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has disproportionate excess risk associated with infant health 
factors, primarily related to unsafe-sleep.

Introduction

Over the last century in the United States, infant mortality 
has dropped more than 90%, from 100 infants dying within 
their first year in 1915 to a historic low of 6.0 infants dying 
in 2014 (per 1000 births) (CDC 1999; U.S.DHHS 2015). 
This decline has been attributed to improvements in sanita-
tion, living conditions, medical advancements, public health 
programming and, most recently, putting infants to sleep on 
their backs, which prevents sudden infant death syndrome 
(Kinney and Thach 2009). Within the U.S., infant mortal-
ity can vary dramatically by geography. At the state level, 
rates range from a low of 4.1 IMR (Infant Mortality Rate 
per 1000 infants) in Iowa to a high of 9.6 in Mississippi. 
However, within states, there is additional geographic vari-
ability between counties (Xu 2016). In addition there are 
regional variations in the causal reason for death; including 
inadequate medical care, pollution, injury, maternal health 
or preterm birth (Lawn et al. 2006; Rosano et al. 2000; 
Waller et al. 1989). Mortality causation can further vary 
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combined total of all infant births and all stillbirths (fetal 
deaths at 24 or more weeks gestation) from the years 1997 
to 2012. PPOR death counts were based upon the combined 
total of all infants who died in the years 1997 to 2012 and 
all stillbirths. Infant deaths were defined as deliveries of live 
infants who died within 365 days after delivery. Stillbirths 
were defined as deliveries of infants who were dead at birth. 
Inclusion criterion for infant and stillbirths was birthweight 
of 500 g or more. Infant deaths were Infant study sample 
variables were obtained from linked birth and infant death 
certificates. Stillbirth study sample variables were derived 
from the fetal death certificate. Cases with missing PPOR-
criterion data were excluded from the study sample. Less 
than 3% of the linked birth–death certificate cases had to 
be excluded from the infant study sample due to missing 
data. All stillbirths reported to the Michigan Department of 
Community Health, Vital Records Division were included; 
although it is suspected that these records under-report fetal 
deaths. State definitions for reporting infant and fetal deaths 
remained the same over the study period, 1997–2012. A 
quality check of infant birthweight counts from the linked 
birth–death certificate data for birthweights ≥ 500 g showed 
the same counts as those calculated for the PPOR analysis.

Based upon recommendations from Sappenfield et al. 
(2010a, b), the reference group for each of the analyses 
was: Non-Hispanic, white women, aged ≥ 20 years, with 
≥ 13 years of education. To maintain the integrity of the 
study, an internal reference group was selected: woman from 
the same community, Kalamazoo County, as the comparison 

http://wonder.cdc.gov/
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are factors that contribute to Black infant mortality that are 
unrelated to poverty.

Perinatal Periods of Risk Analysis, Stage 1

Excess Mortality among Black and Poor Populations

Overall, the data in Table 2 show that total Black excess 
mortality increased by 8%, from 10.1 to 10.9 (per 1000 
births) for the periods 1997–2006 and 2003–2012, while 
total poverty excess mortality decreased by 25% between 
the two time periods assessed. The majority of the excess 
mortality among the Black population was attributed to the 
Maternal Health/Prematurity category and increased over 
time, from 50% in 1997–2006 to 67% in 2003–2012. The 
Infant Health category was the next largest category contrib-
uting to mortality, with Black mortality in excess of White 
mortality at 29 and 20% in the 1997–2006 and 2003–2012 
periods, respectively.

Compared to the Reference group, poor infants had 
excess mortality of 8.0 and 5.9 per 1000 births compared 
to the reference group for the time periods 1997–2006 and 
2003–2012, respectively. Among the poor population, the 
Maternal Health/Prematurity category accounted for 40 and 
59% of excess mortalities for the two periods of time. Again, 
the Infant Health category was the next largest, with excess 
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offered a standardized approach for examining the differen-
tial contributions of race and poverty. Study results identi-
fied excess health burdens for Black individuals in the area 
of preconception and prenatal health (Maternal Health/
Prematurity); a burden that has increased in recent years 
and that remains substantial even after poverty is taken into 
account. PPOR maps revealed that, regardless of income 
level, the health of Black women before and during preg-
nancy was the largest source of health inequity within the 
study county. Risks that were most detrimental to full-term 
deliveries among Black women included having a prior pre-
term delivery, lacking prenatal care, vaginal bleeding and 
premature rupture of membranes. The next biggest PPOR 
risk category, Infant Health, was largely accounted for by 
poverty, with the majority of post neonatal deaths result-
ing from unsafe-sleep conditions. This unique application 
of PPOR, which separated the contributions of race and 
poverty, identified important differences that were useful in 
directing public health action.

Excess mortality related to maternal health is a com-
mon finding among PPORs conducted within the U.S., 
whether they compare an entire community against a gold-
standard reference, one geographic area against another, or 
one racial group against another (Besculides et al. 2005; 
Cai et al. 2005; Chao et al. 2010; Guillory et al. 2008; Hoff 
et al. 2009). Subsequent analyses have often identified low 
socioeconomic status (typically defined by Medicaid insur-
ance) as a dominant risk factor distinguishing the PPOR 
target population from the reference population (Cai et al. 
2005, 2007; Guillory et al. 2008). Both of these trends were 

reflected in current study findings which, by highlighting the 
degree and nature of risk associated with race and isolating it 
from that associated with poverty, spurred the development 
of a community-level strategic plan, Cradle-Kalamazoo, 
to address both. This plan was developed using the collec-
tive impact approach, which formally organizes community 
residents and service agencies to address a common goal 
through shared operational structures and processes (Healthy 
Start Epic Center 2016; Kania and Kramer 2011; Minkler 
et al. 2001). Led by the YWCA-Kalamazoo in partnership 
with Western Michigan University Homer Stryker M.D. 
School of Medicine and Kalamazoo Health and Community 
Services and Healthy Start, Cradle Kalamazoo’s goal was to 
reduce Black infant mortality to 6.0 deaths per 1000 births, 
the Healthy People 2020’s infant mortality goal. Multiple 
strategies were implemented to tighten the safety net under 
the community’s most vulnerable families: street outreach, 
coordinated resource-linkage and home visitation support. 
As a result of these analyses, the Cradle-Kalamazoo Initia-
tive intentionally focused efforts on three populations: (1) 
Black women at all income levels, (2) poor women and (3) 
women who had experienced a prior poor birth outcome 
(preterm delivery, low birth weight or infant death).

This community action plan was designed by a leader-
ship steering team focused by the underlying social causes 
of racial inequities, e.g., differential access to knowledge 
and resources, and disproportionate stress because of 
lower social status, impoverished environments and lim-
ited control over daily living conditions (Aneshensel 2015; 
Krieger 2014; Link and Phelan 1995). With demonstrated 

Table 3  
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effectiveness engaging socially disenfranchised populations, 
accessing community resources, and improving health prac-
tices, Kalamazoo Healthy Start program, along with other 
community health worker and home visitation programs, 
comprised the working elements of the planned system 
(Avellar et al. 2016; Lewin et al. 2010). A sub-group was 
formed to organize culturally-competent safe-sleep-related 
trainings for medical, public health and social service pro-
viders. Following guideposts laid down by nationally-funded 
care coordination initiatives (Hanlon 2013; McDonald et al. 
2007), the plan integrated program elements into a stream-
lined delivery process using a dedicated hotline within the 
local 2-1-1 system, and creating a care coordination reg-
istry of all prenatal home visitation referrals and weekly 
community case-review meetings. Outreach capacity and 
co-location was expanded from prenatal clinics to include 
WIC, Medicaid benefit sites, and community association 
sites. In a partnership between the public health depart-
ment and the new medical school within Kalamazoo, Fetal 
Infant Mortality Review was strengthened, by incorporating 
medical students, residents and faculty and expanding case 
data collection to include maternal and paternal interviews. 
To embed these efforts within important social institutions 
in the hardest hit neighborhoods, formal partnerships with 
faith based institutions were established. Finally, local anti-
racism expertsprovided anti-racism trainings, health equity 
workshops and ongoing project oversight. Public education 
presentations were delivered to community and professional 
audiences using the PPOR maps generated, as an effective 
method for describing how race and socioeconomic status 
were interacting to produce excess risk for Black families in 
Kalamazoo County.

In addition to the collaborative activities described above, 
results from the PPOR analysis led the Kalamazoo Healthy 
Start program to: (1) initiate a social media campaign with 
local radio, talk show and print publications celebrating 
being Black (Rodriguez et al. 2012), (2) develop father-
hood programming for enhanced family engagement, and 
(3) expand stress-reduction activities within the community, 
including yoga, maternal massage, infant massage, breathing 
exercises, and swimming classes(Ingoldsby 2010).

Limitations

These findings should be viewed in light of the following 
study limitations. The number of unreported fetal death 
cases is unknown, introducing potential bias into study 
results. As dichotomized measures, the two key study indi-
cators, race and income, may not have captured impor-
tant dimensions of these concepts, particularly as only 

White and Black race infants had sufficient numbers to 
be included in the analysis, and multi-racial infants were 
forced into White or Black racial categories, which can 
mask important differences from single-race infants. Addi-
tionally, as is common practice, infant race for birth vital 
statistics and the PPOR calculations was drawn from the 
recorded maternal race, without consideration of paternal 
race, and thus may not have accurately categorized multi-
racial infants. A final caution is that PPOR presents a 
greatly simplified view of a very complex dynamic. While 
this is useful in narrowing the lens for preventive action, 
PPOR should not be used as a stand-alone analysis, but 
rather, as part of a series of epidemiological analyses that 
may include matched comparisons of infants with similar 
demographics but different outcomes, and ongoing moni-
toring to assess the impact of community interventions on 
contributors as well as outcomes.

Conclusions

Perinatal Periods of Risk, a standardized approach for 
identifying population-specific risk, highlighted that 
maternal preconception and prenatal factors conferred 
the greatest risk for Black infants, leading to prematurity 
and low birthweight. Furthermore, Black infants with the 
same birthweight as White infants died at higher rates, 
pointing to additional risk associated with infant health 
and healthcare factors. Higher socioeconomic risk did lit-
tle to reduce mortality risk among Black infants. These 
findings informed a community-wide plan that integrated 
evidence-based strategies for addtableressing systematic 
racial inequity with those for addressing systematic socio-
economic disadvantage.
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