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BACKGROUND: There are several reports of health dis-
parities related to COVID-19. Understanding social deter-
minants of health (SDoH) could help develop mitigation
strategies to prevent furtherCOVID-19 spread.Our aim is
to evaluate self-reported and census-based SDoH as a
mediator of health disparities in COVID-19.
METHODS: We conducted a cross-sectional ecological
study and included all COVID-19 cases report by the
COVID-19 Florida dashboard as the dependent variable.
The independent variables were census-based median
household income, population and household size, and
self-reported SDoH using a validated survey. We calculat-
ed the incidence rate ratio (IRR) of COVID-19 by zip code
using Poisson regression and structured equationmodel-
ling to evaluate the mediation effect of income and SDoH
on COVID-19 cases.
RESULTS: We included 97,594 COVID-19 positive cases
across 79 Miami-Dade ZIP codes with a median age of 43
years; females represented 50.7% of the cases. The
highest IRR (4.44) were for ZIP code 33125 (income
$21,106, 6% Black, 93% Hispanic), while the lowest IRR
(0.86) was for ZIP code 33146 (medianhousehold incomes
$96,609, 3% Black and 53% Hispanic). In structured
equation models, the indirect coefficient of income in the
relationship between race/ethnicity and COVID-19 were
only significant for Blacks and not Hispanics.
CONCLUSIONS: This ecological analysis using ZIP code
andaggregate individual-level SDoH shows that inMiami-
Dade county, COVID infection is associated with econom-
ic disadvantage in a particular geographical area and not
with racial/ethnic distribution.

© Society of General Internal Medicine 2020

INTRODUCTION

In New York and Chicago, the age-adjusted COVID-19 mor-
tality is greater for Blacks and Hispanics compared with Non-
Hispanic Whites.1 The same trends are emerging in several
other states as the pandemic spreads through the USA.2 A
recent study from a large health system in California found

that African American patients were more than twice as likely
to be hospitalized for COVID-19 when compared to Non-
Hispanic White patients. Government officials and scientific
journals call for large-scale contextualization of the COVID-
19 data to understand these disparities and avoid misunder-
standings that undermine efforts to reduce inequities.3 Even
though a growing number of voices are recognizing the role
that social determinants of health (SDoH) may be playing in
the COVID-19 health disparities, there is a lack of consistent
data to evaluate and understand these relationships.1 Ultimate-
ly, this limitation may not only impede the development of
effective strategies to mitigate the pandemic2 but may also
increase the risk of reigniting biological and stereotypical
explanations of disparity that have limited scientific basis,
distract from the real discriminatory culprits of inequity, and
lead to stigmatization of communities.3 In order to preempt
these dangers, Chowkwanyun et al. recommend to collect or,
if needed, impute socio-economic, racial, and other SDOH
data on COVID-19 cases.3 This would allow us to explore the
interplay between race/ethnicity and SDOH that lead not only
to COVID-19 disparities but also to the comorbid conditions
reported to affect COVID-19 morbidity and mortality.2 De-
scribing these relationships would advance the understanding
on how social factors get “embodied” and alter biological
processes resulting in disease.4

We aim to explore the social context of the pandemic
through an ecological study correlating SDoH and the distri-
bution of COVID-19 cases in Miami-Dade county, in South
Florida. Miami-Dade offers an excellent natural experiment
opportunity to tackle this aim since it is a diverse minority–
majority county that is currently one of the COVID-19
epicenters.

METHODS

Study Design and Setting

We conducted a cross-sectional ecological study in Miami-
Dade county. Miami-Dade is located in South Florida and has
a population of 2,834,352 inhabitants of whom 17% are Black,
71% are Hispanics, and 12% are Non-Hispanic White. The
county has a median household income of $49,239 IQR
(40,039–61,897). Stratified by race, the median household
income is $56,791 for White and $40,162 for Black residents
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and by ethnicity is $50,730 for Hispanics and $60,268 for
Non-Hispanics.

Definition of COVID-19

We considered a positive case of COVID-19 if it was reported
in Miami-Dade County by July 24, 2020. We used the
Florida’s COVID-19 data and surveillance dashboard to as-
certain COVID-19 cases (https://experience.arcgis.com/expe-
rience/96dd742462124fa0b38ddedb9b25e429). The dash-
board reports the cumulative number of positive SARS
CoV-2 tests by county and by Zone Improvement Plan (ZIP)
code.

Definition of Race/Ethnicity

Although the Florida COVID-19 dashboard reports race and
ethnicity, 50% of all cases have missing race/ethnicity data.
For this reason, we imputed race/ethnicity from each ZIP code
using census data.5 For all analyses including the calculation
of incidence rate ratios, we used the proportion of each race
and ethnicity in each ZIP code as a continuous variable. To
calculate and report an estimate of incidence by race and
ethnicity, we assigned these attributes based on the ZIP code
distribution. We assigned Hispanic ethnicity to cases residing
in ZIP codes with > 50% Hispanics and < 30% Black. We
assigned Black race to cases residing in all ZIP codes with >
30% Black residents and cases in all other distributions were
considered non-Hispanic White.6 We used 2010 census data
to describe median household income, race, and ethnicity
distributions by ZIP code.

Social Determinants of Health

We included two sources of SDoH data. The first source was
ZIP code-level data from the 2010 Census population data
using the Miami-Dade project ions (ht tp: / /www.
miamidadematters.org/demographicdata). We used total pop-
ulation, race and ethnicity, median household income, and
average household size by ZIP code to match how the COVID
cases are reported in the state of Florida. The second source
was individual-level self-reported SDoH from a survey of
11,113 primary care UHealth patients who responded to a
validated questionnaire based on the recommendations of the
National Academy of Medicine.7 The survey was collected
between September 2016 and April of 2019. The individual-
level data included race and ethnicity, education, financial
strain, stress, social isolation scale,8 health literacy, and delays
in receiving health care (appendix Table 1).9–11 In order to
define if a specific social risk was present or absent at the
individual level, we dichotomized the answer to each question
based on existing literature on each of the validated questions
(appendix Table 2). This assignment was necessary to aggre-
gate the prevalence of each SDOH at the ZIP code level. All
variables of the survey were used individually except for
variables related to social isolation which form a scale. Survey

responders received 1 point for risks defined as present as
follows: living alone, having high school education or less,
stating that it was somewhat hard or very hard to pay for basic
needs such as food or medications, feeling not confident, little
or somewhat confident filling out forms, feeling quite a bit or
very much stress, delaying care at least once in the past 12
months, and for the social isolation scale having a score of 3 or
4.

Statistical Analysis

To evaluate the incidence of COVID-19 per ZIP code, we used
Poisson regression to calculate the incidence rate ratios (IRR)
adjusted for total population and household size by ZIP code
using as a reference ZIP code 33158 ($145,541 income, 2.7%
Black, 47% Hispanic, and 50% non-Hispanic White). We did
not use the ZIP code with the highest income because it
corresponds to a very restricted geographical area with a very
small population (33109).
For both ZIP code and aggregated individual-level data, we

first completed univariate linear regressions to fit each SDOH
with the IRR for COVID-19. To evaluate the relationships
between COVID-19 and SDoH, we used multivariate linear
regression. The dependent variable for this analysis was the
number of COVID-19 cases and the independent variable were
all the SDoH factors collected from the census (ZIP code level)
and from the SDoH survey (aggregated individual-level).
We divided the median household income into quartiles and

the self-reported individual-level financial strain into tertiles
and calculated the IRR using Poisson regression for each
subgroup.
We used structured equation models to evaluate the medi-

ation effect of significant census or self-reported SDoH on the
relationship between race/ethnicity and COVID-19 incidence.
We stratified the models for Blacks and Hispanics and includ-
ed continuous variables. We computed indirect and total ef-
fects and reported the coefficient and p values of the indirect
effect as the mediation effect.

RESULTS

Incidence of COVID-19 Infection in Miami-
Dade County by ZIP Code

For this analysis, we included 79 of the 80 Miami-Dade ZIP
codes because one ZIP code (33199) did not report any

Table 1 Incident Rate Ratios by Race Stratified by Median
Household Income

Race/
ethnicity

COVID-19
incidence per
1000

COVID-19
incidence per
1000 if income <
$50,000

COVID-19
incidence per
1000 if income >
$50,000

White 37.1 ± 10.3 43.4 ± 31.6 33.5 ± 37.6
Black 43.2 ± 43.2 47.0 ± 69.3 33.6 ± 22.1
Hispanic 38.2 ± 26.3 43.3 ± 31.2 35.2 ± 40.7
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census-based SDoH or COVID-19 cases. As of July 24, 2020,
there were 97,594 unique positive tests for SARS CoV-2
representing 34.4 cases per 1000Miami-Dade residents. Strat-
ified by race and ethnicity, the rate per 1000 residents was 38.9
± 36.6 for Hispanics, 47.6 ± 50.7 for Blacks, and 31.6 ± 11.5
for non-Hispanic Whites (Table 1).

Baseline Characteristics of Positive Cases

Our study included 97,594 COVID-19 positive cases across
79 Miami-Dade ZIP codes with a median age of 43 years;
females represented 50.7% of the cases (n = 49,538). As of
July 24, there were 9382 (9%) cases among Black residents
and 33,181 (34%) cases among White residents. By ethnic
group there were 36,547 cases among Hispanics and 11,711
cases (12%) among non-Hispanics. Fifty percent of all cases
had missing race/ethnicity information (Table 3 of the
appendix).

Relationship Between COVID-19 Infection and
SDoH

The IRR and the census-based demographic data by each ZIP
code are detailed in Table 3 of the appendix. The highest IRR
(4.44) were for ZIP code 33125 (income $21,106, 6% Black,
93%Hispanic), and the second highest IRR (4.25) was for ZIP
code 33128 ($22,644, 12% Black and 88% Hispanic). In
contrast, the 2 ZIP codes with the lowest IRR had significantly
higher median household income. The lowest IRR (0.86) was
for ZIP code 33146 (median household incomes $96,609, 3%
Black and 53% Hispanic). The second lowest IRR (0.99) was
for ZIP code 33154 (median household income $76,342,
Black 3%, and Hispanic 51%).
To illustrate the relationships between SDOH and COVID-

19 rates, we depict the SDoH characteristics of three Miami-
Dade ZIP codes with high, intermediate, and low COVID-19
IRR (Fig. 1). ZIP codes with high and intermediate IRR
tended to have lower household income, higher financial
strain, and more social isolation. The neighborhood with one
of the lowest rates of COVID-19 had the largest representation
of non-Hispanic White residents (38%), while the one with
highest COVID-19 rate had a high representation of Black
residents. Hispanics were significantly represented in all ZIP
codes.
In multivariate models, median household income and self-

reported individual-level financial strain and stress were the
only significant predictors of incident COVID-19 (Table 2).
Population density was significant in both univariate and
multivariate analysis but not in the multivariate models.

Relationships Between COVID and Socio-
economic Status (SES)

To further explore the relationship between COVID-19 and
SES, we compared IRR by quartiles of median household
income (Table 3). In models adjusted for population and

household size, the IRR increased as the median household
income by ZIP code decreased. The lowest quartile of income
had an IRR of 1.89 (1.85–1.93), while the IRR for second
quartile of income was 1.16 (1.13–1.19).
We also compared the IRR across ZIP codes with different

self-reported burden of financial strain. Table 3 shows the IRR
of having COVID-19 by tertiles in the proportion of re-
sponders self-reporting significant financial distress. ZIP
codes with the highest number of responders with financial
strain (highest tertile) had an IRR of 1.51 (1.49–1.54), while
the IRR for the responders in the intermediate tertile was 1.17
(1.15–1.19).
To explore the effect of SES on the disparate rates of

COVID-19 infection, we first stratified the incidence rate
ratios by median household income above or below $50,000
(Table 3). The racial differences in IRR were mitigated in the
stratified analysis. The IRR for Black Miami-Dade residents
decreased from 47.6 ± 50.7 to 33.6 ± 22 when the median
household income in the ZIP code was > $50,000. Similarly,
the IRR for Hispanics and non-Hispanic Whites increased for
ZIP codes with an average median household income of less
than $50,000.
We used structured equation models to evaluate if

socio-economic status and stress mediated the racial dis-
parities. These models revealed that the indirect coeffi-
cient of income between the relationship between Blacks
and COVID-19 was 6.63 (p < 0.01) while for financial
distress was 3.82 (p = 0.04). The indirect coefficient of
income between the relationship between Hispanics and
COVID-19 was 2.29 (p = 0.24) while for financial distress
was 2.9 (p = 0.09). Figure 1 of the appendix shows the
SEM coefficients. The indirect coefficients for stress be-
tween Black race and Hispanic ethnicity and IRR for
COVID-19 were non-significant.

DISCUSSION

This ecological analysis using ZIP code and aggregate
individual-level SDoH shows that in Miami-Dade county
COVID-19 infection is associated with the economic disad-
vantage and stress reported in a particular geographical area
and not with its racial/ethnic distribution. Other researchers
have reported the significant role of place of residence in
COVID-19 outcomes.12,13 Our data contributes to the
COVID-19 disparity literature by highlighting that socio-
economic measures such as the zip code-level median house-
hold income and self-reported financial strain mediate the
relationship between Black race and COVID-19 infection.
Another important contribution is the finding that self-
reported stress aggregated to the ZIP code level is directly
associated was COVID-19 infection. As previously reported
for Manhattan,12 population density was not a significant
correlate of COVID-19 infection in Miami-Dade County.
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The mechanisms by which median household income,
stress, and financial stress can impact COVID-19 infection
rates have already been highlighted in the literature.
Potential explanations for the expanding evidence of

COVID-19 disparities generally include the higher prevalence
of comorbidities among racial/ethnic minority populations and

the socio-economic factors that may affect minorities’ ability
to social distance.1

The higher prevalence of cardiovascular disease, diabetes,
and obesity among racial/ethnic minorities has been exten-
sively associated with the same social determinants of
health14,15 we collected for this study. Moreover, there is

ZIP code 33012
41.0 COVID cases per 
1000 inhabitants
IRR 3.70 (95% CI 2.12-
6.47)
Financial strain 58%
Delay of care 40%
Income $32,670
Social isolation 35%
Household size 3.02
Black 2%
Hispanic 97%

ZIP code 33125
69.8 COVID cases per 
1000 inhabitants
IRR 4.44 (95% CI 2.57-
7.69)
Financial strain 55%
Delay of care 25%
Income $18,506
Social isolation 25%
Household size 2.92
Black 37%
Hispanic 34%

ZIP code 33156
26.1 COVID cases per 
1000 inhabitants
IRR 1.66(95% CI 0.89-
311)
Financial strain 20%
Delay of care 24%
Income $86,823
Social isolation 18%
Household size 2.68
Black 2%
Hispanic 60%

Figure 1 Relationship between COVID-19 cases and social determinants of health in three representative ZIP codes in Miami-Dade county.
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growing evidence that these factors may become stressful
stimuli that produce a cascade of immunological, neuroendo-
crine, and cardiovascular responses that can disrupt biologic
pathways16 such as the hypothalamic pituitary adrenal–
cortisol axis.4 These disruptions may lead to chronic disease
and inflammation and make people more susceptible to infec-
tions. Our finding that stress was associated with COVID-19
infection supports this possible mechanism. We need studies
to confirm the mechanisms through which SDoH produce
higher comorbidity but the data to date support the need to
evaluate social and structural determinants of health, racism,
and discrimination as culprits of disparities in COVID-19
outcomes, from infection to mortality.
Our findings also support the social distancing hypothesis.

The groups at most risk of COVID-19 infection had very low
median household income according to ZIP code-level data
and also had a higher proportion of people reporting financial
difficulties paying for basic needs such as food or medications.
Groups with these characteristics are potentially less likely to
have the privilege of staying at home for long periods of time
and more likely to be exposed for work related demands.17

In contrast to our findings among Black residents, we did
not find an excess rate of COVID-19 infection among His-
panics when compared to non-Hispanic Whites and socio-
economic variables did not mediate the relationship between
ethnicity and incidence of a positive SARS CoV-2 test. This
may be related to several factors such as the Hispanic para-
dox18–21 or that Hispanics are the largest ethnic group in
Miami-Dade county with a higher socio-economic position

when compared to Black residents. Nevertheless, reports from
other states have also described that COVID-19 disparities are
occurring disproportionately within the Black community.13

We need more data from other geographical areas to evaluate
the impact of COVID-19 among Hispanics and to evaluate
potential risk or resilience factors.
Our study has several limitations. First, our ecological

design has a narrow geographical focus. Second, COVID-19
numbers are reported by ZIP codes and not by block groups or
census tracks; this could lead to misclassification. Third, His-
panics frequently identify as of White race in the census-based
question which may lead to misclassification.
Nevertheless, until larger scale individual-level data is

available, the findings originating from multiple cities support
the calls to address SDoH.22 The CDC compiled a list of
actions that community organizations, health systems, and
individuals could undertake to mitigate COVID disparities.
In the long term, only increasing awareness and empathy on
the root causes of disparities among the general public will
allow the creation of truly equitable health policies.22

White/Black comparison p = 0.03
White/Hispanic comparison p = 0.35
Adjusted for population and household size
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