
C O R P O R A T I O N

Using an Innovative 
Database and Machine 
Learning to Predict and 
Reduce Infant Mortality

I
n some places, and among 
some groups in the United 
States, infant mortal-
ity remains exceptionally 

high. For years, health care and 
community-based social services 
have delivered interventions 
designed to improve outcomes, 
but the interventions do not work 
equally well for all women and 
their children. Could an individu-
alized approach of predicting risk 
and offering personalized inter-
vention recommendations reduce 
the rate of infant mortality?

Disparities in Infant 
Mortality Rates 
at the Community 
Level
Infant mortality rates—indicators 
of population health—typically 
vary by level of economic devel-
opment. Evidence shows that 
a 1-percent increase in gross 
domestic product (GDP) per 

KEY FINDINGS
 ■ Researchers created a unique data set that links individual-

level vital statistics, electronic health records, community-
based social service records, and other socio-environmental 
data describing ten years of births in Allegheny County, 
Pennsylvania.

 ■ The research team designed and implemented machine 
learning algorithms and causal inference models to predict 
which women and their children were at highest risk of infant 
mortality, the interventions that women were most likely to 
use, and which interventions would most effectively reduce 
the risks for each woman and child.

 ■ The interventions found to be most effective—broad pre-
conception care, frequent prenatal care, doula support, and 
home visiting—aim to improve the health of the mother and 
result in lower mortality risk for the infant, especially when 
initiated before or early in pregnancy.

 ■ Providers of health care and community-based social ser-
vices can use the models with their patients or clients at high 
risk of infant mortality to tailor intervention options to their 
needs. Health care and social services can be better coordi-
nated through better provider awareness of services across 
sectors and utilization of new tools.

 ■ The models, methods, and tools developed are flexible 
and can be used by other localities and for other health 
conditions.
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capita correlates with a 20-percent reduction in infant 
mortality.1 However, despite the economic wealth of the 
United States overall, the infant mortality rates of some 
U.S. communities rival those of nations with less devel-
oped economies. 

Overall, 5.7 of every 1,000 infants born alive died 
before the age of 1 in the United States in 2018. In 
contrast, European countries with similar levels of 
GDP per capita—such countries as Germany and the 
Netherlands—have much lower rates of infant mor-
tality, around 3.2 per 1,000 births. However, a deeper 
look at certain places and among some groups shows 
that some U.S. communities have substantially higher 
rates of infant mortality. In some neighborhoods of 
Allegheny County in southwest Pennsylvania, for 
instance, the rate of infant mortality is more than 20 

per 1,000 births, on par with such developing countries 
as Nicaragua and the Philippines. 

In many communities, infant mortality persistently 
affects some groups disproportionately. Specifically, 
in Allegheny County, the disturbingly high rates and 
disparities in infant mortality among some groups 
have remained for many decades despite robust health 
care and social service systems. For example, over the 
past two decades, non-Hispanic black (hereafter, black) 
infant mortality was, on average, 3.2 times higher than 
non-Hispanic white (hereafter, white) infant mortality, 
a disparity 44 percent higher than that compared with 
the United States overall (see Figure 1). 

Little is known about which health services and 
social service programs effectively reduce risk, for 
whom, and under which circumstances. Potentially 
beneficial health services include pre- and inter- 
conception care, early prenatal care, and doula sup-
port. Social services include an array of supports, from 
home visiting programs to substance abuse programs. 
Disconnects between the health care and social ser-
vice systems indicate not only a lack of coordination 
between health and social services, but also a dearth of 
integrated data to help identify individuals at greatest 
risk. 

Timing of Most Infant Deaths
Nearly half of infant mortalities in Allegheny County 
occur within 24 hours of birth, suggesting that the 
most-important risk factors are prenatal and maternal 
rather than postnatal. Therefore, solutions are not likely 
to lie in safe sleep interventions or in programs that 
teach new parents certain behaviors to use in the first 
days and weeks after birth. Rather, the prenatal and 
maternal factors leading to these deaths include life 
course issues, such as poverty and systemic racism, and 
difficult-to-change behavioral issues, such as diet and 
smoking (both before and during pregnancy). The per-
sistence of elevated infant mortality rates necessitates 
new approaches to mitigate the effects of these factors 
on birth outcomes.

Study Approach
The Richard King Mellon Foundation, a chari-

table institution located in Allegheny County, recog-
nized the persistent problem of infant mortality in the 
Pittsburgh area and sought a new way to tackle the 

When, What, and Where of Interventions

Interventions can take place in the time before 
pregnancy (preconception for a first pregnancy, 
or interconception for the time between pregnan-
cies), during the pregnancy itself (prenatal), or 
within a year of the birth (postnatal).

For the purposes of this study, interventions were 
grouped into two main categories: health services 
and social services. Within these groups, specific 
services and programs are grouped into health 
services:

• pre- or interconception care (e.g., exams, vac-
cinations, genetic counseling, and contracep-
tive counseling within one year of conception)

• prenatal care (e.g., first prenatal visit during 
first trimester, one or more prenatal visits per 
month during pregnancy)

• doula support at birth.

Others are grouped into social services:

• home visiting programs (e.g., Healthy Start, 
Nurse Family Partnership, Early Head Start)

• pregnancy or postpartum support (e.g., Family 
Support Centers)

• breastfeeding and nutrition support (e.g., the 
Women, Infant, and Children [WIC] nutritional 
program) 

• behavioral health services (e.g., drug and 
alcohol services, mental health support 
services).
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issue by enlisting the help of academic, medical, and 
community partners. The resulting project combined 
the efforts of researchers from the RAND Corporation, 
the University of Pittsburgh, and the Magee Women’s 
Research Institute (MWRI), in collaboration with 
a broad coalition of community-based stakeholders 
focused on maternal and child health.

Together, the research team set out to develop an 
integrated and personalized tool to predict risk and 
recommend interventions that can be used to coordi-
nate care provided by health and social service provid-
ers before, during, and after pregnancy. The first in a 
multistep process, they built a database amassing ten 
years of data on births and infant deaths in Allegheny 
County, data on individual medical and other factors 
related to the outcomes, use of health and social ser-
vices, and other socio-environmental factors. Then, 
using machine learning algorithms and causal inference 
modeling, they set out to develop tools that would be 
able to predict infant mortality risk and assess the effec-
tiveness of each intervention. In combination, these 
tools would enable the identification of those at greatest 
risk and the personalized recommendation of the inter-
ventions that best reduce the risk.

The Database
The Infant Mortality Prediction System with the 

Intervention Management (or IMPreSIv) database 
combines data in a unique way that paints a holistic 
picture of the stressors on mothers’ and children’s 
health and the interventions available to reduce those 
stressors. The system does this by linking individual-
level vital statistics data with electronic health records, 
community-based social service records, and other 
socio-environmental data. We are not aware of any 
other database containing this combination and scale of 
information at the individual level. 

Birth and death certificate vital statistics records 
describe all the births and infant deaths in Allegheny 
County during the study period, from 2003 to 2013. 
Electronic health records from local health care systems 
describe maternal and child health risk factors from 
diagnostic histories, ultrasound measurements, test 
results, prescriptions, and procedures. 

The participation in or use of health and social 
services is described in the vital statistics, electronic 
health records, and community-based social service 
records. Vital statistics describe when prenatal care was 
initiated, how frequently it was used, and whether doula 
support was used. Social service records describe par-
ticipation in interventions delivered outside health care 
settings, such as the WIC nutritional program, sub-

FIGURE 1

Infant Mortality Trends in Allegheny County
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stance abuse programs, and home visiting. Additional 
publicly available data describe the social, demographic, 
economic, and environmental factors (both supportive 
[such as access to quality nutrition] and detrimental 
[such as exposure to pollution]) that influence women’s 
and children’s health.

The Models
With data from IMPreSIv, the researchers constructed 
three sets of models that would 

1. predict infant mortality risk
2. estimate the likelihood that each woman would 

participate in the intervention
3. determine the effects of each intervention on the 

risk of infant mortality.

The research team used machine learning algo-
rithms to flexibly describe how a variety of factors 
might have influenced infant mortality risk and inter-
vention participation. These algorithms allowed for 
insights not previously possible, and enhanced the 
models’ predictive accuracy. Causal inference models 
incorporated the predicted risk and participation 
probabilities to determine the effects of each interven-
tion. Together, the results provide meaningful and 
interpretable insights for health care and social service 
providers. 

Results
Combining the database with the models gave the team 
an impressive ability to answer each of the following 
questions: 

• Who is at risk? 
• Which interventions are women most likely to 

use?
• Which interventions reduce risk the most?

Who Is at Risk?
The infant mortality prediction model identifies not 
only which women are at greatest risk for infant mor-
tality, but also when they are at greatest risk. The team 
was also able to identify important risk predictors. 
Statistically significant predictors include prenatal 
observations, such as abnormal ultrasound measure-
ments, postnatal observations (e.g., birth weight), 
parental characteristics (e.g., education and substance 

abuse), and socio-environmental risk factors (e.g., local 
poverty and air quality).

In addition, the team used machine learning 
algorithms to predict infant mortality risk at different 
points in time (preconception, throughout pregnancy, 
and postnatal) and with varying levels of data availabil-
ity. With predictions of their patient’s risk, both health 
care and social service providers (who have access to 
different data) can better understand how to provide 
needed care and support to their patients and clients. 
And no matter when the patient interacts with a pro-
vider, the models can adjust to accurately describe their 
risk using the information available at the time.

Which Interventions Are Women Most 
Likely to Use?
Understanding which interventions are likely to be used 
by which women is important because risk will not be 
affected if participation does not increase. Furthermore, 
in the Allegheny County context, care coordination 
might be an important driver of participation. Studies 
from other contexts show that care coordination across 
systems improves maternal and child health outcomes,2 
and our study shows that, in Allegheny County, there 
appears to be little coordination and overlap between 
the use of health and social services. Figure 2 shows 
that, although the use of different social services is 
correlated (green indicates high correlation of use), the 
women who use social services (e.g., home visiting) do 
not also use health services (e.g., early prenatal care), 
and vice versa.

With the objective of maximizing participation, 
the team used machine learning algorithms to develop 
predictions of which interventions are likely to be used 
by women. With this information, health and social ser-
vice providers can coordinate recommended interven-
tions and increase participation. Certain interventions, 
such as doula support, might be particularly effective at 
bridging the health care and social service systems.3

Which Interventions Reduce Risk the 
Most?
The causal inference models estimated 

• the effects of each health and social service 
intervention on the risk of infant mortality

• the differences in each intervention’s effects by 
women’s characteristics (e.g., teenage mothers, 
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black women, smokers, those with history of 
preterm deliveries)

• the combined effects of multiple interventions 
(e.g., benefits from WIC with home visiting).

From these models, we found that multiple health 
services (e.g., doula support) and social services (e.g., 
home visiting) aimed at improving maternal and child 
health are effective, and other social services (e.g., 
mental health services) can also be effective depend-
ing on the risk level. Figure 3 shows the effects (dots) 
and 95-percent confidence intervals (lines) for each 
of the types of health and social service interventions 
by level of predicted risk (color). If estimates and the 
95-percent confidence intervals are below the dotted 
line at 0 and do not cross it, the effects are statistically 
significant. Generally, the most-effective interventions 
we examined were those that targeted women’s health 
before pregnancy, between pregnancies, or early in their 
pregnancies. The most-effective interventions were 
broad preconception care, frequent prenatal care, doula 
support, nutritional support, and home visiting. The 
effectiveness of each intervention tended to be highest 

among those with the greatest predicted risk of infant 
mortality.

Some interventions are particularly effective for 
those with certain characteristics (e.g., black, teenage) 
and certain risk factors (e.g., obesity, history of smok-
ing), suggesting that education and outreach could play 
a major role among women with these combinations 
of characteristics and risk factors. Figure 4 shows the 
effects (dots) and 95-percent confidence intervals (lines) 
for each of the types of health and social service inter-
ventions by maternal characteristics (noted by different 
colors). Generally, health services were effective among 
women with each of these characteristics, except doula 
support among first pregnancies and prenatal care 
among teenage women and women who ever smoked. 
Among the social services, WIC was effective among 
women with each of these characteristics except teenage 
mothers, and home visiting was most effective for black 
and teenage women. 

Additional results showed that certain combina-
tions of interventions demonstrated synergistic effects. 
The most-effective combinations were those that more 

FIGURE 2

Correlation of Intervention Participation

NOTES: The X’s indicate when the correlation between the two interventions is not significant at p < 0.05. FSC = Family Support Center.
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FIGURE 3

Effects of Health and Social Service Interventions by Predicted Risk

FIGURE 4

Effects of Health and Social Service Interventions by Maternal Characteristics

NOTE: The dots represent the point estimates and the lines represent the 95-percent confidence intervals.
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holistically address the individual needs of women, 
such as housing assistance and home visiting. 

Putting the Evidence into 
Action 
The research team is now working to mobilize lessons 
learned to provide real results for the women and chil-
dren of Allegheny County. Tools are being developed 
and incorporated in health care providers’ systems 
to provide integrated and continuous assessments of 
risk. Health care providers are receiving education 
about available community-based social services, and 
tools are being developed to track patient utilization of 
these services. Similarly, tools are being developed for 
community-based social service providers to inform 
them of their clients’ risk and to suggest additional 
interventions to reduce that risk. 

Because no intervention is effective if not used, 
recommendations need to leverage the data and pre-
dicted likelihood of use. Providers also need to use their 
interactions with patients to understand their thoughts 
regarding potential intervention options.

Using these results, health and social service 
providers might want to consider the following when 
making intervention recommendations for their 
patients before, during, or after pregnancy: 

• Make intervention recommendations as early as 
possible.

• Tailor the recommendations based on the pre-
dicted risk, individual characteristics, and pre-
dicted participation. 

• Potentially, recommend multiple interventions 
to maximize effectiveness.

For patients, mobile apps have been developed and 
are being tested. The apps will leverage the IMPreSIv 
database and aim to inform patients and provide a 
safe space for networking with other pregnant women 
and mothers. In addition, the apps will survey users to 
collect additional data to integrate with the IMPreSIv 
database. The research team is also working to validate 
the models and approaches for use in other health care 
systems.

To successfully launch these tools, our qualitative 
assessments of the local environment identified the 
need for community stakeholders to take the following 
additional steps.

• Educate health care and community-based 
social service providers about available and 

effective interventions. Successful referrals to 
interventions often depend on health care and 
community providers’ knowledge of programs, 
services, and supports in each other’s domains.

• Support outreach and engagement activities 
to increase participation for women who are 
at risk of poor birth outcomes. Client-centered 
approaches could help maximize engagement.

• Support the introduction or expansion of 
interventions that have demonstrated effec-
tiveness in other settings and evaluate their 
effects in Allegheny County. For instance, 
emerging evidence indicates that enhanced 
group prenatal care improves birth outcomes.

• Focus maternal education and outreach efforts 
on the link between risk behaviors and poor 
outcomes. Maternal smoking remains a con-
cern, and substance abuse disorders have been 
growing among pregnant women.

Conclusion
This work provides actionable insights that are leading 
to tools that health care and community-based social 
services providers can use to improve their patients’ and 
clients’ health. Ultimately, the unique data and methods 
provide novel insights regarding maternal and child 
health, particularly to prevent the tragic outcome of 
infant mortality.

The integrative framework used in this project 
could be applied to other places and other complex 
problems by leveraging cross-sectoral data and using 
machine learning. Although the data are specific to 
Allegheny County, the methodological approach could 
be used in efforts to reduce infant mortality in other 
cities, states, and localities. Similarly, our approaches 
could be adapted to tackle other health outcomes 
besides infant mortality, such as cardiovascular disease, 
obesity, diabetes, and many others.
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