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ABSTRACT
Objective To test if participation in the Health Start 
Programme, an Arizona statewide Community Health 
Worker (CHW) maternal and child health (MCH) home 
visiting programme, reduced rates of low birth weight 
(LBW), very LBW (VLBW), extremely LBW (ELBW) and 
preterm birth (PTB).
Design Quasi- experimental retrospective study using 
propensity score matching of Health Start Programme 
enrolment data to state birth certificate records for years 
2006–2016.
Setting Arizona is uniquely racially and ethnically diverse 
with comparatively higher proportions of Latino and 
American Indian residents and a smaller proportion of 
African Americans.
Participants 7212 Health Start Programme mothers 
matched to non- participants based on demographic, 
socioeconomic and geographic characteristics, health 
conditions and previous birth experiences.
Intervention A statewide CHW MCH home visiting 
programme.
Primary and secondary outcome measures LBW, VLBW, 
ELBW and PTB.
Results Using Health Start Programme’s administrative 
data and birth certificate data from 2006 to 2016, we 
identified 7212 Health Start Programme participants and 
53 948 matches. Programme participation is associated 
with decreases in adverse birth outcomes for most 
subgroups. Health Start participation is associated with 
statistically significant lower rates of LBW among American 
Indian women (38%; average treatment- on- the- treated 
effect (ATT): 2.30; 95% CI −4.07 to –0.53) and mothers 
with a pre- existing health risk (25%; ATT: -3.06; 95% CI 
−5.82 to –0.30). Among Latina mothers, Health Start 
Programme participation is associated with statistically 
significant lower rates of VLBW (36%; ATT: 0.35; 95% CI 
−0.69 to –0.01) and ELBW (62%; ATT: 0.31; 95% CI (−0.52 
to –0.10)). Finally, Health Start Programme participation is 
associated with a statistically significant lower rate of PTB 
for teen mothers (30%; ATT: 2.81; 95% CI −4.71 to –0.91). 
Other results were not statistically significant.

Conclusion A state health department- operated MCH 
home visiting intervention that employs CHWs as the 
primary interventionist may contribute to the reduction 
of LBW, VLBW, ELBW and PTB and could improve birth 
outcomes statewide, especially among women and 
children at increased risk for MCH inequity.

INTRODUCTION
Growing maternal and child health (MCH) 
inequities are largely associated with multi- 
level social and structural determinants of 
health, many of which are beyond the prox-
imal control of any individual or community.1 2 
Here, we focus on low birth weight (LBW), 
very LBW (VLBW) and extremely LBW 
(ELBW), generally accepted to be a result of 
preterm birth (PTB) or fetal growth restric-
tion3 4 and associated with several interlocking 

Strengths and limitations of this study

 ► The large sample sizes of the intervention and com-
parison groups enabled calculation of more reliable 
estimates of the Health Start Programme’s effect 
with respect to relatively rare and infrequent out-
comes for the programme as a whole and for select 
demographic subgroups.

 ► The primary limitation is the identifying assumption 
(common to all propensity- score matching analyses) 
that participation in the Health Start Programme is 
fully explained by observable characteristics.

 ► The analysis may have limited external validity for 
populations that differ along socioeconomic status, 
race and ethnicity.

 ► The study design and limited information on pro-
gramme implementation mean the present study 
is not able to identify which specific programmatic 
features are associated with outcomes we find.
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socioecological risk factors, including poverty, discrimina-
tion and access and quality of care among others.5 Rates 
of LBW, VLBW and ELBW in the USA consistently track 
with socioeconomic and ethnoracial health inequities.6 
Women and children of colour, specifically African Amer-
ican, Latina and American Indian communities, experi-
ence disproportionally higher rates of LBW and VLBW7 8 
(figures 1–3).

At the individual level, LBW, VLBW, ELBW and PTB 
are influenced by several behaviours associated with 
living in poverty and experiencing personally and insti-
tutionally mediated racism and discrimination, including 
smoking,9 poor nutrition,10 acute stress,11 12 prenatal 
depression13 14 and late or no prenatal care. Such factors 
may be exacerbated by interpersonal relationships, short 
interpregnancy intervals,15 relationship stress,11 interper-
sonal violence12 and lack of social support.12 It is widely 
accepted that societal- level influences, including expo-
sure to discrimination,12 living in disadvantaged neigh-
bourhoods,16 experiencing low socioeconomic status 
(SES)12 and lacking access to health insurance,12 all 
contribute to the cumulative physiological damage on 
the body caused by environmental stressors.17 From a life 
course perspective, LBW, VLBW, ELBW and PTB have 
several implications for health equity, including cost of 
care,18 decreased long- term educational attainment and 
earnings, and the predisposition for adult- onset chronic 
diseases.19–21 Furthermore, documented differences in 
birth weight and SES in the US compound health equity 

through observed correlations in economic standing 
across generations.22

For more than half a century, community health 
workers (CHWs) have served as trusted members of 
communities experiencing health inequity, defined as 
the unfair and preventable differences in health and well- 
being.23 As a workforce, CHWs are trusted intermediaries 
between people and systems and are consistently effective 
within clinical- based and community- based contexts and 
with high priority health issues such as managing chronic 
diseases, improving birth outcomes and maintaining 
child wellness.23 24 Among national expansion of state and 
tribal health departments, Medicaid services, health plans 
and provider groups that promote CHW integration,25 
CHWs have emerged as a healthcare workforce able to 
enhance the patient experience of care, improve popu-
lation health, reduce cost of care and improve the expe-
rience of providing care among clinicians and staff.26 27

While early childhood home visitation has a goal of 
improving birth outcomes, studies using random assign-
ment have seen significant challenges in doing so, 
even with registered nurses as the home visitors.28 We 
conducted a quasi- experimental evaluation of a long- 
standing state health department- operated programme 
administered within county, clinic and community- based 
organisations in 14 rural and urban counties across 
Arizona to assess whether Health Start Programme partic-
ipation is associated with improved birth and birth- related 
outcomes.29 Our study aims to contribute to the gap in 

Figure 1 Low birth weight (LBW) in Arizona, 2010–2016. Map demonstrates the per cent of LBW, defined as <2500 g, 
by county of maternal residence in Arizona. Map courtesy of and permission by Arizona Health Start Programme, Arizona 
Department of Health Services. This map is not under copyright.
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Figure 2 Very low birth weight (VLBW) in Arizona, 2010–2016. Map demonstrates the incidence of VLBW, defined as <1500 
g, per 1000 live births by county of maternal residence in Arizona. Map courtesy of and permission by Arizona Health Start 
Programme, Arizona Department of Health Services. This map is not under copyright.

Figure 3 Preterm births (PTBs) in Arizona, 2010–2016. Map demonstrates the per cent of PTBs, defined as <37 weeks of 
gestation, by county of maternal residence in Arizona. Map courtesy of and permission by Arizona Health Start Programme, 
Arizona Department of Health Services. This map is not under copyright.
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literature for rigorous evaluations of CHW- led home 
visiting programmes targeting MCH equity.

Established in 1994, the Arizona Health Start 
Programme is a primary prevention home visitation 
intervention aimed at improving MCH outcomes among 
medically and socially high risk, racially and ethnically 
diverse, rural and urban mothers with children aged 
0–2 years.30 31 MCH home visiting services are delivered 
by trained CHWs who, through CHW core competency 
and specialised MCH training, connect clients to prenatal 
care and increase continuity of care during and after 
pregnancy.29 Broadly, CHWs identify, screen and enrol 
eligible women; provide perinatal and postpartum educa-
tion and social support; provide referral and advocacy 
services; and emphasise timely immunisations and devel-
opmental assessments for children.29 31 32 During preg-
nancy, CHWs provide education (eg, perinatal nutrition, 
physical symptoms and changes, labour and delivery, and 
breastfeeding); assist with access and enrolment to contin-
uous perinatal care; screen, educate and follow- up for 
maternal behavioural health disorders, alcohol, tobacco 
and drug cessation; and intimate partner violence. The 
Health Start Programme’s CHWs are trained to moti-
vate and support their clients through behaviour change 
activities that promote personal agency and self- efficacy, 
and achieve Health Start Programmatic goals, including 
reducing LBW outcomes.

This paper is part of a broader research agenda assessing 
the impact of the Arizona Health Start Programme on 
newborn health, maternal healthcare utilisation and 
early child health. The specific objective of the analysis 
presented here is to assess the effectiveness of the Health 
Start Programme with respect to newborn health, partic-
ularly whether participation is associated with lower 
rates of LBW, VLBW, ELBW and PTB compared with 
non- participating women. Our methodological strategy 
is explicitly motivated and guided by Home Visiting 
Evidence of Effectiveness (HomVEE) standards, estab-
lished by the US Department of Health and Human 
Services.33

This evaluation builds on a previous assessment of the 
Health Start Programme, which found that programme 
participation was associated with a reduction in the like-
lihood of LBW.31 Accordingly, our primary hypothesis is 
that mothers and children that participated in this MCH 
home visitation programme during the study period of 
2006–2016 will experience lower rates of LBW, VLBW, 
ELBW and PTB.

METHODS
Study design and data
This study uses a quasi- experimental design to estimate 
the impact of Health Start Programme participation on 
LBW, VLBW, ELBW and PTB. All data on births and 
mothers are derived from Arizona’s Vital Records Birth 
Database, maintained by the Arizona Department of 
Health Services for the years 2006–2016. This information 

was linked to Health Start Programme enrolment data to 
identify participants. Both the Health Start Programme 
enrolment information and birth certificate records are 
administrative data sources, established and maintained 
primarily for public health monitoring. Detailed Health 
Start Programme evaluation protocol, including the 
process used to merge the birth certificate records and 
Health Start Programme enrolment data, Health Start 
intervention components, and CHW training is published 
elsewhere.29

Outcomes
The primary outcomes of our study are LBW, birth 
weight less than 2500 g despite gestational age; VLBW, 
birth weight less than 1500 g; ELBW, birth weight less 
than 1000 g; and PTB, a gestational age of less than 37 
completed weeks of pregnancy.

Patient and public involvement
Patients and the public were not involved in the design or 
conducting and reporting of the study.

Study population
Women can enrol in Health Start Programme during 
pregnancy and/or if they have a child of 2 years of age 
or younger and can remain in the programme as long 
as they maintain this criterion. Non- pregnant women 
enrolling with children who are 2 years of age or younger 
still receive home visits and preconception and inter-
conception health education, which is associated with 
improved birth outcomes.28 34 We limited the treatment 
population to women who were enrolled prior to giving 
birth to the children whose birth certificates comprise 
our data source. This resulted in 7212 Health Start 
Programme- attributed births and 53 948 matches from a 
total of 966 809 non- Health Start Programme’s births state-
wide (table 1). Approximately 13% of the Health Start 
Programme population were enrolled in the programme 
between 9 months and 15 months prior to the birth of the 
target child, due to previous programme eligibility.

Intervention group
A detailed description of the protocol used to link Health 
Start Programme enrolment records to birth certificate 
records can be found elsewhere.29 Briefly, Health Start 
Programme administrative data were curated to create 
a longitudinal panel of all Health Start Programme 
enrollees, which was queried against the Arizona Depart-
ment of Health Services Vital Records Birth Database 
using a combination of first name, last name and date 
of birth. The final linked dataset included an internally 
generated random unique identifier, measures of linkage 
quality, the mother’s Health Start Programme enrolment 
date and the child’s birth date.

Propensity score matching and synthetic control groups
To limit bias in our estimate of the effectiveness of 
the Health Start Programme, we followed HomVEE 
guidelines for observational/retrospective evaluations. 



5Sabo S, et al. BMJ Open 2021;11:e045014. doi:10.1136/bmjopen-2020-045014

Open access

Specifically, we generated a synthetic control group via 
propensity score matching, using information provided 
in birth certificate records. Propensity score matching 
is used to estimate counterfactual outcomes for a given 
treatment, that is, what would have happened in the 
absence of treatment. Matching methods are quasi- 
experimental, mimicking treatment–control group study 
designs by identifying a comparison group that is statisti-
cally similar to the treatment group. Treatment effective-
ness is measured by the difference in outcomes between 
the two groups, sometimes referred to as the average 
treatment- on- the- treated effect (ATT).

The ‘propensity score’ is the parameter used to iden-
tify the control group and is typically the estimated 
probability (propensity) that a given individual is part 
of the treatment group, based on the individual’s char-
acteristics. For this analysis, the propensity scores used 
to identify each mother’s nearest statistical neighbour 
were estimated via logistic regression. We allowed for 
multiple nearest- neighbour matches (ie, ties) to the 
same Health Start Programme (treatment) observation, 
based on the estimated propensity score. Thus, the 
population rates among the matched control groups, 
for both the covariates used in the matching model 

Table 1 Matching results (baseline equivalence) for statewide and rural border county HSP participants

  

Statewide Rural border counties

Non- HSP HSP Matches P value SD Non- HSP HSP Matches P value SD

N 966 809 7212 53 948 55 223 2393 7045

Maternal age (years)

  Age <20 9.9 17.5 16.9 0.321 0.017 12.4 21.4 21.3 0.944 0.013

  Age 20–24 25.3 34.4 34.8 0.564 29.8 37.5 37.5 0.976

  Age 25–30 34.0 28.4 28.6 0.825 33.7 24.8 24.4 0.763

  Age>30 30.8 19.7 19.7 1.000 24.1 16.3 16.7 0.697

Race/ethnicity

  White 42.4 24.0 23.7 0.653 0.027 28.2 14.7 15.4 0.492 0.054

  American Indian 6.0 11.8 12.0 0.700 1.0 0.6 0.6 0.852

  Latina 41.8 59.1 59.7 0.436 65.9 80.9 81.1 0.825

  Other race/ethnicity 9.8 5.1 4.6 0.142 4.9 3.8 2.9 0.077

Maternal nativity

  Mother born in USA 73.6 68.6 69.2 0.461 0.014 68.4 68.4 69.8 0.288 0.045

  Mother born in Mexico 18.7 27.9 27.5 0.602 27.8 30.1 29.1 0.448

  Mother born outside USA 7.6 3.5 3.3 0.550 3.8 1.5 1.1 0.201

Mother’s education

  Less than high school 21.7 32.7 32.9 0.811 0.052 22.2 29.1 29.2 0.936 0.037

  High school/GED 28.8 35.7 35.7 0.972 34.9 38.2 39.2 0.458

  Some post- secondary 25.2 23.8 23.5 0.710 26.0 25.4 24.3 0.385

  4- year degree or more 22.5 7.3 7.0 0.420 16.1 7.1 6.9 0.821

  Education missing 1.7 0.3 0.7 0.003 0.7 0.1 0.2 0.489

Insurance/payer

  Private/commercial insurance 41.1 13.7 13.7 0.904 0.014 36.5 13.5 12.7 0.391 0.025

  Medicaid 53.8 82.5 82.8 0.613 56.2 83.1 84.0 0.413

  Other insurance 5.1 3.8 3.5 0.424 7.3 3.4 3.3 0.936

Married 54.5 37.8 37.4 0.680 0.007 56.3 39.1 37.7 0.342 0.027

Cohabiting 75.6 62.4 62.8 0.570 0.014 71.6 58.5 58.8 0.814 0.009

First birth 36.9 41.6 40.5 0.160 0.023 36.3 51.8 51.0 0.563 0.017

Pre- existing health risk 8.3 11.3 10.8 0.276 0.018 7.4 9.8 8.5 0.120 0.045

Matches: comparison group identified via propensity score. All models control for median income at the zip code level, county of residence 
and year of birth. Participant subgroups matching models may include additional interactions between controls in order to achieve baseline 
equivalence. Full tables available upon request.
GED, general education development test; HSP, Health Start Programme; SD, standardised difference.
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and the outcome measures, are the weighted averages 
across all matches.

Control group candidates were first limited to mothers 
residing within the same geographic regions and who 
gave birth within the same calendar years as the Health 
Start Programme participants, to implicitly account for 
prevailing economic and policy conditions based on time 
and location, as well as any programme parameters that 
may have shifted as Health Start Programme developed 
over the study period.35 Next, we selected variables for the 
matching model itself, which was complicated because 
Arizona revised the birth certificate form in 2014. As a 
result, some variables were constructed from component 
fields (on either side of the revision) in order to generate 
consistent measures. The final roster of controls were 
chosen based on their association with both treatment 
status (ie, Health Start Programme participation) and the 
outcomes of interest.36 Because Health Start Programme 
eligibility focuses largely on social and medical risks, we 
prioritised inclusion of related birth certificate fields. 
Additionally, in order to achieve an evidence- based rating 
of ‘Moderate’, the highest rating for which matched 
comparison group study designs are eligible,33 HomVEE 
requires (at the time of this writing) at least two direct 
measures of SES. We used maternal education (less than 
high school, high school, some college, 4 years or more 
of post- secondary education) and the mother’s primary 
insurance payer (private/commercial, Medicaid and all 
others) as a proxy for SES.

To mitigate issues with propensity score estimates, 
we coarsened maternal age (eg, <20 years, 21–25 years, 
26–30 years and >30 years) and our indirect SES measure, 
the median household income of the mother’s zip code 
(decile indicators). All other variables were categorical 
and include the mother’s race/ethnicity, country of birth, 
marital and cohabiting status, whether or not this was her 
first birth, the presence of pre- existing health conditions 
(non- gestational diabetes and/or hypertension, and/or 
a previous PTB), the county of residence and the year 
of the delivery. Our variable selection is guided by the 
HomVEE standards, which require that the covariates 
used to balance the treatment and control groups be 
associated with both treatment status and the outcomes 
of interest,36 and is limited to information available in the 
data sources.

A critical criterion associated with the HomVEE 
moderate rating is baseline equivalence, requiring any 
differences between the treatment and matched- control 
groups be not statistically significant at the (α) 5% level. 
Consequently, we verified that our models meet this 
standard for the Health Start Programme population 
as a whole, and for each subgroup for whom we sepa-
rately estimated Health Start Programme’s effectiveness. 
Interaction terms were added to the core set of variables 
described here to achieve balance and meet the HomVEE 
standard, as demonstrated in tables 1–3, and more fully 
in the supplemental tables. In meeting this criterion, 
the present study can successfully replicate a blocked 

experimental design, based on observable characteristics. 
In addition, the standardised differences (SDs) for all 
analyses do not exceed 0.2, a typical cut- off for a ‘small’ 
effect size.

Descriptive statistics and baseline equivalence
We accessed records for 966 809 total births in Arizona 
from 2006 to 2016 for this study. Among these births, 
7212 were to Health Start Programme participants. The 
first two columns of table 1 show the descriptive statistics 
for these two populations. Compared with all statewide 
births, Health Start Programme participants were more 
likely to be younger than 24 years of age, born in Mexico, 
have Medicaid insurance, and have pre- exiting health 
risks, and less likely to identify as white or other race/
ethnicity, have an education greater than high school 
degree or GED, and be married or cohabitating. Among 
Health Start Programme participants, a majority (59%) 
identify as Latina, over 30% were from a rural border 
county, 12% identify as American Indian, 17% were teen 
mothers and 11% had pre- existing health risks. Just 2.6% 
identify as black and 1.8% as Asian/Pacific Islander, 
together with those for whom race/ethnicity information 
is missing, comprise the ‘other’ category for this variable.

These statistics illustrate both the diversity of the 
Arizona population and the heterogeneity of Health 
Start Programme participants. While the propensity score 
explicitly controls for these (observed) differences in 
identifying the matches in the non- participant popula-
tion, we take the additional step of implicitly controlling 
for unobserved potential differences by evaluating the 
effectiveness of Health Start Programme separately for 
selected demographic subgroups. Conditioning on these 
characteristics further limits the potential for selection 
bias by narrowing the comparisons.

From the 966 809 total births, 53 948 (unweighted) 
were identified as matched controls. Baseline equivalence 
between Health Start Programme participants and their 
matches is detailed in tables 1–3 and online supplemental 
table 1 for all variable comparisons by subgroup. The 
impact of Health Start Programme is measured by the 
difference in rates for each outcome measure between 
the treatment and matched control groups, the ATT.37 38 
All ATTs were estimated in Stata V.14 using the teffects 
command suite, which, following Abadie and Imbens 
(2006) takes into account the fact that the propensity 
scores used to identify the control group are estimated 
(and not observed) when calculating the SEs and CIs 
around the difference in rates (ATT).37

RESULTS
Tables 4 and 5 compare the ATT of Health Start 
Programme participation on LBW, VLBW, ELBW and 
PTB, across five subgroups. Below, we detail the statisti-
cally significant results. All other results were not statisti-
cally significant.

https://dx.doi.org/10.1136/bmjopen-2020-045014
https://dx.doi.org/10.1136/bmjopen-2020-045014
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LBW: we found low rates of LBW for all subgroups 
except among Latina women, with statistically significant 
lower rates of LBW among Health Start Programme partic-
ipants who identified as American Indian and participants 
with a known pre- existing health risk (table 4). Among 
American Indian mothers, the LBW rate was 2.30% points 
lower for Health Start Programme mothers compared 
with their matched controls. Put differently, the LBW rate 
was 38% lower for American Indian mothers, a difference 
of 20 fewer LBW cases, compared with the control group. 
The LBW rate for Health Start Programme mothers with 
pre- existing health risks is 25% lower (3.06% points), a 

difference of 25 fewer cases of LBW, compared with their 
matched controls. In Arizona, mothers who identify as 
American Indian and mothers with pre- existing health 
risks have higher rates of LBW compared with Arizona 
statewide rates, 5.96% and 10.41%, respectively, versus 
5.52% statewide (table 6).

VLBW and ELBW: in Arizona, all subgroups have higher 
rates of VLBW and ELBW compared with the statewide 
rates (table 6). We found a reduction in VLBW and ELBW 
among all participants, except teens, with significant 
Health Start Programme’s effects among participating 
mothers who identified as Latina. Among Latina mothers, 

Table 3 Matching results (baseline equivalence) for teen mothers and mothers with pre- existing health risks

  

Teen mothers (Age <20 years) Mothers with pre- existing health risks*

Non- HSP HSP Matches P value SD Non- HSP HSP Matches P value SD

N 95 750 1264 6810 79 912 817 2101

Maternal age (years)

  Age <20 100.0 100.0 100.0 1.000 <0.001 3.8 5.9 5.1 0.516 0.045

  Age 20–24 0.0 0.0 0.0 16.6 25.7 26.1 0.866

  Age 25–30 0.0 0.0 0.0 33.1 34.9 33.8 0.639

  Age>30 0.0 0.0 0.0 46.5 33.5 35.0 0.532

Race/ethnicity

  White 23.9 22.2 22.9 0.669 0.065 37.3 20.9 20.2 0.714 0.023

  American Indian 9.7 12.7 12.1 0.673 10.7 17.1 17.5 0.845

  Latina 59.7 62.2 63.0 0.681 40.7 55.9 56.5 0.803

  Other race/ethnicity 6.6 2.9 2.0 0.123 11.4 6.0 5.8 0.833

Maternal nativity

  Mother born in USA 79.7 83.2 84.8 0.286 0.043 74.4 66.8 66.2 0.793 0.014

  Mother born in Mexico 18.3 16.1 14.6 0.295 17.3 27.7 28.3 0.783

  Mother born outside USA 2.0 0.6 0.6 0.861 8.3 5.5 5.5 1.000

Mother’s education

  Less than high school 55.3 57.6 57.3 0.876 0.043 20.1 29.4 31.4 0.381 0.044

  High school/GED 36.4 34.7 35.2 0.802 27.2 34.5 33.5 0.676

  Some post- secondary 7.6 7.3 6.9 0.698 30.2 30.0 29.1 0.705

  4- year degree or more 0.0 0.0 0.1 0.267 21.4 5.8 5.5 0.830

  Education missing 0.6 0.3 0.3 0.989 0.8 0.2 0.3 0.873

Insurance/payer

  Private/commercial 
insurance

11.6 6.0 5.4 0.493 0.027 41.5 13.6 13.6 1.000 0.073

  Medicaid 84.4 90.6 91.1 0.629 54.8 84.1 82.9 0.506

  Other insurance 4.0 3.4 3.5 0.913 3.7 2.3 3.5 0.143

Married 12.0 11.7 11.3 0.755 0.012 56.8 43.2 45.2 0.426 0.039

Cohabiting 48.6 41.9 42.3 0.809 0.020 76.6 68.1 70.3 0.335 0.103

First birth 80.6 80.8 82.6 0.237 0.047 28.4 30.7 29.9 0.706 0.019

Pre- existing health risk 3.1 3.8 3.6 0.834 0.008 100.0 100.0 100.0 1.000

Matches: comparison group identified via propensity- score. All models control for median income at the zip code level, county of residence 
and year of birth. Participant subgroups matching models may include additional interactions between controls in order to achieve baseline 
equivalence. Full tables available upon request.
*Pre- existing health risks defined as the presence of pre- existing (non- gestational) diabetes and hypertension.
HSP, Health Start Programme; SD, standardised difference.
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the VLBW and ELBW rates were 0.35% and 0.31% points 
lower, respectively, for Health Start Programme mothers 
compared with their matched controls (tables 4 and 5). 
Health Start Programme participation is associated with 
a statistically significant lower VLBW rate (36%) and 
ELBW rate (62%) for Latina mothers, which translates to 
15 and 13 fewer women having VLBW and ELBW birth 
outcomes, respectively, compared with Latina women not 
enroled in Health Start Programme.

PTB: we found reductions in the rate of PTB for all 
groups except American Indian women and women with 
a pre- existing health risk (p>0.05), with statistically signif-
icant lower rates of PTB among teen mothers (age: <20 
years). In Arizona, almost all subgroups have higher rates 
of PTB compared with the state rate of 7.97% (table 6). 
Compared with the matched control group, the PTB rate 
for Health Start Programme teen mothers is 30% (2.81% 
points) lower, equaling 35 fewer cases of PTB.

DISCUSSION
Consistent with our hypothesis, women enroled in the 
Health Start Programme prior to giving birth over the 
study period of 2006–2016 had improved birth outcomes, 
with the most statistically significant effects among Amer-
ican Indian women, women with pre- existing health risks, 
Latina women and teen mothers. While these effects 
appear small, the outcomes are rare occurrences but with 
large consequences. To illustrate, the −0.2%-point effect 
on the ELBW rate for all Health Start Programme partic-
ipants is small in absolute terms, but the effect represents 
substantial economic savings. Gilbert et al39 estimates 
that the early healthcare costs associated with a surviving 
ELBW infant is approximately $202 700, compared with 
$1100 for a healthy infant. The −0.2%-point effect trans-
lates to approximately 16 fewer ELBW cases, translating 
to an estimated cost savings of $3.2 million. This is only an 
example of the monetary costs associated with these infre-
quent but expensive outcomes, which, when they occur in 
already disadvantaged populations such as Health Start 
Programme participants, are likely to be magnified and 
multiplied over time.

These findings provide important evidence supporting 
the efficacy of CHW- led home visiting interventions 
generally, and specifically CHW’s ability to address 
MCH equity in ethnoracially and geographically diverse, 
and socioeconomically disadvantaged populations of 
mothers and children.40 To the best of our knowledge, 
this is the largest study of a CHW- led MCH home visiting 

programme on incidence of LBW, VLBW, ELBW and 
PTB in the USA to date.

Our evaluation is consistent with an earlier evaluation 
of the Health Start Programme, which found that Health 
Start Programme participation was associated with a 
reduction in the likelihood of LBWs.31 Our study relies 
on a substantially larger sample size, longer observational 
period and a more sophisticated matching method-
ology.29 Moreover, the subgroup analyses are a signifi-
cant new contribution. Although several rigorous studies 
of prenatal home visitation programmes exist, most use 
a combination of licensed health professionals, such 
as nurses and social workers to achieve outcomes.41–43 
Unique to the Health Start Programme is the utilisation 
of CHWs as the sole and primary MCH interventionist 
and home visitor.44 The evaluation of the Arizona Health 
Start Programme is one of very few empirical studies in 
which CHWs are the primary interventionists that operate 
outside of a clinical setting and not as a member of a 
primary care or prenatal care coordination team.40–42 45 46 
In the USA, and consistent with our findings, CHWs have 
contributed to the initiation of any, early, and adequate 
prenatal care, and decreased incidence of PTB and LBW 
among health disparate populations.31 45–52 This study 
further contributes to CHW effectiveness research in 
home visitation.

Limitations
Among the smaller limitations, if Health Start mothers 
are incorrectly linked to state birth certificate data, atten-
uation bias is possible, resulting in an underestimate (in 
absolute value) of the magnitude of the resulting coef-
ficients. Linkage quality measures (eg, per cent match 
on names, etc) suggest this is not a serious concern. The 
presence of or interaction of Health Start Programme 
with other maternal health or home visiting programmes 
may be another source of bias in our estimated treatment 
effects. Reviewing available evidence, less than 1% of 
Health Start Programme mothers reported participating 
in similar CHW or home visiting programmes in the state; 
therefore, to the extent that the matched mothers simi-
larly participate in another home visiting programme, the 
potential bias likely is toward finding no effect.

More generally, given the uniqueness of Arizona’s 
population and the consequent demographic heteroge-
neity among Health Start Programme participants, the 
present analysis may have limited external validity with 
respect to other states and populations. A larger limita-
tion (common to matching methods in general) is the 

Table 6 Birth outcomes, Arizona population level rates (2006–2016)

  Statewide Latina Border American Indian Low education Prior risk Age <20 years

Low birth weight 5.52% 5.45% 5.38% 5.96% 6.24% 10.41% 6.83%

Very low birth weight 0.83% 0.85% 0.85% 0.92% 0.93% 1.82% 0.99%

Extremely low birth weight 0.37% 0.40% 0.38% 0.39% 0.41% 0.72% 0.45%

Preterm birth 7.97% 8.12% 6.81% 8.88% 9.05% 16.47% 8.66%
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identifying assumption that Health Start Programme 
participation is fully explained by observable characteris-
tics. Health Start Programme considers social risk factors 
(eg, domestic violence, lack of family/social support, 
inconsistent or uncertain employment) as criteria for 
enrolment. We are unable to observe and account for 
such factors in this analysis because this information is 
not available for non- participants (and is rarely collected 
in large populations in general). At the same time, to 
the extent that (1) these risks are associated with adverse 
MCH outcomes, (2) are likely over- represented in the 
Health Start Programme population and (3) unac-
counted for in our control groups, the results presented 
here likely underestimate a more accurate Health Start 
Programme’s effect.

A related limitation concerns the timing of data collec-
tion (at delivery, from the birth certificate) relative to 
enrolment (prior to delivery). An important identifying 
assumption of propensity score matching is that the vari-
ables used to match are associated with but not affected by 
treatment status. In the case of controls such as mother’s 
age, race/ethnicity, country of origin and (to a reason-
able degree of certainty) pre- existing health conditions, 
this assumption is easily confirmed. For other controls 
such as education and insurance, marital and/or cohab-
itation status, and possible county of residence, it is less 
certain to be true. For example, a mother may enrol in 
Health Start Programme without a high school degree 
and then graduate or complete a GED prior to giving 
birth. For 86% of Health Start Programme mothers, the 
window in which they would be able to make this or other 
changes is 9 months or less, and for 63% it is 6 months 
or less. Insurance status may be the most likely factor to 
change. To the extent that ‘positive’ changes (ie, enroling 
in Medicaid) are associated with positive outcomes, such 
transitions are likely to lead the Health Start Programme 
impact to be underestimated, because these mothers will 
be matched to non- participant mothers ‘better off’ than 
they were at baseline.

A final limitation associated with the methodology used 
here is that we are not able to disentangle which program-
matic elements of Health Start Programme (eg, different 
education or home visit formats) and participant engage-
ment (eg, timing and length of enrolment, and degree 
of engagement) are associated with the effects we report. 
While this type of mediation pathway analysis is outside 
the scope of the present study, it is important to note that 
we are able to show that Health Start Programme is asso-
ciated with improved outcomes, however, not why or how.

While these limitations are important to keep in mind, 
the present study has considerable strengths. The birth 
certificate data enabled us to account for many important 
factors associated with birth outcomes at the population 
level. This includes measures of SES, education and insur-
ance status, which are valuable proxies for many social 
risks. In addition, the volume of enrolment and birth 
certificate data and the extended time period over which 
it was collected made possible the calculation of relatively 

precise estimates of the effects of the Health Start 
Programme on low- frequency birth outcomes. Together 
these results provide valuable high- level evidence of the 
effectiveness of Health Start Programme.

Implications for public health policy and research
Our limitations represent important next steps in our 
research agenda, which, in addition to examining health-
care utilisation and child development outcomes, will look 
more closely at the Health Start Programme population 
itself. Programme administrators collect extensive risk and 
participation information on Health Start Programme 
participants. We also plan to use Medicaid claims data 
(over 80% of Health Start Programme participants are 
insured by Medicaid) to generate the critical health utili-
sation and social- risk factors information associated with 
poor birth outcomes. By comparing programme effects 
between different participants and implementations, we 
will be able to address some of these relationships and 
advance our understanding of the mediating pathways 
that connect Health Start Programme participation to 
birth (and other) outcomes.

Several public health entities, including the WHO, the 
Centers for Disease Control and Prevention, the Institute 
of Medicine25 and the Community Preventive Services 
Task Force,53 conclude CHW- centred interventions are 
effective across disease areas, for example, prevention, 
screening and management of chronic illnesses such 
as diabetes, hypertension, cancer and cardiovascular 
disease,54 and across contexts, including community and 
clinical settings. At the federal level, in 2014, the centres 
for Medicaid and Medicare- issued guidance to allow 
states to reimburse for preventive services offered by non- 
licensed professionals such as CHWs. Such recognition 
signals opportunity for expansion of CHW home visiting 
within MCH systems of care. Our study provides much 
needed evidence to guide policymakers and practitioners 
on integration and financing of CHW prenatal home 
visitation. The Arizona Health Start Programme and its 
25- year commitment to strengthening CHW MCH home 
visiting is a healthcare innovation that can improve birth 
weight and PTB outcomes among ethnoracially, socioeco-
nomically and geographically diverse mothers and infants 
of Arizona.

CONCLUSIONS
A state health department- operated MCH home visiting 
intervention that employs CHWs as the primary interven-
tionists may reduce the risk of LBW, VLBW, ELBW and 
PTB among certain subgroups of women at increased 
risks for MCH related inequities (ie, American Indian, 
Latina, women with pre- existing health conditions and 
teens). Considering the multi- level social and structural 
determinants of adverse birth outcomes and its impact 
throughout the life course, results of this evaluation 
contribute to MCH home visiting research and policy. 
Specifically, this study advances CHW effectiveness 



12 Sabo S, et al. BMJ Open 2021;11:e045014. doi:10.1136/bmjopen-2020-045014

Open access 

research as sole and primary home visitation interven-
tionists within MCH.
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