
An Ecologic Study of Disparities in COVID-19 Incidence
and Case Fatality in Oakland County, MI, USA,
During a State-Mandated Shutdown

Maxwell O. Akanbi1 & Adovich S. Rivera2,3 & Folake O. Akanbi1 & Adenike Shoyinka4

Received: 16 August 2020 /Revised: 22 October 2020 /Accepted: 23 October 2020
# W. Montague Cobb-NMA Health Institute 2020

Abstract
Introduction Data from the USA reveal disparities in hospitalization and mortality from coronavirus disease 2019 (COVID-19).
Social determinants of health (SDoH) could account for disparities in disease incidence and outcomes. We investigated the
association between zip code racial composition and COVID-19 incidence and case fatality in Oakland County, MI.
Methods We conducted an ecological study using publicly available data on COVID-19 in 70 zip codes in Oakland County, MI.
We obtained demographic surrogate markers of SDoH by zip code from the USCensus Bureau website. Using negative binomial
regression models, we investigated the association between the percentage of Blacks in each zip code and COVID-19 incidence
and case fatality, including markers of SDoH as potential confounders.
Results Reported COVID-19 cases ranged from 13.2 to 255.2 per 10,000 population. Each percentage increase in Blacks within a
zip code was associated with a 3% increase in COVID-19 cases (95% CI: 1.02 to 1.04, p ≤ 0.0001), and this remained significant
after adjusting for income or poverty level, number of persons per household, mode of transportation, age, and level of education
(incidence rate ratio: 1.02, 95% CI: 1.01 to 1.03, p ≤ 0.0001). Zip codes with a higher percentage of Blacks also experienced a
faster increase in COVID-19 rates from April 3 to May 16. However, the proportion of Blacks in a zip code was not associated
with case fatality.
Conclusion Zip codes with larger Black populations were disproportionately affected by COVID-19.
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Introduction

In December 2019, an outbreak of pneumonia of unknown
etiology emerged in Wuhan, China [1]. The causative agent

was later identified as the severe acute respiratory syndrome
coronavirus-2 (SARS COV-2) and the disease was named
coronavirus disease 2019 (COVID-19). SARS COV-2 has
demonstrated a high degree of infectivity and cases of
COVID-19 have been diagnosed in all countries in the world
[2]. As of September 20, 2020, over 8.4 million cases of
COVID-19 cases had been diagnosed in the USA, with about
222,900 deaths [2].

To halt the rapid spread of COVID-19, local and national
governments instituted varying levels of restriction of move-
ment of people, a strategy that was effective in limiting the
spread of COVID-19 in China [3]. Similar to other hard-hit
states in the USA, following a rapid upsurge in the number of
COVID-19 cases, the governor of Michigan issued a stay-at-
home order which took effect on Tuesday, March 23, 2020.
This led to the closure of schools and all businesses. Only
services categorized as being essential were allowed to op-
erate. Services classified as essential included healthcare,
security services, gas stations, grocery stores, pharmacies,
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and postal services. Non-essential services, as well as
workers in essential services who could work remotely,
worked from home. On account of this work structure,
low-skilled workers in the essential service industry, a pop-
ulation that is disproportionately African American, contin-
ued to commute to work during the state-mandated shut-
down. Data across the USA have shown disparities in
COVID-19 hospitalization and deaths, with African
Americans or Blacks having disproportionate rates of hospi-
talization and deaths [4, 5]. Michigan, with 51,915 con-
firmed cases and 4915 deaths (as of May 18, 2020), has
one of the highest numbers of confirmed COVID-19 in the
USA [2]. Michigan was also one of the first states in the USA
to release COVID-19 data by race, and the reports showed a
disproportionate burden of disease among Blacks [4, 6].
Racial disparities in COVID-19 incidence and mortality are
now widely reported in other states in the USA and other
nations [7, 8].

While reasons for these disparities are likely to be multi-
factorial [9], we posit that underlying disparities in social
determinants of health (SDoH), which are well known
sources of inequalities in disease burden, are the major driver
of the disproportionate COVID-19 incidence and mortality
in Blacks and other minority ethnic groups in the USA [6, 10,
11]. Using publicly available data, we investigated the rela-
tionship between the percentage of Blacks in each zip code
and COVID-19 incidence cases and deaths (case fatality),
taking into account the components of SDoH. We also ex-
amined changes in COVID-19 incidence and case fatality
over time, during the state-mandated lockdown.

Methods

Study Design and Data Sources

We conducted an ecologic analysis using data from Oakland
County, MI, COVID-19 website (https://www.oakgov.com/
covid/casesByZip.html). Oakland County is the second-
most populous county in Michigan with a population of
1,257,584 [12]. Based on the 2010 census demographic data,
77.3% were White, 13.6% Black or African American, 5.6%
Asian, 0.3% Native American, 1.0% of some other race, and
2.2% of two or more races [12]. At the inception of the study,
Oakland was the only county in Michigan which published
COVID-19 data by zip code. Serial updated data on COVID-
19 cases in each of the 70 zip codes were obtained from April
3, 2020, through May 16, 2020. Ecologic data on SDoH by
zip code were obtained from the US Census report from the
2018 American Community Survey, 5-year estimates [13].
In line with the policies of the Northwestern University
Institutional Review Board (IRB), IRB approval was not

sought because we used publicly available, de-identified
data.

Conceptual Framework

The conceptual framework for the study is summarized in
Fig. 1. We mapped the domains of the SDoH [14, 15] over
the constructs of the susceptible-exposed-infectious-
recovered (SEIR) model [16]. SEIR is a widely used mathe-
matical model for infectious diseases epidemiology [17]
where individuals can transition sequentially through the four
phases.

Observed transmission and deaths due to COVID-19 can
be modeled as individuals going through the different phases
in the SEIR model with drivers of transition from one phase
to the next being different for each transition. For example,
the type of a person’s job may increase the probability of
transitioning from susceptible to exposed but may have less
influence on the likelihood of successful recovery. Moving
to a community-level perspective, we hypothesize that the
community’s context and resources also affect this SEIR
process. Living in crowded households may facilitate trans-
mission of respiratory disease [18]. Neighborhood character-
istics may also influence health behavior and access to
healthcare [19]. Race composition has been known to be
associated with neighborhood resources which again may
affect a person’s chances of successful recovery and, on the
public health level, testing availability in the community [20,
21]. In this paper, we focused on the key domains of the
SDoH: race, economic stability, neighborhood and build en-
vironment, health and healthcare, education, and social and
community context.

Study Variables

Our outcomes were the crude and adjusted incidence of
COVID-19 and COVID-19 case fatality rates (CFR).
Cumulative incidence is the cumulative number of cases
up to a point in time divided by the population for a zip
code (with 1000 as a multiplier) while CFR is the cumula-
tive number of deaths over the cumulative number of cases
for a zip code and point in time (with 100 as a multiplier).
Our independent variable was the percentage of Blacks in
each zip code. Covariates included the (1) median age of the
population and surrogate markers of SDoH which included
the (2) proportion of the population living below the pov-
erty level (economic stability), (3) the proportion of the
population with a bachelor’s degree or higher (education),
(4) the median number of people per home (neighborhood
and built environment), and (5) the proportion of people
who drove alone to work (neighborhood and built
environment).
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Statistical Analysis

Negative binomial regression models were used to investigate
the association between the percentage of Blacks in each zip
code and our two outcomes by May 16, 2020. Negative bino-
mial regression was used due to overdispersion of the count
data. We started with a full model adjusting for percentage
Blacks and the five covariates. We noted high collinearity in
the full model (variance inflation factor (VIF) > 5 for poverty
rate, education rate, and median income), so we developed two
additional reduced models: one where the three variables are
combined into a single score using principal component analy-
sis (PCA), and another where we used only one of the three
variables. We used likelihood ratio tests and Akaike informa-
tion criterion (AIC) to assess which of the three variables results
in a model with the best fit. We also assessed if terms in the
selected reduced models led to acceptable VIF. In all three
models, we then tested for significant interaction between per-
centage Black and the other covariates present in the model.

Two zip codes with no reported cases of COVID-19 were
excluded from our CFR analyses. For sensitivity analysis and
to account for spatial auto-correlation, we also ran geograph-
ically weighted regression models. In an exploratory analysis,
we tested if the percentage of Blacks per zip code influenced
the rate of change in the cumulative incidence of COVID-19
at four time points (April 3, 17, and 20, May 16) using gen-
eralized estimating equations (generalized estimating equa-
tions are preferred over ordinary least square regression when
dealing with longitudinal data such as cases over time since it
accounts for correlation across repeated measures [22]).

Finally, we also explored mediation of association between
percent Black and outcomes through the neighborhood wealth
variable (education, poverty, income, percent drive) specified
as a combined score through PCA.

In all analyses, a p < 0.05 was considered significant.
Statistical analyses were carried out using R 4.0.2.

Results

The median incidence of COVID-19 was 44.78 (IQR: 28.05–
64.69) per 10,000 populations. Median case fatality rate was
9.32 per 100 cases (IQR: 6.3 to 13.9). The percentage of
Blacks in the zip codes ranged from 0 to 70%. The zip
code–level median ages ranged from 30.1 to 52.4 years and
the percentage of the population with a bachelor’s degree or
higher ranged from 9.2 to 77.5%. The median family income
ranged from $31,460 to $166,094, and the median number of
people living in each household ranged from 1.9 to 3.1. The
percentage of people living below the poverty level ranged
from 1.7 to 39.1% (Table 1).

There was a positive linear association between the per-
centage of Blacks per zip code and the cumulative incidence
of COVID-19 by May 16, 2020. In bivariate analyses, each
increase in the percentage of Blacks within a zip code was
associated with a 3% higher incidence of COVID-19 (IRR:
1.03, 95%CI: 1.02 to 1.04, p < 0.0001). Adjusting for all other
covariates, the percentage of Blacks per zip code remained
associated with a significantly higher incidence of COVID-
19 (IRR: 1.02, 95% CI: 1.02 to 1.03, p < 0.0001). This

Fig. 1 Conceptual framework of the role of social determinants of health in infectious diseases epidemiology. (Note: There is currently no evidence that
race/ethnicity increases biological susceptibility to COVID-19.)

1469J. Racial and Ethnic Health Disparities (2021) 8:1467–1474



association remained significant even after using the reduced
and PCA models (Table 2, Fig. 2a) and using geo-weighted
regression (Supplement Table 1).

Association of other community variables with cumulative
incidence was less clear. The full model suggested that per-
centage of people with bachelor’s degree was associated with
higher incidence but this was not robust when looking at the
better fitting reduced model. The reduced and PCA models
also suggested that areas with higher person per household

had significantly lower incidence (Table 2). We did not find
significant interactions between race and other covariates for
incidence. Results of mediation analysis showed that the as-
sociation between COVID-19 incidence and percent Black in
each zip code was through direct “effects” and was not medi-
ated through the PCA wealth variable (Supplement Table 2).

Unlike cumulative incidence, we did not find an associa-
tion between the percentage of Blacks per zip code and case
fatality as of 16May 2020 (deaths per 100 cases) (IRR: 0.999,

Table 1 Summary statistics of the zip codes

Mean (SD) Median (IQR)

COVID-19 statistics (16 May 2020)

Cases 113.96 (111.47) 90.50 [42.25, 141.25]

Cumulative incidence (per 10,000 population) 56.56 (47.09) 44.78 [28.05, 64.69]

Deaths 12.77 (15.21) 7.00 [2.00, 17.00]

Case fatality (per 100 cases) 9.76 (5.79) 9.32 [6.25, 13.86]

Zip code–level variables

Median community age (years) 41.41 (4.24) 42.15 [37.92, 44.10]

Average person per household 2.53 (0.26) 2.50 [2.32, 2.70]

Proportion Black in community (%) 11.26 (17.40) 4.50 [2.00, 11.50]

Median community family income (US$) 102,523.11 (31,322.65) 100,897.00 [80,291.75, 121,395.50]

Below poverty line (%) 8.22 (6.53) 6.55 [4.30, 10.38]

With bachelor’s degree or higher (%) 46.13 (16.51) 44.85 [33.88, 58.55]

Drives to work (%) 85.84 (3.51) 86.50 [85.25, 88.00]

IQR interquartile range, SD standard deviation

Table 2 Negative binomial regression models of the relationship between the percentage of the population that is Black and the COVID-19 cases in
Oakland County, MI (n = 70)

Bivariate analysis Full model Reduced model PCA model

IRR (95% CI) p value IRR (95% CI) p value IRR (95% CI) p value IRR (95% CI) p value

Black (%) 1.03
(1.02 to 1.04)

< 0.0001 1.02
(1.01 to 1.03)

0.0001 1.03
(1.02 to 1.04)

< 0.0001 1.03
(1.02 to 1.04)

< 0.0001

Median age (years) 1.00
(0.95 to 1.04)

0.8415 1.03
(0.99 to 1.08)

0.1005 1.02
(0.98 to 1.06)

0.3141 1.02
(0.98 to 1.06)

0.3258

Persons per household (n) 0.26
(0.13 to 0.5)

0.0001 0.73
(0.35 to 1.52)

0.402 0.48
(0.27 to 0.85)

0.0114 0.45
(0.25 to 0.81)

0.0073

Drove alone to work (%) 0.95
(0.91 to 1.01)

0.0806 1.03
(0.96 to 1.11)

0.4279 0.99
(0.94 to 1.04)

0.5915 0.98
(0.93 to 1.04)

0.5366

Have a bachelor’s degree or higher (%) 0.99
(0.98 to 1.01)

0.3536 1.03
(1 to 1.05)

0.0213 1.01
(1 to 1.02)

0.0804 n.i.

Median family income (US$) 0.78
(0.65 to 0.93)

0.0069 0.76
(0.5 to 1.17)

0.2131 n.i. n.i.

Population below poverty line (%) 1.05
(1.02 to 1.08)

0.0006 1.04
(0.99 to 1.11)

0.1381 n.i. n.i.

Wealth (PCA) score 1.15
(1.02 to 1.28)

0.0193 n.i. n.i. 0.92
(0.82 to 1.04)

0.2072

Fit statistics

LR test p value N/A Reference 0.0955 0.0955

AIC N/A 736.90 736.23 737.60

Case counts include those that ended in deaths. Population size was used as offset in the model. AICAkaike information criterion,CI confidence interval,
IRR incidence rate ratio, LR likelihood ratio, n.i. not included, PCA principal component analysis
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95% CI: 0.99 to 1.01, p = 0.762) (Table 3, Fig. 2b). The full
model suggested that areas with more bachelor’s degree
holders may have higher case fatality but this was not signif-
icant in the reduced model or in geo-weighted regression
(Supplement Table 1). Persons per household was associated
with lower case fatality in the reduced and PCA models but
not in the full model. Again, none of the tested interactions
was significant. Mediation analysis for the death outcome
showed no direct or mediated effects of percentage Black on
case fatality (Supplement Table 2).

In exploratory analysis, we found that rates of increase in
COVID-19 incidence across communities were significantly
associated with percentage of Blacks in the zip code (Fig. 3,
Supplement Table 3). Areas with higher percentage of Blacks
had higher incidence across the time points but we also see a
steeper rise in incidence especially from the first to the second
time point. The incidence across time periods was also affect-
ed by the average number of people in the household and
“wealth” in the area where higher average people in the house-
hold and higher wealth PCA scores were associated with low-
er incidence (Supplement Table 3).

Discussion

In the immediate period following the Michigan state–
mandated lockdown, we found a 2% increase in the adjusted
incidence of COVID-19 for each percentage increase in
Blacks per zip code, in Oakland County, MI. Zip codes with
higher proportion of Black residents also exhibited faster
increases in incidence rates from April to May 2020. This
higher COVID-19 incidence remained even after adjusting
for zip code–level age, income, the number of people per
household, means of transportation to work, and the level
of education. In addition, mediation analysis suggested di-
rect effects rather than mediation through social determi-
nants. It is likely that racial composition is pointing into
some unmeasured neighborhood context that increases risk
of exposure and infection. Examples of unmeasured contex-
tual variables are degree of implementation of public health
measures or type of occupation by residents that increase
risk.

We did not find an overall association between the percent-
age of Blacks in each zip code and COVID-19 case fatality. It
should be noted, however, that we analyzed data collected in
the early phase of the COVID-19 pandemic, so there may
have been insufficient follow-up time to observe significant
differences in survival. Similarly, a prospective study that
evaluated the outcomes of COVID-19 in the US Veteran
Affairs population early in the COVID-19 pandemic did not
find an association between race and mortality [23].
Disparities in access to COVID-19 testing further limit con-
clusions that can be reached from current publicly available
COVID-19 data [7, 21]. However, among hospitalized pa-
tients, there is clear evidence of increased mortality among
Blacks and minority ethnic populations [4, 24]. This has been
attributed to the higher risk of comorbid diseases such as asth-
ma and diabetes mellitus which increase the risk of poorer
COVID-19 outcomes among Blacks and ethnic minorities
[4, 5].

The median income and the percentage of the population
below the poverty level, both of which are markers of wealth
or economic stability, were significantly associated with
COVID-19 incidence in the unadjusted model. Zip codes with
higher median income levels had a lower incidence of
COVID-19, while zip codes with a higher percentage of pop-
ulation below the poverty level had a higher incidence of
COVID-19. This is in line with previous research demonstrat-
ing that income inequality is a source of health disparities [25]
including COVID-19 [26]. However, in the adjusted models
(including the one where wealth variables were combined into
a single score), these surrogate markers of economic stability
were not independently associated with COVID-19 incidence
suggesting they may be surrogate markers of other factors that
increased the reported incidence of COVID-19 in the study
population.

Fig. 2 Estimated COVID-19 cumulative incidence (cases per 10,000
population) (a) and case fatality rate (deaths per 100 case) (b) according
to the percentage of Black population per zip code on May 16, 2020,
using the reduced (best fit) model. Note: Error bars refer to 95% confi-
dence intervals
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We found that a higher average number of individuals in
households were associated with lower incidence and case
fatality in reduced models. This was unexpected and seems
contrary to the hypothesis that crowding will facilitate spread.
We are however aware that the number of individual per
household is an imperfect surrogate marker of overcrowding,
since it does not take into account the size of the home.
Disparities in access to COVID-19 testing in communities of
color, which tend to have higher population densities, may

also confound the association between overcrowding and
COVID-19 incidence rates [7], but would not necessarily ex-
plain the association between the number of individuals in the
household and case fatality.

Our study, that took advantage of publicly available data,
contributes to the growing literature on disparities in COVID-
19 incidence and mortality [10, 24, 27, 28]. Representative
individual-level data on the racial differences in incidence
and outcomes of COVID-19 in the USA is still lacking but

Table 3 Negative binomial regression models of the relationship between the percentage of the population that is Black and the COVID-19 deaths in
Oakland County, MI (n = 68)

Bivariate analysis Full model Reduced model PCA model

IRR (95% CI) p value IRR (95% CI) p value IRR (95% CI) p value IRR (95% CI) p value

Black (%) 1.00
(1.00 to 1.01)

0.2185 1.00
(0.99 to 1.01)

0.9109 1.00
(1.00 to 1.01)

0.352 1.00
(1.00 to 1.01)

0.3104

Median age (years) 1.01
(0.99 to 1.04)

0.2772 1.03
(1.00 to 1.06)

0.0824 1.02 (0.99 to 1.05) 0.2247 1.02
(0.99 to 1.05)

0.2477

Persons per household 0.54
(0.35 to 0.83)

0.0057 0.64
(0.35 to 1.17)

0.1498 0.49 (0.3 to 0.79) 0.0033 0.46
(0.28 to 0.75)

0.0019

Drove alone to work (%) 1.01
(0.98 to 1.04)

0.4535 1.00
(0.94 to 1.06)

0.9604 0.99 (0.95 to 1.03) 0.6002 0.99
(0.95 to 1.03)

0.4987

Have a bachelor’s degree or higher (%) 1.01
(1.00 to 1.01)

0.1221 1.02
(1.00 to 1.04)

0.0383 1.01
(1.00 to 1.02)

0.0771 n.i.

Median family income 1.00
(0.90 to 1.12)

0.9423 0.77
(0.54 to 1.09)

0.1374 n.i. n.i.

Population below poverty line (%) 1.00
(0.98 to 1.01)

0.5799 1.01
(0.97 to 1.06)

0.5863 n.i. n.i.

Wealth (PCA) score 0.98
(0.91 to 1.04)

0.4493 n.i. n.i. 0.93
(0.84 to 1.03)

0.1572

Fit statistics

LR test p value N/A Reference 0.0955 0.0955

AIC N/A 736.90 736.23 737.60

Two zip codes (48430 and 48439) that had no confirmed COVID-19 cases were excluded. Cases were used as offset in the model. AIC Akaike
information criterion, CI confidence interval, IRR incidence rate ratio, LR likelihood ratio, n.i. not included, PCA principal component analysis

Fig. 3 Estimated cumulative
incidence of COVID-19 over time
according to % Black in the pop-
ulation. Note: Error bars refer to
95% confidence intervals
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community-level data allows us to investigate the potential
impacts of race and racism on health. Using zip code–level
data, we found robust evidence that community racial compo-
sition is associated with COVID-19 incidence. Similarly,
using county-level data, Millett and colleagues reported dis-
proportionately higher rates of COVID-19 cases and deaths
among Black Americans, after controlling for risk factors
[29]. Further research is, however, needed to identify what
modifiable community-level variables are associated with ra-
cial composition that can reduce risk.

The findings from our study should be interpreted in the
context of its limitation. We carried out an ecologic study and
inference from population-level data do not always translate to
findings at the individual-level. This means that while com-
munities with higher proportion of Black residents have
higher incidence rates, it does not necessarily mean individual
Black residents are at higher risk of infection compared to
non-Black residents (ecological fallacy [30]). Another limita-
tion is that because we did not have access to individual-level
data, we could not adjust for individual-level factors known to
increase COVID-19 risks such as comorbidities, access to
healthcare, and stress level [4]. We are also unable to account
for disparities in access to COVID-19 testing in underserved
communities which may result in under-reporting. Because
our study was limited to one county in Michigan, it limits
the generalizability of our finding to the larger US population.
Another limitation is that surrogate markers for SDoH obtain-
ed from census tract data are not perfect markers of SDoH.
Moreover, the association between race and the epidemiology
of COVID-19 is complex. Finally, due to the guideline-based
restriction of COVID-19 testing to specific populations, it was
not feasible to get an accurate estimate of COVID-19
incidence.

Despite these limitations, our findings have important im-
plications for public health policy and practice. Our analyses
showed that the racial composition of zip codes was robustly
associated with the incidence of COVID-19 during a state-
mandated lockdown. This support other studies both within
and outside the USA which have demonstrated that Blacks
and ethnic minorities bear a higher brunt of COVID-19, not
fully explained by traditional risk factors [31]. As the COVID-
19 pandemic continues to unfold across communities across
the USA, it is important to identify vulnerable populations,
and institute policies that will reduce the adverse effects of
COVID-19 in these populations. Equally important is the ur-
gent need to institute long-term policies to improve the health
of Blacks and other ethnic minorities in the USA.

Data Access COVID-19 data were obtained from a publicly available
data source at https://www.oakgov.com/covid/casesByZip.html from
April 3, 2020, through May 16, 2020. Ecologic data on SDoH by zip
code were obtained from the US Census report from the 2018 American
Community Survey, 5-year estimates [13].
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