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Abstract

COVID-19 has had a substantial impact on clinical care and lifestyles globally. The State of
Michigan reports over 80,000 positive COVID-19 tests between March 1, 2020 and July 29,
2020. We surveyed 8,041 Michigan Medicine biorepository participants in late June 2020.
We found that 55% of COVID-19 cases reported no known exposure to family members or
to someone outside the house diagnosed with COVID-19. A significantly higher rate of
COVID-19 cases were employed as essential workers (45% vs 19%, p = 9x10™'?). COVID-
19 cases reporting a fever were more likely to require hospitalization (categorized as severe;
OR =4.4[95% CI: 1.6-12.5, p = 0.005]) whereas respondents reporting rhinorrhea was less
likely to require hospitalization (categorized as mild-to-moderate; OR = 0.16 [95% CI: 0.04—
0.73, p = 0.018]). African-Americans reported higher rates of being diagnosed with COVID-
19 (OR = 4.0[95% Cl: 2.2-7.2, p = 5x10°°]), as well as higher rates of exposure to family or
someone outside the household diagnosed with COVID-19, an annual household income <
$40,000, living in rental housing, and chronic diseases. During the Executive Order in Michi-
gan, African Americans, women, and the lowest income group reported worsening health
behaviors and higher overall concern for the potential detrimental effects of the pandemic.
The higher risk of contracting COVID-19 observed among African Americans may be due to
the increased rates of working as essential employees, lower socioeconomic status, and
exposure to known positive cases. Continued efforts should focus on COVID-19 prevention
and mitigation strategies, as well as address the inequality gaps that result in higher risks for
both short-term and long-term health outcomes.
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Introduction

SARS-CoV-2 is a novel coronavirus that appears to have infected the first individual in Main-
land China in December 2019. The virus has spread rapidly and globally, with documented
cases in nearly every country, resulting in 16.8 million confirmed COVID-19 cases as of July
26,2020 [1]. COVID-19 case numbers rapidly increased in the United States in March and
April, particularly escalating in the states of New York, New Jersey, Connecticut, and Michi-
gan. The rate of infection in Washtenaw County, Michigan, was 0.6% (2035 confirmed cases/
367,601), as of July 26, 2020. Also on July 29, the State of Michigan reported 80,172 confirmed
COVID-19 cases (0.8% of the state’s population) and 6,172 deaths, representing 2% of
COVID-19 cases and 4% of deaths in the United States [2].

Limited information is available to fully explain why certain individuals appear to be at a
higher risk. Based on the currently available data, older adults, especially those 65 years of age
and older, are at the highest risk for hospitalization, intensive care, ventilation, and death [3-
6]. Individuals from some ancestry groups such as Native American, African American or
Black, and Hispanic individuals appear to be at higher risk of both SARS-CoV-2 infection and
severe COVID-19 [7]. Individuals with underlying medical conditions: chronic kidney disease
[5], chronic obstructive pulmonary disease, immunocompromised conditions, hypertension,
and Type 2 diabetes mellitus have been reported as having higher risk for severe illness from
COVID-19 [3, 6, 8-13].

Other risk factors continue to emerge, but an unprecedented need remains for research to
further understand COVID-19 risk factors and the impact of shelter in place or quarantine on
long-term risks for other diseases.

We developed the Michigan Medicine Precision Health COVID-19 Survey to evaluate
SARS-CoV-2 exposure, COVID-19 symptoms and risk factors, and the impact of the ’Stay
Home Stay Safe’ Executive Order on previously enrolled Michigan Medicine biorepository
participants. We aimed to answer three main questions with this study. First, which risk factors
are associated with contracting COVID-19, and are they different from risk factors that are
associated with a severe COVID-19 course? Secondly, why are African-Americans at higher
risk of COVID-19? And lastly, is there a potential impact of the Stay Home Stay Safe’ executive
order in Michigan on other health behaviors that may relate to the risk of developing long-
term cardiometabolic disease?

Methods

Prior to March 2020, Michigan Medicine biorepository participants provided broad consent
for biospecimen collection, electronic health data, future and ongoing use of data for unde-
fined research, and re-contact in future studies [14]. On March 12, Michigan’s Governor
Gretchen Whitmer ordered all schools to close after the first two confirmed cases of COVID-
19 in the state were reported on March 10. Then, on March 23, Governor Whitmer issued the
"Stay Home Stay Safe’ Executive Order, which enforced school closures, ordered non-essential
workers to work from home, enforced restaurant and bar closures (with the exception of con-
tactless take-out), and discouraged socializing, travel and unnecessary trips outside of the
house. SARS-CoV-2 testing was limited, and typically only available to symptomatic individu-
als or frontline healthcare workers during the time prior to survey deployment.

The survey was designed in March and April 2020 to evaluate risk factors for COVID-19
and the impact of the ’Stay Home Stay Safe’” executive order on health behaviors of bioreposi-
tory participants, primarily from the Michigan Genomics Initiative (MGI, 74,194 enrolled to
date) [15] the Cardiovascular Health Improvement Project (CHIP, 5,708 enrolled to date) [16-
18], and the Michigan study of Racial Equality and Community Health (MREACH, ~300
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enrolled to date, 85% of whom are African-American or Black) (S1 Table, description of all
biorepository cohorts). Of the >75,000 Michigan Medicine biorepository participants, 50,512
participants had a valid email address in their electronic health records. Up to 3 survey invita-
tions were sent to each participant by email between May 26, 2020 and June 29, 2020, which
was 10-15 weeks after schools were closed. Survey responses received prior to July 2, 2020
were included in analysis. Daily positive COVID-19 tests for the state of Michigan relative to
the time of survey deployment are presented in Fig 1 [19].

Of 50,512 participants with valid email addresses, 8,422 (17%) completed the survey. 381
survey respondents (4.5%) were excluded from analysis for the following reasons: international
location/zip code (n = 13), sex discrepancy between electronic health record and survey
response (n = 236), self-diagnosis of COVID-19 without test (n = 134), and duplicated study
ID (n = 6). We were not able to confirm COVID-19 self-diagnoses and therefore, these were
excluded (S2 Table provides descriptive statistics for these participants). A total of 8,041 survey
respondents were included in analysis, 132 of whom were diagnosed with COVID-19 by a doc-
tor or test (Fig 2). European-Americans were more likely to complete the survey (16.9% of
those invited) relative to African-Americans (8.6% of those invited; S3 Table).

Daily and Cumulative Positive COVID-19 Cases for the State of Michigan
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Fig 1. Confirmed and probable COVID-19 cases for the state of Michigan from March 1, 2020 to July 29, 2020.
https://doi.org/10.1371/journal.pone.0246447.9001
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Biorepository participants
(N=76,358)

Biorepository participants with email
address
(N=52,497)

* Bounced emails (N= 1677)

Biorepository participants with valid
email addresses (N= 50,820)

* Deceased (N=6)

* Opt-out / non-consent (N=1038)

* No response (N=37,049)

* Consented but incomplete survey (N= 2,325)

Consented with complete survey data
(N=8422)

* International zip code (N= 13)

» Self-diagnosed with COVID-19 (N=134)
* EHR/survey sex discrepancies (N=236)

* Duplicate ID (N=6)

Total Participants (N= 8,041)
N=7909 controls and
N=132 COVID-19 cases

Fig 2. Study enrollment.
https://doi.org/10.1371/journal.pone.0246447.9002

Survey deployment

The University of Michigan Data Office for Clinical and Translational Research (DOCTR)
deployed the survey to biorepository participants’ email addresses by sending an individual-
ized link to a Qualtrics electronic informed consent and survey. The DOCTR office main-
tained personal health information and created coded identifiers for researchers to access
survey data [20]. The protocol and study procedures were approved by the University of Mich-
igan Institutional Review Board (HUMO00180827).

Survey content

The survey consisted of 96 questions with embedded skip logic so not all participants received
all questions. Survey items included new questions related to COVID-19 symptoms, response
to the pandemic, personal protective/health behaviors, as well as validated instruments on
mental health [21], physical activity [22], pain [23], and symptom severity [24]. Skip logic was
applied, meaning most participants only answered 50% of the 96 total questions, requiring
approximately 8-10 minutes.
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We evaluated self-reported SARS-CoV-2 exposure, COVID-19 diagnosis, symptoms, and
risk factors as well as health behaviors and overall concern during the Michigan *Stay Home
Stay Safe’ Order. The COVID19-related survey items were developed from shared resources
from the COVID-19 Host Genetics Initiative (www.covid19hg.org) [25] to enable future shar-
ing of results between countries. The survey questions were vetted by our multidisciplinary
team with expertise in genetic epidemiology, bioinformatics, health behavior survey research,
and biostatistics as previously reported [26]. The survey was pretested in a Qualtrics testing
environment (from March 25 to April 24, 2020) by 30 individuals with diverse ages (ages 18 to
75) and diverse educational status. This was followed by discussion with the survey design
team to assess readability and performance of the skip logic within the Qualtrics environment.
We compared self-reported COVID-19 test results to the Michigan Medicine EHR-based test-
ing data and found 100% of self-reported test status matched. We piloted the survey deploy-
ment methodology on an initial ~3,794 participants (765 respondents / 3794 = 20%) to ensure
that we could scale up survey deployment to 50,000 participants. We analyzed metadata on a
daily basis during survey deployment (response rate, survey completion rate, COVID-19 posi-
tive rate and respondent withdrawal from parent biorepository). We did not alter the specific
wording of any questions prior to large-scale deployment because we did not discover any sub-
stantive flaws in the survey questions upon analysis of pilot data. A full version of the survey
with branching logic and source of each question is available (54 Table).

Participant characteristics. The survey included basic demographics including sex, race/
ethnicity, which were used for analysis. Electronic health records were utilized to verify self-
reported sex, as well as demographics of survey non-respondents (S3 Table). Participants were
asked to report height and weight for calculation of body mass index. Socioeconomic status
was assessed by self-reported average annual household income, which was categorized as low
(<$40,000), middle ($40,000 to $100,000), or high (>$100,000) [27]. Socioeconomic indica-
tors of health were evaluated, including current living situation (e.g., owned versus rented
accommodations), zip code for ‘Stay Home Stay Safe’ shelter in place location, highest grade
or year of school completed, cars/automobiles per household, primary mode of transportation
[28].

COVID-19 exposure, symptoms, diagnosis, and severity. All participants were asked
whether they were diagnosed with COVID-19 with a test or by a physician without a test [29]. All
participants responding “no” to being diagnosed with COVID-19 were classified as controls, with
the exception of participants who thought they might have or have had COVID-19 but had not
been tested or diagnosed by a physician. Possible self-diagnosed individuals were excluded from
all standard analyses (S2 Table, symptoms are reported). All participants were asked to recall
potential COVID-19 exposure, including international and domestic travel history, current work
as or living with an essential employee, and contact with family members or someone outside the
house diagnosed with COVID-19. COVID-19 cases were asked to recall symptoms, duration of
symptoms, hospitalization, and complications. Participants reporting symptoms and shortness of
breath without hospitalization were categorized as mild-to-moderate whereas participants hospi-
talized due to COVID-19 were categorized as severe [30].

Medical and family history. Participants were asked to recall history of chronic diseases
including respiratory, immune, genitourinary/metabolic, cardiovascular, neurological, and
oncological conditions based on the Michigan Medicine, Health Intake Form.

Mental health. Participants were asked to recall their level of concern about the COVID-
19 pandemic and their concerns for contracting the virus, financial situation, and isolation.
Participants were asked to recall personal precautions, where they obtained COVID-19, and
whether family members have been diagnosed with or died from COVID-19. Patient Reported
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Outcomes Measurement Information System, PROMIS [21] was utilized to evaluate mental
health outcomes.

Health behaviors. Participants were asked to recall how health behaviors may have
changed during the ‘Stay Home Stay Safe’ period relative to usual behavior. Specifically, partic-
ipants were asked to recall whether they had increased moderate-to-strenuous exercise, alcohol
consumption, drug use, and tobacco use or whether they had improved sleep habits and nutri-
tion, and whether or not they had gained weight. These items were assessed using a Likert
5-point scale (Strongly Disagree to Strongly Agree). Participants were asked to recall for an
average week (before and after COVID-19 ‘Stay Home Stay Safe’ recommendations), how
many days they participated in a total of 30 minutes or more of physical activity [22]. Informa-
tion related to tobacco, alcohol, prescription medication, and other substances (TAPS Tool)
[31] and pain (20-item Brief Pain Inventory) [32] were also evaluated.

Statistical analysis

The risk factors studied were demographic variables, socioeconomic indicators, environmental
factors, health behaviors, workplace information, community exposure, precautions practiced,
and comorbidities collected from the survey. P-values < 0.05 were applied to define statistical
significance.

To test for the association between risk factors and COVID-19 status, we performed logistic
regression. When assessing the association with clinical risk factors, such as type 2 diabetes, we
included age and sex as covariates. We further categorized disease status into mild-to-moder-
ate and severe patients (requiring hospitalization) as a secondary outcome to test for clinical
and social risk factors associated with disease severity. To evaluate the effects of ethnicity (Afri-
can American versus European American) on COVID risk factors, a chi-square test or t-test
were applied for categorical and continuous risk factors, respectively. Lastly, to study the
impact of the *Stay Home Stay Safe’ executive order on participants’ behavioral changes and
level of concern—differences by ethnicity, sex, and income groups were evaluated. Ordinal
logistic regression was used to examine the association between ordinal behavioral change
(disagree, same, and agree) as the dependent variable and ethnicity, sex, and income group as
independent variable. Logistic regression was used to examine the association between binary
outcomes of level of concern. Linear regression was applied to evaluate association between a
continuous scale of concern level (range 1-10 where 10 is a high level of concern) and ethnic-
ity, sex, and income group as the independent variable.

For health behavioral change questions, participants were given five categories in the
answer field. We collapsed “strongly disagree” and “disagree” into one group, kept “about the
same”, and collapsed “strongly agree” and “agree” into another group as a three-group ordinal
outcome to improve statistical power. Health behavior change on tobacco use was only evalu-
ated on participants who are current users or switched tobacco/nicotine products from one to
another, and drug use behavior change was only evaluated on individuals who answered they
have used opioid, benzodiazepines, or marijuana/cannabis in the past 30 days. Level of con-
cern categorical responses (not concerned, slightly concerned, very concerned, and extremely
concerned) were dichotomized into “No” (not concerned and slightly concerned) and “Yes”
(very concerned and extremely concerned) as a binary outcome.

Results

Of 50,512 biorepository participants invited to participate in a COVID-19 survey, a total of
8,041 participants are included in this cross-sectional analysis (S3 Table) and 132 (1.6%) par-
ticipants responding “yes” to being diagnosed with COVID-19 by a test or a physician. Among
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all survey respondents, the mean age was 59 + 15 (mean * SD) years old and 3,310 (41.5%)
were male. Among survey respondents, 233 (2.9%) self-identified as Black or African Ameri-
can (hereafter referred to as African American), 7,387 (91.9%) as White/Caucasian (hereafter
referred to as European American), and 421 (5.2%) as another category (American Indian or
Alaska Native, Asian, Native Hawaiian or Pacific Islander, Unknown, or Prefer not to answer).

Participants reported high socioeconomic status, with more than forty-two percent report-
ing an annual household income greater than $100,000, and 67% earned a bachelor’s degree or
higher. The average BMI was 29 + 7 with 33.5% and 37.3% categorized as overweight and
obese, respectively. The University of Michigan / Michigan Medicine is in Ann Arbor, which
has higher rates of education and salary than national norms.

Risk factors associated with developing COVID-19

We examined demographic differences between COVID-19 confirmed cases and controls.
Participants who self-reported as “African-American or Black” were significantly more likely
to be diagnosed with COVID-19 compared to self-reported “White/Caucasian” individuals
(5.6% versus 1.5%, p = 5x10°°). This approximate 3-fold higher risk of developing COVID-19
we observed in African Americans is consistent with Washtenaw County demographics of
COVID-19 cases (as of July 16, 2020) where 32% of COVID-19 lab-confirmed cases are Black
or African-American whereas only 12.3% of the Washtenaw County population is Black or
African-American (S5 Table).

The data showed that people with any of the COVID-19 symptoms collected from the sur-
vey were at a significantly higher risk of contracting COVID-19. More than half of the
COVID-19 cases reported having fatigue, muscle aches, shortness of breath, headache, cough,
or fever (ordered by most common to less common). (S2 Table for self-diagnosed).

Next, we evaluated possible sources of exposure to SARS-CoV2 among the cases (Fig 3A, S6
Table). COVID-19 cases were younger (5115 versus 59+15 years, p = 1x10™°), had more social
exposure to others with COVID-19 (family members [33.3% versus 6.8%, p = 6x10°®] and peo-
ple outside of household [21.1% versus 9.9%, p = 0.040]) than controls. COVID-19 cases were
more likely to report their role as an essential employee (44.7% versus 19.4%, p = 9x10"'%) and
medical professional (24.2% versus 8.0%, p = 4x10™'%). Avoiding public transport (65.2% versus
76.2%, p = 0.003) and self-isolation (17.4% versus 26.6%, p = 0.019) were associated with sig-
nificantly lower risk of contracting COVID-19, but most of the personal precautions were not
found to be individually associated with reduced COVID-19 risk. However, not doing any of
the precautions significantly increased the risk of contracting COVID-19 (2.3% versus 0.3%,

p = 0.002). Several precautions were reported to be used at high rates amongst all survey
respondents (e.g., 95% report mask wearing, 96% report frequent hand-washing, and 92%
report social distancing); therefore, there was little power to distinguish any difference in infec-
tion due to not taking these precautions. Despite high rates of self-reported personal precau-
tions, 54.6% of COVID-19 cases reported no known exposure to a COVID-19-positive
individual in the two weeks prior to their diagnosis. Using age and sex as covariates, clinical
risk factors significantly associated with COVID-19 were: type 2 diabetes (15.2% versus 11.8%,
p = 0.020), respiratory conditions (42.4% versus 36.0%, p = 0.033), and congestive heart failure
(6.1% versus 3.7%, p = 0.033).

Risk factors associated with a severe COVID-19 disease course

Next, factors associated with a severe course of COVID-19 were examined (Fig 3B, S6 Table).
We classified 30 cases as severe based on being hospitalized for COVID-19 compared to 102
mild-to-moderate cases who did not require hospitalization. African Americans were more
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Fig 3. a) Risk factors associated with COVID-19 in comparison to those without COVID-19, and b) risk factors associated with a severe course of COVID-19 in

comparison to those with a mild or moderate course of COVID-19.

https://doi.org/10.1371/journal.pone.0246447.g003
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likely to have had a severe COVID-19 disease course compared to European American (53.8%
versus 17.6%, p = 0.005), however this sample size was limited. Severe cases were more likely
to be male (60.0% versus 40.0%, p = 0.011), older (57414 versus 49+15 years, p = 0.014), and
report social exposure to COVID-19 (family members diagnosed with COVID-19 (55.6% ver-
sus 24.2%, p = 0.009). Severe cases reported that COVID-19 symptoms persisted an average of
22412 days compared to 17+11 days for mild-to- moderate cases (p = 0.035). A higher propor-
tion of patients with severe COVID-19 reported fever (83.3% versus 52.9%, p = 0.005). Con-
versely, mild-to-moderate patients were more likely to report rhinorrhea (30.4% versus 6.7%,
p = 0.018) compared to severe patients.

Possible explanations of why African-Americans at higher risk of COVID-
19

To attempt to understand why African Americans were at higher risk of COVID-19, we evaluated
socioeconomic status, COVID-19 exposure, and environmental factors by ethnicity in the entire
set of survey respondents (Fig 4, S7 Table). African American survey respondents were younger
(53+15 versus 60+15 years, p = 1x10®), more likely to be female (69.4% versus 58.3%, p = 0.001),
have a higher BMI (32.5+8.1 versus 29.0+6.6, p = 9x10"'%), and report higher rates of obesity
(BMI of 30.0 or higher, 57.6% versus 36.8%, p = 4x10™'°). African Americans reported a lower
income (annual family income < $40,000; 28.2% versus 13.4%, p = 4x10'), higher rates of living
in rental housing (31.3% versus 9.0%, p = 4x10>°), and more social exposure to COVID-19-posi-
tive individuals (family members [39.1% versus 13.5%, p = 0.003]; people outside of the household
with COVID-19 [38.9% versus 11.0%, p = 0.002]). African Americans were more likely to report
being an essential employee during ‘Stay Home Stay Safe’ (26.7% versus 19.4%, p = 0.007), includ-
ing being a medical professional (13.8% and 8.0%, p = 0.002). Self-reported precautions taken to
avoid COVID-19 were not different between African and European Americans in this survey and
could not explain the difference in rates of COVID-19. In fact, we observed (non-significantly)
higher rates of precautions in African Americans than European Americans.

African Americans were more likely to suffer from a severe COVID-19 response (53.8%
hospitalized versus 17.6% for European-American, p = 0.005) in this dataset, but the sample
size of hospitalized patients was small (N = 30). We next evaluated self-reported disease risk
factors by ethnicity that may increase risk of a severe course of COVID-19, or other cardiome-
tabolic diseases (Fig 4, S7 Table). African American survey respondents reported a signifi-
cantly higher (p-value < 0.05) incidence of: type II diabetes mellitus (26.6% versus 11.2%),
sleep apnea (30.0% versus 21.9%), use of CPAP (23.2% versus 17.3%), asthma (21.0% versus
14.4%), chronic kidney disease (13.7% versus 6.1%), hypertension (45.1% versus 32.4%), and
obesity (57.6% versus 36.8%), while European Americans reported a higher incidence of can-
cer (4.8% versus 0.9%).

Health behaviors during statewide ‘Stay Home Stay Safe’ order

We also examined the impact of the ’Stay Home Stay Safe’ period in Michigan on health
behaviors, lifestyle changes, and level of concern of survey participants. We examined if there
were differences in health behaviors within groups divided by sex, by three income groups,
and by ethnicity (Fig 5, S8-S10 Tables). We excluded the 132 individuals diagnosed with
COVID-19 because their lifestyle may have been greatly impacted by the disease itself. This
comparison was meant to help us understand the potential increase in risks for cardiometa-
bolic or other diseases imposed by the ’Stay Home Stay Safe’ period and to determine if the
restrictions impacted some groups more than others.
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Fig 4. Differences in clinical and social risk factors between African American and European American survey respondents.

https://doi.org/10.1371/journal.pone.0246447.9004

First, across all participants without COVID-19, we found that a reasonable proportion of
participants developed less-healthy behaviors during the ’Stay Home Stay Safe’ period: 23.1%
report worsened nutrition, 31.9% report weight gain, 30.1% report poorer sleep habits, 38.6%
report decreased moderate-to-vigorous exercise, 18.2% report increased alcohol consumption,
35.9% of current smokers report increased smoking, and 12.7% of current drug users report
increased drug use. On the other hand, a substantial proportion reported healthier behaviors:
26.1% reported better nutrition, 32.4% reported weight loss, 15.2% reported improved sleep
habits, 23.0% reported increased moderate-to-vigorous exercise, 52.7% reported decreased
alcohol consumption, 28.2% reported decreased smoking, and among drug users, 68.3%
reported decreased drug use.

During ’Stay Home Stay Safe’, when compared to men, women were significantly more
likely to report behavioral changes that could increase the risk of cardiometabolic diseases:
worsened nutrition (26.4% versus 18.3%, p = 4x10™'%), weight gain (36.6% versus 25.1%,

p = 6x107"), poorer sleep habits (33.2% versus 25.6%, p = 1x10°), increased tobacco use
among tobacco users (43.7% versus 25.3%, p = 6x10™), and decreased moderate-to-vigorous
exercise (43.7% versus 25.3%, p = 6x10™*). Conversely, men were significantly more likely to
report improved nutrition and weight maintenance. The majority of the men reported that
they kept their exercise, sleep habits, and tobacco use the same during the ’Stay Home Stay
Safe’ executive order (Fig 5, S8 Table).
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Fig 5. Behavioral change by sex (Female versus Male), income (<$40,000 versus $40,000-100,00 versus >$100,000 annual house income), and race (African versus

European American).

https://doi.org/10.1371/journal.pone.0246447.9005

We also examined the association between household income and health behavior changes
during *Stay Home Stay Safe’ (Fig 5, S9 Table). People with higher income were more likely to
report increased exercise (28.3% versus 19.4% versus 17.1%, p = 2x10™""), increased alcohol
consumption (23.4% versus 15.2% versus 13.5%, p = 5x10%), and also improved sleep habits
(19.1% versus 12.8% versus 12.0%, p = 1x107'%) and nutrition (27.4% versus 25.8% versus
23.4%, p = 7x107°). People with higher income were also more likely to report working from
home during ‘Stay Home Stay Safe’ (53.6% versus 27.9% versus 17.2%, p = 8x10™**%). People
with lower income were more likely to report weight gain (36.7% versus 31.5% versus 31.7%,

p =0.027).

Of the behavioral changes made, there were few statistically significant differences by ethnic

group (Fig 5, S7 and S10 Tables). Of all behavioral categories surveyed, we only observed a sig-

nificant difference for exercise between African Americans relative to European Americans.
African Americans reported less exercise per week (days of 30 minutes or more of physical
activity in an average week) from both before (3.3£1.8 versus 3.7+1.8 days, p = 0.006) and after
the COVID-19 pandemic (3.2+ 1.9 and 3.8+ 2.1 days, p = 3x10™*). African Americans were
also more likely to report to have poorer sleep habits during Stay Home Stay Safe’ than Euro-
pean-Americans (40.9% versus 29.7%, p = 0.004).
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When asked about overall concern (range 1-10 where 10 is a high level of concern), the
population mean was 5.57+2.95. When asked about specific aspects, 47.4% reported concern
about contracting COVID-19, 62.3% had concern of someone close to them contracting
COVID-19, 18.3% had concern about serious financial problems, 10.6% were concerned about
losing their job, 51.4% were concerned that it will be a long time before life returns to normal,
and 53.6% were concerned about not seeing friends and family.

Women report higher levels of overall concern than men (5.69+2.88 versus 5.39+3.05
p = 7x10°°), and more women report concern about people close to them contracting COVID-
19 (64.4% versus 59.4%, p = 7x10°), developing serious financial trouble (20.3% versus 15.3%,
p= 3x10°%), losing their job (12.4% versus 8.1%, p = 1x10™), concern that it will be a long time
before life returns to normal (54.8% versus 46.6%, p = 8x10°'%), and not seeing friends and
family (56.8% versus 49.1%, p = 2x107'1) (S8 Table).

Relative to the high income group (>100K), people with lower or medium income (<40K
or 40K-100K) had higher levels of concern about (S9 Table): contracting COVID-19 (49.3%
versus 48.4% versus 44.9%, p = 0.006), getting into serious financial trouble (34.7% versus
20.4% versus 11.8%, p = 1x10°%), losing their job (13.7% versus 11.4% versus 9.3%, p = 1x10°
%), and that it will be a long time before life returns to normal (55.1% versus 51.3% versus
50.6%, p = 0.038). When we examined groups by self-reported ethnicity (510 Table), African
Americans report higher overall concern (6.74+3.01 versus 5.53+2.94 p = 2x10™°) as well as
concerns about: contracting COVID-19 (63.3% versus 47.0%, p = 2x10°°), people close to them
contracting COVID-19 (71.8% versus 62.1%, p = 0.004), developing serious financial problems
(34.1% versus 17.5%, p = 9x10719), losing their job (20.5% versus 10.1%, p = 1x10°®), and con-
cern that it will be a long time before life returns to normal (58.6% versus 51.3%, p = 0.032).

Discussion

In this study, we first sought to determine which demographic, clinical or behavioral risk
factors might predispose individuals to COVID-19, and determine if the same or different
risk factors might predispose to a severe COVID-19 disease course. Based on this survey of
132 COVID-19 cases and 7,909 controls, we were able to identify significant risks of
COVID-19 for individuals who are: African American, younger age, essential employees
and those who report being exposed to other COVID-19 cases including family and others
outside the household. The most common symptoms among cases were fatigue (78.8%),
muscle aches (66.7%), and shortness of breath (65.2%), whereas sneezing (16.7%) and
runny nose (25.0%) were less common. Personal precautions against transmission appeared
to decrease spread of SARS-CoV2, and individuals who reported using no precautions were
at higher risk of COVID-19.

African Americans account for 14% of the state of Michigan’s population, but 33% of
COVID-19 cases and 41% of deaths (data as of July 16, 2020), which is consistent with observa-
tions at the national level [33]. Given the alarming disparity, we examined potential risk factors
that may explain the higher rates of COVID-19 observed among African American individu-
als. Our data identified a number of clinical and social risk factors that were different between
African American and European American participants. Several chronic diseases (obesity,
hypertension, type II diabetes, and chronic kidney disease) had higher rates in African Ameri-
cans by self-report. Based on significant differences between African Americans and European
Americans in annual income, designated essential employees, and different rates of living in
rented accommodation, we hypothesize that African Americans were at a higher risk of con-
tracting COVID-19 because of economic pressure to continue working and interacting with
people outside the household during the Stay Home Stay Safe’ order in Michigan (Fig 6).
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Fig 6. COVID-19 status, COVID-19 risk factors, and chronic disease differences by race (African versus European American).
https://doi.org/10.1371/journal.pone.0246447.9006
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Larger studies are needed to tease apart which risk factors are explicitly driving the higher inci-
dence rates of COVID-19 in African Americans.

The long-term effects of the pandemic may further exacerbate the higher incidence and
severity of chronic and cardiometabolic diseases in some demographic groups. Given this pos-
sibility, we evaluated the impact of COVID-19 on self-reported health behaviors. Interestingly,
the impact on health behaviors were variable, but on average, we found that men were more
likely to stay the same or improve health behaviors such as, exercise, sleep habits, tobacco use,
and nutrition. Conversely, women were more likely than men to report less-healthy behaviors,
including worsened nutrition, weight gain, poorer sleep habits, and decreased exercise. Simi-
larly, Nienhuis and Lesser reported significantly less physical activity among women than men
and reported more barriers to physical activity participation, and thus, women also reportedly
experienced more anxiety than men [34]. In this study, women and African Americans report
higher levels of overall concern, concern about people close to them contracting COVID,
developing serious financial trouble, losing their job, concern that it will be a long time before
life returns to normal, and not seeing friends and family. Other reports corroborate our find-
ings showing an increased prevalence of depressive, anxious, and acute stress/posttraumatic
symptoms in women than men [35] during of COVID-19 outbreak in China [36] and Spain
[37]. People with higher income were more likely to increase exercise, increase alcohol con-
sumption, and also improve sleep habits and nutrition. People with lower income were more
likely to gain weight and also had higher levels of concern about contracting COVID-19, get-
ting into serious financial trouble, losing their job, and that it will be a long time before life
returns to normal. In line with our findings, Ettman et al., reported that participants with
lower social-economic resources and greater exposure to stressors (e.g., job loss) had an
increase prevalence of depressive symptoms reported a greater burden of depression symp-
toms. Post-COVID-19 plans should account for the probable increase in mental illness to
come, particularly among at-risk populations [38].

This study has several limitations that should be considered when reviewing the findings.
First, this study was conducted at a single center with a limited geographic area. We also note
that 14% of our survey respondents had an annual household income < $40,000 and we have
captured a diversity of socioeconomic status and ancestry. To our knowledge, we have not
observed other similar studies within the United States for comparison at this time (Dec 17,
2020). This study reflects limitations associated with all retrospective study designs. The study
design engaged previously consented biorepository participants to enroll and recall their
COVID-19 exposures, symptoms, diagnosis, precautions, and experience. It is possible that
there is respondent bias as participants from the various biorepositories may have responded
differently. The study data may not adequately represent the most severe COVID-19 cases as
those who expired or were hospitalized during the study timeframe likely did not participate.
Furthermore, this study excluded 134 individuals who were self-diagnosed with possible
COVID-19 but were not diagnosed by a doctor or a test. We cannot determine the impact of
personal precautions reported to be used at high rates, such as mask wearing and frequent
hand washing because of lack of power. Additionally, we do not have power to distinguish
which socioeconomic, employment exposure or health factors that differ between ethnic
groups may be the cause of higher COVID-19 rates in African-American. Lastly, because our
survey was only taken once, we did not capture longitudinal data, or information on pre-
symptomatic individuals who later tested positive.

Understanding exposure risks are critical to educating the public and to saving lives. Our
data provides insight into exposure risks, confirms that precautions work, although being an
essential worker or medical professional increases the susceptibility of transmission. Overall,
African Americans, women, and those with low household income reported less healthy
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behaviors during the ‘Stay Home Stay Safe’ (post-COVID) period in Michigan, while also
reporting more overall concern for possible economic, health and societal decline related to
the global COVID-19 pandemic. There is an undeniable need to focus continued efforts on
prevention and mitigation strategies for COVID-19, and begin to more comprehensively
address the inequality gaps in disease risks by ethnic group that the COVID-19 pandemic has
highlighted.

Supporting information

S1 Table. Biorepository studies.
(DOCX)

$2 Table. COVID-19 risk factors by self-diagnosed.
(DOCX)

S3 Table. Descriptive characteristics of the COVID-19 tested/diagnosed central bioreposi-
tory and COVID-19 survey participants.
(DOCX)

S4 Table. A full version of the survey with branching logic is available.
(DOCX)

S5 Table. Lab-confirmed COVID-19 cases in Washtenaw County by race (as of 7/16; in
percentage).
(DOCX)

$6 Table. Demographic, social economic status, environmental factors, and self-reported
health conditions by COVID status and severity.
(DOCX)

S7 Table. Differences in clinical and social risk factors between African American and
European American survey respondents.

(DOCX)

S8 Table. Behavioral change and level of concern by sex.
(DOCX)

S9 Table. Behavioral change and level of concern by income.
(DOCX)

$10 Table. Behavioral change and level of concern by race.
(DOCX)

Acknowledgments

The authors acknowledge the participants, recruitment team and project managers of the
Michigan Genomics Initiative, Cardiovascular Health Improvement Project CHIP, and the
Michigan study of Racial Equality and Community Health MREACH. We acknowledge the
effort of Cristen Willer, Bethany Klunder, and Whitney Hornsby for survey project manage-
ment and deployment, Ryan Bickett-Hickok, John Kulka, Austin Fellows and Amelia Krause
for designing the survey questions, and Kuan-Han Wu for quality control of the survey data.
The University of Michigan Medical School Research Data Warehouse deployed the survey,
and provided data aggregation and distribution services. We acknowledge early versions of a
COVID-19 survey were shared from the COVID-19 host genetics initiative collaborators

PLOS ONE | https://doi.org/10.1371/journal.pone.0246447  February 8, 2021 15/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246447.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246447.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246447.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246447.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246447.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246447.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246447.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246447.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246447.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246447.s010
https://doi.org/10.1371/journal.pone.0246447

PLOS ONE

Risk factors for COVID-19 and its impact on health behaviors

(www.covid19hg.org) including preliminary surveys shared by Francesca Mari. These
resources helped to facilitate the development of the COVID-19 survey questions utilized in
this study.

Author Contributions

Conceptualization: Whitney E. Hornsby, Bethany Klunder, Erin O. Kaleba, Salim S. Hayek,
Nadia R. Sutton, Nicholas Douville, Bhramar Mukherjee, Kenneth Jamerson, Chad M.
Brummett, Cristen J. Willer.

Data curation: Kuan-Han H. Wu, Amelia Krause, Anisa Driscoll, John Kulka, Ryan Bickett-
Hickok, Austin Fellows, Sarah Graham, Erin O. Kaleba, Xu Shi, Bhramar Mukherjee, Chad
M. Brummett, Cristen J. Willer.

Formal analysis: Kuan-Han H. Wu, Sarah Graham, Xu Shi.

Investigation: Anisa Driscoll, John Kulka, Ryan Bickett-Hickok, Austin Fellows, Erin O.
Kaleba, Chad M. Brummett, Cristen J. Willer.

Methodology: Whitney E. Hornsby, Bethany Klunder, Amelia Krause, Anisa Driscoll, John
Kulka, Ryan Bickett-Hickok, Austin Fellows, Sarah Graham, Erin O. Kaleba, Xu Shi, Bhra-
mar Mukherjee, Chad M. Brummett, Cristen J. Willer.

Project administration: Whitney E. Hornsby, Bethany Klunder.
Supervision: Bethany Klunder, Chad M. Brummett, Cristen J. Willer.
Validation: Cristen J. Willer.

Visualization: Cristen J. Willer.

Writing - original draft: Kuan-Han H. Wu, Whitney E. Hornsby, Sarah Graham, Salim S.
Hayek, Nadia R. Sutton, Nicholas Douville, Bhramar Mukherjee, Kenneth Jamerson, Chad
M. Brummett, Cristen J. Willer.

Writing - review & editing: Kuan-Han H. Wu, Whitney E. Hornsby, Bethany Klunder, Ame-
lia Krause, Anisa Driscoll, John Kulka, Ryan Bickett-Hickok, Austin Fellows, Sarah Gra-
ham, Erin O. Kaleba, Salim S. Hayek, Xu Shi, Nadia R. Sutton, Nicholas Douville, Bhramar
Mukherjee, Kenneth Jamerson, Chad M. Brummett, Cristen J. Willer.

References

1. Coronavirus disease (COVID-19) pandemic: World Health Organization [Internet]; [cited 2020 July 15].
Available from: https://www.who.int/emergencies/diseases/novel-coronavirus-2019.

2. Coronavirus Disease 2019 (COVID-19) Cases, Data, Surveillance: Centers for Disease Control and
Prevention [Internet]; [cited 2020 July 15]. Available from: https://www.cdc.gov/coronavirus/2019-ncov/
cases-updates/index.html

3. ZhouF,YuT,DuR, FanG,LiuY, LiuZ, et al. Clinical course and risk factors for mortality of adult inpa-
tients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet (London, England). 2020;
395(10229):1054—-62. Epub 2020/03/15. https://doi.org/10.1016/S0140-6736(20)30566-3 PMID:
32171076; PubMed Central PMCID: PMC7270627.

4. WuC, ChenX, CaiY, XiaJ, Zhou X, Xu S, et al. Risk Factors Associated With Acute Respiratory Dis-
tress Syndrome and Death in Patients With Coronavirus Disease 2019 Pneumonia in Wuhan, China.
JAMA Intern Med. 2020; 180(7):934—43. Epub 2020/03/14. https://doi.org/10.1001/jamainternmed.
2020.0994 PMID: 32167524; PubMed Central PMCID: PMC7070509.

5. PetrilliCM, Jones SA, Yang J, Rajagopalan H, O’Donnell L, Chernyak Y, et al. Factors associated with
hospital admission and critical illness among 5279 people with coronavirus disease 2019 in New York
City: prospective cohort study. Bmj. 2020; 369:m1966. Epub 2020/05/24. https://doi.org/10.1136/bmj.
m1966 PMID: 32444366; PubMed Central PMCID: PMC7243801 www.icmje.org/coi_disclosure.pdf

PLOS ONE | https://doi.org/10.1371/journal.pone.0246447  February 8, 2021 16/18


http://www.covid19hg.org/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/index.html
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/index.html
https://doi.org/10.1016/S0140-6736%2820%2930566-3
http://www.ncbi.nlm.nih.gov/pubmed/32171076
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1001/jamainternmed.2020.0994
http://www.ncbi.nlm.nih.gov/pubmed/32167524
https://doi.org/10.1136/bmj.m1966
https://doi.org/10.1136/bmj.m1966
http://www.ncbi.nlm.nih.gov/pubmed/32444366
http://www.icmje.org/coi_disclosure.pdf
https://doi.org/10.1371/journal.pone.0246447

PLOS ONE

Risk factors for COVID-19 and its impact on health behaviors

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

and declare: support from the Kenneth C Giriffin Charitable Fund for submitted work; no financial rela-
tionships with any organizations that might have an interest in the submitted work in the previous three
years; no other relationships or activities that could appear to have influenced the submitted work.

Onder G, Rezza G, Brusaferro S. Case-Fatality Rate and Characteristics of Patients Dying in Relation
to COVID-19in Italy. Jama. 2020; 323(18):1775—-6. Epub 2020/03/24. https://doi.org/10.1001/jama.
2020.4683 PMID: 32203977.

Tai DBG, Shah A, Doubeni CA, Sia |G, Wieland ML. The Disproportionate Impact of COVID-19 on
Racial and Ethnic Minorities in the United States. Clin Infect Dis. 2020. Epub 2020/06/21. https://doi.
org/10.1093/cid/ciaa815 PMID: 325624 16; PubMed Central PMCID: PMC7337626.

Coronavirus Disease 2019 (COVID-19) Assessing Risk Factors for Severe COVID-19 lliness: Centers
for Disease Control and Prevention [Internet]; [cited 2020 July 15]. Available from: https://www.cdc.gov/
coronavirus/2019-ncov/covid-data/investigations-discovery/assessing-risk-factors.html

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China. Lancet (London, England). 2020; 395(10223):497-506. Epub 2020/01/
28. https://doi.org/10.1016/s0140-6736(20)30183-5 PMID: 31986264; PubMed Central PMCID:
PMC7159299.

Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T, Davidson KW, et al. Presenting
Characteristics, Comorbidities, and Outcomes Among 5700 Patients Hospitalized With COVID-19 in
the New York City Area. Jama. 2020; 323(20):2052-9. Epub 2020/04/23. https://doi.org/10.1001/jama.
2020.6775 PMID: 32320003; PubMed Central PMCID: PMC7177629 Regeneron outside the submitted
work. Dr Becker reported serving on the scientific advisory board for Nihon Kohden and receiving grants
from the National Institutes of Health, United Therapeutics, Philips, Zoll, and Patient-Centered Out-
comes Research Institute outside the submitted work. Dr Cohen reported receiving personal fees from
Infervision outside the submitted work. No other disclosures were reported.

Foldi M, Farkas N, Kiss S, Zadori N, Vancsa S, Szako L, et al. Obesity is a risk factor for developing criti-
cal condition in COVID-19 patients: A systematic review and meta-analysis. Obes Rev. 2020; 21(10):
e13095. Epub 2020/07/21. https://doi.org/10.1111/0br.13095 PMID: 32686331; PubMed Central
PMCID: PMC7404429.

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical Characteristics of Coronavirus Disease
2019 in China. N Engl J Med. 2020; 382(18):1708-20. Epub 2020/02/29. https://doi.org/10.1056/
NEJM0a2002032 PMID: 32109013; PubMed Central PMCID: PMC7092819.

Cummings MJ, Baldwin MR, Abrams D, Jacobson SD, Meyer BJ, Balough EM, et al. Epidemiology, clin-
ical course, and outcomes of critically ill adults with COVID-19 in New York City: a prospective cohort
study. Lancet (London, England). 2020; 395(10239):1763—70. Epub 2020/05/23. https://doi.org/10.
1016/s0140-6736(20)31189-2 PMID: 32442528; PubMed Central PMCID: PMC7237188.

Informed Consent: University of Michigan Medical School, Office of Research [Internet]; [cited 2020
July 26]. Available from: https://research.medicine.umich.edu/our-units/central-biorepository/
regulatory-governance/informed-consent.

Fritsche LG, Gruber SB, Wu Z, Schmidt EM, Zawistowski M, Moser SE, et al. Association of Polygenic
Risk Scores for Multiple Cancers in a Phenome-wide Study: Results from The Michigan Genomics Ini-
tiative. Am J Hum Genet. 2018; 102(6):1048-61. Epub 2018/05/22. https://doi.org/10.1016/j.ajhg.2018.
04.001 PMID: 29779563; PubMed Central PMCID: PMC5992124.

Yang B, Zhou W, Jiao J, Nielsen JB, Mathis MR, Heydarpour M, et al. Protein-altering and regulatory
genetic variants near GATA4 implicated in bicuspid aortic valve. Nat Commun. 2017; 8:15481. Epub
2017/05/26. https://doi.org/10.1038/ncomms15481 PMID: 28541271; PubMed Central PMCID:
PMC5458508.

Wolford BN, Hornsby WE, Guo D, Zhou W, Lin M, Farhat L, et al. Clinical Implications of Identifying
Pathogenic Variants in Individuals With Thoracic Aortic Dissection. Circ Genom Precis Med. 2019; 12
(6):002476. Epub 2019/06/19. https://doi.org/10.1161/CIRCGEN.118.002476 PMID: 31211624,
PubMed Central PMCID: PMC6582991.

Norton EL, Hornsby WE, Wu X, Wolford BN, Graham SE, Willer CJ, et al. Aortic progression and rein-
tervention in patients with pathogenic variants after a thoracic aortic dissection. J Thorac Cardiovasc
Surg. 2020. Epub 2020/03/23. https://doi.org/10.1016/j.jtcvs.2020.01.094 PMID: 32199657.

Coronavirus: Michigan.gov [Internet]; [cited 2020 July 29]. Available from: https://www.michigan.gov/
Coronavirus.

Spector-Bagdady K, Hutchinson R, O’'Brien Kaleba E, Kheterpal S. Sharing Health Data and Biospeci-
mens with Industry—A Principle-Driven, Practical Approach. N Engl J Med. 2020; 382(22):2072-5.
Epub 2020/05/28. https://doi.org/10.1056/NEJMp1915298 PMID: 32459920.

PLOS ONE | https://doi.org/10.1371/journal.pone.0246447  February 8, 2021 17/18


https://doi.org/10.1001/jama.2020.4683
https://doi.org/10.1001/jama.2020.4683
http://www.ncbi.nlm.nih.gov/pubmed/32203977
https://doi.org/10.1093/cid/ciaa815
https://doi.org/10.1093/cid/ciaa815
http://www.ncbi.nlm.nih.gov/pubmed/32562416
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/investigations-discovery/assessing-risk-factors.html
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/investigations-discovery/assessing-risk-factors.html
https://doi.org/10.1016/s0140-6736%2820%2930183-5
http://www.ncbi.nlm.nih.gov/pubmed/31986264
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1001/jama.2020.6775
http://www.ncbi.nlm.nih.gov/pubmed/32320003
https://doi.org/10.1111/obr.13095
http://www.ncbi.nlm.nih.gov/pubmed/32686331
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/pubmed/32109013
https://doi.org/10.1016/s0140-6736%2820%2931189-2
https://doi.org/10.1016/s0140-6736%2820%2931189-2
http://www.ncbi.nlm.nih.gov/pubmed/32442528
https://research.medicine.umich.edu/our-units/central-biorepository/regulatory-governance/informed-consent
https://research.medicine.umich.edu/our-units/central-biorepository/regulatory-governance/informed-consent
https://doi.org/10.1016/j.ajhg.2018.04.001
https://doi.org/10.1016/j.ajhg.2018.04.001
http://www.ncbi.nlm.nih.gov/pubmed/29779563
https://doi.org/10.1038/ncomms15481
http://www.ncbi.nlm.nih.gov/pubmed/28541271
https://doi.org/10.1161/CIRCGEN.118.002476
http://www.ncbi.nlm.nih.gov/pubmed/31211624
https://doi.org/10.1016/j.jtcvs.2020.01.094
http://www.ncbi.nlm.nih.gov/pubmed/32199657
https://www.michigan.gov/Coronavirus
https://www.michigan.gov/Coronavirus
https://doi.org/10.1056/NEJMp1915298
http://www.ncbi.nlm.nih.gov/pubmed/32459920
https://doi.org/10.1371/journal.pone.0246447

PLOS ONE

Risk factors for COVID-19 and its impact on health behaviors

21.

22,

23.

24,

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Magasi S, Ryan G, Revicki D, Lenderking W, Hays RD, Brod M, et al. Content validity of patient-
reported outcome measures: perspectives from a PROMIS meeting. Qual Life Res. 2012; 21(5):739-
46. Epub 2011/08/26. https://doi.org/10.1007/s11136-011-9990-8 PMID: 21866374.

Milton K, Bull FC, Bauman A. Reliability and validity testing of a single-item physical activity measure.
BrJ Sports Med. 2011; 45(3):203-8. Epub 2010/05/21. https://doi.org/10.1136/bjsm.2009.068395
PMID: 20484314.

Cleeland CS, Ryan KM. Pain assessment: global use of the Brief Pain Inventory. Ann Acad Med Singa-
pore. 1994; 23(2):129-38. Epub 1994/03/01. PMID: 8080219.

Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Katz RS, Mease P, et al. The American College of
Rheumatology preliminary diagnostic criteria for fiboromyalgia and measurement of symptom severity.
Arthritis Care Res (Hoboken). 2010; 62(5):600-10. Epub 2010/05/13. https://doi.org/10.1002/acr.
20140 PMID: 20461783.

The COVID-19 Host Genetics Initiative [cited 2020 July 15]. Available from: https://www.covid19hg.org.

Love-Nichols J, Uhimann WR, Arscott P, Willer C, Hornsby W, Roberts JS. A survey of aortic disease
biorepository participants’ preferences for return of research genetic results. Journal of genetic counsel-
ing. 2020. Epub 2020/12/16. https://doi.org/10.1002/jgc4.1341 PMID: 33319384.

Income and Poverty in the United States: 2018: Census [Internet]; [cited 2020 July 16]. Available from:
https://www.census.gov/content/dam/Census/library/publications/2019/demo/p60-266.pdf.

Social Determinants of Health Healthy People 2020. Healthypeople.gov. [Internet]; [cited 2020 July 17].
Available from: https://www.healthypeople.gov/2020/topics-objectives/topic/social-determinants-of-
health.

Coronavirus Disease 2019 (COVID-19), 2020 Interim Case Definition: Centers for Disease Control and
Prevention [Internet]; [cited 2020 July 16]. Available from: https://wwwn.cdc.gov/nndss/conditions/
coronavirus-disease-2019-covid-19/case-definition/2020/.

Clinical Management of COVID-19: World Health Organization [Internet]; [cited 2020 July 17]. Available
from: file:///Users/whornsby/Downloads/WHO-2019-nCoV-clinical-2020.5-eng.pdf

McNeely J, Wu LT, Subramaniam G, Sharma G, Cathers LA, Svikis D, et al. Performance of the
Tobacco, Alcohol, Prescription Medication, and Other Substance Use (TAPS) Tool for Substance Use
Screening in Primary Care Patients. Annals of internal medicine. 2016; 165(10):690-9. Epub 2016/09/
07. https://doi.org/10.7326/M16-0317 PMID: 27595276; PubMed Central PMCID: PMC5291717.

Cleeland CS, Ryan KM. Pain assessment: global use of the Brief Pain Inventory. Ann Acad Med Sin-
gap. 1994; 23(2):129-38. Epub 1994/03/01. PMID: 8080219.

Racial Data Dashboard: The COVID Racial Data Tracker at The Atlantic [Internet]; [cited 2020 July 20].
Available from: https://covidtracking.com/race/dashboard

Nienhuis CP, Lesser IA. The Impact of COVID-19 on Women'’s Physical Activity Behavior and Mental
Well-Being. Int J Environ Res Public Health. 2020; 17(23). Epub 2020/12/10. https://doi.org/10.3390/
ijerph17239036 PMID: 33291530; PubMed Central PMCID: PMC7729617.

Mauvais-Jarvis F, Bairey Merz N, Barnes PJ, Brinton RD, Carrero JJ, DeMeo DL, et al. Sex and gender:
modifiers of health, disease, and medicine. Lancet (London, England). 2020; 396(10250):565-82. Epub
2020/08/24. https://doi.org/10.1016/s0140-6736(20)31561-0 PMID: 32828189; PubMed Central
PMCID: PMC7440877.

LiuN, Zhang F, Wei C, Jia Y, Shang Z, Sun L, et al. Prevalence and predictors of PTSS during COVID-
19 outbreak in China hardest-hit areas: Gender differences matter. Psychiatry Res. 2020; 287:112921.
Epub 2020/04/03. https://doi.org/10.1016/j.psychres.2020.112921 PMID: 32240896; PubMed Central
PMCID: PMC7102622 interest.

Garcia-Fernandez L, Romero-Ferreiro V, Padilla S, David Lopez-Roldan P, Monzé-Garcia M, Rodri-
guez-Jimenez R. Gender differences in emotional response to the COVID-19 outbreak in Spain. Brain
Behav. 2020:e01934. Epub 2020/12/12. https://doi.org/10.1002/brb3.1934 PMID: 33305891.

Ettman CK, Abdalla SM, Cohen GH, Sampson L, Vivier PM, Galea S. Prevalence of Depression Symp-
toms in US Adults Before and During the COVID-19 Pandemic. JAMA Netw Open. 2020; 3(9):
€2019686. Epub 2020/09/03. https://doi.org/10.1001/jamanetworkopen.2020.19686 PMID: 32876685;
PubMed Central PMCID: PMC7489837 Sharecare and Tivity Health. No other disclosures were
reported.

PLOS ONE | https://doi.org/10.1371/journal.pone.0246447  February 8, 2021 18/18


https://doi.org/10.1007/s11136-011-9990-8
http://www.ncbi.nlm.nih.gov/pubmed/21866374
https://doi.org/10.1136/bjsm.2009.068395
http://www.ncbi.nlm.nih.gov/pubmed/20484314
http://www.ncbi.nlm.nih.gov/pubmed/8080219
https://doi.org/10.1002/acr.20140
https://doi.org/10.1002/acr.20140
http://www.ncbi.nlm.nih.gov/pubmed/20461783
https://www.covid19hg.org
https://doi.org/10.1002/jgc4.1341
http://www.ncbi.nlm.nih.gov/pubmed/33319384
https://www.census.gov/content/dam/Census/library/publications/2019/demo/p60-266.pdf
https://www.healthypeople.gov/2020/topics-objectives/topic/social-determinants-of-health
https://www.healthypeople.gov/2020/topics-objectives/topic/social-determinants-of-health
https://wwwn.cdc.gov/nndss/conditions/coronavirus-disease-2019-covid-19/case-definition/2020/
https://wwwn.cdc.gov/nndss/conditions/coronavirus-disease-2019-covid-19/case-definition/2020/
https://doi.org/10.7326/M16-0317
http://www.ncbi.nlm.nih.gov/pubmed/27595276
http://www.ncbi.nlm.nih.gov/pubmed/8080219
https://covidtracking.com/race/dashboard
https://doi.org/10.3390/ijerph17239036
https://doi.org/10.3390/ijerph17239036
http://www.ncbi.nlm.nih.gov/pubmed/33291530
https://doi.org/10.1016/s0140-6736%2820%2931561-0
http://www.ncbi.nlm.nih.gov/pubmed/32828189
https://doi.org/10.1016/j.psychres.2020.112921
http://www.ncbi.nlm.nih.gov/pubmed/32240896
https://doi.org/10.1002/brb3.1934
http://www.ncbi.nlm.nih.gov/pubmed/33305891
https://doi.org/10.1001/jamanetworkopen.2020.19686
http://www.ncbi.nlm.nih.gov/pubmed/32876685
https://doi.org/10.1371/journal.pone.0246447

