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ABSTRACT
Introduction  Community-based women’s health 
education groups may improve maternal, newborn 
and child health (MNCH); however, evidence from sub-
Saharan Africa is lacking. Chamas for Change (Chamas) 
is a community health volunteer (CHV)-led, group-
based health education programme for pregnant and 
postpartum women in western Kenya. We evaluated 
Chamas’ effect on facility-based deliveries and other 
MNCH outcomes.
Methods  We conducted a cluster randomised controlled 
trial involving 74 community health units in Trans Nzoia 
County. We included pregnant women who presented to 
health facilities for their first antenatal care visits by 32 
weeks gestation. We randomised clusters 1:1 without 
stratification or matching; we masked data collectors, 
investigators and analysts to allocation. Intervention 
clusters were invited to bimonthly, group-based, CHV-led 
health lessons (Chamas); control clusters had monthly, 
individual CHV home visits (standard of care). The primary 
outcome was facility-based delivery at 12-month follow-
up. We conducted an intention-to-treat approach with 
multilevel logistic regression models using individual-level 
data.
Results  Between 27 November 2017 and 8 March 2018, 
we enrolled 1920 participants from 37 intervention and 
37 control clusters. A total of 1550 (80.7%) participants 
completed the study with 822 (82.5%) and 728 (78.8%) 
in the intervention and control arms, respectively. Facility-
based deliveries improved in the intervention arm (80.9% 
vs 73.0%; risk difference (RD) 7.4%, 95% CI 3.0 to 
12.5, OR=1.58, 95% CI 0.97 to 2.55, p=0.057). Chamas 
participants also demonstrated higher rates of 48 hours 
postpartum visits (RD 15.3%, 95% CI 12.0 to 19.6), 
exclusive breastfeeding (RD 11.9%, 95% CI 7.2 to 16.9), 
contraceptive adoption (RD 7.2%, 95% CI 2.6 to 12.9) and 
infant immunisation completion (RD 15.6%, 95% CI 11.5 
to 20.9).
Conclusion  Chamas participation was associated with 
significantly improved MNCH outcomes compared with the 
standard of care. This trial contributes robust data from 
sub-Saharan Africa to support community-based, women’s 

health education groups for MNCH in resource-limited 
settings.
Trial registration number
NCT03187873.

Key questions

What is already known?
►► Globally, maternal and infant deaths have declined 
over the last three decades; however, low and 
middle-income countries (LMICs) disproportionately 
incur the highest morbidity and mortality.

►► The WHO recommends leveraging lay health work-
ers (LHWs), including community health volunteers 
(CHVs), to promote maternal, newborn and child 
health (MNCH) in resource-limited settings.

►► Prior research suggests coupling community-based 
approaches (ie, LHW-led interventions) and wom-
en’s health education groups during pregnancy and 
postpartum may improve MNCH outcomes; however, 
robust evidence from sub-Saharan Africa is lacking.

What are the new findings?
►► Using a cluster randomised controlled trial de-
sign, we found participation in Chamas for Change 
(Chamas)—a group-based women’s health educa-
tion programme led by CHVs—was associated with 
significantly improved rates of facility-based deliver-
ies compared with the standard of care (ie, individu-
al, monthly home visits) in rural Kenya.

►► This trial also demonstrated significant associations 
between programme participation and receiving 48-
hour postpartum home visits, breastfeeding exclu-
sively, adopting a contraceptive method postpartum 
and immunising infants fully by 12 months of life 
compared with the standard of care.

►► These findings support pilot data from a preceding 
evaluation of the Chamas programme as well as the 
current literature on community-based MNCH inter-
ventions led by LHWs in other LMICs.

http://gh.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjgh-2020-003370&domain=pdf&date_stamp=2020-11-09
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INTRODUCTION
Globally, maternal and infant deaths have declined 
over the last three decades; however, low and middle-
income countries (LMICs) still disproportionately incur 
the highest morbidity and mortality. Kenya’s maternal 
mortality ratio (MMR) and infant mortality rate (IMR) 
remain among the highest in the world at 342 per 100 000 
live births and 31 per 1000 live births, respectively.1 2 
Fragile health systems, poor access to high quality and 
specialised care, low health literacy rates, gender-based 
inequities and generational poverty contribute to this 
disparity.3–5 Effective solutions that build on infrastruc-
ture to promote the health and well-being of women and 
infants are needed to continue to improve maternal, 
newborn and child health (MNCH) outcomes in 
resource-limited settings.

Mobilising community health volunteers (CHVs) to 
promote MNCH offers a promising strategy to reduce 
health inequities.6–8 In 2006, the Republic of Kenya 
Ministry of Health (MOH)’s ‘Kenya Essential Package for 
Health’ delineated a comprehensive strategy to improve 
the health of households and communities, commonly 
known as the ‘Community Health Strategy’ (CHS).9 
Under the current CHS, CHVs are expected to perform 
monthly, individual home visits for all pregnant women 
during pregnancy and throughout the first year post-
partum.10 Despite these efforts, the practice of MNCH 
interventions associated with reductions in mortality 
and morbidity (ie, facility-based deliveries with skilled 
birth attendants) are well-below projected targets to 
substantively reduce the MMR and IMR.1 These gaps are 
pronounced across socioeconomic and geographic strata 
with women in poorer, rural communities experiencing 
significantly worse outcomes than those in wealthier, 
urban centres.

The WHO recommends integrating lay health 
workers, including CHVs, to promote MNCH inter-
ventions.11 Coupling this strategy with the delivery of 
group-based women’s health education may improve 
MNCH; however, evidence from sub-Saharan Africa is 
limited.12 Aggregate data from cluster-randomised and 
quasi-randomised trials from Nepal, India, Bangladesh 
and Malawi underscore the value of community-centred, 

group-based health promotion to improve maternal and 
newborn care.13 Though causal mechanisms to explain 
the benefit of group-based interventions remain specu-
lative, fostering mechanisms for peer accountability and 
support may play a significant role.14

In 2012, the Academic Model Providing Access to 
Healthcare (AMPATH)—a long-standing partnership 
between the Kenyan MOH, Moi University, Moi Teaching 
and Referral Hospital and North American universi-
ties—launched Chamas for Change (Chamas). This 
programme leveraged the success of existing group-
based health education models in an effort to improve 
MNCH in Kenya as well as generate evidence to support 
these interventions in sub-Saharan Africa. Chamas is a 
CHV-led, group-based health education programme that 
supports women during the first 1000 days of life (ie, 
pregnancy, infancy and toddlerhood). The programme 
hybridises best practices from resource-limited settings 
globally to offer a community-based, multipronged 
strategy for improving MNCH. This strategy focuses on 
providing health education, a peer-supportive environ-
ment and opportunities to access financial capital to 
promote MNCH while simultaneously addressing inequi-
ties that perpetuate poor outcomes.

A pilot study investigating first-year Chamas participa-
tion demonstrated significant associations between partic-
ipation and the likelihood of practising positive MNCH 
behaviours such as delivering in a health facility with a 
skilled birth attendant.15 To validate whether first-year 
Chamas participation is positively associated with health 
facility delivery and the practice of other key MNCH inter-
ventions, we conducted a large-scale cluster randomised 
controlled trial in rural western Kenya. We hypothesised 
women participating in Chamas would be more likely to 
deliver in health facilities than those receiving individual, 
home-based visits (standard of care).

METHODS
Study design
We conducted a two-arm cluster randomised controlled 
trial in 74 community health units (CUs) across four 
subcounties (Cherangany, Kwanza, Kiminini and Saboti) 
in Trans Nzoia County, Western Province, Kenya (figure 1). 
Figure 1 depicts these 74 CUs allocated to control and 
intervention trial arms. Cluster randomisation was used 
to avoid potential contamination of intervention activities 
between neighbouring villages. Additional study details 
are available in our trial protocol (online supplemental 
trial protocol). We obtained written informed consent 
from all participants prior to data collection. We adhered 
to Consolidated Standards of Reporting Trials guidelines 
for reporting results of cluster randomised controlled 
trials (online supplemental CONSORT checklist).

Participants
We identified 77 CUs among 163 total CUs across our 
four selected subcounties in Trans Nzoia to serve as 

Key questions

What do the new findings imply?
►► Effective community-based strategies that promote MNCH are 
needed to continue to improve the health and well-being of women 
and infants in rural sub-Saharan Africa and other LMICs.

►► Chamas offers an innovative approach that leverages existing com-
munity infrastructure to improve MNCH in a rural, resource-limited 
setting with significant health policy implications.

►► Collective evidence from this trial and preceding studies support 
community-based women’s health education groups as an effective 
strategy for improving uptake of facility-based deliveries and other 
life-saving MNCH practices.

https://dx.doi.org/10.1136/bmjgh-2020-003370
https://dx.doi.org/10.1136/bmjgh-2020-003370
https://dx.doi.org/10.1136/bmjgh-2020-003370
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potential clusters. CUs are geographically defined health 
service delivery areas, 5–8 km2 in size, for populations of 
5000 people supervised by Community Health Extension 
Workers (CHEWs) and CHVs. CHEWs and CHVs connect 
CUs with their assigned health facilities (or ‘link facili-
ties’), extending services traditionally based at facilities 
to the household level. CHVs are nominated members 
of their communities who serve as liaisons between 
community members and the health sector. CHEWs are 
salaried frontline health workers responsible for super-
vising CHVs. CUs selected for this trial were specifically 
chosen as their CHVs received formal CHS training from 
AMPATH.

We recruited participants from 60 public and private 
health facilities linked to our 77 identified CUs. Pregnant 
women who were less than or equal to 32 weeks gestation, 
presenting for their first antenatal care (ANC) visits and 
residing in one of the 77 CUs were eligible. Among 77 
identified CUs, 74 were represented by women deemed 
eligible for participation. We selected a gestational age 
cut-off of 32 weeks as the majority (96.0%) of Kenyan 
women who seek ANC at any point during pregnancy 
present for at least one ANC visit by this time.1 Due to 
slow recruitment resultant of preceding health worker 
strikes in Trans Nzoia, we increased our original gesta-
tional cut-off from 28 to 32 weeks.

Randomisation and masking
We randomised CUs selected to serve as clusters 1:1 to 
intervention (eg, Chamas programme) or standard of care 
(eg, monthly CHV home visits). The trial data manager 
used a simple random allocation sequence generated by 
PASS V.11.0.10) to designate cluster assignment. Non-
study CUs (ie, those not randomised in this trial) served 
as buffer zones between intervention and control clusters 
to avoid contamination. There was no stratification or 
matching. We masked data collectors (trained AMPATH 
research assistants), investigators and analysts to cluster 
allocation throughout the trial; however, both arms were 
identifiable to participants and CHVs by design.

Procedures
Data collectors assessed women for eligibility at their first 
ANC visit. Women deemed eligible and willing to partici-
pate provided consent to be contacted for enrolment. The 
data manager generated lists of participants organised 

by residential CUs. These lists were subsequently distrib-
uted to CHVs who were tasked with finding women in 
their respective CUs and enrolling them. Data collectors 
accompanied CHVs during this process and obtained 
baseline data at enrolment. One week following the end 
of the enrolment period, the data manager randomised 
all CUs to intervention and control arms. Three weeks 
later, CHVs began facilitating Chamas in intervention 
clusters.

Intervention clusters participated in the Chamas 
programme (programme details are published else-
where).15 Briefly, Chamas is a group-based, CHV-led 
health education programme that supports women 
during the first 1000 days of their child’s life. Women 
randomised to the intervention arm participated in 
Chamas in lieu of receiving individual home visits (stan-
dard of care). Participants attend 60–90 min sessions two 
times a month, which include discussions on health and 
social topics relevant to antenatal, postpartum and early 
childhood experiences. CHVs use an illustrated flip chart 
with evidence-based, structured discussion guides to facil-
itate lessons. Groups are typically comprised of 15–20 
women, two CHV facilitators and two mentor mothers 
(eg, postmenopausal women who have completed child 
rearing). The first year of the curriculum promotes 
behaviours associated with demonstrated reductions 
in maternal and infant morbidity and mortality. These 
lessons purposefully mirror health topics that CHVs 
are expected to promote during home visits under the 
CHS. Following each lesson, women are invited to partic-
ipate in an optional table-banking programme called 
Group Integrated Savings for Health and Empowerment 
(GISHE). GISHE participation is optional so as not to 
deter women without financial means to contribute to 
group savings from joining Chamas. Women are encour-
aged to use savings generated by GISHE to finance health 
interventions (eg, enrol in health insurance, pay for 
transportation to health facilities), invest in early child-
hood education and/or start small businesses.

Strategies to ensure fidelity of Chamas included: 
using standardised intervention materials (ie, printed 
curriculum flipcharts), hosting structured CHV training 
sessions preceding the trial, offering monthly supervi-
sion by study staff and designating at least two trained 
CHVs to every group to avoid potential disruptions due 
to illnesses or job transfers. In addition to attending 
the 4-day MNCH refresher training, CHVs facilitating 
Chamas also received a formal 2-day orientation to the 
programme and were trained in group facilitation tech-
niques. We provided scheduled support sessions for CHV 
facilitators throughout the trial (during months 1–3, 6, 
9 and 12), which provided opportunities for feedback 
and communal troubleshooting to enhance programme 
delivery.

Control clusters had monthly CHV home visits during 
pregnancy and postpartum, as recommended by the 
Kenyan CHS standard of care.10 During monthly visits, 
CHVs collect basic health information, identify antenatal 

Figure 1  Cluster map.
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and early postpartum danger signs, refer individuals to 
care and aid in infant growth monitoring. CHVs are also 
expected to encourage women to adopt the same key 
health behaviours promoted in Chamas. CHVs working 
within control clusters received oversight and super-
vision from CHEWs, as structured by the CHS. CHVs 
performing door-to-door visits typically oversee a catch-
ment of 15 women who are each visited for 20–30 min on 
a monthly basis (up to 7.5 hours per month). Those facil-
itating Chamas substituted door-to-door visits with group 
sessions; as such, their volunteer effort was reduced to 
two 60–90 min sessions per month (up to 3 hours per 
month).

We did not provide incentives (monetary or other) 
for participation to CHVs, CHEWs or participants in 
either study arm at any point during the trial. CHEWs 
continued to receive salaries from the MOH and CHVs, 
who volunteer in addition to participating in other jobs 
(ie, as teachers, farmers, labourers), continued to work 
throughout the trial. Notably, CHVs under the current 
CHS are not financially compensated for performing 
door-to-door visits. To reduce potential for confounding, 
we similarly did not compensate CHVs for facilitating 
Chamas meetings. We did, however, reimburse all CHVs 
and CHEWs for travel to meetings and trainings as 
well as for air-time used to contact participants during 
recruitment.

Outcomes
We measured outcomes at the individual level. We selected 
facility-based delivery as our primary outcome because of 
the significant association between institutional delivery 
and reductions in maternal and infant morbidity and 
mortality.16–18 Secondary outcomes included: attending 
adequate ANC (defined as attending at least four visits 
per Republic of Kenya MOH guidelines), receiving a 
48-hour postpartum home visit, exclusively breastfeeding 
for 6 months, adopting a modern contraceptive method, 
immunising infants with the oral polio vaccine within 
2 weeks postpartum, immunising infants with the measles 
vaccine (measles I) by 12 months of age and completing 
the infant immunisation series per WHO and Republic of 
Kenya MOH standards by 12 months of age.19–21 We addi-
tionally collected detailed microfinance data as well as 
validated questionnaire data on perceived levels of peer 
support and financial empowerment, which we plan to 
report in future articles.

Data collectors travelled to participant homes to 
collect end-line data 12 months following the initiation 
of Chamas sessions and home visits. Outcome measures 
were self-reported with the exception of infant immu-
nisations, which were extracted from standard MOH 
Maternal Child Health Booklets kept by mothers. All 
data were recorded using electronic, standardised ques-
tionnaires. We classified participants as lost to follow-up 
after we made three attempts to establish contact over a 
2-week period. We conducted abbreviated phone surveys 
if participants relocated outside of Trans Nzoia County; 

these abbreviated questionnaires omitted questions on 
infant immunisations.

At enrolment, we collected baseline participant socio-
demographic (age, marital status, maternal education, 
occupation, poverty probability index scores, insurance 
status) and reproductive health (previous pregnancy and 
related outcomes) data. We used the Kenya 2015 Poverty 
Probability Index (PPI) questionnaire and national 
poverty line scorecard to estimate participants’ poverty 
likelihood at baseline.22 We recorded attendance at each 
Chamas session to track individual programme partic-
ipation. A Data and Safety Monitoring Board recorded 
and investigated adverse events including CHV-reported 
participant mortalities as well as the cause of death (if 
known).

Statistical analysis
We estimated sample size using methods described by 
Rutterford et al for a proposed mixed effects regression 
analysis23 using derived baseline estimates.1 15 Assuming 
a mean cluster size of 20 individuals, 77 clusters (equally 
allocated between arms), intracluster correlation coef-
ficient (ICC) of 0.44 (based on pilot data)15 and 20% 
attrition, we calculated that a total of 1280 individuals 
would be needed to detect a 4.7% risk difference (RD) 
(difference in the rate of facility-based birth at the county 
vs national-level1 with 80% power at a (two-tailed) signif-
icance level of 0.05). To determine our recruitment 
timeline, we assumed 6.3% of all women of reproductive 
age would be pregnant at any given time (or roughly 50 
women per CU annually).1 We determined an enrolment 
period of roughly 3–4 months adequate to recruit our 
estimated sample size.

Our primary analyses were intention-to-treat (ITT) 
and included all participants from randomised clusters 
who provided baseline and 12-month follow-up data, 
regardless of the level of participation in Chamas. We 
summarised all demographic and reproductive health 
history information between arms with means and SDs 
as well as medians and IQRs for continuous variables and 
counts and percentages for categorical variables. We anal-
ysed the primary outcome with multilevel logistic regres-
sion with a random intercept for cluster, and effects are 
presented as RDs with 95% bootstrap CIs and ORs with 
95% Wald-type confidence intervals and p values. We 
also report the ICC. We analysed secondary outcomes 
similarly.

For both primary and secondary outcomes, we 
conducted several sensitivity analyses. First, to assess the 
impact of missing outcomes due to loss to follow-up, 
we used multiple imputation with 10 data sets with the 
‘jomo’ algorithm to account for the multilevel structure 
of the data; results were then combined using Rubin’s 
rules.24 25 Second, to assess the possible impact of differ-
ences in factors known to be associated with care-seeking 
behaviours between arms, we adjusted our primary 
models for PPI score, marital status, null parity and 
health insurance at time of delivery. A third sensitivity 
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analyses combined adjustment and imputation. Finally, 
we performed a sensitivity analysis restricting our inter-
vention sample to women who attended at least one 
Chamas session during the trial period.

We assessed the effect of Chamas participation on 
infant vaccination outcomes similarly, but given the 
large amount of missing data, no sensitivity analyses with 
imputation were conducted. Adjusted models for vacci-
nation included maternal education, PPI and insurance 
at delivery as previous studies demonstrate strong associa-
tions between these sociodemographic factors and immu-
nisation adherence.26 Further, since vaccination data 
were missing in approximately 40% of the sample, we 
were concerned about selection bias in those reporting 
the outcome. To account for this, we carried out an 
additional sensitivity analysis to indicate the amount of 
unmeasured confounding between trial arm and vaccina-
tion that would be needed to explain away the observed 
differences.27

There were no interim analyses. We developed, final-
ised and signed a statistical analysis plan prior to begin-
ning data analysis [online supplemental statistical 
analysis plan]. Statistical significance was set at 0.05 and 
all analyses were conducted using R statistical software 
(V.3.5.3).28

Patient and public involvement
We sought and incorporated feedback from a multidisci-
plinary study advisory committee including direct bene-
ficiaries (ie, participating women, CHVs) and key stake-
holders (ie, local community leaders, Kenyan MOH repre-
sentatives) in the initial design and conception of this 
trial. We designed our questionnaires, data instruments 
and intervention activities based on qualitative feedback 
provided by programme participants during Chamas 
pilot studies. These qualitative questionnaires captured 
participant perceptions of the strengths and weaknesses 
of the programme as well as priority areas for continued 
improvement. Prior to initiating trial activities, we invited 
CHVs, CHEWs, health facility managers, subcounty MOH 
representatives and community leaders to stakeholder 
meetings to explain the study’s purpose and procedures 
as well as to facilitate understanding of our trial objectives 
among leadership at the county, subcounty and commu-
nity levels. Following these meetings, we asked commu-
nity leaders for permission to begin enrolling partici-
pants. All CHVs who agreed to participate also attended 
a 4-day refresher training on their roles and expecta-
tions in promoting MNCH under the Kenyan CHS. We 
discussed the trial’s risks and benefits with all participants 
before enrolment, including demands on individual time 
due to programme participation and data collection. 
We obtained written informed consent from all partici-
pants prior to data collection. At the trial’s conclusion, 
we verbally disseminated our preliminary findings to the 
programme’s direct beneficiaries and key stakeholders. 
We plan to additionally distribute printed summaries of 
key findings following the trial’s publication.

Role of the funding source
The funders had no role in the research design, collec-
tion, analysis or interpretation of data, writing this report 
or the decision to submit this manuscript for publication. 
The corresponding author had full access to all data in 
the study as well as final responsibility for the decision to 
submit this manuscript for publication.

RESULTS
Details of our enrolment and inclusion procedures are 
summarised in figure 2. Between 27 November 2017 and 
8 March 2018, we assessed 4235 women for eligibility; 
2923 women from 74 clusters met criteria and agreed 
to be contacted. Three of the original 77 identified clus-
ters did not have eligible participants. CHVs successfully 
contacted and enrolled 1920 eligible women from 74 
community clusters (996 participants in 37 intervention 
and 924 in 37 control clusters). We collected follow-up 
data on all clusters between 7 April 2019and 3 July 
2019. A total of 1550 (80.7%) participants completed 
the study at 12-month follow-up: we included 822 in the 
intervention (82.5%) and 728 in the control (78.8%) 
arms for analysis. Among 822 intervention participants 
who completed the study, 599 (72.9%) attended at least 
one Chamas session. Among those who attended, mean 
attendance was 12 (SD 7.8) of 24 total sessions and 
48.9% participated in GISHE. Among controls, the mean 
number of CHV home visits received was 9 (SD 2.3) of 12 
total visits. Participants lost to follow-up were similar in 
number across study groups and attrition was not signifi-
cantly associated with sociodemographic or reproductive 
health characteristics (online supplemental table S2). 
Notably, those lost to follow-up tended to have lower PPI 
scores than women who completed the trial.

Participants who completed the study (n=1550) were 
similar in baseline characteristics (table 1). Most partic-
ipants were married, unemployed, completed primary 
school, possessed health insurance at the time of delivery 
and carried a previous pregnancy. The median gesta-
tional age at enrolment was 22 weeks (IQR 17, 25). The 
mean PPI score for our study population was 55.13 (SD 
20.11); PPI scores differed across study arms with higher 
values among control compared with intervention partic-
ipants at baseline. Cluster-level demographics were also 
well balanced. Across all clusters, CHVs possessed a mean 
11.69 (SD 6.32) years of experience. Finally, in the inter-
vention arm, we noted geographic differences among 
women who attended Chamas and those who never 
attended (online supplemental table S3).

Primary and secondary outcomes are summarised in 
table 2. The overall proportion of health facility delivery 
was higher among intervention (80.9%, 653 partici-
pants) than control participants (73.0%, 514 partici-
pants). Among women who did not deliver in a health 
facility (n=383), the most commonly cited reasons across 
cohorts included: preference to deliver at home or with a 
traditional birth attendant (32.1%), structural challenges 

https://dx.doi.org/10.1136/bmjgh-2020-003370
https://dx.doi.org/10.1136/bmjgh-2020-003370
https://dx.doi.org/10.1136/bmjgh-2020-003370
https://dx.doi.org/10.1136/bmjgh-2020-003370
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associated with reaching a health facility (eg, too far, poor 
road conditions) (32.1%) and medical emergencies (eg, 
abrupt labour with not enough time to travel) (11.5%). In 
unadjusted models, we estimated a 7.4% (95% CI 3.0 to 
12.5) improvement in facility-based deliveries (OR=1.58, 
95% CI 0.97 to 2.55, p=0.057). Following adjustment 
and adjustment with imputation, this improvement was 
slightly attenuated to 6.4% (95% CI 2.0 to 10.4) and 
7.1% (95% CI 3.0 to 11.4), respectively adjusted OR 
((aOR)1=1.59 95% CI 1.02 to 2.47, p=0.042; aOR2=1.62 
95% CI 1.06 to 2.49, p=0.004) (online supplemental table 
S3). Further, a sensitivity analysis restricting the inter-
vention sample to women who attended Chamas at least 
once attenuated improvement in facility-based delivery by 
5.2% (95% CI 1.5 to 9.5) (OR=1.43 95% CI 0.92 to 2.24, 
p=0.11) (online supplemental file 4online supplemental 
file 4). We observed a relatively large amount of cluster 
heterogeneity as indicated by an ICC of 0.18 (figure 3).

We examined the effect of Chamas participation on 
secondary MNCH outcomes associated with demon-
strated reductions in maternal and infant morbidity 
and mortality. Women in Chamas clusters improved in 
48-hours postpartum visits (RD 15.3%, 95% CI 12.0 to 
19.6), exclusive breastfeeding (RD 11.9%, 95% CI 7.2 
to 16.9) and contraceptive adoption (RD 7.2%, 95% CI 
2.6 to 12.9) compared with controls (table 2). Though 
not statistically significant, the RDs in achieving 

adequate ANC and adopting a long-acting method of 
contraception (ie, intrauterine device or implant) were 
also greater among Chamas participants. Restricting 
our intervention sample to women who attended 
Chamas at least once accentuated improvements in 
48 hours postpartum visits adjusted RD ((aRD) 19.6%, 
95% CI 14.4 to 25.0) and exclusive breastfeeding (aRD 
13.6%, 95% CI 7.8 to 19.8); conversely, we observed an 
attenuated effect with this restriction on contracep-
tive adoption (aRD 5.7%, 95% CI 0.7 to 11.1) (online 
supplemental table S4). Other sensitivity analyses did 
not meaningfully change results (online supplemental 
table S4).

We additionally assessed infant immunisation 
outcomes among live infants at follow-up. Infants born 
to women in Chamas demonstrated significant improve-
ments in receiving the measles I vaccine by 12 months 
of age (RD 13.2%, 95% CI 9.1 to 18.4) and completing 
the recommended infant immunisation series per WHO 
(RD 15.6%, 95% CI 11.5 to 20.9) and Republic of Kenya 
MOH (RD 15.1%, 95% CI 10.4 to 20.3) guidelines 
(table 3). These results were unchanged after adjusting 
for covariates (online supplemental table S4). We esti-
mated an unmeasured confounder (due to selection bias 
in those that reported the outcome) associated with both 
increased rate of vaccination and enrolment in interven-
tion trial arm (compared with control) by 30% would 

Figure 2  Trial profile.

https://dx.doi.org/10.1136/bmjgh-2020-003370
https://dx.doi.org/10.1136/bmjgh-2020-003370
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https://dx.doi.org/10.1136/bmjgh-2020-003370
https://dx.doi.org/10.1136/bmjgh-2020-003370
https://dx.doi.org/10.1136/bmjgh-2020-003370
https://dx.doi.org/10.1136/bmjgh-2020-003370
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Table 1  Baseline characteristics for intention-to-treat population (74 clusters, n=1550)

Control
(N=728)

Intervention
(N=822)

Overall
(N=1550)

N clusters 37 37 74

Total population 198 288 226 930 45 218

Women of reproductive age (15-49) 45 433 47 279 92 712

Geographic distribution

 � Rural 33 32 65

 � Peri-urban 3 3 6

 � Urban 1 2 3

CHV experience (years) 11.73 (6.78) 11.67 (6.13) 11.69 (6.32)

Maternal age 26.63 (6.21) 27.10 (6.55) 26.88 (6.40)

Gestational age (weeks) at enrolment, 
median (IQR)

22 (18, 25) 22 (18, 25) 22 (18, 25)

Marital status

 � Divorced/separation 11 (1.5%) 17 (2.1%) 28 (1.8%)

 � Married 606 (83.2%) 686 (83.5%) 1292 (83.4%)

 � Single 109 (15.0%) 115 (14.0%) 224 (14.5%)

 � Widowed 2 (0.3%) 4 (0.5%) 6 (0.4%)

Maternal education

 � College or higher 91 (12.5%) 46 (5.6%) 137 (8.8%)

 � Secondary or postprimary 211 (29.0%) 250 (30.4%) 461 (29.7%)

 � Primary  � 313 (43.0%) 420 (51.1%) 733 (47.3%)

 � Preprimary or none 113 (15.5%) 102 (12.4%) 215 (13.9%)

 � Missing  � 0 (0.0%) 4 (0.5%) 4 (0.3%)

Occupation

 � Contract/temporary worker 49 (6.7%) 48 (5.8%) 97 (6.3%)

 � Permanently employed 22 (3.0%) 10 (1.2%) 32 (2.1%)

 � Self-employed 201 (27.6%) 247 (30.0%) 448 (28.9%)

 � Unemployed 456 (62.6%) 516 (62.8%) 972 (62.7%)

 � Missing 0 (0.0%) 1 (0.1%) 1 (0.1%)

Health insurance coverage at time of 
delivery

 � Yes 412 (56.6%) 519 (63.1%) 931 (60.1%)

 � No 285 (39.1%) 285 (34.7%) 570 (36.8%)

 � Missing 31 (4.3%) 18 (2.2%) 49 (3.2%)

 � Poverty probability index score* 56.79 (20.69) 53.61 (19.45) 55.13 (20.11)

 � % poverty likelihood at national 
poverty line

22.6% 25.7% 24.6%

Subcounty

 � Cherangany 229 (31.5%) 211 (25.6%) 440 (28.4%)

 � Kiminini 145 (19.9%) 172 (20.9%) 317 (20.5%)

 � Kwanza 193 (26.5%) 216 (26.2%) 409 (26.4%)

 � Saboti 161 (22.1%) 223 (27.1%) 384 (24.8%)

 � Previously pregnant 584 (80.2%) 623 (75.8%) 1207 (77.8%)

 � Parity 2.29 (1.62) 2.58 (1.57) 2.35 (1.56)

Previous modern contraceptive use

 � Yes 322 (55.1%) 381 (61.2%) 703 (58.2%)

Continued
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be required to explain away these observed significant 
differences.

Maternal and infant mortality and morbidity outcomes 
are presented in table 4 with no significant differences 
between trial arms; however, the trial was not powered 
to detect differences in these relatively rare outcomes. 
Overall, we observed a protective effect of Chamas 

participation against maternal (RD −4.7%, 95% CI −9.4 to 
0.1) and infant (RD −3.9%, 95% CI −8.6 to 0.3) morbidity. 
We recorded five participant mortalities during the trial 
(two in intervention and three in control). Three deaths 
were attributed to maternal causes of mortality, notably: 
one due to obstructed labour, one due to postcaesarian 
infection and one due to eclampsia; the remaining 

Control
(N=728)

Intervention
(N=822)

Overall
(N=1550)

 � No 214 (36.6%) 210 (33.7%) 424 (35.1%)

 � Missing 48 (8.2%) 32 (5.1%) 80 (6.6%)

Previous facility delivery

 � Yes 228 (39.0%) 279 (44.8%) 507 (42.0%)

 � No 162 (27.7%) 161 (25.8%) 323 (26.8%)

 � Missing 194 (33.2%) 183 (29.4%) 377 (31.2%)

Total ANC visits in previous pregnancy

 � 0 6 (1.0%) 21 (3.4%) 27 (2.2%)

 � 1 18 (3.1%) 22 (3.5%) 40 (3.3%)

 � 2 29 (5.0%) 39 (6.3%) 68 (5.6%)

 � 3 119 (20.4%) 128 (20.5%) 247 (20.5%)

 � 4 135 (23.1%) 172 (27.6%) 307 (25.4%)

 � >4 74 (12.7%) 54 (8.7%) 128 (10.6%)

 � Missing 203 (34.8%) 187 (30.0%) 390 (32.3%)

Previous†

 � Miscarriage 23 (3.9%) 26 (4.2%) 49 (4.1%)

 � Stillbirth 9 (1.5%) 16 (2.6%) 25 (2.1%)

 � Neonatal death 8 (1.4%) 5 (0.8%) 13 (1.1%)

 � Infant death 8 (1.4%) 5 (0.8%) 13 (1.1%)

 � Child death under 5 6 (1.0%) 2 (0.3%) 8 (0.7%)

 � Child death over 5 3 (0.5%) 2 (0.3%) 5 (0.4%)

*Scores and % poverty likelihood calculated using validated 2015 Kenya Poverty Probability Index.
†Miscarriage (up to 28 weeks gestation); stillbirth (after 28 weeks gestation); neonatal death (0–28 days old); infant death (1–12 months old); 
child death (1–5 years old).
ANC, antenatal care; CHV, community health volunteer.

Table 1  Continued

Table 2  Primary and secondary outcomes: facility-based delivery, care seeking and vaccination

Control‡ Intervention‡ Risk difference (95% CI) Odds ratio (95% CI) P value*

Facility-based delivery 514 (73.0%) 653 (80.9%) 7.4% (3.0% to 12.5%) 1.58 (0.969 to 2.55) 0.057

Adequate ANC care† 507 (69.6%) 587 (71.4%) 3.2% (-1.5% to 7.7%) 1.18 (0.82 to 1.68) 0.375

Postnatal CHV visit 97 (13.6%) 241 (30.1%) 15.3% (12.0% to 19.6% 3.22 (1.50 to 6.93) 0.003

Exclusive breast feeding for 
6 months

383 (56.7%) 521 (67.2%) 11.9% (7.2% to 16.9%) 1.77 (1.12 to 2.80) 0.014

Contraceptive use 472 (65.5%) 581 (71.8%) 7.2% (2.6% to 12.9%) 1.41 (1.03 to 1.93) 0.034

Long-acting reversible 
contraceptive use

242 (51.3%) 326 (56.1%) 7.1% (0.9% to 13.3%) 1.34 (0.95 to 1.91) 0.099

*P value is for OR from mixed effect logistic regression.
†Adequate ANC care is defined as attending at least four ANC visits per Republic of Kenya Ministry of Health guidelines.
‡Denominators are based on number of women reporting the particular outcome. See Online supplemental table S1 for details.
ANC, antenatal care; CHV, community health volunteer.

https://dx.doi.org/10.1136/bmjgh-2020-003370
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two deaths were attributed to complications of cervical 
cancer. None of these mortalities was directly associ-
ated with trial participation. Across both trial arms, we 
recorded 43 perinatal deaths (ie, deaths during the first 
week of life), 15 neonatal deaths and 25 infant deaths.

DISCUSSION
In Kenya and other resource-limited settings, effective 
community-based strategies are increasingly needed to 
reduce maternal and infant deaths. Encouraging facility-
based delivery is one well-known and highly effective 
strategy to achieve this goal.29 Despite government-led 
initiatives that support access to health services—such 
as the CHS and elimination of delivery-related fees at 
public facilities announced in 2013—facility-based deliv-
eries nationally (61.2%) and in our study area (56.5%) 
are still lower than needed to sufficiently reduce the 
MMR and IMR.1 30 Against this backdrop of underused 
intrapartum services, we rigorously tested a community-
based women’s health education programme designed 
to improve facility-based deliveries and other MNCH 
practices. We evaluated outcomes in an ITT sample 
derived from a geographically diverse catchment area. 
These analyses produced findings that mimic real-world 
scenarios in which perfect programme attendance is 
unlikely. We found that facility-based delivery and other 

key MNCH practices significantly improved in the inter-
vention arm, supporting our hypothesis.

During the past decade, community health workers 
have emerged as a focal point of global discussions 
about advancing primary healthcare systems.6 There is 
substantial evidence to support the integration of these 
workers in the delivery of preventive MNCH interven-
tions including, but not limited to: malaria prevention, 
health education, breastfeeding promotion, essential 
newborn care and psychosocial support.7 Leveraging a 
well-trained, community-based, health worker corps to 
mobilise preventive health measures has demonstrated 
promising reductions in maternal and neonatal mortality, 
particularly in LMIC contexts; however, much of the 
existing literature focuses on door-to-door as opposed to 
group-based delivery models.8

Chamas expands on this existing community infra-
structure to attempt to reach some of the most vulnerable 
members of Kenyan society—pregnant and postpartum 
women in poor, rural communities. The CHS provided 
an established workforce of trained CHVs who—with 
bolstered support, supervision and mechanisms to 
increase work efficiency—significantly improved MNCH 
outcomes. Notably, CHVs facilitating Chamas spent fewer 
volunteer hours than counterparts performing door-to-
door visits (3 vs 7.5 hours); moreover, women partici-
pating in Chamas achieved a greater number of total 
visits (12 vs 9 CHV contacts) than those visited at home. 
Several CHV-related barriers to effective implementa-
tion of the current CHS model have been identified, 
including: the absence of consistent supervision, inade-
quate health training, poor linkages to health facilities, 
lack of accountability and absence of remunerative pay.31 
Our data support that by providing CHVs with addi-
tional oversight, a structured curriculum and an oppor-
tunity to economise their time through a group-based 
delivery model, the Chamas programme helped narrow 
the margin between aspirational and achievable MNCH 
improvements.

Moreover, we recognise that opportunities for CHV 
financial remuneration are critical to ensuring the 

Figure 3  Cluster outcome rates.

Table 3  Infant immunisation outcomes

Control† Intervention† Risk difference (95% CI) Odds ratio (95% CI) P value*

Infants who received OPV 0 within 
2 weeks of birth

341 (64.6%) 361 (66.0%) 1.7% (-3.6% to 8.4%) 1.08 (0.77 to 1.51) 0.663

Infants who received measles I by 
12 months of age

328 (74.0%) 339 (87.6%) 13.2% (9.1% to 18.4%) 2.71 (1.45 to 5.04) 0.002

Fully immunised infants (≤12 
months) per WHO standards

324 (73.6%) 352 (88.9%) 15.6% (11.5% to 20.9%) 3.52 (1.74 to 7.12) <0.001

Fully-immunised infants (≤12 
months) per Republic of Kenya 
MOH standards

320 (73.1%) 348 (87.7%) 15.1% (10.4% to 20.3%) 3.16 (1.61 to 6.21) <0.001

*P value is for OR from mixed effect logistic regression.
†Denominators are based on number of women reporting the particular outcome. See online supplemental table S1 for details.
OPV, oral polio vaccine.

https://dx.doi.org/10.1136/bmjgh-2020-003370
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sustainability of this programme and plan to prioritise 
this in future attempts to scale. Globally, several national 
governments—including Brazil, Pakistan, Ethiopia and 
India—have made concerted efforts to move away from 
the traditional CHV role as an unpaid, lightly trained 
member of the community and instead towards creating 
a highly skilled, compensated health worker capable 
of providing treatments and implementing preven-
tive health measures.32 We anticipate that financial 
support—in conjunction with advancements in training 
and ongoing community involvement—will catalyse even 
greater success for the Chamas programme. We plan to 
achieve this vision by continuing our close collabora-
tion with the Republic of Kenya MOH to advocate for 
increased allocation of local and national funds to bolster 
community health infrastructure as well as by encour-
aging MOH representatives to integrate Chamas within 
existing health strategies.

Our intervention approach—group-based women’s 
health education delivered by CHVs during pregnancy 
and postpartum—champions a theory of change that 
prioritises three key areas: (1) empowering women with 
health and social literacy, (2) establishing a network of 
supportive peers and (3) providing women with an oppor-
tunity to gain financial capital (GISHE). This third compo-
nent is distinct from preceding strategies that promote a 
group-based, lay health worker-led model for MNCH.12 
We suspect this multipronged approach that prioritises 
these three critical components, in addition to leveraging 
an established CHV workforce, plays a significant role in 
enhancing positive outcomes. Evidence suggests peer 
support and peer accountability may enhance the likeli-
hood of practicing positive health behaviours.14 Further, 
there is a growing body of evidence that suggests coupling 
health education with microfinance may improve 

women’s health; however, most literature on associated 
reproductive health outcomes focus on contraceptive 
uptake and adherence to HIV/AIDS treatment.33 Among 
group members who participated in GISHE, we specu-
late the opportunity to generate savings likely served a 
dual purpose of motivating Chamas attendance while 
helping some participants overcome financial barriers 
to accessing care. Future analyses will attempt to dissect 
the influence of each of these components on overall 
programme success. Finally, while most programmes 
intervene during distinct time periods (eg, prenatal, 
intrapartum), Chamas embraces a life-course approach 
by engaging women throughout the first 1000 days of 
their child’s life. We anticipate families who continue 
in Chamas likely experience health and social benefits 
throughout subsequent years. These effects are largely 
unexplored and will be the focus of future trials.

Preceding trials have examined the effect of similar 
community-based women’s health education groups on 
key MNCH behaviours, including facility-based delivery.12 
A meta-analysis combining results from seven cluster 
randomised controlled trials conducted in resource-
limited settings (ie, Nepal, Bangladesh, Malawi and India) 
found no evidence of intervention effects on facility-
based delivery (OR 1.02, 95% CI 0.93 to 1.12; I2=21.4%, 
95% CI 0 to 65.8%); similarly, these analyses revealed no 
evidence of effect on uptake of ANC or exclusive breast-
feeding.12 Although data comparability is limited by 
differences in trial design, setting and programme struc-
ture (ie, absence of table banking), we observed signifi-
cantly higher odds of facility-based delivery and exclusive 
breastfeeding in the intervention arm. Our findings 
strengthen evidence from an earlier Chamas pilot that 
similarly demonstrated increased odds of achieving these 
outcomes compared with the standard of care in rural 

Table 4  Maternal and infant mortality and morbidity outcomes

Control Intervention Risk difference (95% CI) OR (95% CI) P value*

Maternal mortality 3 (<0.1%) 2 (<0.1%) – – –

Maternal morbidity† 136 (18.7%) 110 (13.4%) −4.7% (-9.4% to 0.1%) 0.68 (0.42 to 1.10) 0.118

Miscarriage 16 (2.2%) 13 (1.6%) −0.2% (−1.3% to 0.8%) 0.85 (0.30 to 2.38) 0.751

Stillbirth 16 (2.2%) 12 (1.5%) −0.6% (−1.7 to 0.3%) 0.64 (0.27 to 1.56) 0.331

Perinatal death‡ 22 (3.1%) 21 (2.6%) −0.5% (−1.9% to 0.8%) 0.83 (0.42 to 1.66) 0.601

Neonatal death 6 (0.87%) 9 (1.13%) 0.2% (−0.6% to 0.7%) 1.29 (0.39 to 4.29) 0.674

Infant death 13 (1.9%) 12 (1.5%) −0.2% (−1.3% to 0.8%) 0.83 (0.27 to 2.5) 0.689

Low birth weight 118 (16.0%) 157 (18.9%) 1.9% (−1.6% to 5.6%) 1.16 (0.70 to 1.90) 0.570

Infant morbidity§ 132 (18.68%) 118 (16.74%) −3.9% (−8.6% to −0.3%) 0.76 (0.51 to 1.15) 0.194

*P value is for OR from mixed effect logistic regression.
†Maternal morbidity defined as any health condition attributed to and/or aggravated by pregnancy and childbirth that has a negative impact 
on the woman’s well-being, including the following complications: miscarriage (<28 weeks), stillbirth (>28 weeks), gestational diabetes, 
preeclampsia, eclampsia, postpartum infection, postpartum haemorrhage, or obstructed labour.
‡Perinatal deaths (first week of life), neonatal deaths (through 28th day of life), infant deaths (through first year of life).
§Infant morbidity defined as any health condition that affects mortality rate during the first-year of life including low birth weight (<2.5 kg), 
perinatal disorders (gestational diabetes, preeclampsia, eclampsia), infant immunisation adherence, exclusive breastfeeding, and delivery-
related complications (obstructed labour, neonatal resuscitation).
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western Kenya.15 Collectively, these findings highlight 
our intervention’s potential to improve MNCH outcomes 
by leveraging existing community health resources and 
infrastructure in settings like Kenya.

This work has several limitations. First, by focusing 
our recruitment effort at the facility level, we limited 
our sample to women attending ANC visits. Though the 
majority (96.1%) of Kenyan women attend at least one 
ANC visit during their pregnancy, this estimate is likely 
lower among rural communities with poorer access to 
care.1 Future studies will ideally combine both facility 
and community-based recruitment strategies to foster a 
more inclusive cohort. Second, we experienced signifi-
cant recruitment challenges that substantially reduced 
our sample size. Processes to contact eligible participants 
outside of health facilities proved arduous and compli-
cated as locator data (eg, home address, phone number) 
were often unreliable. This loss to follow-up between 
health facilities and the community likely introduced 
selection bias as we suspect women were not missing 
at random. It is possible these missing data reflect an 
inability to pay for cell phones (or data) or perhaps 
limited access in rural, hard-to-reach communities; thus, 
we may have failed to enrol some of the most socioeco-
nomically disadvantaged members of these communities. 
These challenges highlight a need to not only improve 
our strategy but also to strengthen continuity to ensure 
vulnerable members of society are accounted for. Third, 
large amounts of missing data compromised the inter-
pretability of certain outcomes, most notably infant 
immunisations. Despite established processes to monitor 
data quality, data collectors reported several challenges 
that compromised questionnaire completion. Obstacles 
included interruptions due to competing obligations 
(ie, child care) and lack of a private interview setting. 
Further, relatively few participants possessed MOH 
Maternal Child Health booklets and among those who 
had them, few recorded data. This limitation may have 
introduced selection bias as mothers with completed 
records may have had greater access to or higher quality 
care. Alternatively, this could also reflect limited booklet 
availability, poor record-keeping or other structural 
limitations worthy of consideration. Fourth, we exam-
ined our primary outcome (facility-based delivery) as an 
aggregate measure, which limited our ability to discern 
where improvement occurred in the health system 
(ie, public vs private health sector). Future studies will 
collect detailed measures to clarify these data and guide 
targeted approaches to improving the health system 
at large. Finally, we observed a large amount of cluster 
heterogeneity indicating significant though anticipated 
community-level variation. Compositional effects within 
or between clusters such as proximity to health facilities, 
availability of service providers and fidelity of programme 
implementation may contribute to this variation. These 
effects may partly explain the unexpected attenuated 
difference in facility-based delivery in our sensitivity anal-
ysis of Chamas attendees. Clarifying community-level 

factors contributing to variable outcomes may help 
bridge these observed geographic disparities.

These limitations are balanced by several noteworthy 
strengths of our study. We detected significant results in 
our primary and secondary outcomes using an intention 
to treat approach. These observed effects were gener-
ally robust—for example, not meaningfully changed 
following adjustment or imputation in our sensitivity 
analyses. The cluster randomised controlled design, 
implemented in a large and geographically diverse 
population, enhances generalisability of these findings. 
We saw no contamination across trial arms and mini-
mised potential for information bias by masking data 
collectors, investigators and analysts to cluster allocation 
throughout the trial. Further, by imposing relatively few 
exclusion criteria and a generous gestational age cut-off, 
we attempted to broaden inclusion to women who may 
have sought late ANC due to structural (eg, distance to 
facility) or behavioural (eg, delayed awareness of preg-
nancy) factors. Finally, it is worth noting that the propor-
tion of facility-based deliveries, among other outcomes, 
was higher in both trial arms (80.9% intervention, 73.0% 
control) relative to county-level (56.5%) and national 
(61.2%) estimates.1 It is possible study procedures—such 
as training, supervision or general awareness of the trial—
led to CHVs in control CUs being more likely to deliver 
standard of care, which might explain these observations.

Chamas offers an innovative approach to improve 
MNCH in resource-limited settings with significant health 
policy implications. This intervention demonstrated 
significant improvements in MNCH outcomes relative 
to the current standard of care; policymakers should 
take note of this strategy as they attempt to improve 
current initiatives. Since the programme’s inception, we 
have emphasised the importance of collaboration with 
and investment from key stakeholders, including but 
not limited to: women, community leaders, CHVs and 
MOH representatives at the county and national level. 
We respond to qualitative feedback from these stake-
holders to ensure the programme iteratively responds 
to the needs of its beneficiaries and remains community 
driven. These commitments to collaboration and feed-
back inspire confidence in our programme’s continued 
success. As we move towards scaling and integrating 
Chamas, our next steps will focus on addressing cost-
effectiveness and enhancing adaptability to new settings.

Finally, though these results highlight Chamas’ poten-
tial to improve uptake of life-saving MNCH interventions, 
we must acknowledge the importance of promoting 
both access to as well as delivery of high-quality care to 
achieve sustainable health outcome improvement. As the 
global community works towards integrating more effec-
tive and efficient mechanisms for improving health for 
our most vulnerable populations, it is critical to simul-
taneously bolster the quality of services provided. Moti-
vating communities to practice behaviours will only 
prove successful if health facilities and local govern-
ments maintain a similar commitment towards providing 
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adequate staffing, maintaining supplies and promoting 
a welcoming environment for women. Our hope is that 
Chamas and other community-based programmes will 
support communities in demanding higher quality care 
and hold those in power accountable to strengthening 
systems for all women and children.

In summary, Chamas participation significantly 
improved MNCH outcomes compared with the standard 
of care in western Kenya. This trial contributes robust 
data from sub-Saharan Africa that strengthens evidence 
to support community-based, women’s health education 
groups for MNCH in resource-limited settings.
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