979 (191
-Usd yj[eay Ol 9p 4 1) sdnoib o4 Jejnbai

(dwoy
e pasn Jepuajed sy0dal-}|95
Bupjel-|id) A 4 Juno> |lid
pied
Bulioyuow-49s
(Ayruow JO piod3J INIoM
pay2ayd 300q Yi|eaH ‘Mmalnlaiul

Bupoyuow) A 7 Kamins podai-yas

(S19y10W JO %88

10J 9|ge|IeAR) 300
Ageg-1ayiow e ul
pPaWINSUOD S1a|ge}

JO PIOD3I IDNIOM
Y3[eaH ‘MaIAI3Ul

7z Kanuns yjodai-jes

(Ayruowl

SENBEpIelele]
Bupoyuow) A

(uondwnsuod
3oam Joud uo
w3} 9U0) ASAINS

%G8 > sem )l

Ji sialeype MO| pue 9658 <JI
9dualaype ybiH ‘paqudsald
Se uaye) syuswa|ddns jo
abeUaDIad "PaUYSP 10N

payiodai
JO-IND ou ‘pauyap JoN

papodal
JO-1ND Ou ‘pauyap 10N

(uondwnsuod-uou o

JUsnIuISUl 0} pasoddo se)
USIA DNV AI9AS 18 papiodal

(uonnguisip
DNV) 1eappun

(Apnis Aq
papiroid sia|qe}
9a1)) Jeapun

(D) sa1|ioey
JUBWUISA0D

1e uonaNquUIsIp
9914 pue s33|qe}
winipjed pue

V41 4O 3[eS

‘(1) ¥siA swoy
Ayauowl bupnp
$19|ge) Winpd|ed
pue 4| 9914
JISIA 1X3U 243 0}
1se| 03 paje|ndjed
‘Jjuow U0 s
0} pioe D10 pue
24 4O S19|qR)

O) v4l

pue wnided ‘() [89] /10t
V4l puewnided)  udepy

O) v4l (09]

pue wnped () agloc
V4| pue wnpjed)  uaknbN

OAZ]

pue wnped ‘() [6S] £10C
V4l pue wnpe)  uaknby

(‘) >4 2And9es [69] S10T

V/N U1969"L £ 94 9AI123[9S Ul USWOM 9%/°0L N ¥ Hodai49S  ejul,Jeinbay, pauyap 10N 0€ papinold ‘() e48unnoy  niemn
() w4l L pue
s|id winiped ¢
uondwnsuod ‘() 4| L puesjjid [99]
(dwoy Ajiep paqgudsaid jo abe  winidje) ¢ Ajiep O v4l  e8loT
9|CB|IBAR 2DUBDLIUDIS [BDIISIIRIS ON ‘05€Q 1B Pasn Jepuajed -Juaduad e se uopdwinsuod Jojyuonduds  pue wniped ‘() ofey
V/N :9DUUBYPR WNID[RD) 9%/ / :9DUdIdYPR VA Bupyey-|jid) A 4 1UN0OD ||id Ajlep Uea\ "pauyap 10N -21d) Jesjpun 4| pue winped) -owo
(PRWINSUOD
Juawe|ddns wind (O) V4l | pue
-|ed Jo Junowe sjjid wniped) €
juedyiubIs AJlep ueawl uo ‘(0 w41 L puesd
Aj[e21s13els Jou 19518 9duIaype ‘p/Ow 018 (dwioy paseq 2dusisype wnidjed z Ajep ) 4l [s9] 10T
uonRdWNSuUod (D) ASOP-7 %6/ DUIaYPe 1B pasn Jepusjed 4O 96 Po1RWIIS) papiodal Jojuonduds  pue wnpied ‘() oAey
V/N 'p/BW 861 | uonRdwNsuod () asop-¢ Bunjei-|id) A 4 UNOD |lid 4J0-INd Ou ‘pauyap 10N -3ld) Jesppun V4| pue wnipjed -owo
,buioyuow sapuanbaiy juswInsesaw uoisiroad 1eak
pSAWOINO Y3jedaH pSAW0DIN0 3dUBIBYPY 2DUBIBYPY  JUBWAINSEI 2dUdIBYpPY quOnIUYAP dUIBYPY awaiddng uaunuoniyy  “oyiny

(penunuod) zajqey



Page 19 of 27

(2026) 26:313

Kang et al. BMC Public Health

32UBIBYIP-UI-22UI31d /@ ‘dNod6 [013U0D J ‘dN0IH UOKRUSAIDIU | SUI02INO JURDYIUBIS SB PRISPISUOD 10U 313M 3531 2URdYIUBIS [BI13SI3RLS INOYHM S}HNS3I (P3P|Og 4B S3WOINO JURdYIUBIS,

bunojiuow oN N ‘uonuaniaiul buunp uondwnsuod uswa|ddns yoei) 03 Aiejnbail 9ce|d Usy L] S31IAIIDR BULIOLIUO :A,

paqusap a1e syond Huiniodal ‘9|qe|IeAR 30U S| UOIHUYSP 3IUBI3YPE §|q

dnoJb |043U0D) D (dN0IB UOIIUSAIDIUI SUO UBY) DI0W e DI3Y3 J1 Jdquinu Ag pay1dads) dnolb UOUIAIDIU X[,

L00°0>d ‘dwn sy} buunp

paseatdsp 1apmod paloAepun pue paioa
-} JO UOIID3|3S 3Y] seataym ‘¢ pue |
S)99M U3aM}a( pasealdul s}ajge) jeuol)
-USAUOD JO UOI}I3|3S Y] "L00'0 >d ‘skep

pouad

uondR|9s p-1z ay3 buunp
P3103[3S SeM 3|DIYaA AIaA]|
-9p Yoea ydIym uo skep jo

JISIA WOy
A]99m 1e syuswl
-9|ddns winj>ed

ISIA 3woy-uou Yyyim pasedwod sAep HsIA uopodoud ayy se pauysp Jo sadA1 ¢ Jo
awoy je uaybiy Apuedyiubis sem suoiy (woy podasjps  semiuswalddns joadAre  Addns yoom-| [c/1+102
V/N  -29]3s d]d1yaA K1aA1ap jo uoniodoad ayy  Buppeijes) A ¢ Unod ||id JO UOI123|3S "pPauyap 10N © PapIAOI () wnpEed  Jaixeg
S}aydes
01 SN ‘s9jnsded
(pa10adxa uey) aJowl) 0¥ joomoqe
uonRdwnsuo-1aA0 (paydad SN ‘s19|qe}
-X3 Uey} $s9]) uopdwnsuod 01 Jo>ed
pamodau sanjea-d ou ‘(%8t) -19pun :sjjoInd Huipoday 1235119 € :v4))
PawWNSU0-19A0 3¢ 0} papual SNT-OW 2ayd 10ds ay3 Jo awiy JISIA WOy
pue (%1 /) uondwnsuod-iapun piemo) syl le Joquinu paydadxe  Apeam buunp
A|buosys papual NIWI ‘uoirdwinsuod 3394 (294D 23U} MOJ2g JO SA0GE SIUSW skep Q| 1se| 01 118102
-10 %9t :y/4| "sadA} Juswajddns a1y 10ds psounou -39|ddns jJo yuom skep ¢ suswia|ddns &) SsNT'ED juowl
V/N 9y ssoude Ajpuedyiubis paliea aduaisypy N 7 -ueun)unod|id se uoiduwnsuod 1031100 papINOIg NWW ‘(D Al -13]D
%Sy >) SHooM
juedyubis Ajjes MO| KISA, PUR “(917/—9%SG+) XIS 10} SHSIA DNV
-1351383S 10U ‘(dNnoIb JUaAS-7) %8°€/ ‘(dnoib MO, (%68-9%57) ubly, [SVISITEVNEREY )
JUBAS-€) %108 '(dn0Ib JUsAS-}) %656 (91 (%00 1-9%06) ,UbIY A127, 1UPIp Uswiom  winipjes pue 4|
S329/M) USWIB3I USSOYD Ul 911 9dUIaypy ‘ploysaiyy buipodsy  Ji 4| pue (3jge  Jo siusna 7 '(¢)
JuedylubIs Ajjed $S350p Paqlids -M3UD puB  WinIdjeD) pUB /|
-13511e3S 10U (dNnoIb JUaAS-7) %118 (dnoib -21d Jad syuaAa NI JO [BUOIIUDAUOD)  JO SIUDAS € (M)
JUIAI-€) %1 €8 ‘(AN0Ib Juane-) 9% "/ / (-0 spodaljjes  Jaguunu 9y} UO paseq 1el wnp|es g Jo wnied pue [0/] 02027
V/N  S499m) uswibal paubisse | 91es 9dUlYpy (SWIW) A ¢ pue SWIN 9DUIBYPY ‘PRUYSP JON  2DI0YD B PaIdyQ  VH[JOSIUSAS & LIWIDJY
,buionuow sapuanbauy jusawainseaw uoisiroad 1eak
pSIWO0DINO y3jedaH pSAWOIIN0 DDUIBYPY DUDIBYPY  JUSWIRINSEI DUdIBYPY quOnIUY3p dUIBYPY juswaiddns Juanuoniy  “oyiny

(PonuUNUOd) Z 3|qeL



Kang et al. BMC Public Health (2026) 26:313

Others

Direct observation

Pill count

Self-report

o

5 10

Note: B: behavioral studies, NB: non-behavioral studies

Page 20 of 27

n=9(B=8 NB=1)

n=9(B=3;NB=6)

n=30(B=17;
NB = 13)

n=31(B=28;
NB =3)

Fig. 2 Frequency of adherence measurement methods among included studies

Pill  count emerged as the next common
method(n=30,51%). Non-behavioral studies(n=13, 81%)
were largely relying on pill counts during health clinic
or home visit, counting remining pills in the bottle. In
many cases, data collection timing was designed to cor-
respond to supplement provision. A study in Cambodia
provided supplements to women at health facilities every
month during which the bottle provided at the last visit
was checked [20]. Often, pill count allowed data collec-
tors to inquire about reasons for missed doses or directly
observe supplement intake on the spot. In a calcium sup-
plementation trial in Gambia, women were given color-
coded tickets that were then brought to health facilities
to exchange for daily tablets [25]. The study team counted
tickets to measure adherence and asked about the barri-
ers experienced by low-adherers.

In addition, direct observation was employed in
15% of the overall studies, which was more common
in non-behavioral studies(n=6, 38%) than behavioral
studies(n =3, 7%). Several studies employed direct obser-
vation not only as a data collection method but also as
an intervention strategy. A behavioral study in India
assigned an adult “observer” in the same community to
observe and record pregnant women’s daily intake of IFA
tablets [33]. Other identified methods of measurement
included health clinic records and self-monitoring cards
filled out by women.

While not common, medication event monitoring
systems (MEMS) were used as an objective method of
adherence assessment. MEMS automatically record
the date and time a pill bottle is opened, providing a

time-stamped record of use. Only two studies (3.4% of
the total) employed this method, and both were behav-
ioral interventions. Omotayo et al. [67] reported that
MEMS revealed substantially lower adherence than self-
reports, indicating that self-reported intake likely overes-
timated true adherence.

Additionally, many studies utilized multiple mea-
surement methods, often termed data triangulation,
to enhance the robustness of adherence assessments. A
study in Vietnam used pill count along with direct obser-
vation by health workers [14]. Twenty-five(42%) of the
included studies used more than one measure, but no
studies used more than two. The purpose of using multi-
ple methods was to validate and compare data across var-
ious sources, but limited description was available about
if and how discrepancies were resolved.

Of the included studies, most measured adherence
uniformly across participants regardless of micronutri-
ent status. For example, women enrolled with iron defi-
ciency anemia were all provided supplementation, and
adherence was tracked using standard methods such as
pill counts, self-reports, or direct observation. The only
exception was Bah et al. [28], which employed a hepcidin-
guided screen-and-treat approach. In this study, partici-
pants’ hepcidin levels were measured, and only women
with low hepcidin were given iron supplements. Adher-
ence was therefore assessed only in this subgroup using
pill count, while women with high hepcidin were not pre-
scribed iron and did not have adherence measured.
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Monitoring

We defined adherence monitoring as “regular track-
ing of supplement intake among participants that may
be counted toward adherence measurement” Monitor-
ing tended to occur regularly during the intervention,
beyond certain data collection time points(e.g., pre-post
assessments), to encourage consistent supplement con-
sumption. We also relied on studies’ own definition of
monitoring to understand how monitoring activities
were implemented. Most studies monitored supplemen-
tation as part of adherence measurement using the same
measures. All non-behavioral studies regularly moni-
tored consumption patterns mostly through pill count.
Of the behavioral studies, 17 of them monitored adher-
ence, employing a more diverse range of monitoring
strategies. With self-report as the predominant method,
some studies provided women with monitoring calendars
to track their own supplementation progress.

Studies with significant adherence outcomes

Out of 59 included studies, 31(53%) reported significant
improvements in adherence outcomes. Of the studies
with significant outcomes, 74% did not provide adher-
ence definition or reporting cutoffs. Also, a majority of
the studies with significant outcomes were conducted in
lower-middle income countries(94%) rather than low-
income countries(6%). Approximately 55% of the stud-
ies did not measure the impact of supplementation on
health outcomes. Comparing adherence outcomes by
study type further offered a nuanced understanding of
data. Five(31%) non-behavioral studies showed signifi-
cant adherence outcomes, whereas 26(60%) of behavioral
studies showed significant adherence outcomes. These
studies adopted various definitions of adherence and
were mostly based on self-report(57%).

Risk-of-bias assessment

Additional file 2 illustrates the evaluation of bias risk,
as assessed by the authors, across a total of 59 studies
comprising 23 RCT, 13 CRCT, and 23 non-randomized
controlled trials (NRCT). In relation to the evaluation of
adherence measurement, within the group of 23 RCT, 17
received a low risk of bias score, 1 raised some concerns,
and 5 were attributed a high risk of bias score. Concern-
ing the CRCT, 5 were appraised as having a low risk of
bias, 2 exhibited some concerns, and 6 were classified as
high risk of bias. As for the NRCT, 4 were designated as
low risk of bias, 15 were deemed to carry a moderate risk
of bias, 2 were identified as having a serious risk of bias,
and 2 lacked available information for assessment.
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Discussion

Our systematic review examined studies that imple-
mented micronutrient supplementation interventions in
LMICs and empirically measured adherence to under-
stand how adherence had been defined, measured, and
assessed across the literature. Understanding how adher-
ence is defined in a study has important implications for
interpreting data on program effectiveness and making
informed decisions.

We discovered that adherence has been commonly
defined as taking > 80% of recommended supplements,
particularly among non-behavioral studies. This is con-
sistent with the historically accepted threshold in the
medication treatment literature based on Haynes’s early
empirical definition of adherence used to dichotomize
hypertensive patients who consumed sufficient medi-
cation and those who deviated from recommendations
[73]. While this 80% threshold has been assumed to
reflect both clinical efficacy and practicality in medicine,
it is often adopted a priori by researchers without testing
its relevance to micronutrient supplementation or exam-
ining whether alternative thresholds may be more appro-
priate for maternal nutrition interventions. As Gellad and
colleagues emphasize, adherence is not a single construct
but a process involving initiation, implementation, and
discontinuation; yet, most studies reduce it to a single
measure, such as the proportion of days covered or tab-
lets consumed, often with an arbitrary cutoft of 80%. This
reliance reflects more of a methodological convention
than an empirically validated standard, since adherence
is rarely defined on the basis of biological mechanisms
or tailored to the intervention being studied [74]. A sys-
tematic review of studies that determined the relation-
ship between adherence rates and clinical outcomes
showed that only one out of six studies proved 80% as a
valid threshold [75], underscoring the limited biological
justification for applying this threshold to micronutrient
supplementation programs [76-78].

While behavioral studies included in our review tended
to adopt more varying definitions and cutoffs, ranging
from 50 to 90% rates or ordinal categories, such as ‘high;
‘medium; and ‘low; evidence behind these definitions was
also scarce. The use of arbitrary cutoffs and dichotomi-
zation is prone to biases and substantial misinterpreta-
tion of data unless accompanied by a comprehensive
presentation of data (e.g., presenting ordinal categories
with a distribution plot) [75, 79, 80]. We recommend that
researchers continue to use thresholds when appropriate,
but ensure they are clearly justified, evidence-based, and
presented alongside detailed data distributions to allow
accurate interpretation and informed decision-making.
Using evidence-based thresholds is imperative not only
to avoid overestimation of program impacts but also to
ensure accurate identification of individuals who would
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most benefit from an intervention to reach a desirable
level of adherence and health. Evidence on thresholds
validated for the population, micronutrients, and health
outcomes of interest may properly guide the conceptual-
ization and operationalization of adherence.

Consistent with prior evidence [6], our study also
found that adherence measurement methods varied
widely in the literature. Pill count and self-report were
most common. Studies conducted in health facilities
and non-behavioral studies largely relied on pill count,
while most home-based and behavioral studies adminis-
tered self-report measures. Previous studies argued that
pill count is objective and sensitive to temporal changes,
allowing for more accurate adherence measurement than
self-report [81-83]. Indeed, evidence implied that self-
report is suboptimal due to high misclassification and
overestimation of adherence and low associations with
clinical outcomes [84—87].

Social desirability and recall biases raise validity con-
cerns when it comes to self-reports. However, it is often
the most practical and feasible option in LMIC settings
because other measures that are deemed “objective” raise
challenges in their applicability. For instance, implement-
ing pill counts imposes an onus on the women and the
assessor and faces greater risks when pill bottles are mis-
placed [88]. How pills are counted and what measures
are taken to maintain good hygiene during the count
are also important considerations. Electronic monitor-
ing, such as MEMS, is often impractical for large-scale
projects due to its high cost and the fact that it tracks
only container openings rather than actual supplement
intake. Secondary data, such as pharmacy refills or health
records, become unreliable due to weak health systems
and infrastructure.

Thus, future research may merit employing strategies
for enhancing self-report measures. A review article on
the assessment of medication adherence in low-resource
settings suggested strengthening interview skills among
data collectors and developing instruments that reflect
interviewees’ health literacy [88]. Additionally, Stirratt
and colleagues provided recommendations for improving
measurement validity in a LMIC-based program [87]: 1)
using a 30-day recall period rather than shorter intervals
while allowing room for adjusting the period depend-
ing on cognitive capacity among individuals, 2) adding a
question that asks about global estimates of adherence to
mitigate ceiling effects, as people tend to make an over-
all appraisal of their adherence rather than attentively
counting doses taken or missed [89], 3) having external
data collectors separate from study staff members who
previously offered adherence services for participants,
4) including a statement in the survey that normalizes
nonadherence to minimize social desirability bias, and
5) establishing high adherence thresholds or cutoffs to
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take account of overestimation of intake. We additionally
encourage the use of data triangulation, as recommended
by the WHO report [5]. The validity of selecting multiple
methods is further optimized when they measure the
same behavior over an identical time frame [74], of which
most of the included studies fell short.

There is a need to make a distinction between adher-
ence outcomes from non-behavioral studies and that of
behavioral studies to better decipher the reported find-
ings. The former was commonly conducted as clinical
trials, aiming to maintain “sufficient” adherence across
intervention and control groups to accurately assess
treatment(e.g., types of micronutrients and regimens)
effects on health, so some studies flagged group dif-
ferences as limitations. Even so, measuring temporal
changes in adherence and differences between study
groups may provide critical insight into whether certain
regimens, doses, and programmatic environments are
acceptable to women and feasible in the longer term.
Yet, we observed that 44% of the non-behavioral studies
did not provide any empirical evidence beyond report-
ing average adherence rates while claiming the interven-
tion was acceptable and ensured desirable adherence
throughout the intervention. An article argued that clini-
cians and researchers often fail to recognize that adher-
ence changes over time by choosing to average adherence
data into overall rates even when it is measured repeat-
edly and longitudinally [74]. Incorporating advanced sta-
tistical methods, such as group-based trajectory models,
helps identify patterns of adherence among individuals
who require tailored intervention strategies at different
time points [90-92].

In contrast, behavioral studies applied more segmented
analytical and reporting approaches, such as providing
group differences at each visit or reporting within-group
changes over time. Even though behavioral research
seemed to acknowledge that adherence is not a static
construct, most of the studies tended to measure adher-
ence only once or twice, which partly led to having ques-
tions built on extreme time intervals(e.g., during entire
pregnancy or prior week). Not surprisingly, routine data
collection may not have been feasible for many programs
since most were quasi-experimental studies conducted
in less-controlled environments such as women’s homes.
Nevertheless, we stress the need for routine data collec-
tion throughout an intervention to minimize potential
biases (e.g., recall bias) and capture variations in adher-
ence over time. A behavioral study in Kenya [67] did
multiple home visits across six weeks to capture any vari-
ations in adherence, while another behavioral study in
India conducted two rounds of surveys [31].

Mobilizing community resources, including commu-
nity health workers and women’s social networks, estab-
lishing partnerships with health facilities and institutions,
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and using multiple sources for data collection may con-
tribute to the robustness of adherence outcomes data.
For example, some studies used women’s groups, par-
ticularly self-help groups, to provide maternal and new-
born health messaging and to strengthen women’s social
networks for reinforcing adherence and healthy prac-
tices [31, 32]. Also, other studies partnered with health
facilities to deliver supplements and reinforce adherence,
including interventions embedded within ANC services
[23, 26, 29, 46]. A few other studies strengthened adher-
ence measurement by using multiple data sources, such
as combining self-reports with pill counts, electronic
monitors, or biomarker assessments, thereby reducing
bias from reliance on a single method [28, 60, 70].

Overall, most studies (69%) in our review were con-
ducted for pregnant or recently delivered women, align-
ing with existing national health programs and policies
for maternal supplementation in LMICs. Pregnancy rep-
resents a relatively short period during which individuals
are often highly motivated to adhere to supplementation
guidelines, which may not reflect adherence behaviors at
other life stages [93]. As a result, nonpregnant women or
adolescent girls could have been inadvertently overlooked
in micronutrient supplementation research despite per-
sisting malnutrition and high risks of morbidities later in
life [94, 95]. This population may exhibit unique behav-
ioral patterns due to social and cultural circumstances.
Nonpregnant women may not have proper social support
since supplements are perceived as unnecessary [96],
and adolescent girls may be experiencing greater social
stigma in the community, as supplement consumption
is often mistakenly tied with early pregnancy or viewed
as contraception. Shifting community norms about the
supplementation needs of nonpregnant women and ado-
lescents and exploring their challenges are urgently war-
ranted in future research.

While not the primary focus of this review, among
the included articles, we found that community norms
and myths about supplements, environments in health
facilities, financial instability among women, and dis-
tance to health facilities were cited as major barriers in
low-income country-based studies without significant
outcomes. We recommend conducting thorough for-
mative assessments of facilitators and barriers to adher-
ence among target groups to inform the development of
an intervention. The RANI project in India developed
a social norms-based intervention based on formative
research data [97] on how unequal gender norms affected
access to supplements among women of reproductive
age, subsequently leading to improvement in IFA adher-
ence in the intervention arm [31, 32]. The RANI project
was the only study in our review that conducted a dis-
tinct formative research phase. In contrast, Omotayo et
al. [67] employed the Trials of Improved Practices (TIPs)
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approach, in which the study itself functioned as forma-
tive research to assess the feasibility and acceptability of
adherence partners, but this was not preceded by a sepa-
rate formative phase. All other studies tested interven-
tions without reporting formative research, highlighting
a potential gap in tailoring adherence interventions to
local contexts.

Limitations

Our systematic review has several limitations. We
excluded studies that measured adherence but did not
report adherence outcomes. This could have rendered
our findings on adherence measurement rather incom-
prehensive. Also, efficacy trials were largely eliminated
given our aim to explore how adherence was handled
in public health interventions. Including these studies
would have confounded measurement of adherence(the
behavior) with its outcomes(serum state). Third, our risk-
of-bias assessment was performed based on information
available. The results may be subject to errors if studies
were conducted as protocol but simply did not report the
procedure in entirety. Additionally, we acknowledge that
the classification of non-behavioral and behavioral stud-
ies was not clear-cut, as several studies included elements
of both. The decision was made through close reading of
study objectives and discussion among four researchers
to avert misclassification. Also, despite the increasing
global efforts to promote MMS among women, most of
the included projects were designed for IFA. This partly
signifies a lack of rigorous methodology of adherence to
MMS recommendations. We urge researchers to employ
evidence-based approaches to defining, measuring, and
assessing MMS adherence to meticulously ascertain
program effectiveness. Furthermore, our analysis and
reporting of adherence outcomes were based on stud-
ies’ reports of changes or improvements in adherence.
However, many employed loose definitions and relied
on a single measurement method, which may have led to
overestimation, as partly highlighted in our risk-of-bias
assessment results. Finally, we only included studies that
were published in 2022. More recent work, which was
not captured in this paper, may have introduced other
means of measurement—an issue particularly relevant for
MMS, which is being rolled out in many countries as we
write this paper.

To our knowledge, this study is the first to review meth-
odological approaches to micronutrient supplementation
adherence among women of reproductive age in LMICs.
By examining various aspects of measurement method-
ology—including adherence definitions, measurement
methods, monitoring practices, and outcomes—across
essential micronutrients for women, we provide critical
recommendations for researchers and practitioners to
enhance scientific efforts in supplementation programs.
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Conclusions
Understanding how maternal micronutrient supplemen-
tation programs have defined, measured, and assessed
adherence is crucial for interpreting data comprehen-
sively. While standardizing methodological approaches
may be challenging due to unique programmatic factors
and the multidimensional contexts that shape micronu-
trient supplementation behaviors among women across
countries, this study provides practical recommendations
to enhance scientific rigor in adherence data. Pill-count
methods have often been used as a point of reference for
assessing adherence, which does provide data without
having to rely on self-reports (and associated biases), we
note that this method is applicable only when medicinal
counts are relevant, and it brings up other challenges (its
intrusiveness, concerns about hygienically counting the
pills, etc.). For this reason, and acknowledging that there
is not a single “gold-standard,” we support the recom-
mendation put forth by Burleson and colleagues [98] — to
rely on triangulation rather than on a single assessment.
This review highlights potential programmatic gaps in
low-income countries and a lack of focus on nonpreg-
nant women and adolescents’ supplementation behav-
iors. Strengthening methodological approaches and
broadening attention to all women of reproductive age in
research can help public health practitioners, decision-
makers, and donors make informed decisions to effec-
tively address nutritional deficiencies among women in
LMICs.
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