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ARTICLE INFO ABSTRACT

Keywords: A growing line of research underscores that sociodemographic factors may contribute to disparities in the impact

COVID-19 of COVID-19. Further, stages of disease theory suggests that disparities may grow as the pandemic unfolds and

I(;lequahtlf; and health more advantaged areas are better able to apply growing knowledge and mitigation strategies. In this paper, we
vercrowding

focus on the role of county-level household overcrowding on disparities in COVID-19 mortality in U.S. counties.
We examine this relationship across three theoretically important periods of the pandemic from April-October
2020, that mark both separate stages of community knowledge and national mortality levels. We find evidence
that the percentage of overcrowded households is a stronger predictor of COVID-19 mortality during later pe-
riods of the pandemic. Moreover, despite a relationship between overcrowding and poverty at the county-level,
overcrowding plays an independent role in predicting COVID-19 mortality. Our findings underscore that areas
disadvantaged by overcrowding may be more vulnerable to the effects of COVID-19 and that this vulnerability

may lead to changing disparities over time.

1. Introduction

As of June 12, 2021, the United States recorded over 33 million cases
of and 596,572 deaths due to coronavirus disease 2019 (COVID-19)
(CDC, 2020a). Although the virus has reached most areas of the U.S.,
geographic disparities in case and mortality rates exist (CDC, 2020a). To
extend research examining how the sociodemographic factors of com-
munities shape the spread and impact of diseases (Quinn & Kumar,
2014), we explore the role of county-level household overcrowding on
disparities in COVID-19 mortality. Household overcrowding is associ-
ated with higher rates of underlying health conditions (Krieger & Hig-
gins, 2002) that may increase the severity of COVID-19 symptoms (CDC,
2020c) and contribute to higher mortality rates. Furthermore, over-
crowding may hasten the spread of infectious diseases (Aligne, 2016),
such as COVID-19, within households and across communities.

We explore the possibility that the COVID-19 risks associated with
overcrowding become more salient as the social response to the
pandemic progresses. According to stages of disease theory (Clouston
et al., 2016), when new diseases arise, they transition through phases

marking distinct patterns in mortality inequality that emerge following
the development of new information and mitigation strategies. If more
advantaged communities, such as those with less household over-
crowding, can better implement resources that curb the spread and
lethality of COVID-19, then mortality disparities related to over-
crowding may grow with time.

The present study adds to a growing literature on U.S. COVID-19
disparities by examining the longitudinal relationship between county-
level rates of household overcrowding and COVID-19 mortality. We
use COVID-19 mortality data from April 1 through October 31, 2020,
and demographic data from 99% of U.S. counties to examine how the
percentage of overcrowded households has shaped COVID-19 deaths
over three major periods of the pandemic. In doing so, we examine
whether the relationship between overcrowding and COVID-19 mor-
tality supports a stages of disease framework. Because overcrowding is
often considered a poverty indicator (WHO, 2018), and socioeconomic
disadvantage predicts both COVID-19 infections and mortality (Clous-
ton et al., 2020), we also examine whether and how overcrowding and
poverty combine to influence county mortality rates over time.
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2. Background
2.1. Overcrowding, health, and COVID-19

In the U.S., overcrowding is defined by the number of persons per
room (excluding balconies, porches, foyers, hallways, bathrooms, and
half-rooms), with overcrowded households having more than 1.0 person
per room (Blake et al., 2007, p. 38; WHO, 2018). Overcrowding may
contribute to COVID-19 impact in several ways. At the individual level,
overcrowding poses health risks by contributing to interior moisture and
dampness, which provides hospitable environments for viruses, molds,
and pests (Krieger & Higgins, 2002). Consequently, overcrowding is
associated with an increased risk of various respiratory illnesses (Colosia
et al., 2012) and adverse physiological outcomes, such as impaired lung
functioning and increased inflammation (Packard et al., 2011). Under-
lying conditions, such as lung disease, are associated with more severe
cases of COVID-19 (CDC, 2020c). Furthermore, the close proximity of
individuals in overcrowded homes may exacerbate the spread of con-
tagious diseases like COVID-19. For example, the widespread infection
during the 2003 epidemic of severe acute respiratory syndrome (SARS)
was associated with intra-household contagion and the frequency of
close contact with an infected person (Lau et al., 2004). Overcrowding
(defined as less than 50 square feet per person, which was the minimum
hygienic requirement in army barracks) was also associated with
increased cases of influenza among army regiments during the 1918
pandemic (Aligne, 2016).

The combined risk of overcrowding on both underlying health con-
ditions and the spread of infectious diseases may mean that areas with
high rates of household overcrowding also experience higher rates of
COVID-19 transmission and mortality. This hypothesis is consistent with
the theory of syndemics — a syndemic occurs when social conditions,
such as overcrowding, are disproportionately experienced and are also
risk factors that give rise to the concentration and interaction of multiple
diseases within that population (Singer & Clair, 2003). In the context of
the COVID-19 pandemic, syndemic theory suggests that overcrowding
not only contributes to the co-occurrence of high rates of respiratory
illnesses and physiological outcomes alongside COVID-19 but that the
health risks and outcomes are intertwined and mutually reinforcing.
Thus, vulnerability to multiple diseases may exacerbate the COVID-19
burden among overcrowded populations (Bambra et al., 2020).

A few studies have examined the relationship between overcrowding
and COVID-19 on a small scale. A Massachusetts study, for example,
found that zip codes in the highest quintiles of household crowding had
more COVID-19 deaths compared to areas with less overcrowding dur-
ing surges of mortality risk across the state between January and May
2020 (Krieger et al., 2020). Similarly, Ahmad et al. (2020) noted that U.
S. counties with poor housing conditions had higher COVID-19 inci-
dence and mortality rates during March and April of 2020. Though the
authors do not directly examine the relationship between overcrowding
and COVID-19 outcomes, they suggest that overcrowding may explain
the increased incidence due to increased transmission in crowded
homes. Together with past work on overcrowding and health, this early
evidence lays a foundation for the present research, which proposes that
overcrowding plays a critical role in predicting disparities of COVID-19
mortality across U.S. counties.

2.2. Inequalities in cause-specific mortality over time

Given the rapid spread of the disease throughout 2020, examining
the relationship between county-level characteristics and COVID-19
mortality requires the incorporation of time. Time is of particular
importance as the relationship between social inequality and prevent-
able cause-specific mortality depends on the unequal distribution of
knowledge and feasible intervention strategies throughout the
population.

Clouston et al. (2016) suggest that new population-level diseases
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follow four unique stages of disease, each of which marks a distinct
relationship between social inequalities and cause-specific mortality
rates: natural mortality, producing inequalities, reducing inequalities, and
reduced mortality/disease elimination. During the first stage, natural
mortality, little is known about the disease, including risk factors, pre-
ventive strategies, or treatments to reduce mortality. The presence and
direction of mortality disparities are unpredictable because no group
disproportionately benefits from disease-specific knowledge. In the case
of the current pandemic, scientists and medical professionals knew little
about the transmission of or treatments for COVID-19 when it first began
to spread in the U.S. Although differences in baseline health made some
groups more susceptible to COVID-19 complications, incidence and
cause-specific mortality were prevalent across all social groups. This led
to early naive reports that the virus was a socially neutral,
non-discriminatory disease (Bambra et al., 2020).

As information about the disease is discovered and diffused
throughout the population, a new stage emerges (Clouston et al., 2016).
In this second stage, producing inequalities, disparities in disease burden
arise as groups with more privilege have greater access to information,
preventative strategies, and treatments than less privileged groups. This
progression is supported by several studies that follow historical cases of
mortality-related diseases (such as colorectal cancer (Clouston et al.,
2016) and HIV/AIDS (Rubin et al., 2010)) and find that the development
of mortality-preventative measures initially led to greater
population-level disparities in mortality.

Recent evidence suggests that the U.S. is currently in the producing
inequalities stage of the COVID-19 pandemic (Clouston et al., 2020).
Public officials have developed strategies for preventing mass infection
or, minimally, slowing infection rates so that medical care resources are
not overwhelmed (AJMC, 2020). A key intervention in this effort to slow
the spread of COVID-19 has been for individuals to practice physical
distancing. However, in line with the producing inequalities stage, this
mitigation strategy is not equally accessible to all individuals and
communities (Bourassa et al., 2020; Weill et al., 2020). For example,
individuals living in overcrowded households may be less able to
physically distance at home. This can increase the rate of contact be-
tween infectious and susceptible individuals and, in turn, increase the
risk of transmission of COVID-19. This increased intrahousehold trans-
mission can spill over outside the home to increase the risk of infectious
individuals exposing others in their community (Hargreaves et al.,
2011). If hospitals in those communities then become overwhelmed
because of high infection rates, all community members will experience
difficulty accessing necessary health care. This is critical as previous
research suggests that overcrowded communities experience higher
rates of underlying health conditions that could complicate COVID-19
symptoms (Colosia et al., 2012; Packard et al., 2011).

Together, more underlying health conditions, high rates of trans-
mission, and potentially strained health systems in communities with
high rates of overcrowding likely increase COVID-19 mortality over time
in these communities. Conversely, fewer underlying health conditions,
greater ability to physically distance to slow transmission, and possibly
less strained health systems in communities with lower rates of over-
crowding likely reduce COVID-19 impact. Consequently, disparities in
COVID-19 mortality between areas with higher and lower rates of
overcrowding likely grow throughout the pandemic. Assessing this
temporal component of COVID-19 impact is therefore essential for
determining whether, and to what extent, disparities related to over-
crowding have increased over time.

2.3. Overcrowding and poverty

Overcrowding is just one dimension of social disadvantage salient for
assessing the impact of COVID-19 over time and may be intimately
related to other county-level features that pattern health and mortality.
Community poverty rate is associated with lower self-rated health (Do &
Finch, 2008) and age-standardized incidence rate ratios for several
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communicable diseases (Greene et al., 2015), suggesting that poverty
may be a key predictor of COVID-19 impact. Indeed, recent studies
demonstrate that lower-income areas decreased mobility less than
higher-income areas following physical distancing orders (Weill et al.,
2020) and that patterns of socioeconomic disparities in COVID-19
incidence rates follow a stages of disease framework wherein areas
with socioeconomic disadvantage have become increasingly impacted
by COVID-19 (Clouston et al., 2020).

Overcrowding is often considered a marker of poverty (WHO, 2018).
The resource constraints related to poverty create barriers to acquiring
adequate housing, such as the ability to afford homes that meet space
needs (Evans & Saegert, 2000, pp. 247-267; WHO, 2018; Krieger &
Higgins, 2002). However, not all counties experience high rates of
overcrowding and poverty at the same time, and the effect of over-
crowding on disease burden may vary across county-levels of poverty. In
the context of COVID-19, the high rates of transmission and underlying
conditions associated with household overcrowding may be particularly
damaging for communities with high rates of poverty. Overcrowded
homes with few socioeconomic resources may be unable to alleviate the
effect of poor housing (e.g., via proper ventilation) or to pay for
adequate medical care to treat health problems related to overcrowding.
Although some early studies highlight that high community rates of both
poverty and household overcrowding are important predictors of
COVID-19 risk (Arcaya et al., 2020; Krieger et al., 2020), it remains
unclear whether these two dimensions of disadvantage jointly shape
COVID-19 mortality.

While overcrowding and poverty are related, both county-level
overcrowding and poverty likely play independent roles in deter-
mining COVID-19 outcomes. At the same time, these county-level
characteristics may interact in ways that multiplicatively disadvantage
counties experiencing both high rates of poverty and overcrowding.
Thus, it is vital to consider whether areas that are experiencing higher
overcrowding are further disadvantaged by county-level poverty.

2.4. Current study

Emerging COVID-19 research suggests that housing plays a key role
in predicting county-level COVID-19 deaths (Ahmad et al., 2020; Krieger
et al., 2020) and that the relationship between county-level disadvan-
tage and COVID-19 impact has changed over time (Clouston et al.,
2020). However, no study has examined the temporal patterns associ-
ated with the relationship between county-level household over-
crowding and COVID-19. The present study adds to the growing
literature on county-level disadvantage and COVID-19 by examining the
effect of overcrowding on COVID-19 mortality rates across U.S. counties
between April 1 and October 31, 2020. Specifically, we use data from
several publicly available data sources to address the following ques-
tions: 1) what is the relationship between county-level rates of over-
crowded households and COVID-19 deaths?; 2) how does the
relationship between county-level rates of overcrowded households and
COVID-19 deaths change over time? Furthermore, to explore whether
and how overcrowding and poverty combine to influence mortality, we
ask: 3) is the temporal relationship between county-level rates of over-
crowded households and COVID-19 deaths moderated by rates of
poverty?

3. Methods
3.1. Data

We link county-level data from multiple publicly available data
sources: USAFacts (2020), the American Community Survey (5-year,
2014-2018), Centers for Disease Control and Prevention (CDC)
Wide-ranging Online Data for Epidemiologic Research (WONDER)
mortality database (2020b), the U.S. Census Bureau’s Tigerweb (2020c¢),
and other Census estimates using Federal Information Processing
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Standard (FIPS) county codes. In our analyses, we exclude two census
regions not classified as counties by January 2019 (Valdez-Cordova
Census Area, Alaska and Wade Hampton Census Areas, Alaska) (U.S.
Census Bureau, 2020a). We further exclude eight counties with sup-
pressed age-adjusted death rates from 2014 to 2018 (CDC, 2020b), nine
counties with negative counts of new deaths per month (explained
below), and one county without a poverty measure (Rio Arriba County,
New Mexico). Our final analytic sample includes 3,123 counties
(99.40% of all counties and county-equivalents in the U.S. as of 2020).

3.2. Measures

3.2.1. Dependent variable and measure of time

County-level counts of COVID-19 deaths were gathered from USA-
Facts. USAFacts collects county-level information from each state or
county public health website. Deaths are assigned to counties based on
the individual’s location of residency, when available, and the location
of diagnosis or death otherwise (USAFacts, 2020). Correlations between
USAFacts data and The New York Times COVID-19 data (2020) ranged
from 0.972 to 0.999 across months of observation, suggesting USAFacts
data is reliable when compared to other data sources. We examine
COVID-19 mortality rates (deaths per population) as opposed to
COVID-19 fatality rates (deaths per cases) for two reasons. First,
examining mortality rates allows us to better understand the impact of
COVID-19 mortality on the entire county population, rather than just
among those county residents who have tested positive for COVID-19.
Second, unbiased COVID-19 case data is dependent on adequate and
consistent testing across all U.S. counties. Yet, COVID-19 testing has
varied across time and space and is dependent on access to resources,
meaning fatality rate may be a less valid measure of COVID-19 impact.

For our outcome, we create a measure of new deaths per month,
measured from April 1, 2020 through October 31, 2020. As opposed to a
cumulative measure of county deaths, new deaths per month capture the
changing mortality patterns across counties and time that relate to
changes in state policies and growing information about COVID-19. We
begin our analyses in April because few deaths across the U.S. were
attributed to COVID-19 before this month. Our measure of new deaths
per month is calculated as:

New COVID-19 deathsonth = (Cumulative COVID-19 deathsyonth) —
(Cumulative COVID-19 deathsyonth-1)-

As mentioned above, we excluded counties with negative new deaths
per month. Negative new deaths per month may occur when public
officials correct past death counts (USAFacts, 2020). Analyses that
predicted cumulative COVID-19 deaths through October 31, 2020 and
include these nine counties are substantively similar to models that
predicted cumulative deaths and exclude these nine counties, suggesting
that excluding these counties does not substantively alter results.

To examine changes in COVID-19 mortality rates over time, we
define three theoretically important periods between April and October
of 2020 based on the mortality impact of COVID-19 and the spread of
disease-related knowledge throughout the U.S. Fig. 1 plots the average
county-level new deaths per week per 100,000 persons over the study
and demarcates the three periods.

The first period (April 1-May 31) is consistent with the natural mor-
tality disease stage defined by Clouston et al. (2016). At the beginning of
the period, relatively little information was known about COVID-19,
preventive strategies, or treatments. Most states implemented multiple
social distancing mandates, with several states implementing broad
stay-at-home orders (Elassar, 2020). At the same time, the World Health
Organization began to issue global guidance on physical distancing,
mask-use by healthy individuals in communities, large-scale movement
restrictions (e.g., “lockdowns™), and contact tracing (WHO, 2020). By
the end of May, most states began reopening their economies by ending
stay-at home orders, lifting or easing restrictions on businesses and
public spaces, and reducing their total number of social distancing
mandates (Elassar, 2020). This growing knowledge signals a shift into
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Fig. 1. Average County-Level new COVID-19 Deaths per Week per 100,000 (Week Ending in April 4, 2020-October 31, 2020). N = 3,123. Colored Image.

the producing inequalities stage.

Based on this new knowledge, the second period (June 1-July 31) was
characterized by a newfound capacity to reduce person-to-person
transmission and mortality. Indeed, Fig. 1 shows that this second
period is marked by the stabilization of average new deaths per week
following the decline starting in earlier weeks. Although disparities are
not illustrated in Fig. 1, the discovery and spread of new COVID-19
related knowledge and interventions in May that reduced the overall
impact in June and July, distinguish the second period from the first
period as existing completely within Clouston et al.’s (2016) producing
inequalities stage of disease.

The final period under examination in the current study is defined
from August 1 through October 31. This third period represents a
resurgence in COVID-19 infections and subsequent mortality (Fig. 1). On
August 3rd, the U.S. coronavirus response coordinator, Dr. Deborah
Birx, noted that the U.S. had entered a new phase in the pandemic
defined by widespread cases across the nation rather than the concen-
trated outbreaks experienced in the earlier stages of the pandemic
(AJMC, 2020). This third period is also characterized by a move forward
regarding a key scientific development, COVID-19 vaccination, as the
Trump administration signed a deal with Moderna for 100 million
vaccine doses in August (AJMC, 2020). Such advancements are consis-
tent with a producing inequalities stage, wherein continued scientific
exploration leads to new strategies for combating disease spread.

We note that although these periods demarcate shifts in knowledge,
mitigation strategies, and patterns of COVID-19 mortality, the impact of
COVID-19 did not abruptly shift from one period to the next. Instead,
these periods, and any difference in mortality between these periods,
should be interpreted as changes in broad patterns across the course of
the pandemic.

3.2.2. Explanatory and control variables

The explanatory variable of primary interest in this study is county-
level rates of household overcrowding, measured as the number of
households with more than one person per room per 100 households.

Data for this measure were collected from the 5-year ACS (2014-2018).

In addition to our primary interest in household overcrowding, we
explore the moderating effect of household poverty, defined as the
percentage of families below the poverty line. The U.S. Census Bureau
defines a family as, “a group of two people or more (one of whom is the
householder) related by birth, marriage, or adoption and residing
together” (U.S. Census Bureau, 2020b). For both the overcrowding and
family poverty measures, values at or above the 99th percentile were
collapsed to the 99th percentile to address skew resulting from outliers.
Models that included unadjusted measures were substantively similar to
those with adjusted measures, but adjusted measures improved model
fit. Alternate specifications such as taking the square root of over-
crowding and poverty or binarizing family poverty to reflect counties
below or above the national family poverty rate likewise provided
similar conclusions to those using the adjusted measures of over-
crowding and poverty.

Control variables include county-level demographics, age-adjusted
death rates, and two state-level measures. Demographic characteristics
were collected from the 5-year ACS (2014-2018) and include county-
level percentage non-Hispanic Black, Hispanic, male, 65 years old or
older, married, with a college degree or higher, and uninsured.

Average age-adjusted death rates in a county were gathered through
the CDC WONDER detailed mortality files (2014-2018) to account for
previous mortality trends. We log average age-adjusted death rate to
account for right skew. Population size and density were gathered using
the U.S. Census Bureau’s Tigerweb estimates from 2019 (downloaded
May 2020).

State-level measures include “rest of state” mortality, which accounts
for potential spillover effects of state residents crossing county bound-
aries, and political affiliation, which accounts for state-wide responses
to COVID-19 (Gusmano et al., 2020). The rest of state mortality measure
is derived from state-level aggregates of the USAFacts mortality files and
captures the cumulative number of COVID-19 deaths in the rest of the
state to which the county belongs. Using data from the National Gov-
ernor’s Association, state political affiliation is measured as the current
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governor’s political party (“Republican” or “Democrat (ref.)”).

3.3. Analysis

To assess the relationship between overcrowding and new COVID-19
deaths per month, we use multilevel (three-level) negative binomial
models wherein observations of new deaths each month are nested in
counties nested in states. The multilevel model allows us to account for
state-level and county-level clustering in our standard errors, while the
negative binomial specification accounts for the over-dispersion in
COVID-19 deaths. We also include an offset term for county population
size.

First, we assess the baseline relationship between overcrowding and
COVID-19 deaths, independent of county-level poverty rate and all other
covariates. We then examine the effect of overcrowding over time by
interacting the rate of overcrowding with our period measure. Finally,
we assess the multiplicative effects of overcrowded households and
poverty on COVID-19 deaths over time by interacting our measures of
overcrowding, poverty, and period. Results are presented and discussed
using mortality rate ratios (MRR) and all continuous covariates are
standardized for ease of interpretation. MRR are interpreted so that a
MRR of 1.10 would indicate that for every standard deviation increase in
a predictor variable, there is a 10% increase in mortality risk. Data
management was conducted in R (R Core Team, 2019) and all analyses
are conducted using Stata 16 (StataCorp, 2019).

4. Results
4.1. Descriptive results

Table 1 presents descriptive statistics of COVID-19 outcomes and
characteristics for the U.S. counties in our analyses. Between April and
October 2020, the average cumulative COVID-19 mortality rate was
43.42 deaths per 100,000 persons in a county. When examining the rates
within periods of the pandemic, we see a variation in the average cu-
mulative COVID-19 mortality rate over time. During the first period
(April and May), there was an average of 12.29 deaths per 100,000 and
approximately half of U.S. counties had experienced at least one death.
In the second period (June and July), average mortality rates decreased
slightly to 11.01 deaths per 100,000, but more counties experienced at

Table 1

Sociodemographic characteristics of U.S. Counties (N = 3,123).
Variable Mean or % SD
Covid-19 Deaths per 100,000
“First” April and May 12.29 27.52
“Second” June and July 11.01 19.44
“Third” August - October 33.37 42.42
% Overcrowded Households 2.34 1.78
% Families Below the Poverty Line 11.18 5.42
% non-Hispanic Black 8.96 14.49
% Hispanic 9.25 13.76
% Male 50.08 2.38
% 65 years old + 18.38 4.58
% Married 51.51 7.04
% College Degree or higher 21.56 9.38
% Uninsured 10.08 5.08
Age-Adjusted Death Rate (2014-2018) 818.43 149.99
Population Density 1106.53 3562.20
Population Size (in thousands) 104.85 334.40
Cumulative COVID-19 Deaths in Rest of State 5665.84 6569.32
Governor Political Affiliation (2020)
Democrat 43.20
Republican 56.80

Note: Population Density is measured as number of people per square mile.
Descriptive results are presented for adjusted measures of percentage of over-
crowded households and percentage of families below the poverty line that
collapse values at the 99th percentile.

SSM - Population Health 15 (2021) 100845

least one death (62.9 percent). In the third period (August-October),
average mortality rates climbed considerably to 33.37 deaths per
100,000 persons. During this period, approximately 85.5 percent of
counties experienced at least one death attributed to COVID-19. Fig. 2
plots percentiles of COVID-19 mortality rates across U.S. counties over
the three periods. As evident in Fig. 2, the spread of COVID-19 mortality
rates progressed from a few geographic areas with high mortality in the
first period to widespread mortality across all areas of the U.S. in the
third period.

The average overcrowding rate is 2.34 overcrowded households per
100 households, with a standard error of 1.78. Although the average rate
of overcrowding is low, there is wide variation within states (see online
Supplemental Appendix A). Additionally, on average, 11.18 percent of
families in a county were living below the poverty line with a standard
deviation of 5.42. Examining the bivariate relationship between over-
crowding and family poverty suggests that these dimensions of disad-
vantage are only moderately correlated (Pearson’s r = .345) at the
county-level. Thus, while many counties experience high rates of over-
crowding and poverty together, some counties experience high rates of
only overcrowding or poverty.

4.2. Results predicting COVID-19 deaths across periods

Table 2 presents results from the multilevel negative binomial
models predicting new monthly COVID-19 deaths net of demographic
characteristics and past mortality rates and offset by population size.
Results from Model 1 support descriptive results that indicated signifi-
cantly fewer deaths in the second period of the pandemic (June and
July) and significantly more deaths in the third period (August-October)
compared to the first period (April and May). Compared to the first
period, county mortality was on average 13.0% lower in the second
period and 84.9% higher in the third period. Although the third period
does include an additional month, ancillary analyses that do not include
new deaths during October show similar substantive conclusions. Thus,
the dramatic spike in deaths during this period cannot be attributed to
the inclusion of additional time alone.

Notably, results from Model 1 also indicate that counties with higher
rates of overcrowding have more COVID-19 deaths. For every standard
deviation increase in the rate of overcrowding in a county, the expected
COVID-19 mortality is 14.8% higher. However, the percentage of fam-
ilies living below the poverty line is not a significant predictor of COVID-
19 deaths. In line with other recent work, counties with a greater non-
Hispanic Black population, greater Hispanic population, and a greater
percentage of individuals who are 65 years old or older have greater
COVID-19 mortality (Fielding-Miller et al., 2020). As expected, past
mortality rates in a county are a strong predictor of current COVID-19
mortality.

Model 2 addresses our second research question by estimating the
interaction between overcrowding rates and period to identify if the
impact of overcrowding on county-level COVID-19 mortality has
changed across time. Results from this model suggest that the impact of
county-level overcrowding does vary across the three periods of the
pandemic. The percentage of overcrowded households in a county does
not significantly predict mortality during the first period, but every
standard deviation increase in overcrowding rate is associated with a
27.6% greater mortality risk during the second period and an 8.8%
greater mortality risk during the third period compared to the first
period. Fig. 3 plots the results from Model 2, holding all other covariates
at their mean values. Although mortality is highest during the third
period, the effect of overcrowding on COVID-19 mortality is greatest
during the second period (Fig. 3). Thus, despite a clear shift in the
importance of overcrowding between the first and second periods, the
effect of overcrowding does not continue to grow after the second
period.

Model 3 addresses our final research question: whether the temporal
relationship between overcrowding and COVID-19 mortality is



C. Kamis et al.

< 30th 50th
Percentile
30th 70th

Apriland May

90th NA

9%th

Fig. 2. COVID-19 cumulative deaths per 100,000 by period. First period =
April and May; Second Period = June and July; Third Period = August-Oc-
tober. N = 3,123. Colored Image.
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moderated by county-level family poverty. Because analytic variables
are standardized, the effects of overcrowding and poverty over time can
be interpreted as the impact of overcrowding at average levels of family
poverty and vice versa. Results suggest that consistent with prior work
examining socioeconomic disparities in county-level mortality (Clous-
ton et al., 2020), higher family poverty rates were associated with lower
COVID-19 mortality during the first period. This pattern flips during the
middle and late periods so that counties with higher rates of family
poverty have much greater mortality.

Model 3 also allows us to examine the temporal relationship between
overcrowding and mortality independent of the temporal effects of
poverty. For counties with an average percentage of families below the
poverty line, results suggest that overcrowding is a significant predictor
of mortality during the first period and that the effect of overcrowding is
similar in the first and third periods. Because family poverty and over-
crowding are positively correlated but have opposite relationships with
COVID-19 mortality during the first period, controlling for the negative
effect of poverty reveals the positive effect of overcrowding on mortality
in this period. In other words, the effect of overcrowding during the first
period is only apparent when disentangling the effects of family poverty
and overcrowding over time. However, consistent with Model 2, the
relationship between county-level overcrowding and COVID-19 mor-
tality is strongest during the second period.

Finally, results from Model 3 suggest that there is no interaction
between overcrowding and family poverty during any period (see online
supplemental Appendix B for Model 3 figure). Further analyses confirm
that including interactions only between overcrowding rate and period
and between family poverty rate and period (see online supplemental
Appendix C for table), and not an interaction between overcrowding,
poverty, and period, provides a better model fit (comparison of BIC). In
sum, counties with high rates of overcrowding do not experience exac-
erbated mortality in later stages of the pandemic due to family poverty,
but the concentrated disadvantage in counties with high rates of both
overcrowding and poverty additively shape patterns of COVID-19
mortality.

4.3. Robustness tests

The results presented here are robust to several other specifications.
Including the geographic region in which a county is located (Midwest
= reference, South, Northeast, West), longitude and latitude of a county
center, percentage of smokers in a county, and percentage of individuals
reporting poor health (gathered through CountyHealthRankings.org) do
not change substantive conclusions. Although case data may be unreli-
able due to incomplete testing for COVID-19 across time and geography
in the U.S., we conducted additional analyses (available upon request)
that include the number of new cases per month as a time-varying
measure in our model. The number of new cases per month was a sig-
nificant predictor of mortality but including this variable did not alter
substantive conclusions. We also conducted ancillary analyses that
removed extreme observations of new COVID-19 deaths per month (+3
SD above the mean). Doing so did not change results, suggesting that
results are not driven by cases of high mortality.

We considered alternative specifications of the period variable. Re-
sults that included a binary period variable representing the first versus
the second/third period similarly showed that the effect of over-
crowding on mortality was stronger during the second/third period than
the first. However, collapsing the second and third periods precludes a
deeper understanding of the relationship between overcrowding and
morality during the second period, when county-level mortality was, on
average, decreasing. Results that specified month as a categorical vari-
able (see online supplemental Appendix D), or as a continuous variable
with a cubic specification (see online supplemental Appendix E), also
show similar patterns to those presented in the primary analyses. We
present period models as they are more parsimonious, relevant to
COVID-19 spread, and align with the theory of disease staging and social
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Table 2
Multilevel negative binomial regression predicting new deaths per month with population offset by county-level sociodemographic characteristics (N = 3,123).
Model 1 Model 2 Model 3
Variable MRR 95% Confident MRR 95% Confident MRR 95% Confident
Interval Interval Interval
Time Period
“First” April and May (ref)
“Second” June and July 0.870" [0.828,0.915] 0.852" [0.810,0.896] 0.862" [0.819,0.907]
“Third” August - October 1.849% [1.764,1.939] 1.852% [1.767,1.942] 1.854" [1.767,1.945]
% Overcrowded Households 1.148° [1.096,1.203] 1.037 [0.981,1.096] 1.087° [1.025,1.154]
Time Period® % Overcrowded Households
“First” April and May (ref)
“Second” June and July 1.276" [1.214,1.342] 1.197¢ [1.130,1.269]
“Third” August - October 1.088" [1.038,1.140] 1.009 [0.957,1.063]
% Families Below the Poverty Line 1.040 [0.985,1.098] 1.038 [0.983,1.096] 0.837° [0.784,0.895]
Time Period® % Families Below the Poverty Line
“First” April and May (ref)
“Second” June and July 1.287¢ [1.220,1.357]
“Third” August - October 1.318% [1.254,1.386]
% Overcrowded Households® % Families Below the Poverty 1.032 [0.998,1.067]
Line

Time Period® % Overcrowded Households® % Families Below the Poverty Line
“First” April and May (ref)
“Second” June and July 0.965 [0.930,1.002]
“Third” August - October 0.974 [0.940,1.009]
% non-Hispanic Black 1.346° [1.283,1.413] 1.349% [1.285,1.416] 1.364" [1.299,1.432]
% Hispanic 1.290° [1.228,1.354] 1.285" [1.223,1.349] 1.280" [1.219,1.345]
% Male 0.936" [0.905,0.969] 0.936" [0.905,0.969] 0.932° [0.901,0.965]
% 65 y.o. + 1.067" [1.026,1.109] 1.067" [1.026,1.110] 1.070% [1.029,1.112]
% Married 1.048 [0.998,1.101] 1.047 [0.997,1.100] 1.038 [0.988,1.091]
% College Degree or higher 1.043 [0.995,1.094] 1.044 [0.996,1.095] 1.028 [0.980,1.078]
% Uninsured 0.997 [0.945,1.052] 0.995 [0.943,1.050] 0.992 [0.940,1.047]
Logged AADR 1.165" [1.103,1.231] 1.164" [1.102,1.230] 1.159% [1.097,1.224]
Population Density 1.011 [0.964,1.059] 1.010 [0.964,1.058] 1.008 [0.962,1.057]
Cumulative COVID-19 Deaths in Rest of State 0.875 [0.674,1.136] 0.831 [0.624,1.108] 0.851 [0.649,1.116]
Governor’s Political Affiliation (2020)
Democrat (ref.)
Republican 1.098 [0.721,1.670] 1.076 [0.698,1.659] 1.090 [0.718,1.655]
Alpha 1.029 [0.996, 1.064] 1.021 [0.987, 1.055] 1.005 [0.972, 1.039]
BIC 88260.94 88182.18 88098.85

Note: AADR = Age-Adjusted Death Rate (2014-2018).
# p<.001.
b p<.01
¢ p<.05.

inequality (Clouston et al., 2016).
5. Discussion

The present study adds to the existing COVID-19 social science
literature by examining the effects of county-level overcrowding on
COVID-19 mortality over three relevant periods that mark both separate
stages of community knowledge and national mortality levels. Results
support a stages of disease framework (Clouston et al., 2016), wherein
the rate of overcrowded households is a stronger predictor of COVID-19
mortality in a county during the second period of the pandemic
compared to the first period. However, overcrowding rate was a stronger
predictor in the second period than the third period, suggesting that
temporal patterns are not linear and that disease context is important for
understanding disparities over time.

Consistent with the natural mortality phase, county-level disparities
in COVID-19 mortality were relatively low in the first period (April and
May) when researchers and policy officials were still learning about the
disease and states were starting to implement mitigation strategies
(AJMC, 2020; WHO, 2020). During the second period (June and July),
counties began reaping the benefits of large-scale physical distancing
and contact tracing that began during the first period (WHO, 2020).

However, results suggest that these benefits were not equally distrib-
uted. In line with the producing inequalities stage, as mortality decreased
across the U.S., the relationship between county-levels of overcrowding
and COVID-19 mortality strengthened. While we do not directly test
mechanisms for this relationship, past research suggests that counties
with lower rates of overcrowding may have had more ability to benefit
from strict physical distancing measures implemented in the first period,
which may have flattened the curve enough in those counties to reduce
the spread of COVID-19 moving into the second period. Conversely, in
counties with higher rates of overcrowding, the more frequent contacts
between susceptible and infected individuals both within and outside of
the home could have led to higher transmission rates within those
counties. The increased contact during this period due to an inability to
physically distance, coupled with greater underlying conditions before
the pandemic (Colosia et al., 2012; Packard et al., 2011) could have led
to sustained mortality rates, despite average mortality rates decreasing
across the U.S.

While overcrowding continued to be a predictor of county-level
mortality during the third period (August-October), it was a weaker
predictor of mortality compared to the second period. This non-linear
pattern likely results from the changing context of the disease.
Counties across the U.S. experienced surges in COVID-19 infections and
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Fig. 3. The percentage of overcrowded households predicting new deaths by period. Predicted COVID-19 deaths gathered from results in Table 2, Model 2, holding

all other covariates at mean values and adjusted for population size. N = 3,123.

related mortality during the third period. As states struggled to combat
ever-increasing infection rates (AJMC, 2020) and required new strate-
gies during this period, counties across the U.S. may have been more
equally impacted, despite differences in the ability to enact previous
strategies. Additionally, the disparity in COVID-19 mortality during the
second period of the pandemic may have produced community satura-
tion of infection in counties with higher rates of overcrowding, but not
those with lower rates. Though there is mixed research on how long the
immunity period lasts, there is evidence that individuals carry some
immunity for months after COVID-19 infection (Arafkas et al., 2020).
While it is unclear whether lower mortality in the third period is due to
COVID-19 policy responses or is because of increased community im-
munity, these results suggest that new disease contexts are important for
understanding temporal patterns in mortality disparities. As new
COVID-19 variants emerge, county-level mortality and disparity pat-
terns across the U.S could continue to evolve.

Finally, although the rates of overcrowded households and family
poverty are both important factors for predicting COVID-19 deaths over
time, our results find no evidence that these two dimensions of disad-
vantage multiplicatively shape COVID-19 mortality. Thus, despite
overcrowding being often described as a marker of poverty (Krieger &
Higgins, 2002; WHO, 2018), overcrowding has an independent influ-
ence on COVID-19 mortality. Interventions aimed at mitigating
COVID-19 mortality should focus on ways to alleviate the harmful im-
pacts of household overcrowding across the socioeconomic spectrum.

Overall, results underscore the importance of overcrowding as a
predictor of COVID-19 impact and highlight the need to examine the
relationship between area-level disparities and COVID-19 morality over
time. Officials must recognize that COVID-19 is certainly not “non-
discriminatory” (Bambra et al., 2020). Counties that are disadvantaged
due to housing and/or socioeconomic circumstance, have been espe-
cially hard hit by COVID-19 and the disparities between advantaged and
disadvantaged communities have widened since the beginning of the
pandemic. Per stages of disease theory, we will not enter a reducing

inequalities stage until innovations, such as a vaccine, are widely avail-
able and implemented (Clouston et al., 2016). Thus, policymakers
should identify strategies that equitability distribute resources aimed at
mitigating the spread and severity of COVID-19 so that advantaged areas
do not disproportionately benefit from scientific advancements.
Furthermore, policymakers should recognize that disadvantaged
counties have been deeply harmed by the pandemic in myriad ways that
may reverberate for some time. Mortality at this scale has economic,
psychological, and physiological consequences for family and commu-
nity members (Galatzer-Levy & Bonanno, 2012; Pham et al., 2018) that
will likely persist even as the direct effects of the COVID-19 pandemic
come under control. Targeted support and resources for these disad-
vantaged communities are necessary to improve overall population
health and achieve health equity during and after the pandemic.

5.1. Limitations and future work

Results from this study should be considered in light of the following
limitations. Poverty thresholds do not vary geographically, and there-
fore do not account for the cost of living. Likewise, crowding depends on
a variety of factors we do not include, such as room size and household
member characteristics (HHSRS, 2006). Although the measure we use is
consistent with previous research on housing and overcrowding (Blake
et al., 2007, p. 38), such characteristics may function as omitted vari-
ables in the relationship between overcrowded housing and COVID-19
mortality. For example, undocumented status of household members
could be important because this population is more likely to live in
overcrowded housing (Hall & Greenman, 2013) and less likely to use
medical services (Chavez, 2012).

Additionally, because analyses rely on county-level information, we
cannot conclude whether individual-level characteristics predict
COVID-19 death. County-level data provide necessary insights for
county and state officials who seek to develop large-scale policies and
interventions (Clouston et al., 2020), which is particularly important
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since health interventions are often made at the local level. However,
county-level data does preclude examination of specific pathways link-
ing overcrowding to COVID-19 mortality. As more individual-level data
becomes available, researchers should further investigate the mecha-
nisms that link disadvantage with COVID-19 risk. Future work should
also examine how other dimensions of inequality interact to pattern
COVID-19 impact. Growing research highlights how structural racism
may drive racial disparities in COVID-19 (Garcia et al., 2020) that could,
in part, be linked to housing access. Although outside the scope of the
current paper, such an analysis would further clarify the effects of
overcrowding across communities. Finally, some suggest that both cases
of COVID-19 and COVID-19-related deaths are likely undercounted. If
areas with disadvantages, such as high rates of overcrowding, also have
higher rates of undercounted deaths, this would lead our results to be
conservative.

6. Conclusion

The U.S. is experiencing alarmingly high rates of COVID-19 infection
and related mortality. Moreover, the impact of COVID-19 is unequally
patterned by area-level sociodemographic characteristics. County-level
disparities in mortality are pronounced during later stages of the
pandemic, wherein advantaged areas are likely better able to implement
and benefit from growing knowledge and mitigation strategies,
including the ability to physically distance. Future research should
continue to track how county-level housing characteristics shape the
impact of COVID-19 as innovations and strategies to reduce the spread
and consequences of the disease are introduced and implemented across
the U.S.
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