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Summary
Background Despite remarkable progress in maternal and neonatal health, regional inequalities persist in Peru. In
rural areas of Amazonian Loreto, access to quality care is difficult, home births are frequent, and neonatal mortality is
high. We conducted a prospective before-and-after study to assess the effect after implementation and over time of a
community-based intervention on essential newborn care (ENC).

MethodsMamás del Río consists of tablet-enhanced educational home visits by Community health workers (CHW) to
pregnant women and mothers of newborns, with supportive training on ENC of traditional birth attendants and
facility staff. The study area comprised 79 rural communities of three districts in Loreto. Primary outcomes were
ENC practices in home births, secondary outcomes were ENC in facility births as well as healthcare seeking,
measured at baseline before and at year 2 and year 3 after intervention implementation. Community censuses
included questionnaires to women aged 15–49 years with a live birth. We calculated prevalence of outcomes at
each time point and estimated adjusted prevalence differences (PD) between time points using post-estimation
based on logistic regression.

Findings Following implementation early 2019, 97% of communities had a trained CHW. At year 2 follow-up, 63%
(322/530) of women received a CHW visit during pregnancy. Seven out of nine ENC indicators among home births
improved, with largest adjusted prevalence differences in immediate skin-to-skin contact (50% [95% CI: 42–58],
p < 0.0001), colostrum feeding (45% [35–54], p < 0.0001), and cord care (19% [10–28], p = 0.0001). Improvements
were maintained at year 3, except for cord care. At year 2, among facility births only three ENC indicators
improved, while more women gave birth in a facility. Sensitivity analyses showed ENC prevalence was similar
before compared to after onset of Covid-19 lockdown.

Interpretation ENC practices in home births improved consistently and changes were sustained over time, despite the
onset of the Covid-19 pandemic. A community-based approach for behaviour-change in home-based newborn care
appears effective. Process evaluation of mechanisms will help to explain observed effects and understand
transferability of findings.

Funding Grand Challenges Canada and Peruvian National Council of Science and Technology.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Maternal-neonatal health; Essential newborn care; Community-based intervention; Evaluation; Peru;
Indigenous; Amazon
*Corresponding author. Department of Infectious Disease Epidemiology, London School of Hygiene & Tropical Medicine, London, WC1E 7HT, UK.
E-mail address: stefan.reinders@lshtm.ac.uk (S. Reinders).

eBoth authors contributed equally to the manuscript.
Translation: For the Spanish translation of the abstract see Supplementary Materials section.

www.thelancet.com Vol 28 December, 2023 1

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:stefan.reinders@lshtm.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lana.2023.100634&domain=pdf
https://doi.org/10.1016/j.lana.2023.100634
https://doi.org/10.1016/j.lana.2023.100634
https://doi.org/10.1016/j.lana.2023.100634
www.thelancet.com/digital-health


Research in context

Evidence before this study
Regional health inequalities persist despite national
improvements in Peru. In Loreto, located in the Amazon
rainforest, neonatal mortality remains high. Hygienic
conditions are poor and infections are a leading cause of
death in indigenous communities. Most women give birth at
home due to difficult geographic access and low quality of
care, further exacerbated by the Covid-19 pandemic.
Prevalence of essential newborn care (ENC) practices is low,
despite being cost-effective, easy to implement, and directly
linked to improved survival. Evidence from other countries
suggests that community-based interventions can be
effective at improving ENC and reducing neonatal mortality.
While Peru has a large network of volunteer Community
health workers (CHW), our comprehensive literature review
covering Embase, Medline, ScieLO, and BVS Peru (see
Supplementary Materials 2) suggests that rigorous
evaluations are scarce and impact of community-based
interventions on maternal-neonatal health outcomes remains
unknown.

Added value of this study
This is the first study to rigorously document implementation
characteristics and to evaluate the impact of a community-
based intervention on ENC and other maternal-neonatal
health outcomes in Peru. Responding to the unmet need in
an underserved and hard-to-reach indigenous population, we
developed Mamás del Río, an intervention covering training

of CHW and Traditional birth attendants (TBA), combined
with supportive facility strengthening to promote ENC
practices and healthcare utilization. We assessed the effect
after implementation and changes in effect over time,
provided easily interpretable effect sizes adjusted for
confounding, and conducted sensitivity analyses to assess the
impact of Covid-19 and the unprecedented lockdown on
outcomes.

Implications of all the available evidence
We found substantial and consistent improvements across all
ENC practices for home births which were maintained over
time, suggesting that a community-based approach for
behaviour-change in newborn care at home appears effective.
While ENC practices at health facilities saw fewer
improvements, facility births and newborn check-ups saw
small but meaningful increases, despite disruptions by the
pandemic. Our findings should encourage Peruvian policy
makers to incorporate community-based approaches as part
of their maternal-neonatal health strategy in similar settings.
Our experience reinforces the importance of community-
based approaches as an integral part of the health system,
given that CHW and TBAs largely resumed their activities
while facility-based care was severely disrupted during the
first months of the pandemic. Upcoming process evaluation
will help to explain observed changes, understand
generalizability to other settings, and generate valuable
insights for Peruvian CHW policy.
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Introduction
As the world was gripped by the Covid-19 pandemic,
child mortality remained unacceptably high. In 2020, 5
million children under the age of five died, half of
whom were newborns.1 Peru, a middle-income country
of rich geographical, geological, and cultural diversity,
has already achieved the Sustainable Development
Goals target of reducing neonatal mortality to under 12
per 1000 live births. From 2000 to 2020, neonatal mor-
tality was reduced by more than half, from 16 to 7 per
1000 live births,2 and the coverage gap of key care in-
dicators such as skilled birth attendance and antenatal
care (ANC) contacts was largely closed.3 This success
was attributed to overall improvements of social de-
terminants of health, cross-cutting antipoverty pro-
grammes, and implementation of targeted maternal,
neonatal, and child health interventions—all in a context
of political stability and economic growth.4,5 Despite this
remarkable progress, not all regions in Peru benefited
equally. Significant socioeconomic and health in-
equalities persist, especially among the poorest and
those living in rural areas.6,7

Loreto, Peru’s largest department located in the
Amazon rainforest, home to a large diversity of
indigenous populations scattered across vast remote
areas,8 is one of the regions with worst maternal and
neonatal health indicators. Neonatal mortality estimates
for Loreto suggest a rate of 19 per 1000 live births based
on 2010–2012 Demographic Health Survey (DHS) data,5

with 55% of neonatal deaths expected to be under-
registered.9 Anecdotal evidence suggests that neonatal
mortality in indigenous communities might even be
higher, with infections presenting the leading cause of
death.10 Formative research conducted by our group in
rural areas of three underserved districts in Loreto
suggests difficult geographic access to health facilities;
while facilities are often poorly staffed and perceptions
of mistreatment and inadequate care are common.11,12

Based on census data from 2019, we found that two
out of every three women give birth at home, with
almost complete absence of skilled attendants.13 Essen-
tial newborn care (ENC), a set of practices implemented
around birth to ensure optimal breastfeeding, thermal,
and hygienic care, had a low prevalence. While the
coverage gap was most pronounced in home births,
coverage was also not universal in facility births, despite
ENC being cost-effective, easy to implement, and
directly linked to newborn survival.13–15
www.thelancet.com Vol 28 December, 2023
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Disruption to provision of routine care and economic
hardship caused by the Covid-19 pandemic likely further
exacerbated access barriers to facility-based maternal-
neonatal health care.11 From March 2020, Peru imple-
mented a strict lockdown in response to the Covid-19
pandemic, including police and military-enforced
home isolation, a night curfew, school closures and
prohibition of non-essential businesses and domestic
travel that were only gradually eased from July 2020.
While not all of these centralised governmental mea-
sures were put into practice in rural Amazon, commu-
nity isolation and travel restrictions were common.
Routine services were frequently suspended in rural
health facilities during the first months of the
pandemic, while many local Community health workers
(CHW) continued their activities. Despite these mea-
sures, outbreaks in communities were frequent and
fatalities were reported.11

Neonatal deaths that are mostly preventable16 can be
reduced through effective interventions across a variety
of delivery platforms.15 Evidence from South Asia and
Southern Africa suggests that community-based ap-
proaches such as counselling and care by CHW can
achieve reductions in neonatal mortality of 11–25% and
are particularly effective in settings with high mortality
and few facility births.17,18 However, as these in-
terventions are complex19 as involving multiple stake-
holders, targeted behaviours, and mechanisms of
change,20–22 the degree of impact is highly setting-
specific. In Peru, large-scale MNCH interventions
involving community actors included the Primary
Fig. 1: Mamás del Río study area (own assembly, reproduced from Re
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Health Care Strategy,23 the Integrated Management of
Childhood Illness programme,24,25 and the Proyecto
2000.26 Although as of 2020 there were more than 34000
health-related and community-based actors registered in
Peru,27 so far CHW or traditional birth attendants (TBA)
have not played a major role in large-scale programmes.
Furthermore, rigorous prospective evaluations are
scarce, highlighting an important knowledge gap
regarding the impact of community-based interventions
on MNCH outcomes, their implementation character-
istics, and underlying mechanisms in Peru and the
Amazon setting specifically (see comprehensive review
—Supplementary Materials 2).

We developed a community-based intervention with
CHW and TBA training, combined with supportive fa-
cility strengthening to promote ENC practices and
healthcare seeking. We conducted a prospective before-
and-after study to assess the effect and changes over
time of the Mamás del Río intervention on ENC in
home births in three districts in Amazonian Peru, two
and three years after implementation. We also evaluated
ENC in facility births and healthcare utilization in all
births as secondary outcomes.
Methods
Study area
The study area comprised 79 communities in rural areas
of three districts (Nauta, Parinari, Saquena) of Loreto,
located within the Amazon basin in the north of Peru
(Fig. 1). Detailed descriptions of the study setting have
inders et al., 2020).
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been reported previously.11–13 Briefly, the principal
ethnic group in the study areas are the Kokama-Koka-
millas, who live in communities dispersed along the
Amazon River tributaries within dense tropical rain-
forest. Most are poor subsistence farmers and fishers
with a monthly income of less than 50 USD. Running
water, electricity, and sanitation are often lacking and
hygienic conditions are poor. A total of 18 health posts
and three health centres are situated within the study
area. All facilities provide basic routine antenatal and
postnatal care but are only capable of attending immi-
nent births. Obstetric emergencies are referred to the
largest health centre in Nauta and the regional hospital
in Iquitos. There are multi-faceted access barriers to
facilities, including difficult geographic access via river
and high travel costs, poor staffing and equipment of
facilities, and poor perception of services by women.
Most communities have their own health promoters
(promotores de salud), volunteers trained by church,
governmental, and non-governmental organisations; as
well as other community-based health actors including
TBA (parteras tradicionales), healers (vegetalistas, cura-
nderos, hueseros), and sobadoras who, amongst others,
align the baby’s position in the uterus.

Intervention
Our formative research11–13 suggested poor birth and
newborn care in a setting with high neonatal mortality.
Due to a high proportion of home births that is unlikely
to change due to described access barriers to facility
care, along with an existing network of CHW without
Fig. 2: Conceptual framework of the Mamás del Río intervention.
structured activities, we opted to develop a largely
community-based intervention. The Mamás del Río
intervention is aiming to improve ENC practices and
promote healthcare seeking among women and their
newborns through educational home visits by CHW
supported by electronic tablets as job aids. Supportive
components include ENC training of TBA and health
facility staff, as well as comprehensive supervision and
community sensitizations for awareness raising (Fig. 2).
A full description of the intervention can be found in the
study protocol.28

Community health workers
CHW represent the central element of the intervention.
Communities received written invitations to participate
in the programme and to select one CHW candidate,
who was required to be a trusted male or female resi-
dent, parent of own children, with or without prior
experience in health, and willing to be trained, to use an
electronic tablet, and work as a volunteer.

CHW were trained to identify possible pregnancies
through community engagement, confirm pregnancies
by administering pregnancy tests, and enrol pregnant
women to receive home visits with their verbal
permission. CHW were asked to conduct three home
visits during pregnancy and three home visits during
the first week postpartum to pregnant women, mothers
and their newborns, and family members. Schedule and
content were adapted based on guidance by WHO/
UNICEF29 and the Peruvian Ministry of Health.30 Visits
during pregnancy covered promotion of facility birth,
www.thelancet.com Vol 28 December, 2023
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ANC visits, and recognition of maternal danger signs.
The second and third home visit shortly before birth
covered promotion of newborn and immediate birth
care practices and distribution of clean delivery kits.
Home visits 4 to 6 after birth included weighing and
referral of newborn in case of low birth weight, rein-
forcement of newborn care, and recognition of neonatal
danger signs (see Figure S1 for complete visit schedule).

CHW were equipped with internet-capable electronic
tablets running the CommCare application (Dimagi Inc.
Cambridge, Massachusetts), programmed to represent
the logical structure and schedule of home visit. Tablets
were intended as job aids to provide standardized visit
content and support behaviour-change communication
through images and videos, some of which were co-
created with the communities,31 scheduling and
reminder of visits, registration and follow-up. Other
supportive materials included urine-based pregnancy
tests, educational cards and posters on newborn care,
clean delivery kits, and weighing scales.

Five-day baseline trainings covering theoretical ses-
sions and practical role plays on ENC practices, use of
materials, and conduct of home visits were held by two
local facilitators with a professional health background
and overseen by a member of the study team who
developed the materials. After the initial training, peri-
odic two-day refresher and consolidation trainings with
CHW were conducted covering selected ENC practices,
communication skills, and tablet use. These trainings
were subsequently repeated to replace CHW who
dropped-out. Written informed consent for participation
as a CHW volunteer in the programme and collection of
process data was obtained. All participants received
small monetary compensation for their travel costs.

TBA and facility staff
TBA were found to be key influencers of ENC practices
for home births.13 Communities were invited to select
TBA for two-day training workshops covering the
importance of ENC, use of clean delivery kits, and
practical simulation of care using plastic dolls. Repeat
trainings were held periodically. Staff of health facilities
in the study area that were involved in maternal-
neonatal care participated in two-day training work-
shops on routine newborn care,32 adapted from the
WHO ENC course33 and Peruvian guidelines,34 as well
as sensitization on the scope of the intervention and to
build collaborations with CHW. Facility staff training
was developed, organized, and conducted together with
regional health authorities and planned to be repeated
half-yearly.

Supervision & community sensitization
The intervention was designed with comprehensive
supervision. Supervisors were asked to pay monthly
visits to communities to provide support, on-the-job
training, and materials to CHW. During their visits,
www.thelancet.com Vol 28 December, 2023
supervisors also meet with community leaders, TBA,
and health facility staff to maintain ongoing dialogue
and solve any problems. Supervisors were paid staff
local to the region, with at least a technical degree in
nursing. They were trained during a 5-day workshop
and received field-training by the study team covering
intervention goals, CHW activities, and supervisory
tasks. They attended monthly group meetings with the
study coordinator for feedback, planning of visits, and
activity monitoring of app data use by CHW. Supervi-
sors also conducted half-yearly community sensitization
through townhall meetings to raise awareness and
garner support for the intervention.

Study design & participants
The evaluation of the Mamás del Río programme con-
sists of an outcome and process evaluation.28 As part of
the outcome evaluation, we conducted a prospective
before-and-after study to assess the effect after imple-
mentation and changes over time of the intervention on
ENC practices and healthcare utilization. Outcomes
were measured through three repeated, cross-sectional
household censuses conducted at baseline before
implementation in early 2019, and at year 2 and year 3
follow-up after implementation of the intervention
(Fig. 3).

The Covid-19 pandemic and associated lockdown,
which occurred about a year into our study, imposed
deviations from the original study protocol.28 While we
had planned to conduct all three censuses with a one-
year recall period, the first follow-up census had to be
postponed for almost a year and was conducted with a
longer recall period, extending the overall study period
to almost three years (Fig. 3). While we had planned to
pool follow-up censuses, we finally decided to assess the
effect over separate follow-up time points, to account for
differential recall periods and possible interference by
Covid-19.

Study participants for the evaluation were women
between 15 and 49 years with a singleton live birth as
the principal beneficiaries of the intervention. While the
baseline census and the year 3 follow-up census
included women with a live birth within the last year,
the extended recall period of the second census meant
that all women with a live birth since the baseline
census were included (see Fig. 3). Only vaginal births
were included for the analysis of ENC at facilities as
caesarean births likely had received different treatment
and are unable to report on most ENC practices. Ethical
approval was received from the Universidad Peruana
Cayetano Heredia (16071) and the London School of
Hygiene & Tropical Medicine (100419).

Outcomes
Primary outcomes were defined a priori28 as ENC in
home births, and included practices related to thermal
care (immediate drying, immediate skin-to-skin contact,
5
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Fig. 3: Implementation of intervention and evaluation activities throughout the study period. Numbers denote separate implementation
activities. Baseline CHW training (1) was implemented between December 18 and February 19; repeat trainings to replace dropouts (2, 3, and 4)
were implemented thereafter. Intervention kicked-off with start of supervision activities in Feb ‘19 and terminated with last supervision in
October 21; for a total duration of 2 years and 8 months. The first census for baseline measurement was conducted between December 18 and
January 19, with a 1-year recall period and earliest birth included was in December 17. The second census for follow-up was planned one year
after but postponed to November 20 due to Covid-19 with an extended recall period. The third and last follow-up census conducted in
November 21 with a regular 1-year recall period.
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delayed bathing for the first three days), hygienic cord
care (clean cord tying with a new clamp or thread, clean
cord cutting with a new scalpel, razor blade or scissors,
and no harmful substances applied to cord other than
alcohol or water/soap), and optimal breastfeeding
(colostrum feeding, early breastfeeding within 1 h after
birth, and exclusive breastfeeding within the first three
days). Definition and operationalization of primary
outcomes can be found in Figure S2. Secondary out-
comes were ENC practices among facility births as well
as utilization of maternal-neonatal health care at facil-
ities (ANC, facility birth, and postnatal newborn check-
up) among all births.

Data collection & procedures
Censuses covering the entire population of the study
area were conducted in all communities to evaluate
study outcomes, detailed procedures were reported
previously.13,28 Briefly, censuses consisted of enumer-
ating households (i.e. systematic listing of all house-
hold members) to identify all eligible women for
participation in a questionnaire covering women’s and
household characteristics, healthcare seeking, inter-
vention exposure, and birth and newborn care prac-
tices of their last birth. Written informed consent
testified by an independent witness was obtained from
eligible women willing to participate. Questionnaires
were administered electronically using mobile devices
by female health professionals who received prior
training.
To evaluate implementation characteristics, data was
collected from multiple sources. CHW were adminis-
tered a questionnaire regarding their characteristics,
prior experience, and activities. The study coordinator
collected data regarding implementation of training ac-
tivities and retention of CHW throughout the study.

The study area and corresponding number of
communities was predetermined based on logistical
and budgetary considerations. Power calculations for
the initially planned before-and-after analysis based
on two time points were conducted for all primary
outcomes, using assumptions based on estimates
from a pilot survey from 2018. Minimal absolute
detectable increases of changes in ENC in home
births ranged from 9 to 20% for expected sample sizes
and different design effect scenarios,28 which we
deemed attainable.

Definition of variables
All outcomes were based on maternal self-report.
Operational definitions of ENC indicators and coding
of variables have been reported previously.13 Place of
birth was defined as at home, at a health facility, during
transit, or as ‘other’ if unable to categorize to any prior
category. Categories of monthly household income were
based on poverty levels for the rural jungle region in
Peru.35 ANC contacts were coded into four levels (≥8,
6–7, 1–5, and 0) to reflect WHO recommendations,36

Peruvian recommendations,37 insufficient contact, and
no contact, respectively.
www.thelancet.com Vol 28 December, 2023
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Statistical analysis
We cross-tabulated women’s characteristics by each
census and calculated column percentages. To assess
differences between baseline and follow-up censuses,
we calculated p-values using Pearson’s chi-squared test
converted into F statistic together with the ‘svy’ com-
mand correcting for survey design,38 accounting for
clustering of observations at the community level39 since
women from the same community might share similar
characteristics or practices.

Women’s self-reported receipt of CHW home visits
was considered the principal intervention exposure.
Coverage of CHW home visits was calculated as pro-
portion of women with any CHW visit during preg-
nancy or during the first week postpartum, stratified
by calendar year quarter based on newborns’ birth
dates. Coverage of CHW throughout the study was
calculated as proportion of CHW among all commu-
nities who received baseline training or subsequent
training to replace dropouts and were active during
each quarter. Coverage of trained TBA among all
communities and coverage of health facilities with at
least one trained staff were also calculated and re-
ported together with CHW characteristics and
coverage to describe the intervention’s key imple-
mentation characteristics.

To evaluate the effect of the intervention on out-
comes, we first compared outcomes between baseline
and year 2 follow-up census to assess changes from
before to after implementation. Secondly, we compared
outcomes between year 2 and year 3 follow-up to assess
whether changes were maintained over time. We
calculated prevalence of primary and secondary out-
comes as proportion of women reporting a specific
outcome; cases with “don’t know” responses or missing
data were omitted from analysis. 95% confidence
intervals (95% CI) were calculated based on Taylor-
linearized standard errors, also accounting for clus-
tering at the community level.38–40

To assess for changes between time points, we
calculated adjusted prevalence differences (PD)13 using a
three-step approach. First, we fitted logistic regression
models and used a time variable to estimate the effect of
time, representing intervention availability, on out-
comes. To adjust for confounding, we then added
women’s education as a covariate to all models. Educa-
tion was considered an a priori confounder as being an
important determinant of ENC13 and use of facility
care41,42; as well as likely changing over time as observed
in other rural areas in Peru.35 In addition, we used a
stepwise forward selection approach to examine other
covariates as potential confounders based on a change-
in-estimate criterium of ≥10%. Ethnicity, religion, dis-
trict, parity, and ANC contacts were additional covariates
that qualified for some models, as described in the re-
sults section. Using the output from the logistic
regression models, we then transformed odds ratios to
www.thelancet.com Vol 28 December, 2023
PD using a post-estimation approach.13 95% CI were
calculated using the Taylor linearization and p-values
based on the linear test of equivalence between baseline
and follow-up prevalence.40,43

To assess the impact of the Covid-19 lockdown on
outcomes, we conducted a sensitivity analysis using data
from the year 2 follow-up census and stratified out-
comes by birth dates of newborns born before and after
onset of lockdown on 16 March 2020. All analyses were
conducted using Stata 17.0 (Stata Corp, College Station,
Texas).

Role of funding source
This manuscript has been prepared as part of the
implementation and evaluation of the Mamás del Río
program, funded by the National Council of Science and
Technology, Grant Number 135-2016 and Grand Chal-
lenges Canada, Grant Number 0816-05. The funders
had no role in study design, data collection and analysis,
decision to publish, preparation of the manuscript, or
any other aspect pertinent to the study.
Results
Implementation characteristics
Baseline training of CHW, TBA, health staff, and su-
pervisors was undertaken between December 2018 and
February 2019 (Fig. 3). At baseline, n = 77 CHW
received training and were active across all communities
in the study area (77/79, 97%, see Fig. 4). Questionnaire
data was available for 88% (68/77) CHW, of which 79%
were male (54/68) and 82% (56/68) were between 30
and 71 years of age (Table S1). Only a quarter (17/68,
25%) had secondary education and few had experience
with smartphones (18/68, 27%). About half (33/68,
52%) were actively performing tasks as health pro-
moters in their communities prior to Mamás del Río
training, mostly offering treatment or cures to the
general population (31/68, 46%). Only 37% (25/68) had
received any other training in the last 5 years. Coverage
of CHW remained high (71/79, 90%) at the end of
study, while 73% (56/77) from the initial cohort were
retained as active volunteers.

At baseline, 67% (53/79) communities had at least
one TBA trained, while coverage was lower during
subsequent trainings (63%, 51/79 and 42%, 33/79).
More than two thirds (71%, 15/21) of facilities had at
least one staff trained at baseline, while coverage
increased to 86% (18/21) at last training (Table S2).
Supervisors started their monthly supervision visits with
community sensitization in February 2019, marking the
start of the intervention. While trainings were planned
at regular intervals throughout the planned study period
of two years, the onset of the Covid-19 pandemic led to
postponement of several activities anticipated for 2020
(Fig. 3). The study ended with cease of supervision by
end of October 2021.
7
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Census
Censuses were completed for all (79/79) communities,
and participation among enumerated houses was high
(≥99%, Figure S3). A total of 1192 completed ques-
tionnaires were available and participation was high for
baseline (324/326, 99%), year 2 (532/555, 96%) and year
3 follow-up (336/339, 99%) censuses.

Women’s characteristics
At baseline, most women (202/324, 62%) with a live
birth in the last 12 months were between 20 and 34
years of age (Table 1). Half of women (163/322, 51%)
had only primary education and 52% (167/322) lived in
extreme poverty. About half (148/313, 47%) were of the
Kokama-Kokamilla ethnicity and 52% (162/311) were
Catholic. Most women (276/324, 85%) had more than
one child, while 35% (114/324) had five or more chil-
dren. Two thirds (213/324, 66%) lived more than 10 km
traveling distance via river from a health centre and only
26% (83/323) had eight or more ANC contacts. About
two thirds of women gave birth at home (208/324, 64%)
and most births were attended by a TBA (132/324, 40%)
or a family member (64/324, 20%). Few children were
born in health posts (33/324, 10%), health centres (40/
324, 12%) or hospitals in the capital (41/324, 13%);
proportion of caesarean section was 8% (25/324).

At year 2 follow-up compared to baseline, more
women had secondary education (58% vs 46%,
p = 0.0031), were primiparous (26 vs 15%, p = 0.0004),
and gave birth in a health centre (17 vs 12%, p = 0.027)
or health post (16 vs 10%, p = 0.027; Table 1). At year 3
compared to year 2 follow-up, more women identified
themselves as mixed-race (50 vs 40%, p = 0.0020) and
pertained to other religions (16 vs 8%, p = 0.0011), while
more births were attended by TBA (42 vs 33%,
p = 0.047). There were no changes in facility births
(Table 1).

Exposure to CHW home visits
The coverage of home visits by trained CHW increased
from baseline to year 2 follow-up from 4% to 63%
(p < 0.0001) and from 2% to 48% (p < 0.0001) during
pregnancy and after birth, respectively (Table 1). From
year 2 to year 3 follow-up, visits decreased during
pregnancy (63%–54%, p = 0.017) and after birth (48% vs
38%, p = 0.011). Stratification by quarter revealed a steep
increase in visits after implementation, a sudden
reduction of visits in Q3 2020, and a subtle decline in
visits until the end of the study (Fig. 4).

ENC in home births
After implementation, consistent improvements were
seen in seven out of nine ENC practices for home births
(Fig. 5a–c). From baseline to year 2 follow-up, largest
unadjusted PD were found in skin-to-skin contact (PD:
50% [95% CI: 42–58], p < 0.0001; change from 9 to 59%,
www.thelancet.com Vol 28 December, 2023
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Baseline
(Dec 2017–Jan
2019, n = 324)

Follow-up year 2
(Feb 2019–Oct
2020, n = 532)

p-value Follow-up year 3
(Nov 2020–Nov
2021, n = 336)

p-value

n % n % n %

District

Nauta 205 63 323 61 0.63 191 57 0.42

Parinari 66 20 120 23 82 24

Saquena 53 16 89 17 63 19

Age

15–19 57 18 95 18 0.25 72 21 0.15

20–34 202 62 354 67 203 60

35–49 65 20 83 16 61 18

Highest educationa

No education 3 1 4 1 0.0031 3 1 0.50

Primary 163 51 201 38 133 40

Secondary 149 46 306 58 192 57

Superior 7 2 21 4 7 2

Household incomeb

<S/150 extreme poverty 167 52 233 45 0.20 165 50 0.24

S/151–250 poverty 90 28 178 34 116 35

>S/250 above poverty line 65 20 110 21 49 15

Ethnicityc

Kokama-Kokamilla 148 47 231 47 0.54 136 44 0.0020

Mixed-race 132 42 195 40 155 50

Other/None 33 11 64 13 20 6

Religiond

Catholic 162 52 239 48 0.60 148 45 0.0011

Evangelic 123 40 215 43 129 39

Others 26 8 41 8 54 16

Birth order

1 48 15 136 26 0.0004 80 24 0.33

2–4 162 50 257 48 155 46

≥5 114 35 139 26 101 30

Distance to health centre

≤0–10 km 111 34 183 34 0.95 105 34 0.39

11–22 km 104 32 175 33 123 33

23–51 km 109 34 174 33 106 33

Antenatal care contactse

0 25 8 45 9 0.58 19 6 0.12

1–5 111 34 194 38 143 44

6–7 104 32 145 29 101 31

≥8 83 26 122 24 65 20

Type of birth

Vaginal 299 92 500 94 0.26 311 93 0.42

Caesarean 25 8 32 6 25 7

Place of birth

Hospital 41 13 66 12 0.027 39 12 0.32

Health centre 40 12 91 17 54 16

Health post 33 10 83 16 39 12

At home 208 64 286 54 197 59

Transit/Other 2 1 6 1 7 2

Type of birth attendant

Skilled birth attendant 128 40 246 46 0.11 135 40 0.047

Traditional birth attendant 132 40 175 33 140 42

Family member/unskilled 64 20 111 21 61 18

(Table 1 continues on next page)
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Baseline
(Dec 2017–Jan
2019, n = 324)

Follow-up year 2
(Feb 2019–Oct
2020, n = 532)

p-value Follow-up year 3
(Nov 2020–Nov
2021, n = 336)

p-value

n % n % n %

(Continued from previous page)

Any MDR CHW home visit

During pregnancyf 12 4 322 63 <0.0001 180 54 0.017

After birthg 5 2 255 48 <0.0001 128 38 0.011

P-values calculated using F-test accounting for clustering at the community level. aHighest level reached, completed and not completed. Three women responded with
“don’t know”. bMonthly gross household income. Currency is Peruvian Soles (PEN), at the time of write-up 1 PEN was 0.27 USD, with income categories translating to < 41
USD = extreme poverty, 41–68 USD = poverty, and >68 USD = above poverty line. Eighteen women responded with “don’t know”. cSeventy-eight women responded with
“don’t know”. dFifty-five women responded with “don’t know”. eThirty-five women responded with “don’t know” or had missing values. fFour women responded with
“don’t know”. gTwo women responded with “don’t know”.

Table 1: Characteristics of women between 15 and 49 years with a live birth in the last 12 months at baseline, follow-up year 2, and follow-up year 3.
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respectively) and colostrum feeding (PD: 46% [36–55],
p < 0.0001; 39–85%), see Table 2. Improvements of
intermediate effect size were seen in no application of
harmful substances to cord (PD: 19% [10–28],
p = 0.0001; 59–78%), cord tying (PD: 15% [8–23],
p = 0.0001; 78–93%), and delayed bathing (PD: 14%
[9–19], p < 0.0001; 80–94%). Small improvements were
found for clean cord cutting (PD: 10% [2–19], p = 0.016;
80–91%) and exclusive breastfeeding during the first 3
days (PD: 10% [5–15], p = 0.0006; 87–97%). Adjustment
for education and other covariates (see details in foot-
note of Table 2) did not alter effect estimates impor-
tantly, with only minimal differences in point estimates
for clean cord cutting (adjusted PD: 11% [3–20],
p = 0.012), colostrum feeding (adjusted PD: 45%
[35–54], p < 0.0001), and exclusive breastfeeding
(adjusted PD: 11% [5–16], p = 0.0006). From year 2 to
year 3 follow-up, no evidence for change in most in-
dicators was found after adjustment (see Table 2); except
for a reduction in application of no harmful substances
(adjusted PD: −14% [−24 to −4], p = 0.0070) and weak
evidence for a reduction of clean cord tying (adjusted
PD: −5% [−10 to 0], p = 0.041).

ENC in facility births
From baseline to year 2 follow-up, among women with
vaginal births in health facilities, improvements were
seen in delayed bathing (adjusted PD: 32% [20–45],
p < 0.0001), colostrum feeding (adjusted PD: 22%
[13–30], p < 0.0001), and immediate skin-to-skin contact
(adjusted PD: 19% [8–31], p = 0.0015), see Tables S4 and
S5 for comprehensive results. From year 2 to year 3
follow-up, some evidence was found for a reduction in
skin-to-skin contact (adjusted PD: −12 [−22 to 2],
p = 0.028).

Health care seeking
From baseline to year 2 follow-up, the proportion of
facility births increased (adjusted PD: 8% [14–1],
p = 0.021), more newborns were weighed early (adjusted
PD: 15% [7–24], p = 0.0005) and had an early check-up
(adjusted PD: 7% [3–11], p = 0.0011), see Tables S6 and
S7. Weak evidence for a reduction in ≥6 ANC contacts
(PD: −7% [−14 to 1], p = 0.092) was found after adjust-
ment. From year 2 to year 3 follow-up, some evidence
was found for a reduction in early weighing of newborns
(adjusted PD: −7% [−14 to 0], p = 0.043) while the other
indicators remained unchanged.

Subgroup analysis Covid
Post-hoc stratification of year 2 follow-up data by birth
dates before and after onset of lockdown showed no
substantial changes in coverage levels of ENC outcomes
in facility or home births (Tables S8 and S9). While the
proportion of facility births remained similar, fewer
women had ≥6 ANC visits after onset of lockdown (40%
[95% CI: 32–49]) compared to before (59% [53–65]), see
Table S10. Fewer newborns were weighed early after
(62% [54–69]) compared to before lockdown (74%
[68–79]); however, confidence intervals were narrowly
overlapping.
Discussion
Key findings
Substantial and consistent improvements were seen
across almost all ENC practices for home births at year 2
follow-up, with largest increases in skin-to-skin contact,
colostrum feeding, and cord care. Coverage levels of
most practices were sustained at year 3 follow-up, except
for cord care. These results were achieved in a context of
major disruptions due to the Covid-19 pandemic and an
unprecedented lockdown. ENC practices among facility
births, defined as secondary outcomes, saw fewer and
smaller improvements, with only three indicators
improving after implementation. There were small in-
creases in facility births and early newborn checkups;
while coverage of ≥6 ANC contacts seemed to decrease
at year 2 follow-up. Post-hoc stratification showed that
while healthcare utilization tended to decrease after start
of lockdown, ENC practices for home or facility births
were not impacted. About two thirds of women were
www.thelancet.com Vol 28 December, 2023
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Fig. 5: a–c: Primary outcomes: thermal care, breastfeeding practices, and cord care reported by women between 15 and 49 years who
had a live birth at home—at baseline, follow-up year 2, and follow-up year 3.
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visited by a CHW during pregnancy after implementa-
tion. While visit coverage was only marginally impacted
during the first months of lockdown, we observed a
subtle downwards trend in visits towards the end of the
study.

Comparison to other studies
As far as we know, our study is the first one to docu-
ment the impact of a community-based intervention on
MNCH and specifically on ENC outcomes in Peru.
Large cluster-randomized trials from LMIC countries in
South Asia and Sub-Saharan Africa have already
demonstrated that community-based interventions with
CHW home visits can effectively reduce neonatal mor-
tality and improve ENC practices, which amongst
others, were intermediate outcomes in all trials.44–49

Studies that did not find an effect on neonatal mortal-
ity and/or ENC cited low home visit coverage49,50 or
inadequate targeting of neonatal mortality risk factors.51
www.thelancet.com Vol 28 December, 2023
Findings from our study are consistent with other non-
randomized but larger proof-of-principle studies from
LMIC, which documented moderate to large effect sizes
in before-and-after comparisons on breastfeeding prac-
tices (10–35%),52–57 hygienic cord care (11–36%),52–54,56,57

and thermal care (16–41%)45,53–58 for home and facility
births combined.

Implementation characteristics of CHW component
The intervention was designed with CHW as the central
element. Following written invitations detailing CHWs’
future roles while avoiding hard selection criteria, CHW
were chosen by their own communities during
investigator-unfacilitated assemblies. CHW who atten-
ded trainings were mostly poorly educated, middle-aged,
male health promoters. While this ensured an experi-
enced cadre of CHW, their gender might have been an
issue—male CHW usually have lower acceptance
among female recipients, especially in maternal-
11
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Prevalence difference baseline to Follow-up year 2 Prevalence difference follow-up year 2 to follow-up Year 3

Unadjusted Adjusteda Unadjusted Adjustedb

% 95% CI p-value % 95% CI p-value % 95% CI p-value % 95% CI p-value

Thermal care

Immediate drying 4 −5 to 12 0.38 3 −6 to 11 0.52 −1 −9 to 7 0.83 −1 −9 to 8 0.88

Immediate skin-to-skin contact 50 42–58 <0.0001 50 42–58 <0.0001 −3 −15 to 9 0.66 −3 −15 to 9 0.63

Delayed bathing 14 9–19 <0.0001 14 8–20 <0.0001 1 −4 to 6 0.73 0 −5 to 5 0.91

Cord care

Clean cord tying 15 8–23 0.0001 15 8–22 <0.0001 −5 −10 to 0 0.042 −5 −10 to 0 0.041

Clean cord cutting 10 2–19 0.016 11 3–20 0.012 0 −6 to 6 0.99 2 −3 to 7 0.41

Nothing harmful applied 19 10–28 0.0001 19 10–28 0.0001 −14 −24 to −4 0.0080 −14 −24 to 4 0.0070

Breastfeeding

Colostrum feeding 46 36–55 <0.0001 45 35–54 <0.0001 −3 −11 to 6 0.54 −2 −10 to 6 0.63

Early breastfeeding 8 −2 to 18 0.14 8 −2 to 18 0.11 4 −6 to 15 0.41 4 −6 to 14 0.43

Exclusive breastfeeding first 3 days 10 5–15 0.0006 11 5–16 0.0006 −2 −5 to 1 0.20 −3 −6 to 1 0.10

95% Confidence Intervals (95% CI) were calculated based on Taylor-linearized standard errors accounting for clustering at the community level. aAll models for baseline and follow-up year 2 comparison
were adjusted a priori for education. Additional covariates included based on ≥10% change-in-estimate criterium were ethnicity for of delayed bathing and cord cutting; and ethnicity + religion for of
exclusive breastfeeding first 3 days. bAll models for follow-up year 2 and year 3 comparison were adjusted a priori for education. Additional covariates included based on ≥10% change-in-estimate criterium
were ethnicity for delayed bathing; ethnicity + religion for cord cutting; and religion for exclusive breastfeeding first 3 days.

Table 2: Changes in coverage of essential newborn care practices of women between 15 and 49 years who had a live birth at home (primary outcomes) from baseline to follow-up
year 2 and follow-up year 3.
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neonatal health care covering intimate topics that often
require trust for successful interactions; while pre-
existing social gender norms can act as further
barriers.20–22,59 Given this, the major effect seen comes
somewhat as a surprise and warrants closer examination
of the CHW’s role in the mechanisms of change and
their reception by women in this setting.

About two thirds of eligible women were reached by
CHW in the first two years after implementation. Larger
proof-of-principle studies from South Asia and Sub-
Saharan Africa achieved coverage levels of home visits
during pregnancy of 31–83% (median 59%).52–58,60 While
our CHW achieved good coverage at intermediate levels,
CHW in reviewed studies had much larger populations
to cover (one CHW per 771 to 4367 population)
compared to CHW in our study (one CHW per 133
population), where communities are small and each
traditionally provide their own CHW. While at the end
of our study only about half of eligible women received a
visit during pregnancy, 86% reportedly had heard of the
programme (data not shown). These findings indicate
that CHW did not achieve their full potential, especially
towards the end of the study, as they missed an
important number of women despite having a compa-
rably low workload.

Coverage of trained and active CHW was almost
universal after implementation and remained very high
throughout the study due to subsequent trainings
replacing dropouts. Three quarters of CHW were
retained at the end of the study; a principal reason for
dropout being the lack of payment and/or time for vol-
unteering (data not shown). Published data on CHW
attrition is scarce and the few available estimates range
widely.61,62 Considering that our CHW did not receive
any remuneration or major incentives, the attrition rate
in our study seems acceptable. While we chose this
approach in line with Peru’s CHW policy,63 current
WHO guidelines recommend, amongst others, financial
incentives as part of CHW programmes.64 Achieving
long-term sustainability with a volunteering approach in
combination with structured activity and supervision, as
in our case, might therefore be difficult and needs
further appraisal.

Implementation characteristics of TBA component
Consistent and substantial increases across ENC prac-
tices in home births in the context of intermediate home
visit coverage suggest other causative mechanisms
exerting effects. In our setting, TBA attend about two
thirds of home births and are therefore key influencers
of ENC. Current WHO guidance advocates partnership
with TBA and endorses their training in settings where
they remain key providers of care at birth.65 This strategy
however has been controversial in the past and the role
of TBA was marginalized in global health policy for
decades as considered detrimental to ensuring skilled
attendants for every birth.66,67 In Peru, although partici-
pation of the community in the referral and promotion
of maternal-neonatal health care at facilities is a goal in
the Ministry’s of Health latest plan for reduction of
maternal and perinatal mortality, TBA are not specif-
ically mentioned.68

In our intervention, we decided to integrate TBA
training to align with the reality of our setting,
characterized by multi-faceted access barriers for insti-
tutional births. After implementation, two-thirds of
www.thelancet.com Vol 28 December, 2023
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communities had a trained TBA, who were mostly
middle- and older-aged women with experience in
attending births. While the inherent profile and role of
TBA themselves have long been seen as a barrier to
change of practices,66 our experience suggests that TBA
training may have been an important factor in
improving ENC practices at home. Furthermore, the
concern that provision of clean delivery kits could
incentivize home births was not substantiated, as we
saw increases in facility births. The TBA’s exact role in
achieving changes as well as their attitudes towards
institutional births and new care practices remains to be
investigated.

Secondary outcomes
Smaller improvements in ENC were seen among facility
births. This might be related to the relatively high
prevalence of ENC indicators at baseline, making it
more difficult to achieve improvements. While coverage
of at least one trained staff among facilities was high, we
did not have data to assess overall coverage among all
staff, which might have been lower. Furthermore, a
smaller effect might be attributed to the relatively short
training duration of 2 days, inclusion of other training
topics competing with ENC content, and heavy staff
rotation as many participants were trainees of SERUMS,
a national internship programme for recent graduates to
counter the shortage of healthcare workers in rural areas
of Peru.69

A secondary objective of our intervention was to in-
crease health care utilization, mainly through CHW
raising awareness of benefits and thus increasing de-
mand. We detected a small but meaningful increase in
facility births, both in health posts and centres but not in
hospitals. This was surprising given the profound access
barriers and women’s preference for home births,12 ex-
pected to rather require an intervention fostering
structural change by targeting financial incentives,
transport systems, quality of care, and cultural compe-
tency of facility staff.70–72 Although this small increase
could just depict annual fluctuation, it merits closer
examination. While changes in healthcare seeking atti-
tudes through in-migration from urban areas to our
study communities in the first year of the pandemic
could be a possible explanation, stratification suggests
that prevalence tended to be higher before lockdown,
coinciding with when the intervention achieved its
highest exposure. Preliminary findings from our quali-
tative work suggest that CHW saw their principal role in
incentivizing healthcare utilization and some went over
and beyond their roles to actively coordinate and
accompany women to facilities, pointing towards a real
change.

Impact of Covid-19
The Covid-19 pandemic and associated lockdown
affected roll-out of trainings and required adapting the
www.thelancet.com Vol 28 December, 2023
study design. Most facilities suspended routine services
and travel restrictions were common.11 Indeed, 53% of
women with children born between March and
November 2020 reported having problems accessing
ANC due to Covid-19 (data not shown), explaining the
observed tendency for reduced healthcare utilization
after onset of lockdown. Given this, the observed overall
increases in facility births and early newborn check-ups
are even more meaningful.

Coverage of ENC practices was similar before and after
onset of lockdown in the follow-up census at year 2, which
would be expected as ENC are mostly behaviour-related
and therefore unlikely directly impacted by the lock-
down. This is supported by the fact that only 4% of
women reported that Covid-19 changed the way they
breastfed. Lastly, stratification showed that CHW largely
continued their home visits during lockdown, in line with
previously reported supervisor-based activity data, pro-
moting ENC practices and distributing clean delivery kit.11

Limitations of the study design
We conducted a before-and-after study without control
group, and as such, the results need to be interpreted
with caution. While unmeasured secular trends and
other external factors can explain changes in uncon-
trolled studies,73 observed improvements in our study
were so extensive that we consider explanations other
than intervention effect very unlikely. We adjusted for
education as an important known confounder and sys-
tematically examined and adjusted all outcomes for
other factors with a potential confounding effect; how-
ever, confounding seemed not an issue in our study. We
are not aware of any relevant co-interventions during the
study period besides the national programme Cuna-
Más,74 targeting child development through home visits
to families with children under three years but only
achieving a coverage of 9% as per our last census; and
the programme JUNTOS, which could have only
impacted ANC contacts which are targeted by monetary
incentives.75

Indicators used to measure ENC practices have
important limitations in validity as they are solely based
on maternal self-report.76–80 We developed the ques-
tionnaires and ENC indicators as rigorously as possible,
based on face-to-face interviews and pilot surveys in the
target population to test comprehension and carry out
cultural adaptation13,28; however, we cannot discard
desirability bias causing upward inflation of estimates.
Nevertheless, we believe that substantial and consistent
improvements in primary outcomes in combination
with good implementation strength suggest real
changes that are unlikely related to factors other than
the intervention itself. However, inherent limitations of
the study design still warrant a rigorous appraisal of the
underlying mechanisms of change and contextual fac-
tors to understand how the intervention worked and
generate further evidence for plausibility of effect.
13
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Implications for practice
Rooted in persisting socioeconomic and geographic in-
equalities and exacerbated by the Covid-19 pandemic,
worldwide inflation, and recent political instability, Peru
currently faces an unprecedented social crisis. The
Mamás del Río intervention targeted one of the poorest,
hardest-to-reach, and most underserved regions—the
Peruvian Amazon. Our evaluation fills an important
knowledge gap in Peru as for the first time we
demonstrate that a community approach based on
CHW and TBA appears to be effective at improving
behaviour-related birth and newborn care outcomes,
which should encourage policy makers to incorporate
community-based approaches as part of the maternal-
neonatal health strategy in similar settings. Activity of
CHW volunteers largely continued during the Covid-19
pandemic, reinforcing the importance of community-
based approaches as an integral part of the health sys-
tem and their strengths during major health crisis.81–83

To confirm the findings of this study and to under-
stand transferability to other settings in Peru as well as
sustainability over longer periods of time, mechanisms
of change and contextual factors need to be investigated.
Key topics for the upcoming qualitative process evalua-
tion are the role of male CHW in a maternal-neonatal
health intervention, sustainability of volunteer CHW,
and acceptability of ENC practices by TBA and mothers
of newborns. Furthermore, while there is evidence
linking ENC to reductions in neonatal mortality,13 sur-
vival gains associated with the observed improvements
seen in our study remain to be quantified.

Conclusions
A community-based approach for behaviour-change in
home-based newborn care appears effective in the
Amazon setting. Targeted ENC practices in home births
improved consistently and changes were sustained over
time, despite the onset of an unprecedented pandemic.
Detailed process evaluation of mechanisms will
examine the link between intervention and observed
effects, understand generalizability to other settings,
and generate insights for the Peruvian CHW
programme.
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