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Abstract

Background : Maternal health literacy may influence preventive behaviours and service use in
underserved settings. Evidence from eastern Indonesia is limited. We evaluated whether a Com-
munity Interprofessional Collaboration Package (CIPC) improved maternal health literacy and
anaemia prevention knowledge while examining infant and young child feeding (IYCF) and age-

appropriate immunisation.

Methods: This controlled, non-randomized study included 170 participants allocated to interven-
tion (n=100) and control (n=70) areas in Aimas, Southwest Papua, Indonesia. CIPC was deliv-
ered over three weeks through household counselling and Posyandu education by nurses, mid-
wives, nutritionists, and health workers, using adjusted difference-in-differences mixed-effects
models. Maternal health literacy was assessed at baseline, post-intervention, and one-month fol-

low-up, other outcomes were assessed at baseline and one-month follow-up.

Results: At one month, CIPC was associated with an adjusted 11.5-point greater increase in ma-
ternal health literacy (95% CI 6.8—-16.2; p=0.003) and a 2.7-point greater increase in anaemia
prevention knowledge (95% CI 2.1-3.3; p<0.001) than routine care. MDD and MMF showed
complete baseline achievement in both groups, while MAD and immunisation were prevalent,
limiting between-group differentiation and adjusted estimation. Sensitivity analyses produced
consistent estimates for primary outcomes, while subgroup analyses showed no evidence of effect

modification by education, parity, or socioeconomic status.

Conclusions: CIPC was associated with improvements in maternal health literacy and anemia
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prevention knowledge. Limited changes in IYCF and immunisation suggest that complex behav-

ioural outcomes may require longer intervention exposure and stronger household and health-

system support. Quasi-experimental or cluster-randomized studies with more clusters, longer

follow-up, and objective outcomes can assess sustained effectiveness.

Keywords: Health Literacy; Maternal Health Services, Health Education, Interprofessional Re-

lations; Community Health Workers .

Introduction

Maternal and child health remains a major
public health priority because conditions dur-
ing pregnancy and early childhood shape
health, development, and health-related be-
haviours across the life course. Indonesia has
achieved substantial progress in maternal and
child health, yet geographic and socioeconom-
ic inequalities persist, particularly in eastern
regions where access to essential maternal
health services remains comparatively con-
strained. Women living in Papua and other
disadvantaged settings have lower antenatal
care utilisation than women in several other
Indonesian regions, while socioeconomic dis-
advantage further increases the likelihood of

inadequate service utilisation.(1,2)

Maternal health literacy (MHL) may provide
an important pathway through which women
obtain, understand, appraise, and apply health
information during pregnancy and early moth-
erhood. Recent evidence associates MHL with
maternal self-care and suggests potential links
with infant and early childhood outcomes
through maternal decision-making, preventive

behaviours, and health service utilisation.(3,4)
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However, evidence remains limited by hetero-
geneous measures, predominantly observation-
al study designs, and low certainty regarding
causal relationships, indicating the need for
interventions that directly strengthen maternal
health literacy.(4)

MHL is

knowledge but also by education, socioeco-

shaped not only by individual

nomic conditions, social support, and the or-
ganisation of health services. Evidence among
postpartum women indicates that social sup-
port and household income predict maternal
health literacy, whereas studies among preg-
nant women show that limited health literacy
is more common among women experiencing
socioeconomic disadvantage.(5,6) These find-
ings suggest that interventions focused solely
on information transfer may be insufficient
when women face interpersonal, socioeconom-
ic, and health-system barriers to accessing and

applying health information.

Structured and accessible models of care may
strengthen MHL by combining health infor-
mation with opportunities for interaction, em-
powerment, and continued support. A cluster

randomised trial in Ghana demonstrated
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greater improvement in MHL among women
receiving group antenatal care than among
those receiving routine individual antenatal
care, while systematic review evidence em-
phasises women’s empowerment, midwives’
capacity, and health-literate health systems as
important  intervention = components.(7,8)
Community-based health education may also
increase maternal health service utilisation,
although variation across stages of care sug-
gests that intervention intensity, continuity,
and delivery mechanisms may influence out-

comes.(9)

Interprofessional collaboration may strength-
en these approaches because maternal and
child health needs span clinical care, health
education, community engagement, nutrition,
preventive services, and referral coordination.
Integration of community health workers with
nurse-midwives can combine professional
clinical expertise with community-level ac-
cess, while interprofessional teamwork em-
phasises shared responsibilities, interdepend-
ence, communication, and coordinated goals.
(10,11) In Indonesia, community health work-
ers provide an important link between fami-
lies and primary healthcare services through
household visits, community communication,
and maternal-child health surveillance, alt-
hough variation in capacity and reporting

practices may limit service consistency.(12)

Improving MHL may also influence maternal

knowledge and behaviours relevant to anae-
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mia prevention and child nutrition. Maternal
knowledge has been associated with pregnancy
self-care and behaviours related to anaemia
prevention, while evidence from Indonesia
links maternal anaemia knowledge with select-
ed behaviours involving iron supplementation
and child nutrition.(3,13) Similarly, infant and
young child feeding practices are influenced
by maternal education, household socioeco-
nomic conditions, child age, information ac-
cess, and other structural factors, indicating
that information provision alone may not pro-

duce immediate behavioural change.(14,15)

Child preventive care provides additional do-
mains through which an integrated community
intervention may be evaluated. Indonesian evi-
dence demonstrates substantial geographic and
socioeconomic inequalities in childhood im-
munisation, with lower coverage associated
with disadvantaged regions, lower maternal
education, poorer households, and limited uti-
lisation of maternal health services.(16) Evi-
dence from low- and middle-income countries
further indicates that improving immunisation
requires coordinated strategies addressing
caregiver health literacy alongside service ac-
cess, outreach, reminder systems, and delivery

barriers.(17)

Despite growing evidence for individual strate-
gies, limited research has evaluated an inte-
grated community-based interprofessional
model that simultaneously addresses maternal

health literacy, anaemia prevention knowledge,
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infant and young child feeding, and immun-
isation. Existing studies have largely exam-
ined group antenatal care, maternal education,
midwife-led interventions, community health
individual child

health outcomes rather than evaluating these

worker programmes, or

interconnected domains within a single coor-
dinated intervention, particularly in under-
served eastern Indonesian settings.(2,8,12)
Therefore, this study evaluated the effective-
ness of a Community Interprofessional Col-
laboration Package (CIPC) in strengthening
maternal health literacy and anaemia preven-
tion knowledge as primary outcomes, while
examining infant and young child feeding
practices and age-appropriate immunisation
as complementary child health outcomes
among women and caregivers in an under-

served setting in eastern Indonesia.
Methods
Study design and setting

This controlled, non-randomized, community
-based pre-post study used repeated measure-
ments to evaluate the Community Interprofes-
sional Collaboration Package (CIPC) in im-
proving maternal health literacy and selected
The

study allocated participants to intervention or

maternal and child health outcomes.

control groups according to predefined geo-
graphical and operational arrangements estab-
lished before recruitment, rather than individ-
ual or cluster randomization, and accounted

for repeated observations and geographical
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clustering in the analysis. The study followed
the Transparent Reporting of Evaluations with
Nonrandomized Designs (TREND) reporting
framework, with maternal health literacy spec-
ified as the primary outcome and anaemia pre-
vention knowledge, infant and young child
feeding (IYCF), age-appropriate immunisa-
tion, and implementation indicators specified
as secondary or process outcomes. The study
was conducted in Aimas Urban Village, Aimas
District, Sorong Regency, Southwest Papua,
Indonesia, through community-based maternal
and child health services involving Posyandu,
community health workers, and the local Pusk-
esmas. Five neighbourhood administrative
units (rukun warga, RW) served as geograph-
ical intervention and clustering units, with RW
01, RW 02, and RW 06 assigned to the inter-
vention group and RW 03 and RW 04 assigned
to the control group. This geographical alloca-
tion followed existing administrative and Po-
syandu service boundaries and was established
before participant recruitment to support inter-
vention delivery within defined community-

service areas.
Participants and recruitment

The study population comprised pregnant
women and mothers or primary caregivers of
children aged 0-23 months who were regis-

tered through Posyandu and community health

worker records in the selected neighbourhoods.
Pregnant women were eligible during the

second or third trimester, whereas mothers or
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primary caregivers were eligible when they
had a child aged 0-23 months at baseline,
had lived in the study area for at least six
months, and intended to remain there
throughout the study period. Individuals una-
ble to provide informed consent because of
severe cognitive impairment or those plan-
ning to relocate during the study period were
excluded. Potentially eligible participants
were identified from community registers and
assessed during household visits using identi-
cal eligibility and recruitment procedures in
both study groups. Recruitment occurred be-
fore intervention implementation, and written
informed consent was obtained before base-
line assessment. Of 182 individuals assessed
for eligibility, 170 eligible participants pro-
vided consent and were enrolled in the analyt-
ical dataset, comprising 100 intervention and

70 control participants.

Geographical allocation and contamination

prevention

Random allocation was not used because in-
tervention delivery within the same commu-
nity could increase information spillover
through shared Posyandu activities, commu-
nity health workers, household networks, and
routine social interactions. The three interven-
tion neighbourhoods received CIPC in addi-
tion to routine services, whereas the two con-
trol neighbourhoods continued routine mater-
nal and child health services without the struc-

tured CIPC package. Intervention-specific
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materials and educational activities were re-
stricted to intervention areas, and community
health workers received explicit instructions
not to deliver CIPC activities across geograph-
ical boundaries. Supervisors reviewed house-
hold visit records, Posyandu attendance rec-
ords, implementation forms, and scheduled ac-
tivities throughout the intervention period to
identify deviations from assigned service areas.
No joint CIPC educational sessions or planned
cross-cluster intervention activities were con-
ducted. Informal communication between resi-
dents could not be completely prevented and
was therefore recognized as a potential limita-

tion of the non-randomized community design.

Intervention

CIPC was delivered over three consecutive
weeks and comprised two structured house-
hold visits and two Posyandu-based group edu-
cation sessions. The intervention integrated
nurses, midwives, nutritionists, and trained
community health workers to provide coordi-
nated education, counselling, practical demon-
strations, and referral support according to
their respective professional roles. Intervention
content addressed maternal health literacy,
anaemia prevention, breastfeeding, comple-
mentary feeding, dietary diversity, meal fre-
quency, immunisation, growth monitoring,
recognition of child health problems, and ap-
propriate health-service utilisation. Each inter-
vention cluster was supported by one nurse,

one midwife, one nutritionist, and one trained
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community health worker, resulting in 12 in-
tervention team members across the three in-
tervention clusters. Before implementation,
team members received standardized training
in interprofessional communication, role clar-
ification, collaborative counselling, maternal
and child health education, IYCF counselling,
anthropometric procedures, referral coordina-
tion, and ethical conduct using simulation,
case discussion, and role-based exercises.
Standardized intervention materials, house-
hold care plans, and implementation forms
supported consistency across professional dis-

ciplines and intervention clusters.

Household counselling included two struc-
tured visits during the intervention period,
with each visit assessing maternal and child
health needs and providing individualized
counselling. The team addressed antenatal
care, breastfeeding, complementary feeding,
dietary diversity, anaemia prevention, hy-
giene, immunisation, growth monitoring,
recognition of child health problems, and ap-
propriate referral according to a shared house-
hold care plan. Interactive communication en-
couraged participants to identify barriers, ask
questions, and select feasible practices while
maintaining standardized intervention mes-
sages. Two structured Posyandu sessions pro-
vided group-based education using visual ma-
terials, practical demonstrations, locally avail-
able food examples, peer discussion, and
problem-solving activities. Nutrition sessions

addressed breastfeeding, dietary diversity,
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meal frequency, and complementary feeding,
whereas maternal health sessions addressed
anaemia prevention, antenatal care, warning
signs, and appropriate health-service use. Im-
munisation sessions addressed age-appropriate
vaccination, completion of scheduled doses,
identification of missed vaccinations, and link-

age with available health services.

Participants requiring additional assessment or
services were referred to the Puskesmas using
a standardized referral mechanism. Referral
indications included incomplete immunisation,
growth concerns, feeding difficulties, illness
symptoms, maternal anaemia risk, and other
maternal or child health concerns identified
during household assessment. The intervention
team documented referrals and followed up
service access, with referral coordination treat-
ed as an implementation component rather

than an independent intervention outcome.
Control condition

Participants in control areas continued to re-
ceive routine maternal and child health ser-
vices available through the local health system.
Routine services included Posyandu activities,
child weighing, growth monitoring, Kartu
Menuju Sehat recording, routine health educa-
tion, antenatal care, and standard child health
services. Control participants did not receive
structured CIPC household counselling, coor-
dinated multidisciplinary education, interven-
tion-specific practical demonstrations, or CIPC

referral coordination.
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Outcome eligibility and assessment schedule

Outcome eligibility was determined inde-
pendently at each assessment according to
prespecified participant and age criteria. Ma-
ternal health literacy and anaemia prevention
knowledge were assessed among all enrolled
women, whereas IYCF outcomes were as-
sessed among children aged 6—23 months and
age-appropriate immunisation among chil-
dren aged 0-23 months at the corresponding
assessment. Participants who were outside the
applicable age range were classified as not
applicable rather than as having failed the

corresponding outcome.

Maternal health literacy was assessed at base-
line, immediately after intervention comple-
tion, and approximately one month after in-
tervention completion. Anaemia prevention
IYCF

appropriate immunisation were assessed at

knowledge, outcomes, and age-
baseline and approximately one month after
intervention completion. The baseline-to-one-
month comparison constituted the primary
longitudinal comparison, whereas the imme-
diate post-intervention maternal health litera-
cy assessment characterized short-term inter-

vention response.
Primary outcome: Maternal health literacy

Maternal health literacy was the primary out-
come and was assessed using a structured 25-
item instrument adapted for the maternal and
child health setting from selected concepts of

the Health Literacy Questionnaire and the In-
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donesian Maternal and Child Health Hand-
book. The adapted instrument assessed do-
mains related to accessing, understanding, ap-
praising, and applying maternal and child
health information and underwent translation,
expert review, cognitive assessment, and pilot
testing before implementation. Participants
rated each item on a four-point Likert scale,
and total scores were transformed to a 0—100
scale, with higher scores indicating greater ma-
ternal health literacy. The adaptation process
was specific to this study, and psychometric
findings were interpreted for the adapted in-
strument rather than for the original Health
Literacy Questionnaire. The immediate post-
intervention assessment described short-term
change, whereas the one-month assessment
provided the primary follow-up measurement
for longitudinal intervention analysis. No clini-
cal outcome was inferred directly from the ma-

ternal health literacy score.

Secondary outcomes

Maternal anaemia prevention knowledge was
assessed at baseline and one-month follow-up
using a 10-item multiple-choice questionnaire
developed from Indonesian maternal anaemia
prevention guidance and relevant WHO rec-
ommendations. Items covered causes and con-
sequences of anaemia, dietary sources of iron,
factors affecting iron absorption, iron supple-
mentation, and preventive practices, with one
point assigned to each correct response and

a total score ranging from 0 to 10. Content



Ethiopian Journal of Pediatrics and Child Health, 2026, 21(3)

ISSN 2413-2640

elSSN 2519-0334 Mustamu et al.

validation, pilot testing, and internal con-
the Kuder-

Richardson Formula 20 were completed be-

sistency assessment using
fore implementation. IYCF practices were
assessed among children aged 6-23 months
using a standardized 24-hour dietary recall
conducted by trained enumerators. MDD,
MMF, and MAD were defined according to
the WHO/UNICEF 2021 IYCF

framework, with the applicable breastfeeding,

indicator

dietary diversity, meal frequency, and milk-
feeding criteria used for each indicator. The
assessment represented feeding practices dur-
ing the preceding 24 hours rather than habitu-

al dietary intake.

MDD was defined as consumption of foods
from at least five of eight WHO/UNICEF
food groups during the preceding 24 hours.
MMF was defined according to the child's
age and breastfeeding status, requiring at least
two feeding occasions among breastfed chil-
dren aged 6—8 months, three among breastfed
children aged 9-23 months, and four among
non-breastfed children aged 6-23 months.
MAD was defined as achievement of the ap-
plicable MDD and MMF criteria, with non-
breastfed children additionally required to
receive at least two milk feedings.Age-
appropriate immunisation was assessed
among children aged 0-23 months using the
Indonesian national immunisation schedule
applicable during the study period. Vaccina-

tion records were reviewed using the Buku
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KIA and other available documentation, with
caregiver reports used as supplementary infor-
mation when documentation was unavailable.
Children were classified as having complete
age-appropriate immunisation when all vac-
cine doses due for their age had been received,
whereas insufficiently documented vaccination

status was classified as incomplete.

Baseline anthropometric measurements were
collected among children aged 0—23 months to
characterize nutritional status and nutritional
vulnerability rather than to assess intervention
effectiveness. Weight, recumbent length, and
mid-upper arm circumference were measured
using standardized procedures and calibrated
equipment, and weight-for-age, length-for-age,
and weight-for-length z-scores were calculated
using WHO Child Growth Standards. Stunting,
underweight, and wasting were classified using
the corresponding WHO anthropometric crite-
ria.

Implementation outcomes

Interprofessional collaboration competency
was assessed among the 12 intervention team
members before and after implementation as a
process indicator. The assessment covered
communication, role clarification, team func-
tioning, and collaborative leadership using a
five-point response scale, with higher scores
indicating greater perceived competency. Be-
cause the assessment involved only interven-
tion team members without a concurrent com-

parison group, these findings were interpreted
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descriptively rather than as independent inter-
vention effects. Intervention fidelity was as-
sessed using standardized implementation
checklists covering household visits, Posyan-
du attendance, counselling adherence, referral
follow-up, anthropometric procedures, super-
visory reviews, and scheduled team meetings.
Fidelity was calculated as the proportion of
completed activities relative to planned activ-
ities, while household counselling duration
was recorded as a continuous implementation
measure. Fidelity indicators described inter-
vention exposure and delivery consistency
and were not treated as causal mediators of

participant outcomes.
Data collection and quality assurance

Baseline data were collected before interven-
tion implementation, followed by outcome
assessments according to the prespecified
schedule. Trained enumerators who were not
involved in intervention delivery conducted
participant interviews, 24-hour dietary recalls,
anthropometric assessments, and immunisa-
tion record verification using standardized
procedures. Outcome assessors were blinded
to group allocation where operationally feasi-
ble, although complete blinding could not be
guaranteed because participants could dis-
close their intervention experiences. Enumer-
ators received standardized training in ques-
tionnaire administration, interviewing, dietary
recall, anthropometric measurement, immun-

isation verification, and data quality proce-
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dures. Supervisors reviewed questionnaire

completeness and implementation records
throughout the study and resolved identified
inconsistencies using predefined procedures. A
unique identification number linked participant
and child records, while identifiable infor-
mation was separated from the analytical da-

taset before statistical analysis.
Sample size

The sample size was determined for the prima-
ry outcome of maternal health literacy using
assumptions for a two-group repeated-
measures comparison. The calculation as-
sumed a moderate standardized effect, a two-
sided alpha level of 0.05, 80% power, and
within-participant correlation. Because the fi-
nal design included five geographical clusters
rather than individual randomization, the po-
tential influence of the small number of clus-
ters was addressed through small-sample sen-
sitivity analyses and cautious interpretation of

statistical precision.
Statistical analysis

Descriptive analyses summarized participant
characteristics and outcome distributions using
means and standard deviations for continuous
variables and frequencies and percentages for
categorical variables. Baseline comparability
was assessed using standardized mean differ-
ences, with values below 0.20 considered in-
dicative of acceptable descriptive balance. Be-

cause allocation was non-randomized, baseline
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balance was interpreted descriptively rather
than as evidence of successful randomization.
The primary outcomes were analyzed using a
difference-in-differences framework compar-
ing changes between intervention and control
groups from baseline to one-month follow-up.
Linear mixed-effects models included fixed
effects for study group, assessment time, and
the group-by-time interaction, with partici-
pant-level random intercepts accounting for
repeated observations. The group-by-time
interaction represented the adjusted DID esti-
mate, and models included maternal educa-
tion, household socioeconomic status, parity,
maternal age, and child age where applicable

as prespecified covariates.

The primary mixed-effects models used Ken-
ward—Roger degrees-of-freedom correction to
improve small-sample inference. GEE models
with Fay—Graubard correction and wild clus-
ter bootstrap inference with 2,000 replications
were used as sensitivity analyses because on-
ly five geographical clusters contributed to
the study. Complete-case and per-protocol
analyses were additionally conducted to as-
sess the robustness of the primary estimates
to missing observations and intervention ex-
MDD, MMF, MAD,

appropriate immunisation were initially speci-

posure. and age-

fied as binary longitudinal outcomes. Com-
plete or near-complete separation, including
100% baseline achievement for MDD and
MMF in both groups, prevented reliable esti-
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mation of adjusted longitudinal logistic models
with group-by-time interactions. These out-
comes were therefore reported descriptively
rather than through unstable regression esti-

mates.

Intracluster correlation coefficients were esti-
mated for the study outcomes to describe with-
in-cluster similarity. Because the analysis in-
cluded only five geographical clusters, ICC
estimates were considered exploratory and
were not interpreted as precise population pa-
rameters. Participants who were ineligible for
an outcome because of age were excluded
from that outcome denominator rather than
coded as non-achievement. Exploratory sub-
group analyses assessed whether the interven-
tion-associated difference in maternal health
literacy varied by educational attainment, pari-
ty, and household socioeconomic status. Sub-
group models used the principal covariate
strategy of the primary analysis where applica-
ble, and interaction terms were used to assess
potential effect modification. These analyses
were prespecified as exploratory and were not
powered specifically to detect subgroup inter-

actions.

All statistical tests were two-sided, with
p<0.05 considered statistically significant for
prespecified inferential analyses. Effect esti-
mates were interpreted together with their con-
fidence intervals, outcome distributions, the
non-randomized allocation, and the small

number of geographical clusters. Statistical
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analyses were conducted using Stata and R
statistical software using appropriate proce-
dures for mixed-effects modelling, GEE, and

bootstrap inference.
Ethical considerations

Ethical approval was obtained from the
Health Research Ethics Committee of Pol-
tekkes Kemenkes Sorong before study com-
mencement No. DP.04.03/
F.LIII.13.a./402/2026). Written informed con-

sent was obtained from all participants before

(Reference

baseline data collection, and participation re-
mained voluntary throughout the study. Par-
ticipants could withdraw without affecting
their access to routine maternal or child
health services, while identifiable information
was separated from analytical data and stored
in password-protected institutional systems
accessible only to authorized research person-
nel.The study was conducted in accordance
with the Declaration of Helsinki and applica-
ble Indonesian ethical and research regula-
tions. The study protocol was not prospec-
tively registered in a clinical trial registry or

other publicly accessible research registry.
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This non-registration was reported transparent-

ly as a methodological limitation.
Results
Participant flow and baseline characteristics

A total of 182 individuals were assessed for
eligibility, of whom 170 were enrolled and in-
cluded in the analytical dataset. The interven-
tion group comprised 100 participants, where-
as the control group comprised 70 participants,
with participant flow and outcome-specific
eligibility presented in Figure 1. IYCF out-
comes were assessed among children aged 6—
23 months, whereas age-appropriate immun-
isation was assessed among children aged 0—
23 months. Baseline characteristics were
broadly comparable between groups, with all
observed standardized mean differences below
0.20 (Table 1). Given the non-randomized geo-
graphical allocation, these findings indicate
descriptive comparability rather than success-
ful

related, and child characteristics are presented

randomization. Maternal, pregnancy-
in Table 1 according to their respective eligi-

bility criteria.
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Individuals assessed for eligibility

(n=182)

\ 4

Eligible and enrolled participants

(n=170)

v

Intervention group
(n =100)

v

Baseline assessment
(n =100)

v

One-month follow-up
(n =100)

v

Included in primary
longitudinal analysis
(n=100)

\4

Control group
(n=70)

v

Baseline assessment
(n=70)

v

One-month follow-up
(n=70)

v

Included in primary
longitudinal analysis
(n=70)

Outcome-specific eligibility:
IYCF: children aged 6-23 months

Age-appropriate immunisation: children aged 0-23 months

Figure 1. Participant flow and outcome-specific eligibility.

Note: IYCF outcomes were assessed among children aged 6-23 months, whereas age-

appropriate immunisation was assessed among children aged 0—23 months.
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Table 1. Baseline Characteristics of Participants by Study Group

Characteristic Intervention Control (n=70) SMD
(n=100)

Maternal characteristics

Maternal age, mean (SD), years 28.4(6.2) 28.9 (6.5) 0.08

Education < elementary, n (%) 66 (66.0) 46 (65.7) 0.01

Housewife, n (%) 82 (82.0) 57 (81.4) 0.02

Multiparous, n (%) 56 (56.0) 39 (55.7) 0.01

Low household SES, n (%) 60 (60.0) 42 (60.0) <0.01

Pregnant women, n (%) 23 (23.0) 16 (22.9) —

Gestational age, mean (SD), weeks 26.1 (5.4) 26.8 (5.1) 0.13

Children aged 0-23 months

Child age, mean (SD), months 11.7 (6.8) 12.1 (7.0) 0.06

Female child, n (%) 38(49.4) 27 (50.0) 0.01

Abbreviations: SD, standard deviation; SES, socioeconomic status; SMD, standardized mean

difference. SMD values <0.20 were considered indicative of acceptable descriptive balance.

Gestational age was assessed only among pregnant women, and child characteristics were

assessed only among participants with children aged 0—23 months.

Maternal Health Literacy and Anaemia
Prevention Knowledge

CIPC was associated with greater improve-
ments in maternal health literacy and anaemia
prevention knowledge than routine care. At

one-month follow-up, the adjusted difference-
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in-differences (DID) was 11.5 points for ma-
ternal health literacy (95% CI 6.8-16.2;
p=0.003) and 2.7 points for anaemia preven-
tion knowledge (95% CI 2.1-3.3; p<0.001).
The corresponding longitudinal trajectories are

presented in Figure 2.
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Table 2. Changes in Maternal Health Literacy and Anaemia Prevention Knowledge

Outcome Time Interven- Control Adjusted DID p-
tion Mean  Mean (SD) (95% CI) value
(SD)

Maternal ~ Baseline 48.7 (14.3)  49.1 (13.8) 11.5(6.8-16.2) 0.003

health lit-

eracy Post-intervention 63.4(12.7)  50.2 (14.0)

One-month follow-up 61.1 (13.4) 50.4 (13.9)

Anaemia Baseline 4.3 (2.1) 4.4 (2.0) 2.7(2.1-3.3) <0.001
prevention
knowledge One-month follow-up 7.2 (1.8) 4.6 (1.9)

Abbreviations: DID, difference-in-differences; CI, confidence interval; SD, standard deviation. Adjusted
models included maternal education, household socioeconomic status, parity, maternal age, and child
age where applicable. Estimates were obtained from linear mixed-effects models with participant-level
random intercepts and Kenward—Roger degrees-of-freedom correction.
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Figure 2. Longitudinal trajectories of maternal health literacy and anaemia prevention knowledge.

Panel A presents maternal health literacy scores at baseline, immediately after intervention, and one-
month follow-up. Panel B presents anaemia prevention knowledge scores at baseline and one-month
follow-up. Points represent group means, and lines connect measurements across assessment times. .
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Infant and Young Child Feeding and Age-
Appropriate Immunisation QOutcomes

IYCF and age-appropriate immunisation out-
comes showed high baseline achievement with

limited between-group differentiation during

complete separation in the observed distribu-
tions precluded reliable estimation of adjusted
longitudinal logistic models. These outcomes
were therefore reported descriptively and were

not used to infer intervention effects.

follow-up (Table 3). Complete or near-

Table 3: Infant and Young Child Feeding and Age-Appropriate Immunisation

Outcome Intervention Intervention Control Control
Baseline Follow-up Baseline Follow-up
MDD achieved 58/58 (100.0%) 65/71 (91.5%) 37/37 (100.0%) 49/52 (94.2%)
MMF achieved 58/58 (100.0%) 63/71 (88.7%) 37/37 (100.0%) 49/52 (94.2%)
MAD achieved 51/58 (87.9%)  65/71 (91.5%) 32/37 (86.5%)  47/52 (90.4%)
Complete age-appropriate  74/77 (96.1%)  67/71 (94.4%) 49/54 (90.7%)  48/52(92.3%)

Immunisation

Abbreviations: MDD, minimum dietary diversity;, MMF, minimum meal frequency;, MAD, minimum ac-
ceptable diet. IYCF outcomes were assessed among children aged 6—23 months at each assessment,
whereas age-appropriate immunisation was assessed among children aged 0-23 months. Denominators
therefore varied according to age-specific eligibility.

Baseline anthropometric characteristics

Baseline anthropometric characteristics were
broadly comparable between groups (Table
S1). Anthropometric measures were collected

to characterize nutritional status and baseline
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nutritional vulnerability. These measures
were not analyzed as longitudinal interven-
tion outcomes because the one-month follow-
up was insufficient to assess meaningful

changes in child growth.
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Table S1. Baseline Anthropometric Characteristics of Children by Study Group

Anthropometric indicator Intervention (n=77) Control (n=54) p-value
Weight-for-age z-score, mean (SD) —1.42 (1.01) —1.37 (0.98) 0.74
Length-for-age z-score, mean (SD) —1.76 (1.15) —1.71 (1.10) 0.81
Weight-for-length z-score, mean (SD) —0.84 (0.92) —0.79 (0.95) 0.69
Mid-upper arm circumference, mean 13.2 (1.1) 13.3 (1.0) 0.58
(SD), cm

Stunting, n (%) 21 (27.3) 15 (27.8) 0.95
Underweight, n (%) 15 (19.5) 10 (18.5) 0.89
Wasting, n (%) 8(10.4) 6 (11.1) 0.90

Abbreviation: SD, standard deviation. Weight-for-age, length-for-age, and weight-for-length z-scores
were calculated according to WHO Child Growth Standards. Stunting, underweight, and wasting were
classified using the corresponding WHO anthropometric criteria. Anthropometric measurements were

collected at baseline to characterize nutritional status and were not treated as post-intervention effec-

tiveness outcomes because the one-month follow-up period was insufficient to assess meaningful chang-

es in child growth.

Intervention

Implementation fidelity was high across moni-

tored intervention components, including
household visits, Posyandu attendance, coun-
selling adherence, referral follow-up, anthro-
pometric procedures, and scheduled supervi-

sion (Table S2). Interprofessional collabora-
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tion competency also increased among inter-
vention team members following implementa-
tion. Because these assessments lacked a con-
current comparison group, the competency
findings were interpreted as descriptive im-
plementation findings rather than independent

estimates of intervention effectiveness.
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Supplementary Table S2. Interprofessional Collaboration Competency and Intervention Fidelity Indicators

A. Interprofessional Collaboration Competency

IPEC domain Pre-intervention Post-intervention Mean 95%
Mean (SD) Mean (SD) Difference ClI
Communication 3.5(0.6) 4.4 (0.5) 0.9 0.4-14
Role clarification 3.2 (0.8) 4.3 (0.5) 1.1 0.6-1.6
Team functioning 3.4(0.7) 4.2 (0.5) 0.8 0.3-1.3
Collaborative leadership 3.5 (0.7) 4.3(0.4) 0.8 0.3-1.3
Total IPEC score 3.4(0.7) 4.3 (0.5) 0.9 0.4-14

B. Intervention Fidelity

Fidelity indicator Planned Completed Completion(%)
Household visits 174 162 93.1
Participants attending both Posyandu educa- 87 77 88.5
tion sessions

Participants completing recommended Pusk- 38 32 84.2
esmas follow-up

Household counselling adhering to protocol 162 147 90.7
Anthropometric assessments completed cor- 174 166 95.4
rectly

Weekly supervisory reviews 9 9 100.0
Scheduled interprofessional team meetings 6 6 100.0
Mean household counselling duration, — 42.0 (8.6) —

minutes, mean (SD)

Abbreviations: IPEC, Interprofessional Education Collaborative; SD, standard deviation; CI, confidence
interval; Posyandu, integrated community health post; Puskesmas, primary health centre. IPEC compe-
tency was assessed among the 12 intervention team members and covered communication, role clarifica-
tion, team functioning, and collaborative leadership, with higher scores indicating greater perceived in-
terprofessional competency. Because the assessment involved intervention team members only and lacked
a concurrent comparison group, changes in IPEC scores were interpreted as descriptive implementation
findings rather than independent estimates of intervention effectiveness. Intervention fidelity was calculat-
ed as the proportion of completed activities relative to planned activities and was used to describe inter-

vention exposure and implementation consistency rather than causal mediation.
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Sensitivity and exploratory analyses

Sensitivity analyses produced estimates con-
sistent with the primary models for both mater-
nal health literacy and anaemia prevention
knowledge, with no material change in the di-
rection or magnitude of the intervention-
associated differences (Supplementary Table

S3). The alternative approaches yielded esti-

mates closely aligned with the primary mixed-
effects models across complete-case, per-
protocol, GEE, and wild cluster bootstrap
analyses. ICC estimates were low across out-
comes but were considered exploratory be-
cause the analysis included only five geo-

graphical clusters (Table S4).

Table 3: Sensitivity Analyses for Maternal Health Literacy and Anaemia Prevention Knowledge

Outcome Analytical approach DID /B (95% p-value
CI)

Maternal ~ Primary mixed-effects model, Kenward—Roger  11.5 (6.8-16.2) 0.003

health lit-

eracy GEE with Fay—Graubard correction 11.5(7.1-15.9) 0.002
Wild cluster bootstrap, 2,000 replications 11.5(5.7-17.3) 0.004
Complete-case analysis 11.3 (7.7-14.9) 0.001
Per-protocol analysis 12.4 (8.8-16.0) 0.001

Anaemia  Primary mixed-effects model, Kenward—Roger 2.7 (2.1-3.3) <0.001

prevention i )

knowledge GEE with Fay—Graubard correction 2.7(2.0-3.4) <0.001
Wild cluster bootstrap, 2,000 replications 2.7(1.9-3.5) 0.001
Complete-case analysis 2.6 (2.0-3.2) <0.001
Per-protocol analysis 2.9 (2.3-3.5) <0.001

Abbreviations: DID, difference-in-differences; GEE, generalized estimating equations; CI, confidence
interval. The primary mixed-effects models included fixed effects for study group, assessment time, and
the group-by-time interaction, with participant-level random intercepts and Kenward-Roger degrees-of-

freedom correction. Models were adjusted a priori for maternal education, household socioeconomic sta-
tus, parity, maternal age, and child age where applicable. GEE analyses incorporated the Fay—Graubard
small-sample correction to address the limited number of geographical clusters. Wild cluster bootstrap
inference used 2,000 replications. Complete-case analyses included participants with observed outcome

measurements at the required assessment times, whereas per-protocol analyses were restricted according

to the predefined intervention exposure criteria.
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Table 4. Intracluster Correlation Coefficients for Study Outcomes

Outcome Baseline ICC Residual ICC
Maternal health literacy 0.03 0.04
Anaemia prevention knowledge 0.02 0.03
Minimum dietary diversity 0.02 0.03
Minimum meal frequency 0.03 0.04
Minimum acceptable diet 0.01 0.02
Age-appropriate immunisation 0.02 0.03

Abbreviation: ICC, intracluster correlation coefficient. Baseline ICCs represent the estimated proportion
of outcome variance attributable to clustering within the five geographical neighbourhood units. Residual
ICCs were estimated from adjusted longitudinal models after accounting for the specified fixed effects.
Because the study included only five clusters, consisting of three intervention clusters and two control
clusters, ICC estimates were considered exploratory and were not interpreted as precise population pa-

rameters.

Exploratory subgroup analyses showed positive  ¢ffect modification by educational attainment,
intervention-associated differences in maternal ~ Parity, or household socioeconomic status
health literacy across all prespecified sub- (Table S5). These analyses were exploratory
groups. However, none of the interaction tests and were not powered specifically to detect

provided evidence of statistically significant  Subgroup interactions.

Table 5. Exploratory Subgroup Analyses of Maternal Health Literacy

Subgroup Adjusted DID (95% CI) p-interaction

Educational at- Low education 13.1 (8.9-17.3) 0.091

tainment Higher education 8.7 (4.2-13.2)

Parity Primiparous 12.8 (8.0-17.6) 0.114
Multiparous 10.2 (6.1-14.3)

Household socio- Low socioeconomic status 11.9 (7.5-16.3) 0.337

economic status ) ) i
Higher socioeconomic status  10.7 (6.2—-15.2)

Abbreviations: DID, difference-in-differences, CI, confidence interval. Subgroup analyses were prespec-
ified as exploratory and used adjusted difference-in-differences models with the principal covariate
strategy of the primary analysis. Interaction terms tested whether the intervention-associated difference
in maternal health literacy varied across subgroup categories. None of the interaction tests reached
p<0.05. Because the study was not powered specifically to detect interaction effects, subgroup estimates

should be interpreted as exploratory rather than confirmatory.
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Discussion

This study evaluated the Community Interpro-
fessional Collaboration Package (CIPC), a
three-week community-based intervention inte-
grating nurses, midwives, nutritionists, and
community health workers to strengthen mater-
nal and child health. The principal findings
were a greater intervention-associated improve-
ment in maternal health literacy and anaemia
prevention knowledge at one-month follow-up,
whereas IYCF and age-appropriate immunisa-
tion outcomes showed limited between-group
differentiation. The findings suggest that a co-
ordinated community intervention may produce
measurable short-term changes in proximal ma-
ternal knowledge outcomes, while more com-
plex behavioural outcomes may require longer

exposure and stronger enabling conditions.

The improvement in maternal health literacy
was the clearest finding and is consistent with
evidence linking maternal health literacy with
access to understandable health information,
social support, and socioeconomic resources.
(5,18) CIPC provided

through household counselling and Posyandu-

repeated exposure

based education, combining professional coun-
selling with practical demonstrations, problem-
solving, and referral support. This multimodal
delivery may have strengthened opportunities
for participants to access, understand, and ap-
ply maternal and child health information and
is consistent with evidence that culturally

adapted education, professional counselling,
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and accessible communication can improve
health literacy among pregnant and postpar-

tum women.(19)

The observed improvement should neverthe-

less be interpreted as an intervention-
associated change rather than definitive evi-
dence of causal efficacy. The intervention
lasted only three weeks, and the one-month
assessment cannot establish whether the ob-
served gain represents durable health literacy
improvement or short-term acquisition and
recall of intervention-related information. The
greater frequency of contact with health per-
sonnel in the intervention group also intro-
duces the possibility of attention or Haw-
thorne effects. In addition, repeated counsel-
ling may have increased participants' aware-
ness of desirable responses, creating potential
social desirability bias despite the use of inde-

pendent enumerators for outcome assessment.

The non-randomized geographical allocation
further limits causal interpretation because
residual confounding and selection bias can-
not be excluded despite broadly comparable
measured baseline characteristics. The study
also included only five geographical clusters,
which restricts the precision of cluster-level
inference. Nevertheless, the direction and
magnitude of the primary estimates remained
broadly consistent across Kenward—-Roger
mixed-effects models, Fay—Graubard GEE,
wild cluster bootstrap inference, complete-

case analysis, and per-protocol analysis. This
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analytical consistency supports the robustness
of the observed association but does not elimi-
nate the structural limitations inherent in the

study design.

The interprofessional structure of CIPC may
have contributed to consistent and comple-
mentary delivery. Nurses, midwives, nutrition-
ists, and community health workers addressed
clinical, nutritional, preventive, educational,
and referral needs within a shared care model
rather than through isolated counselling. This
approach aligns with evidence that effective
interprofessional collaboration depends on
shared goals, role clarity, cooperation, interde-
pendence, and coordinated action.(10,11) The
improvement in interprofessional collaboration
competency and the high completion of moni-
tored intervention activities further support the
feasibility of this delivery model. However,
these implementation findings should not be
interpreted as evidence that improved team
competency independently produced the par-
ticipant-level outcomes because competency
was assessed only among the 12 intervention
team members without a concurrent compari-

son group.

Anaemia prevention knowledge also improved
substantially following CIPC. This finding is
plausible because the intervention directly ad-
dressed iron supplementation, dietary sources
of iron, factors affecting iron absorption, anae-
mia prevention, and referral pathways, thereby

aligning the educational content with the
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measured outcome. Previous evidence has
linked maternal anaemia knowledge with pre-
ventive behaviours, supporting the inclusion
of anaemia education within community ma-
ternal health programmes.(13) However, im-
proved knowledge should not be equated with
reduced anaemia because the study did not
measure haemoglobin concentration, clinical
anaemia, or sustained adherence to iron sup-
plementation. The finding therefore represents
a proximal cognitive outcome that may facili-
tate later preventive behaviour rather than evi-

dence of a downstream clinical benefit.

The limited changes in IYCF outcomes con-
trast with the improvements observed in ma-
ternal knowledge outcomes. MDD and MMF
showed complete baseline achievement in
both groups, while MAD was also high at
baseline, leaving limited scope for measura-
ble improvement and producing substantial
ceiling effects. These distributions also pre-
vented reliable estimation of adjusted longitu-
dinal logistic models. The high baseline
achievement may partly reflect local popula-
tion characteristics, previous exposure to
community health services, or participant se-
lection and differs from findings reported in
Indonesian settings where complementary
feeding indicators have been substantially
lower.(14)

The absence of clear improvement in [YCF
practices also reflects the multidimensional

determinants of feeding behaviour. Dietary
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diversity and meal frequency depend not only
on caregiver knowledge but also on household
food availability, purchasing power, cultural
preferences, child characteristics, maternal re-
sources, and access to appropriate foods and
services.(14,15,20) Consequently, a short edu-
cational intervention may increase knowledge
without producing sufficient changes in the
household environment to alter feeding practic-
es. The use of a single 24-hour dietary recall
further limits interpretation because the meas-
ure captures recent intake rather than usual die-
tary behaviour and remains susceptible to day-
to-day variation and reporting error, despite
standardized WHO/UNICEF definitions and

trained enumerators.

Age-appropriate immunisation similarly
showed limited room for improvement because
baseline coverage was already high in both
groups. The small change during follow-up
suggests that an educational intervention may
have limited additional effect when most chil-
dren have already received all vaccines due for
their age. Immunisation completion depends on
factors extending beyond maternal knowledge,
including vaccine availability, service accessi-
bility, appointment and reminder systems, out-
reach, healthcare utilisation, and continuity of
vaccination records. Indonesian evidence has
demonstrated geographic and socioeconomic
inequalities in childhood immunisation, includ-
ing disadvantages affecting populations in east-
ern Indonesia (16), while recent evidence sup-

ports integrated approaches that combine care-
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giver health literacy with service-level strate-
gies such as outreach and reminder systems.
(17) CIPC may therefore be more appropri-
ately positioned as one component of a
broader immunisation strategy rather than as

a stand-alone educational intervention.

Taken together, the divergent outcome pat-
tern provides insight into the likely pathway
through which CIPC operates. The strongest
changes occurred in outcomes directly target-
ed through repeated communication, counsel-
ling, and education, whereas feeding and im-
munisation indicators depend on behavioural
routines, household resources, service availa-
bility, and other enabling conditions. Mater-
nal health literacy and anaemia prevention
knowledge may therefore represent proximal
outcomes that can precede more complex be-
havioural or clinical changes. This interpreta-
tion remains prospective rather than causal
because the present study did not establish
mediation or long-term pathways between
improved maternal knowledge and subse-

quent health behaviours.

Several methodological features strengthen
the study. The investigators used predefined
outcome-specific eligibility criteria, standard-
ized intervention procedures, trained enumer-
ators who were not involved in intervention
delivery, repeated outcome measurements,
implementation fidelity monitoring, and sen-
sitivity analyses designed specifically for
the

age-ineligible

small-cluster structure.  Treating

IYCF and immunisation

Mustamu et al.
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observations as not applicable rather than as
failures also reduced the risk of outcome mis-
classification. The use of multiple analytical
approaches provided additional evidence re-

garding the stability of the primary estimates.

Several limitations should nevertheless be con-
sidered. First, non-randomized geographical
allocation permits residual confounding and
selection bias despite acceptable measured
baseline comparability, while the five-cluster
structure limits the precision of cluster-level
inference. Second, greater contact with health
personnel in the intervention group makes at-
tention and Hawthorne effects difficult to dis-
tinguish from effects attributable specifically to
CIPC. Third, self-reported maternal knowledge
and dietary information may have been affect-
ed by social desirability and recall bias, partic-
ularly after intensive counselling. Fourth, infor-
mal information exchange between interven-
tion and control residents could not be com-
pletely prevented, although intervention materi-
als, activities, and community health worker
responsibilities were geographically restricted

and monitored.

Fifth, the single 24-hour dietary recall meas-
ured recent rather than habitual feeding behav-
iour. Sixth, the one-month follow-up was insuf-
ficient to determine sustained behavioural or
clinical effects and was particularly unsuitable
for evaluating meaningful changes in child
growth. Seventh, the study was not prospec-

tively registered, which limits prospective
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transparency regarding protocol specification
and outcome registration. Finally, the inter-
professional competency assessment included
only 12 intervention team members and
lacked a concurrent comparison group; conse-
quently, these data should be interpreted as
implementation evidence rather than inde-
pendent evidence of intervention effective-

ness.

The findings have practical implications for
community maternal and child health pro-
grammes in underserved settings. Interprofes-
sional delivery can combine complementary
professional expertise with household coun-
selling, Posyandu-based education, and prima-
ry healthcare referral, thereby creating a coor-
dinated pathway for maternal health infor-
mation and support. However, programmes
targeting [YCF and immunisation should ex-
tend beyond information provision by ad-
dressing household food constraints, repeated
dietary counselling, vaccination tracking, re-
minder systems, outreach, and service accessi-

bility.

Future studies should use cluster-randomized
or stronger quasi-experimental designs with a
larger number of geographical clusters and
prospective registration before recruitment.
Longer follow-up should assess whether early
improvements in maternal health literacy and
anaemia prevention knowledge are maintained
and translated into behavioural and clinical

outcomes, including iron supplementation
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immunisation
child

growth. Repeated dietary assessments and ob-

adherence, dietary practices,

timeliness, haemoglobin status, and
jective health-service records should also be
incorporated to reduce measurement error and
clarify whether improvements in proximal ma-
ternal outcomes ultimately contribute to sus-

tained maternal and child health benefits.
Conclusion

The Community Interprofessional Collabora-
tion Package (CIPC) was associated with great-
er short-term improvements in maternal health
literacy and anaemia prevention knowledge
than routine care in an underserved community
setting in eastern Indonesia. The absence of
IYCF and

appropriate immunisation outcomes indicates

clear improvements in age-
that changes in more complex health behav-
iours may require longer intervention exposure
and stronger household and health-system sup-
port. Given the non-randomized design and
limited number of geographical clusters, the
findings should be interpreted as intervention-
associated rather than definitive evidence of
causal effectiveness. Future studies should use
stronger  quasi-experimental or  cluster-
randomized designs with more geographical
clusters and longer follow-up to determine
whether early improvements in maternal health
literacy and anaemia prevention knowledge
translate into sustained behavioural and child
health benefits. Subsequent evaluations should

also incorporate objective clinical and service-
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utilisation outcomes to strengthen causal in-
ference and assess the scalability of CIPC

across diverse underserved settings.
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