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Infant mortality is the death of an infant within the first year of life, and an infant mortality 
rate is the number of infant deaths per every 1,000 live births. This rate is a very useful 
statistic because it indicates population health and varies drastically between populations. 
It is hypothesized that these variations in infant mortality are associated with variations in 
social determinants of health, which are social factors that affect health outcomes. To study 
the effect of social determinants of health on infant mortality, two populations—Washtenaw 
County, Michigan, and Wayne County, Michigan—were studied because, although they share 
a border, they are very different regarding their average infant mortality rates and various 
social determinants of health. Infant mortality and social determinant of health data for each 
county were collected for the years 2010 to 2018 from the Michigan Department of Health 
and Human Services (MDHHS) and the United States Census Bureau (USCB), respectively. 
After assessing the strength of association between infant mortality and social determinants 
of health via a binomial regression, no association was found between the infant mortality 
rates and any one specific social determinant of health for either county. However, one social 
determinant is not likely to be a good predictor of infant outcomes, so several determinants must 
be targeted at once to implement meaningful interventions. This could include implementing 
programs for low-income, minority expecting mothers that educate participants on their 
heightened risk for infant mortality, provide more patient–provider interactions, and perform 
home visits for those who do not have reliable transportation. By better understanding how 
various social determinants of health affect the risk of infant mortality, more focused efforts 
can be made to address these determinants for vulnerable populations.
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Introduction/Background

Infant mortality is the death of an infant within the first year of life and continues to be a very 
prominent public health issue within developed nations such as the United States (Centers for 
Disease Control and Prevention (CDC), 2020). Analyzing infant mortality within a population 
is a useful method for evaluating population health, which is defined as the health outcomes of 
a group of individuals, such as a geographic population, and the distribution of health outcomes 
within this group (Institute for Healthcare Improvement, 2021). Infant mortality is often analyzed 
by calculating an infant mortality rate, which is the number of infant deaths within a population 
for every 1,000 live births (CDC, 2020). Infant mortality rates are useful indicators of population 
health because they vary drastically between populations, but the reasoning behind these variations 
is still unknown (CDC, 2020).

The United States has one of the highest infant mortality rates among developed countries with 
a rate of 5.7 in 2020 (CDC, 2020), compared to an average of 3.4 from comparable countries in 
2017 (Peterson-Kaiser Family Foundation [KFF], 2019). Just as these rates vary by country, they 
also vary by state and even county. For example, Michigan is well above the United States’ average 
with an infant mortality rate of 6.22 in 2018 (CDC, 2018). In addition to variations based on geo-
graphic population, infant mortality rates also vary based on social factors such as maternal race and 
ethnicity. In 2017, infants born to Black, non-Hispanic mothers in the United States experienced 
an infant mortality rate of 10.97, whereas the average rate for infants born to mothers of all races 
and ethnicities was only 5.79 (Peterson-KFF, 2019). While the reason for this variation based on 
population remains unclear, it is hypothesized that social determinants of health play a large role.

Social determinants of health are conditions in people’s lives that affect health risks and out-
comes and are divided into five categories: economic stability, education access and quality, health-
care access and quality, neighborhood and built environment, and social and community context 
(United States Department of Health and Human Services [USDHHS], 2021). Most previous 
research suggests that social determinants of health may contribute to variations in infant mortality 
by qualitatively assessing this relationship through systematic reviews, case studies, and “calls to 
action.” For example, one study acknowledged that social determinants of health are likely primary 
contributors to infant mortality and suggested potential interventions such as improving perinatal 
health outcomes, improving women’s health prior to pregnancy, and promoting quality health-
care services (Lu & Johnson, 2014). However, this study only addressed hypothetical solutions by 
qualitatively assessing which social determinants should be targeted to improve health outcomes 
for infants. In addition, one scoping review found that this is a common theme for most infant 
mortality research regarding social determinants of health, as most articles focused qualitatively 
on individual and public policy level interventions (Reno & Hyder, 2018). The authors, therefore, 
suggested that more research needs to quantitatively analyze the social determinants of health that 
previous research has hypothesized to affect infant mortality rates (Reno & Hyder, 2018).
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Contrary to this previous research, the goal of this study was to take a more quantitative 
approach to determine whether particular determinants have more influence than others because 
even in populations with very different social determinants of health, infant mortality continues to 
be a public health crisis. For example, Washtenaw County, Michigan, which houses the University 
of Michigan in Ann Arbor, and Wayne County, Michigan, which includes the city of Detroit, are 
very different demographically despite sharing a border, as Wayne County has much higher rates 
of poverty, unemployment, percent uninsured, and much more diversity in terms of race and edu-
cational attainment (United States Census Bureau [USCB], 2018). Despite these demographic 
differences, the Community Health Needs Assessments (CHNAs) for both counties drew similar 
conclusions. CHNAs are mandatory territorial health assessments conducted by local hospitals 
that identify primary health needs and issues of a community (CDC, 2021). The CHNAs for both 
Washtenaw County (Michigan Medicine et al., 2021) and Wayne County (Henry Ford Health 
System, 2019) identified preconceptual and perinatal health as a primary concern for the commu-
nity, despite Washtenaw County having an infant mortality rate of 5.4 in 2018 (MDHHS, 2018), 
which is below the Michigan average, and Wayne County having an infant mortality rate of 10.7 
in 2018 (MDHHS, 2018), which is higher than the Michigan average.

This study aimed to determine whether differences in the social determinants of health in 
populations can be used to explain differences in infant outcomes and whether one determinant 
could be best used to explain these differences. For example, does the higher poverty rate in Wayne 
County correlate to its higher infant mortality rate? Is infant mortality most directly correlated 
to unemployment rate? If so, would addressing issues regarding the unemployment rate help to 
decrease infant mortality rates? Based on these questions, it was hypothesized that by studying 
these two demographically different populations with two different infant mortality rates, the 
difference in infant mortality could be attributed to the social determinants of health that vary 
between these populations. Therefore, if it can be determined that particular determinants have a 
more significant influence on infant mortality rates than others, then vulnerable populations can 
be more easily identified, and implementation efforts can be better catered to these populations 
and their needs.

Methods

To analyze various social determinants of health and their effect on infant mortality rates, Washtenaw 
County, Michigan, and Wayne County, Michigan, were compared due to their differences regard-
ing their average infant mortality rates and various social determinants of health. Because social 
determinants of health are divided into five categories—economic stability, neighborhood and built 
environment, healthcare access and quality, social and community context, and education access 
and quality (USDHHS, 2021)—data published by the USCB were collected that fell into at least 
four of the five categories. These data included poverty rate, unemployment rate, percentage unin-
sured, race, and educational attainment per each county’s total population from 2010 to 2018 and 
are represented in Tables  1 and 2. This time period was chosen because the Patient Protection 
and Affordable Care Act (PPACA) mandated CHNAs for hospitals in 2010, and these CHNAs 
are usually followed by implementation plans (Michigan Medicine, 2021). Therefore, the period 
2010–2018 would reveal any effects of implementation efforts that have been achieved thus far 
regarding infant mortality rates.
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For the first analysis, with data displayed in Table 1, poverty rate was analyzed using the general 
population poverty rate, and race was divided into four categories: White, Black, Asian, and other, 
with the “other” category including Hispanic/Latino, American Indian and Alaskan Native, Native 
Hawaiian and other Pacific Islander, and two or more races. Education was also divided into four 
categories: less than high school, high school or equivalent degree, some college, and college degree 
or more. To analyze any significant differences between the social determinants of health data for 
the two counties, each determinant for each county was compared to the same determinant for the 
other county using independent t-tests. P-values were then calculated, as displayed in Table 1, and 
any p-value less than 0.05 was considered statistically significant.

For the second analysis, with data displayed in Table 2, some of the social determinants of 
health were defined differently, so the data were more condensed for the binomial regression. For 
example, race was reduced to only two categories: White and non-White. In addition, education 
was also reduced to only two categories: high school/equivalent degree or less and some college 
education or more. Infant mortality rate data were then collected for both counties, as well as 
the state of Michigan, from data published by the Michigan Department of Health and Human 
Services (MDHHS) from 2010 to 2018 and are represented in Figure 1 and Table 2. Each social 
determinant of health and the corresponding infant mortality rate for each county was assessed 
utilizing a binomial regression to evaluate if each determinant could be used to explain variation in 
infant mortality. P-values were calculated once again, as displayed in Table 2, and any p-value less 
than 0.05 was considered statistically significant.

Results

Figure 1.  Graph of infant mortality rates (per 1,000 live births) for Washtenaw County 
(MDHHS, 2018), Wayne County (MDHHS, 2018), and the state of Michigan (MDHHS, 2018) 
from 2010 to 2018.

Figure 1 depicts the infant mortality rates for Washtenaw County, Wayne County, and the state 
of Michigan from 2010 to 2018. The state of Michigan’s average is steady and consistent around a 
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rate of 7. Wayne County’s average rate is consistent around 10, which is well above the Michigan 
average. Washtenaw County’s average rate is less consistent, varying mostly between 4 and 6 over 
the eight-year span. Washtenaw’s rate peaked at around 8 in 2014, which is above the Michigan 
average, but it is well below the Michigan average every other year.

Table 1. � Social determinants of health data including means, ranges, and p-values from indepen-
dent t-tests for Washtenaw County, Michigan, and Wayne County, Michigan, from 2010 
to 2018 (USCB, 2018). P-values less than 0.05 are considered statistically significant.

Social Determinants of Health for Washtenaw and Wayne County, Michigan  
(2010–2018)
Determinants Statistics Washtenaw Wayne P-value
Poverty Rate Mean 15.04 24.06 <0 .00001

Range 12.90–16.90 21.60–26.20
Unemployment Rate Mean 6.690 13.70 0.001083

Range 3.600–10.20 7.900–21.50
Uninsured Rate Mean 5.578 10.60 0.006280

Range 2.700–8.500 5.900–15.60
Race 
Percentages

White Mean 74.00 53.10 <0 .00001
Range 73.35–74.68 52.37–53.54

Black Mean 11.98 39.38 <0 .00001
Range 11.47–12.47 38.54–40.51

Asian Mean 8.572 2.972 <0 .00001
Range 7.700–9.810 2.520–3.400

Other Mean 1.214 2.191 <0 .00001
Range .9800–1.500 1.770–2.410

Education 
Percentages

Less than High 
School

Mean 5.096 14.67 <0 .00001
Range 4.310–6.340 13.08–16.11

High School or 
Equivalent

Mean 15.34 30.25 <0.00001
Range 14.25–16.86 29.68–30.89

Some College Mean 25.69 32.55 <0.00001
Range 24.23–27.41 32.00–33.24

College or More Mean 53.87 22.52 <0.00001
Range 50.22–56.96 21.05–25.21

Table 1 depicts social determinants of health data for both Washtenaw and Wayne County, 
including poverty rate, uninsured rate, and percentages for race and educational attainment.  
P-values are also depicted, and every p-value for every determinant comparison between the two 
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counties is much lower than 0.05. This means that all these social determinants of health are sig-
nificantly different between the two counties.

Table 2.  Social determinants of health data (USCB, 2018) and infant mortality rate data for 
Washtenaw County, Michigan (MDHHS, 2018), and Wayne County, Michigan (MDHHS, 
2018), from 2010 to 2018, including means, ranges, and p-values from binomial regressions. 
P-values less than 0.05 are considered statistically significant.

Social Determinants of Health versus Infant Mortality for Washtenaw and Wayne County, 
Michigan (2010–2018)

County Determinants Statistics Determinants Infant 
Mortality Rate

P-value

Washtenaw Poverty Rate Mean 15.04 5.089 0.665
Range 12.90–16.90 3.7–7.5

Unemployment Rate Mean 6.690 5.089 0.534
Range 3.600–10.20 3.7–7.5

Uninsured Rate Mean 5.578 5.089 0.456
Range 2.700–8.500 3.7–7.5

Race 
Percentages

White Mean 74.00 5.089 0.799
Range 73.35–74.68 3.7–7.5

Non-White Mean 26.00 5.089 0.799
Range 25.32–26.65 3.7–7.5

Education 
Percentages

High School 
or Less

Mean 20.43 5.089 0.596
Range 18.78–23.20 3.7–7.5

College or 
More

Mean 79.57 5.089 0.600
Range 76.80–81.21 3.7–7.5

Wayne Poverty Rate Mean 24.06 9.722 0.697
Range 21.60–26.20 8.600–10.70

Unemployment Rate Mean 13.70 9.722 0.725
Range 7.900–21.50 8.600–10.70

Uninsured Rate Mean 10.60 9.722 0.786
Range 5.900–15.60 8.600–10.70

Race 
Percentages

White Mean 53.10 9.722 0.676
Range 52.37–53.54 8.600–10.70

Non-White Mean 46.90 9.722 0.676
Range 46.46–47.63 8.600–10.70

Education 
Percentages

High School 
or Less

Mean 44.92 9.722 0.423
Range 42.78–46.61 8.600–10.70

College or 
More

Mean 55.07 9.722 0.426
Range 53.38–57.21 8.600–10.70
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Table 2 depicts both infant mortality and social determinants of health data, including pov-
erty rate, unemployment rate, percent uninsured, and race and education percentages for both 
Washtenaw and Wayne County. The table also displays p-values from the binomial regressions. All 
p-values are greater than 0.05, meaning that there is no significant correlation between any social 
determinants and infant mortality for either county.

Discussion

As depicted in Table 1, Wayne County has much higher rates of poverty, unemployment, percent 
uninsured, and much more diversity in terms of race and educational attainment (USCB, 2018). 
These differences in social determinants of health between the two populations were found to 
be significantly different, as all the p-values from independent t-tests in Table  1 are less than 
0.05, indicating that Wayne County has significantly higher rates of poverty, unemployment, and 
percent uninsured, significantly more racial diversity, and significantly lower educational attain-
ment, making this population more vulnerable than that of Washtenaw County to facing systemic 
health inequities.

Despite these demographic differences, as well as the differences in infant mortality rates as 
depicted in Figure 1 and Table 2, the CHNAs for both Washtenaw County (Michigan Medi-
cine et al., 2021) and Wayne County (Henry Ford Health System, 2019) identified preconceptual 
and perinatal health as a primary concern for the community. From the first analysis, the infant 
mortality rates for the two counties were found to be significantly different from one another, as 
Washtenaw County had an infant mortality rate of 5.4 in 2018 (MDHHS, 2018), which is below 
the Michigan average, and Wayne County had an infant mortality rate of 10.7 in 2018 (MDHHS, 
2018), which is higher than the Michigan average. Looking at these rates over time from 2010 to 
2018 in Figure 1, although there is some minor fluctuation, the infant mortality rate for Wayne 
County was consistently higher than the state of Michigan average, whereas the infant mortality 
rate for Washtenaw County was consistently lower than the Michigan average.

Because both the social determinants of health and the infant mortality rates between the two 
counties were found to be significantly different from one another, the hypothesis remained that the 
variation in social determinants of health could be used to explain the variation in infant mortality 
rates. However, after assessing the association between the infant mortality rates and each social 
determinant of health for both counties, all the p-values were found to be much greater than 0.05, 
as displayed in Table 2. This means that no association was found between the infant mortality rates 
and any one specific social determinant of health for either county. This does not indicate, however, 
that social determinants of health are not a contributing factor to variation in infant mortality, but 
only that of the five social determinants studied in this analysis over the course of 2010 to 2018, 
none are directly associated with these variations.

As previously mentioned, this study is one of the first to quantitatively analyze the effects of 
social determinants of health on infant mortality, and there are several limitations that could have 
impacted these results. For example, only five specific social determinants of health were chosen 
for this study, and there are many others that could be impactful on infant mortality as well; per-
haps other determinants such as distance from a hospital or methods of transportation could be 
considered for future studies. In addition, this study only ran binomial regressions between each 
social determinant and the infant mortality rates. It is likely that many social determinants overlap 



cadez-martin et al.: effects of social determinants of health on infant 76

 open access - ujph.org

to influence high infant mortality rates, so future studies could conduct multiple linear regressions 
analyzing multiple social determinants of health together or controlling for confounding variables. 
Lastly, data for both infant mortality and the social determinants of health were gathered for the 
years 2010 to 2018, which is only an eight-year window. Perhaps by gathering more data over a 
longer period of time, different trends may appear in the results.

Conclusion

Based on this analysis, no single social determinant of health was found to be associated with 
infant mortality variation for Washtenaw or Wayne County, despite the significant differences 
between the two populations. This means that one social determinant of health is not likely to 
be a good predictor of infant outcomes. Instead, high infant mortality rates are likely a result of 
interactions between several determinants that, together, increase an infant’s risk. Therefore, simul-
taneous targeting of multiple determinants is necessary to implement meaningful interventions. 
According to the CHNAs for both Washtenaw and Wayne County, local hospitals are already 
making efforts to do so. For example, Washtenaw County has initiated a Centering Pregnancy 
program in which a small group of low-income expectant mothers with similar due dates receive 
group prenatal support programming (Michigan Medicine et al., 2021). By promoting more pre-
natal education, more interaction between patients and caregivers, as well as interactions between 
patients in similar circumstances, babies delivered to Centering Pregnancy mothers have experi-
enced decreased infant mortality and low birth rate and increased breastfeeding uptake (Michigan 
Medicine et al., 2021).

Wayne County has made similar efforts by initiating a program in Detroit to help pregnant and 
nonpregnant Black women address the social determinants of health that may lead to preterm and 
low birth rate deliveries (Henry Ford Health System, 2019). This program does so by increasing 
awareness of the disparities that exist regarding infant mortality, the importance of pre- and inter-
conception health, and education regarding topics related to pregnancy, birth, and parenting such as 
breastfeeding, proper nutrition, making a birth plan, and common pregnancy discomforts (Henry 
Ford Health System, 2019). Similar to the Washtenaw program, this group-based prenatal care also 
brings together women of similar gestational ages and allows for more prenatal education and more 
interaction between patients and their caregivers (Henry Ford Health System, 2019). However, this 
program also implements home visits with patients to provide extra support until the baby turns 
1 year old, which is the age limit for measuring infant mortality (Henry Ford Health System, 2019). 
This model, more so than that of Washtenaw, addresses additional social determinants of health 
such as limited transportation and distance from healthcare facilities. As a result, this program has 
seen zero preventable infant deaths among group prenatal care participants and better-than-av-
erage rates of low birthweight births and preterm births since 2016 compared to Michigan and 
Detroit averages (Henry Ford Health System, 2019).

Based on the short-term results of programs like these, infant mortality is a public health crisis 
that can be prevented if proper steps are taken to ensure every expecting mother of all incomes, 
races, insurance statuses, education backgrounds, and so on is given not equal but equitable treat-
ments based on their needs. More programs like these need to be implemented in disadvantaged 
communities, and as these programs age and evolve, further research should be conducted to eval-
uate long-term trends and effects of targeting multiple social determinants of health on infant 
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mortality. This research should also be expanded to other health outcomes as well, not just infant 
mortality, as disparities in health outcomes exist in many different forms, including maternal mor-
tality, substance abuse disorders, suicide rates, and so on. To truly implement meaningful inter-
ventions for any public health crisis, research and efforts need to be focused on the simultaneous 
targeting of various social determinants of health. By better understanding how these determinants 
affect the risk of infant mortality, more focused efforts can be made to address these determinants 
for vulnerable populations.
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