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HMSPNCTBSHNM
Reducing inequities in maternal and infant health
outcomes is a priority for public health policy
worldwide. In high-income countries such as the
UK, socially disadvantaged groups and those from
ethnically minoritised backgrounds continue to
experience the worst outcomes.1 Antenatal care,
the package of care provided from conception to
the onset of labour, including components such as
health promotion and screening, has been shown to
prevent adverse outcomes, including maternal and
neonatal mortality.2–4 Global and national policies
recommend starting antenatal care within the first
trimester for the early identification of pregnancy-
related complications, health promotion and the
development of trusting relationships with care
givers,2 5 and late initiation of care has been asso-
ciated with poorer outcomes.1 4 6 There are ineq-
uities in care initiation, with later access linked to
socioeconomic deprivation and more likely among
minoritised ethnic groups.7–12

Systematic reviews have found a dearth of
evidence on what works to increase early initia-
tion of antenatal care.11 13 14 Evidence on barriers
and facilitators among those more likely to experi-
ence late access highlights the complexity of navi-
gating health systems and a lack of promotion of
the importance of early initiation of care.9 13 15 In
high-income countries with universal free access
to health services, these reviews suggest promising
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approaches are those in which maternity services collabo-
rate with community organisations to promote early initiation
in proactive, accessible and culturally safe ways. In low- and
middle-income countries, participatory strategies involving peer
leaders, advocacy and community health committees have been
shown to promote earlier initiation of care.16 17

Place-based interventions which target the physical, economic
or sociocultural aspects of place offer a promising approach for
reducing health inequalities.18 19 Those that aim to change socio-
cultural aspects of a place (eg, community cohesion and support
networks) fall into the ‘strengthening communities’ category
of Whitehead’s typology of actions to reduce inequalities in
health.20 It is imperative that marginalised and underserved
communities are enabled to co-produce interventions that target
them,21 and there is emerging evidence that when this happens,
interventions are more likely to be effective.22 23 The effective-
ness of co-produced place-based interventions which strengthen
community support has not yet been rigorously tested regarding
early initiation of antenatal care in high-income countries. This
paper describes a study to address this gap.
The aims of this study’s intervention were to (1) raise aware-

ness in local communities of the value of antenatal care and its
early uptake and how to access it and (2) activate community
assets and the wider health and care system to support early
access. The longer-term aim was to change local social norms to
sustain any increase in early initiation of antenatal care.

LDSGNCR
SphYk�cdrhfm
Two-arm, matched-pair cluster randomised repeated cross-
sectional trial, conducted in ethnically and linguistically diverse
inner-city electoral wards in South East England.24 Electoral

wards are used to elect local government councillors. While
population size varies, the English average is about 8200 people
per ward.25

The study included process and economic evaluations, the
results of which are presented elsewhere.26 27 For the trial
protocol, see Sawtell et al.24

Hmsdpudmshnm
The intervention logic model was informed primarily by the
concepts of co-production, community development and health
literacy (figure 1). It was also informed by developmental work,
including in-depth analysis of qualitative data, to examine
barriers to early access among ethnically diverse and socially
disadvantaged communities7 9 and the Well Communities frame-
work for improving health in disadvantaged neighbourhoods.28

Well Communities specialists and a social design agency ran
co-design workshops with residents and health and care system
staff in each intervention site over a 3-month period. Interven-
tion ideas were pooled and formed into an intervention plan
with several components.
The intervention was directly targeted at whole communities

and did not exclusively focus on women in the first trimester of
pregnancy. In each area, a local community organisationmanaged
the intervention over 9months (3months setup; 6months inter-
vention delivery). They convened local advisory groups to
advise on key issues restricting early initiation of antenatal care
and possible solutions. They recruited and trained community
members as ‘antenatal champions’ to conduct conversations
about the benefits of early care initiation and how to access
care. These conversations were held with groups of people in
their communities who were more likely to access care late,
primarily women but also men. The intervention coordinator
and antenatal champions also held targeted conversations with
community leaders, local health and care services (eg, general
practitioner practices) and community assets (eg, libraries, places
of worship and local businesses such as barbershops) to generate
community support for early care initiation. Further details are
provided in Sawtell et al24 and in standardised format29 in online
supplemental file 1.

Pdbpthsldms�Ymc�pYmcnlhrYshnm
Six National Health Service (NHS) Trusts were recruited
between April and November 2015. The unit of randomisa-
tion was electoral wards served by these trusts. Wards with high
delayed rates of initiation of antenatal care (<90%rate of ante-
natal booking by the end of the 12th completed week of preg-
nancy) were considered for inclusion into the study. The number
of potential study wards was further reduced by removing wards
so that no wards neighboured one another to reduce the likeli-
hood of contamination. Ward pairs were matched on antenatal
care initiation rates (low or very low), using data from a 6-month
pretrial period. Within each pair, one ward was randomised to
intervention and the other one to control (usual care), implying
a 1:1 allocation ratio. Randomisation was conducted remotely
by the Pragmatic Clinical Trials Unit at Queen Mary, University
of London.

Ntsbnldr
The primary outcome was antenatal booking appointment
attendance by the end of the 12th completed week of pregnancy
(12 weeks and 6 days) as a binary (yes/no) variable. Secondary
outcomes included attendance at antenatal booking appoint-
ment by 10 weeks+0days of pregnancy, number of antenatal
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hospital admissions, smoking during pregnancy, proportion of
emergency caesarean deliveries, proportion of preterm births,
weight of baby at delivery, smoking at time of birth and infant
feeding method at discharge from hospital.

CYsY�bnkkdbshnm
All outcomes were collected via routine maternity data,
provided electronically by data informatics teams from NHS
Trusts participating in the study. In this repeated cross-sectional
study design, outcome data were obtained from three different
cohorts of women: cohort 1 (baseline) was prior to any interven-
tion activities; cohort 2 (follow-up 1 (FU1)) was used to assess
the treatment effect from 1 month after intervention commence-
ment and cohort 3 (follow-up 2 (FU2)) was used to assess the
sustained effect of the intervention after implementation ended.
The period length for all three cohorts was 6 months, and data
were collected for all births to women living within the study
areas during these periods. Time periods determining cohorts
for control sites were the same as for their paired intervention
site. Follow-up data were extracted for the period June 2017 to
October 2019.

RYlokd�rhyd
The trial was designed to detect an increase in antenatal booking
by 12 weeks and 6 days of gestation from 73% to 80%, with
90% power at the 5% significance level, accounting for clus-
tering by ward (intracluster correlation coefficient=0.005)

and assuming a mean cluster size of 130 and matching correla-
tion=0.3. According to this sample size calculation, nine clus-
ters in both intervention and control groups are required, which
equates to at least 798 women per trial arm. To guard against
loss of power if a cluster was lost, one cluster was added to each
group, leading to a total recruitment target of 20 clusters.

RsYshrshbYk�YmYkwrhr
L‘hm�‘m‘kxrhr
The primary outcome was analysed using a two-stage indi-
vidual participant data meta-analysis technique for analysing
paired cluster randomised controlled trials. Each matched pair
of sites was regarded as an individual study in a meta-analysis
for which the OR was estimated. These ORs were subsequently
combined using a random effects model. Restricted maximum
likelihood estimation was used. The Hartung-Knapp modifica-
tion to the DeSimonian-Laird estimator of the between-study
variance was used to construct t-based 95% CIs for effect esti-
mators. All secondary outcomes were analysed using the same
principles and analysis approach as the primary outcome, except
for the outcome ‘number of antenatal admissions’. The use of
the primary outcome model for count variables has not been
described in the literature. This outcome was therefore analysed
using a paired t-test on the mean number of admissions per site.
The first appearance/appointment of a woman in hospital

within the routine maternity hospital data, up until and including
birth, is used as the primary outcome value. The assumption
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was therefore that the amount of missing data would be negli-
gible (<2%), and a blinded interim assessment of missingness
confirmed this. The main analysis is therefore conducted on the
available data without imputation.

Rtafqnto�‘m‘kxrhr
Subgroup analyses were planned on predefined subgroups (first
vs subsequent pregnancy, ethnicity, deprivation (measured by
Index of Multiple Deprivation (IMD)30), baseline booking rate
and intervention model) for hypothesis generation, recognising
that the study has limited power to detect differences at the
subgroup level. All subgroup analyses were performed by esti-
mating the treatment–covariate interaction within each pair of
sites and pooling of the effect estimates thereafter.
Process data were used to assess intervention implementa-

tion.26 Each intervention site was assessed for (1) how closely
implementation aligned with the community development ethos
reflected in the logic model (scored high/med/low) and (2) the
number of reported conversations between antenatal champions
and targeted community members (high/med/low). This led to
the construction of two models of implementation, which were
used in subgroup analysis:

► Model A: sites where implementation had more focus on the
number of conversations with community members and less
focus on wider/more embedded community development.

► Model B: sites where implementation was more concentrated
on embedded community development, but fewer conversa-
tions were reported.

Rdmrhshuhsx�‘m‘kxrdr
The following analyses were carried out.
1. The treatment effect was estimated leaving out any site in

which the intervention was not fully delivered as intended
(per protocol analysis).

2. The treatment effect was estimated for the primary outcome
using a model adjusted for individual-level covariates, IMD
and ethnicity as fixed effects. Adjusted marginal proportion
for treatment groups was estimated using the approach by
Norton et al.31

3. Imputation of missing primary outcome values under differ-
ent missing value assumptions.

Ehftpd�1� Bnlltmhsx�PD>BG�sqh‘k�bnmrnqs�ch‘fq‘l-�HLC+�Hmcdw�ne�Ltkshokd�Cdoqhu‘shnm-
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R‘edsx�qdonqshmf
Maternal and infant deaths were extracted from hospital mater-
nity records and analysed descriptively as safety measures across
trial arms at each timepoint. Infant deaths included stillbirths as
well as neonatal deaths.
The full statistical analysis plan, with dates of recruitment and

follow-up, is publicly available at https://osf.io/cgfjw/.

OYshdms�Ymc�otakhb�hmunkudldms
Members of the public were involved in the trial in multiple ways.
The trial was part of a programme grant which included two lay
co-investigators on the investigator group; they are also co-authors
on this paper. Residents from intervention wards were involved in

the co-design and delivery of the intervention, and local community
organisations managed intervention delivery.

PDRTKSR
Rstcw�finv�Ymc�oYpshbhoYshnm
The consort diagram (figure 2) indicates that all 10 sites allo-
cated to the intervention arm participated, with programmes
delivered in nine sites for the full intervention period of
6months; in one site, delivery was for 3months due to inter-
vention set-up delays.
Data from the three time periods were provided for all inter-

vention and control sites, and analysis was conducted with data
from all sites.
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AYkYmbd�adsvddm�hmsdpudmshnm�Ymc�bnmspnk�rhsdr
There was a relatively even balance between wards allocated to
the two arms in terms of population size and booking rates before
13 weeks of pregnancy at baseline (figure 2). The wards within
control sites were more deprived, with higher mean IMD scores
than those within intervention sites (figure 2). Demographic data
for the three cohorts also flagged that more of those in control
sites lived in areas of greater deprivation. Other demographics
were evenly balanced, with, for example, a high proportion of
women from minoritised ethnic groups in both arms (table 1).

Ntsbnldr�zmchmfr
L‘hm�qdrtksr�enq�oqhl‘qx�‘mc�rdbnmc‘qx�ntsbnldr�enq�ET0�bngnqs+
There was no statistically significant difference between arms in
the primary outcome (initiation of antenatal care by the end of
the 12th completed week of pregnancy) in the FU1 cohort in
which outcomes were measured during the active implementa-
tion of the 6-month intervention (I=83.06%, C=82.46%; OR
1.07, 95% CI 0.89 to 1.28, p=0.440) (table 2). There were
also no significant differences by trial arm for five of the seven
secondary outcomes. There were similar rates of emergency
caesarean, preterm birth, low birth weight, smoking at discharge
and breastfeeding initiation in both the intervention and control
arms (table 2). There was, however, a higher rate of initiation of
antenatal care by 10 weeks in the intervention arm (I=49.47%;
C=40.14%; OR 1.68, 95% CI 1.03 to 2.75, p=0.041).
The mean number of antenatal hospital admissions was also
lower in the intervention arm (I=0.47, C=0.56;mean differ-
ence=−0.13, 95% CI −0.24 to −0.01, p=0.030). (table 2).

Sensitivity analyses suggest that the intervention effect estimate
of the primary outcome is robust (online supplemental file 2).

L‘hm�qdrtksr�enq�oqhl‘qx�‘mc�rdbnmc‘qx�ntsbnldr�enq�sgd�ET1�bngnqs
Results followed a similar pattern in the FU2 cohort in which
outcomes were measured 3months after the intervention had
ended (table 2). There was a similar rate of initiation of antenatal
care by 12 weeks and 6 days of pregnancy in both the interven-
tion and control arms, and there were no statistically significant
differences by trial arm in any of the secondary outcomes.

Rtafqnto�‘m‘kxrhr
Prespecified subgroup analyses of the primary outcome were
conducted for parity, ethnicity, deprivation, cluster baseline rate
of booking and implementation model. There was no evidence
that the effect of the intervention differed by any of the variables
considered (table 3).

R‘edsx�qdonqshmf
There were no maternal deaths during the study period. Infant
death rates were similar between trial arms (see online supple-
mental file 3).

CHRBTRRHNM
This study succeeded in developing and implementing co-pro-
duced place-based interventions to increase early antenatal
care initiation in 10 ethnically and linguistically diverse inner-
city neighbourhoods. This was rigorously evaluated through a
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large-scale cluster randomised trial. The intervention did not
show differences between the trial arms at either of the two
follow-up time points in the primary outcome of accessing
antenatal care before 12 completed weeks of pregnancy. The
secondary outcomes also showed limited differences, although
the proportion of women who accessed care by 10 weeks was
higher and antenatal admissions were lower in the intervention
arm at the first follow-up while the intervention was running.
In considering why there was a limited effect, our process

evaluation pointed to several issues.26 The interventions were
dependent on the trickle-down of messaging through community
assets as well as direct contact with those in the neighbourhood.
A focus on the number of conversations by those commissioning
and delivering the intervention meant that in some areas there
was insufficient resource to put into fostering relationships with
community assets, while in other areas the reverse applied.
Running the intervention for longer than 6months with bigger
teams and including organisational development to support
asset-based working may be needed to increase intervention
strength for changing the sociocultural environment to support
early access to antenatal care. Similarly, our intervention may
not have sufficiently reached those who were most at risk of late
initiation of care, despite using local information in each site to
identify key target groups. Some previous research has suggested
that antenatal care as currently provided is not always attractive
to ethnically diverse and disadvantaged groups.9 As this inter-
vention did not change the model of antenatal care provided,
uncertainty remains whether increasing the length and reach of
the intervention would have the impact indicated by the process
evaluation.

The current staffing crisis in midwifery, combined with the
austerity of healthcare budgets in the UK, has placed addi-
tional limits on maternity services. Our intervention may have
created extra demand for earlier initiation of antenatal care,
which services may not have been able to meet. Recent system-
atic reviews on engagement with antenatal care have pointed
to the importance of addressing structural and organisational
barriers for deeply entrenched health inequities. Recommenda-
tions from Sharma et al15 for structural adaptations for accessible
antenatal services for ethnically minoritised groups included the
geographical location of services, the availability of interpreters
and antiracist and culturally inclusive practice training. These
types of changes are important but were beyond the scope of
our intervention.
A large-scale randomised controlled trial requires rigour,

which was at times difficult to marry with the flexibility required
in a co-produced community engagement intervention. Similar
constraints have been expressed by others.32–34 We found that
our unit of randomisation—electoral wards—set up artifi-
cial geographical boundaries, which did not always reflect the
neighbourhood areas defined by the communities with which
we engaged. Indeed, their social networks often transcended
geographical boundaries. From a community development
perspective, wards are relatively large geographical areas; in
smaller ‘hyper-local’ neighbourhoods, community networks to
stimulate change can be more easily developed.
Despite the limited positive results for this specific interven-

tion, this trial does offer learning that those developing and imple-
menting interventions to address health inequalities in health
and care services can take forward regarding the co-production
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of place-based community interventions.35 In carrying out this
work to strengthen community support for early care initiation,
we brought together and helped forge relationships between
the UK NHS and the wider community across 10 areas at a
time when working was very siloed. We found, however, that
the absence of structures in place for engagement meant these
processes often had no prior foundation and required more time
and resources to develop impactful relationships. Such findings
tally with those of South and colleagues in their study of the
community champion model, which rose in prominence at the
height of the COVID-19 pandemic for its ability to connect with
groups who were disproportionately impacted.36 37 They also
noted that a supportive infrastructure, training in community
engagement and development of long-term community relation-
ships were required.
This is a time of system transformation in the UK NHS, with

new Integrated Care Systems providing greater recognition and
incentives for services to work with the community to reduce
health inequalities.38 This, and similar policy drivers in other
countries towards community asset-based ways of working,
could create better opportunities for embedding place-based
interventions to strengthen community support for addressing
health inequalities in maternity care in the future.
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