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Abstract

Background: The COVID-19 pandemic hasbeen declared an international public health emergency, and it may havelong-lasting
effects on people’s mental health. There is a need to identify effective health behaviors to mitigate the negative mental health
impact of COVID-19.

Objective: The objectives of this study were to (1) examine the regional differences in menta health and COVID-19—related
worry, attention to news, and stress, in light of the state-level prevalence of COVID-19 cases; (2) estimate the associ ations between
mental health and COV1D-19-related worry, attention to news, and stress and health behavior engagement (ie, physical activity,
mindful ness meditation); and (3) explore the mediating effect of health behavior engagement on the associations between mental
health and COVID-19—related worry, attention to news, and stress.

Methods: A cross-sectional survey was distributed to a sample of US adult paying subscribers to the Cam app (data were
collected from April 22 to June 3, 2020). The survey assessed COVID-19—related worry, attention to news, and stress; health
behavior engagement; and mental health (ie, perceived stress, posttraumatic stress disorder, and anxiety and depression). Statistical
analyses were performed using R software. Differences in COVID-19-related worry, attention to news, and stress and mental
health by location were assessed using t tests and chi-square tests. L ogistic and ordinary least squares modelswere used to regress
mental health and health behavior on COV1D-19-related worry, attention to news, and stress; moreover, causal mediation analysis
was used to estimate the significance of the mediation effects.

Results: The median age of the respondents (N=8392) was 47 years (SD 13.8). Participants in the Mid-Atlantic region (New
Jersey, New York, and Pennsylvania) reported higher levels of stress, more severe depression symptoms, greater worry about
COVID-19, paying more attention to COVID-19—related news, and more stress related to social distancing recommendations
than participants living in other regions. The association between worry about COVID-19 and perceived stress was significantly
mediated by changesin physical activity (P<.001), strength of meditation habit (P<.001), and stopping meditation (P=.046). The
association between worry about COVID-19 and posttraumatic stress disorder symptoms was significantly mediated by changes
in physical activity (P<.001) and strength of meditation habit (P<.001).

Conclusions: Our findings describe the mental health impact of COVID-19 and outline how continued participation in health
behaviors such as physical activity and mindfulness meditation reduce worsening of mental health dueto the COVID-19 pandemic.
These data have important implications for public health agencies and health organi zations to promote the maintenance of health
habits to reduce the residual mental health burden of the COVID-19 pandemic.
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Introduction

In January 2020, the World Health Organization declared
COVID-19 an international public health emergency [1], and
the negative mental health effects of the ongoing COVID-19
pandemic are expected to be a significant, long-lasting global
health problem [2,3]. In an April 2020 review of the existing
literature on COVID-19 and mental health, moderate to severe
levels of depressive symptoms and anxiety were reported in
16%-28% of the general population and medical staff in
responseto the COVID-19 pandemic [4]. Additionally, fear and
worry about COVID-19 are common [5], with many people
citing worries related to persona infection or the infection of
family members[6,7], an overrun health care system, financial
losses without expectation of recovery soon [8,9], and
long-lasting isol ation and movement restrictions[10]. Previously
reported data have suggested regional differences across the
United States in COVID-19—elated fear and mental health (ie,
anxiety and depressive symptoms), with greater symptoms in
regionswith higher confirmed cases, namely the Northeast New
England, Northeast Mid-Atlantic, South-South Atlantic, and
West Pacific regions (survey data collected March 23, 2020)
[5]. Based on the known mental health effects of the COVID-19
pandemic, thereisaclear need for strategiesto help individuals
better cope with the pandemic and mitigate its potentially
long-lasting mental health consequences. Additionally, thereis
a need to better understand how resources for mental health
should be allocated as the prevalence of COVID-19 infections
changes regionally over time.

Although mental health professionals are often among the first
line of treatment for poor mental health, digital approaches,
including maobile health (mHealth) technologies may provide
away to more widely disseminate treatment information and
enable individuals to self-manage their mental health from the
safety of their own home. In arecent survey (N=2198) by the
Academy of Medical Services, many respondents were
concerned about how they would access mental health support,
as many previously available in-person services had been
discontinued as a result of the COVID-19 pandemic [11].
Stakeholders were also concerned with the capacity to handle
the increased demand for mental health services and the lack
of emphasis on mental health compared to treatment of
COVID-19 and its physical health impacts [11]. Importantly,
self-management strategies, including digital approaches to
improve mental health, have become an area of interest for
policy makers, as many individuals fail (or are unable) to
participate due to the pandemic (eg, facility closures, reduced
client load, social distancing) [12]. Self-management strategies
may also empower individuals by enabling them to take amore
active role in their health care (ie, recognizing and managing
their own health problems) [13]. Additionally, self-management
strategies are cost-effective and can be used as a preventative
tool (rather than prescriptive or treatment-focused) that may
mitigate the development of more debilitating mental health
issues [12]. Common and evidence-based self-management
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strategies for improving mental health are physical activity and
mindfulness meditation [14-16], both of which can still be
maintained during social distancing policies and stay-at-home
orders and can be adapted and delivered digitally. However, the
extent to which individuals have maintained their participation
in these self-management strategies during the COVID-19
pandemic is unknown.

Physical activity has been widely adopted as a beneficial way
to self-manage mental health and may attenuate the mental
health decline resulting from COVID-19 [17,18]. Physica
activity has been shown to be as effective as antidepressantsin
decreasing stress, improving mood, and enhancing self-esteem
[17,18]. Despite the known benefits of physical activity,
currently, more than 60% of US adults do not engage in the
recommended amount of physical activity (ie, 150 minutes of
moderate to vigorous physical activity per week), and 25% are
not active at al (ie, sedentary) [19]. Socid distancing, quarantine
or socia isolation, and closure of public spaces due to
COVID-19 are likely to increase these rates of physical
inactivity [20,21], and the degree to which adults change the
type or duration of their physical activity during COVID-19is
also unknown. Thus, there is a need to determine how
self-management strategies such as physical activity have
changed as a result of the pandemic, and specificaly if
reductions in physical activity are associated with worsening
mental health status.

Mindfulness meditation, another self-management strategy, has
also been evidenced to improve mental health, and maintenance
(or habituation) of this behavior, particularly during the
COVID-19 pandemic, may reduce worsening of mental health
over time. Evidence suggests that mindfulness meditation
reduces stress, improves mood (eg, symptoms of anxiety and
depression), and enhances well-being [14,22]. Although an
optimal amount of mindfulness meditation has not been
established, evidence suggests that its benefits accrue with
greater frequency of practice [23]. The habituation of
mindfulness meditation practice (ie, behaviora automaticity)
[24,25] has yet to be examined in the literature [26] but may
have important implications for whether individuals maintain
their practice during the COVID-19 pandemic. Those with
stronger meditation habits may be more likely to continue
meditation practice even when daily life is disrupted, as habits
are known to persist when motivation declines and other
distractions are present [25]. Mindfulness meditation delivered
viamHealth may be another useful way to help people maintain
their practice, especially when many public facilitiesare closed
or limit participation [27-29], and popular meditation apps such
as Calm or Headspace have shown promise to reduce stressand
improve health [27,30-34]. Interestingly, sales of the Calm app
in April 2020 were 62% higher than in February 2020 and 32%
higher than in March 2020 (unpublished sales data provided by
an internal Calm team), indicating that more people are
accessing this type of self-management strategy in response to
COVID-19. Although mHealth meditation apps have promise
to help people self-manage their mental health, there is alack
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of understanding about how continued participation in
meditation is being impacted during the COVID-19 pandemic
and whether meditation habits are associated with improved
mental health.

Given the benefits of physical activity and mindfulness
meditation on mental health, the purpose of this cross-sectional
survey (data collected between April 22 and June 3, 2020) was
to (1) examine the differences in COVID-19—elated worry,
attention to news, and stress from social distancing and mental
health (ie, stress, posttraumatic stress disorder [PTSD],
depression, and anxiety) by region of the United States, (2)
explore the associations between COVID-19-related worry,
attention to news, and stress and health behavior engagement
(ie, strength of meditation habit, and changes in mindfulness
meditation and physical activity) and mental health, and (3)
estimate the mediating effect of health behavior engagement
on the associations between mental health and
COVID-19—~elated worry, attention to news, and stress. We
hypothesized that (1) there would be differences in
COVID-19—elated worry, attention to news, and stress and
mental health in states with higher prevalence of COVID-19,
(2) greater COVID-19—related worry, attention to news, and
stress would be associated with lower health behavior
engagement and greater levels of mental health, and (3) health
behavior engagement would mediate the associations between
mental health and COV1D-19-related worry, attention to news,
and stress.

Methods

Ethics Approval

The Ingtitutional Review Board at Arizona State University
(STUDY00011867) approved the study. All participants
provided electronic consent before participating in the study.
The data sets generated and analyzed during the study are
available at OSF [35].

Study Design

Thissurvey is part of adescriptive, national longitudinal study
using a nonrandom convenience sample of adult paying
subscribers to Calm, a mindfulness meditation mobile app.
Participants in this study initially completed a cross-sectional
baseline survey called the “COVID-19 Health and Well-being
Survey” and agreed to complete four follow-up surveys over
the subsequent 12 months. The data presented in this paper were
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obtained from the baseline survey administered from April 22
to June 3, 2020.

Participant Recruitment and Selection

Emails inviting Calm subscribers to participate in the study
were sent on April 22, April 29, and May 6, 2020. Subscribers
were eligible if they had opened an email from Calm at least
once in the last 90 days and had used Calm at least once in the
last 90 days, were aged 18 years or older, could read and
understand English, and resided in the United States.

Procedures

Interested individuals were directed to a Qualtrics eligibility
screener (~1 minute to complete). Once digibility was
determined, participants completed an electronic informed
consent form and the baseline survey. There were no incentives
for participation in the first wave (baseline) of the study;
however, incentives were offered for continued participation in
subsequent waves of this study (ie, random draws for 20 US
$50 Amazon gift cards at months 2-4 and 50 US $50 Amazon
gift cards at month 12).

COVID-19 Health and Well-being Survey

The baseline survey was also administered using Qualtrics and
included both investigator-developed and validated
guestionnaires. Theinvestigator-devel oped portion of the survey
included a total of 15 questions related to worry regarding
COVID-19, attention to news, and stress from socia distancing
and 20 questions related to health behavior engagement (ie,
strength of meditation habit and changes in mindfulness
meditation and physical activity; see Textbox 1 for the questions
used inthese analyses). The COVID-19-related questionswere
adapted from aUS Centers for Disease Control and Prevention
(CDC) questionnairefor other infectious diseases (eg, the Severe
Acute Respiratory Syndrome [SARS] Psychosocial Research
Consortium survey) [36,37]. The validated survey components
assessed meditation habit strength, perceived stress, PTSD, and
anxiety and depression. Demographic information was collected
at the end of the survey. Specifically, zip codes were used to
determinethe participants’ state of residence[38], and the states
were categorized into regions according to the US Census
Bureau classification system [39]. States were also designated
as having ahigh or low prevalence of COVID-19 based on data
compiled by the Center for Systems Science and Engineering
at Johns Hopkins University describing state-level COVID-19
cases and deaths per 100,000 at the time of the initial survey
distribution (April 22, 2020) [4Q].
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Textbox 1. Investigator-developed survey questions used in the analyses.

Prior to COVID did you meditate with Cam? [Y/N]

Do you currently meditate with Cam?[Y/N]

To what extent has COVID changed your meditation practice?
« | meditate much more (5)

« | meditate alittle more (4)

. | meditate about the same amount (3)

o | meditate alittle less (2)

« | meditate much less (1)

« | nolonger meditate (0)

Prior to COVID, on average, how often did you engage in physical activity/exercise? [0-7 days/week]
On average, how often do you currently engage in physical activity/exercise? [0-7 days/week]

To what extent has COVD-19 changed your amount of physical activity/exercise?

o | exercise much more (5)

. | exercisealittle more (4)

« | exercise about the same amount (3)

« | exercisealittleless (2)

o | exercisemuch less (1)

« | nolonger exercise (0)

Have recommendations for socially distancing caused stress for you?

« Notatal (1)
. Alittle(2

o  Somewhat (3)
« Alot(4)

How worried are you about. ..

... personally getting coronavirus?

... afamily member getting coronavirus?
... the spread of coronavirusin your area?
« Notatal worried (1)

« Alittleworried (2)

«  Somewhat worried (3)

« A good bit worried (4)

«  Very worried (5)

How would you rate your attentiveness to information about ongoing changes and updates regarding the coronavirus?
« Notat all paying attention to (1)

«  Somewhat paying attention to (2)

«  Moderately paying attention to (3)

« Quiteabit paying attention to (4)

«  Very much paying attention to (5)
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M easures

COVID-19-Related Worry, Attention to News, and Stress
From Social Distancing

Participants were asked how worried they were about personally
contracting COVID-19, a family member contracting
COVID-19, and the spread of COVID-19 in their area (see
Textbox 1). Worry about COVID-19 was operationalized asthe
sum of responses to these three questions. Scores ranged from
3-15, where higher scoresindicate greater level s of worry about
COVID-19. Participants were also asked how they would rate
their attentiveness to information about ongoing changes and
news regarding COVID-19 (see Textbox 1). Scores at or below
the median were used to identify individualswith low attention
to COVID-19, while scores above the median were categorized
as high attention to COVID-19. Finally, the participants were
asked if recommendations for socialy distancing had caused
them stress (see Textbox 1). Scores at or below the median were
used to identify participants with low stress; scores above the
median indicated high stress.

Health Behavior Engagement

Mindfulness Meditation Practice

Participants were asked about their meditation practice using
Cam prior to the COVID-19 pandemic as well as their current
use of Calm. If participantsindicated that they meditated using
Calm prior to the COVID-19 pandemic, they were asked to
what extent COVID-19 had changed their meditation practice
(see Textbox 1). Participants who indicated they no longer
participated in meditation were categorized as “stopped
meditation,” while al other participants were considered as
“continuing meditation.”

Physical Activity Behavior

Participants were asked to sel ect how many days per week (scae
of 0-7) they participated in physical activity prior to the
COVID-19 pandemic as well as their current participation.
Participants were also asked to what extent COVID-19 had
changed the frequency or duration of their physical activity (see
Textbox 1). Changesin physical activity were calculated asthe
difference between the participants’ reported number of days
of physical activity currently and prior to the COVID-19
pandemic.

Validated Surveys

Self-Report Habit I ndex

The Salf-Report Habit Index (SRHI) includes 12 itemsreflecting
on three proposed characteristics of habit (ie, automaticity,
frequency, and relevance to self-identity). Response options
range from 1, strongly disagree, to 5, strongly agree. The SRHI
isareliable and valid measure that has demonstrated Cronbach
a values of .89-.92. The items are summed to produce a total
score, with higher values indicating stronger habits [41]. For
the current study, only the 4-item automaticity subscale of the
SRHI was used in the analyses, and it produced a Cronbach o
of .88.
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Perceived Stress Scale

The Perceived Stress Scale (PSS) includes 10 itemsthat measure
the degree of self-appraised stress in one's life within the past
month [42,43]. Theresponseitemsarerated on a5-point Likert
scale from 0O, never, to 4, very often. The items are summed to
produce a total score from 0-40, with higher scores indicating
higher levels of perceived stress. The PSSisareliableand valid
measure that has demonstrated good internal consistency
(Cronbach a=.74-.91) [44]. For the current study, the Cronbach
o is.89.

I mpact of Events Scale-6

The Impact of Events Scale-6 (IES-6) is a 6-item abbreviated
version of the Impact of Events Scale-Revised (22 items) that
assesses PTSD symptoms over the past seven days [45]. The
response items are rated on a 5-point Likert scale from 0, not
at al, to 4, extremely. The scoreis calculated as a mean of the
six items. Scores range from 0-5, with a binary cutoff score of
1.75indicating clinically important PTSD symptoms. The [IES-6
is a valid and reliable measure with excellent internal
consistency (0=.91). For the current study, the Cronbach a is
.86.

Hospital Anxiety and Depression Scale

TheHospital Anxiety and Depression Scale (HADS) isal4-item
scale measuring levels of anxiety and depression [46]. The
anxiety subscale (HADS-A) and the depression subscale
(HADS-D) each comprise 7 items. Responseitems arerated on
a 4-point Likert scale from 0-3. The items are summed to
produce atotal score from 0-21 on each subscale. Scores from
0-7 are considered normal, scores from 8-10 are considered
borderline abnormal, and scores from 11-21 are considered
abnormal. The HADS isavalid and reliable tool, with internal
consistencies reported to be as high as 0=0.93 and a=0.90 for
the HADS-A and HADS-D subscales, respectively. For the
current study, the Cronbach a=.85 and .80 for the HADS-A and
HADS-D, respectively.

Statistical Analysis

All statistical analyseswere performed using R software, version
4.0.0 (R Project) [47]. Descriptive statistics were used to
characterize the sample’s demographic characteristics; health;
presence of chronic conditions; menta health; and
COVID-19—~elated worry, attention to news, and stress.
Differences in mental health and COVID-19—elated worry,
attention to news, and stress by location were assessed using t
tests and chi-sguare tests. Logistic and ordinary least squares
models were used to regress mental health and health behavior
on COVID-19-related worry, attention to news, and stress, and
causal mediation analysis from the “mediation” package in R
was used to estimate the significance of the mediation effects.
Specifically, the standard errors for the mediation effects were
calculated from 1000 bootstrapped samplesfor each mediation
regression. Demographic, health, and location variables were
included as covariates in all regression analyses. A P value of
<.05 was considered statistically significant.
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Results

Sample Characteristics

The sample (N=8392) was primarily White, non-Hispanic, and
female (see Table 1). The mgjority of participants had a
bachelor's or graduate-level degree, were employed, and had
an annua household income exceeding US $100,000.
Approximately one-third of the participants (2603/7335, 35.49)
reported having aleast one medical condition associated with
increased risk of severeillnessfrom COVID-19; however, more
than 80% (5976/7317, 81.67%) perceived themselvesto bein
good overall health.

The self-reported changes in preventative health behaviors are
shown in Table 2; most participants were found to have
increased or maintained their physical activity and meditation
habits during the initial period of the COVID-19 pandemic.
There was a significant correlation between strength of
meditation habit and changes in meditation during the
COVID-19 pandemic; participants with the strongest habits
were the most likely to increase or maintain their meditation
practices (r=0.37, P<.001).

The mental health characteristics of the sample at the time of
the baseline survey are presented in Table 3. Compared to
participants living in other parts of the country, participants
living in the Mid-Atlantic region (ie, New Jersey, New York,
or Pennsylvania) reported higher level s of stressand more severe
depression symptoms. Participants living in the South Atlantic
region (ie, Delaware, Florida, Georgia, Maryland, North
Carolina, South Carolina, Virginia, West Virginia, or District
of Columbia) reported less severe depressive symptoms than
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participants in other regions. Participants living in states with
ahigh prevalence of COVID-19 cases(ie, California, Colorado,
I1linois, Massachusetts, New Jersey, New York, or Washington)
reported more severe PTSD symptoms than participants living
in states where COVID-19 was less prevalent.

Table 4 presentsthe participants' reports regarding their worries
about COVID-19 (ie, contracting it themselves, afamily member
contracting it, the spread in their areq), their attentiveness to
news and updates regarding COV1D-19, and their stress dueto
COVID-19—+elated social distancing recommendations.
Participantsin the Mid-Atlantic region were more worried about
COVID-19, paid more attention to COV1D-19 news and updates,
and reported more stress related to socia distancing
recommendations than participants living in other regions.
Conversely, participants living in the South Atlantic region
reported less stress from social distancing recommendations
than participants in other regions. Participants living in states
where COVID-19 was prevalent had more COVID-19—elated
worry, paid more attention to COVID-19 news and updates,
and experienced more stress from social distancing
recommendations.

The primary sources participants used to acquire information
about COVID-19 were news media(eg, newspapers, web-based
newspapers, television news networks, n=5552/7371, 75.32%)
and health officials (eg, CDC, World Health Organization, state
health officials, n=5212/7371, 75.12%). Approximately
one-third of participants reported acquiring information about
COVID-19from social media(n=2951/7371, 40.04%), doctors
and medical professionals (n=2721/7371, 36.91%), and friends
and family members (n=2543/7371, 34.50%).
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Table 1. Demographic and health characteristics of the sample (N=8392).

Characteristic Value
Age (years), median (SD) 47.0 (13.8)
Gender (n=7303), n (%)
Female 6129 (83.92)
Male 1147 (15.71)
Other 27 (0.37)
Race (n=7178), n (%)
White 6586 (91.75)
Black/African American 231(3.22)
Asian 216 (3.01)
Native American/Alaska Native 83(1.16)
Native Hawaiian/Pacific |slander 27 (0.38)
Other 195 (2.72)
Ethnicity (n=6774), n (%)
Non-Hispanic 6338 (93.56)
Hispanic 436 (6.44)
People in the household, median (SD) 20(1.49)
Income (US $; n=6949), n (%)
20,000 o less 212 (3.05)
21,000-40,000 402 (5.79)
41,000-60,000 705 (10.15)
61,000-80,000 942 (13.56)
81,000-100,000 1055 (15.18)
More than 100,000 3633 (52.28)
Employment (n=7297), n (%)
Employed 5084 (69.67)
Retired 1012 (13.87)
Unemployed 477 (6.54)
Homemaker 306 (4.19)
Unable to work 252 (3.45)
Student 166 (2.27)
Education (n=7319), n (%)
11th grade or less 8(0.11)
High school or General Educational Development 161 (2.20)
Some college 826 (11.29)
Two-year/technical degree 424 (5.79)
Bachelor's degree 2670 (36.48)
Graduate degree 3230 (44.13)

Region? (n=7037), n (%)

New England 489 (6.95)
Mid-Atlantic 946 (13.44)
East North Central 953 (13.54)
West North Central 459 (6.52)
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Characteristic Value
South Atlantic 1192 (16.94)
East South Central 198 (2.81)
West South Central 522 (7.42)
Mountain West 713 (10.13)
Pacific West 1565 (22.24)

State COVID-19 preva]enceb (n=7037), n (%)

High-prevalence state 3062 (43.51)

Low-prevalence state 3975 (56.49)
Health rating (n=7317), n (%)

Poor 1341 (18.33)

Good 5976 (81.67)

Underlying medical conditions® associated with increased risk of severeillness (n=7335), n (%)
At least one underlying medical condition 2603 (35.49)
No underlying medical conditions 4732 (64.51)

8gtates within each region are based on US Census divisions.

bState-level COVID-19 prevalence is based on the number of COVID-19 cases per 100,000 at the time of the first survey distribution (April 22, 2020);
high-prevalence states were California, Colorado, Illinois, Massachusetts, New Jersey, New York, and Washington.

®The underlying medical conditions associated with increased risk of severe illness from COVID-19 include asthma, cardiovascular disease, chronic
lung disease, diabetes, chronic kidney disease, cancer in the past year, immunosuppressant therapy, and hepatitis B.

Table 2. Self-reported engagement in preventative health behaviors (N=8392).

Behavior Value

Physical activity prevalence (N=7325), n (%)
Physical activity performance prior to the COVID-19 pandemic 6715 (91.67)

Physical activity performance since the COVID-19 pandemic 6468 (88.30)
Physical activity change since the COVID-19 pandemic (n=6015), n (%)

Increased 1394 (23.18)

Maintained 1585 (26.35)

Decreased 2537 (42.18)

Stopped 499 (8.30)
Meditation prevalence (n=7332), n (%)

Meditated prior to the COVID-19 pandemic 5940 (81.01)

Meditated since the COVID-19 pandemic 5435 (74.13)
M edication change since the COVID-19 pandemic (n=5914), n (%)

Increased 2101 (35.53)

Maintained 1979 (33.46)

Decreased 1479 (25.01)

Stopped 355 (6.00)
Strength of meditation habit (SRHI? score), mean (SD) 10.72 (4.05)

8SRHI: Self-Report Habit Index.
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Table 3. Differencesin menta health by region and state-level COVID-19 prevalence.
Characteristic Stress? PTSDPC Depression® Anxiety®
Mean (SD) P value Mean (SD) P value Mean (SD) P value Mean (SD) P vaue
Regi onf
New England 18.31(6.47) .37 1.68(0.89) .82 892(4.15) .70 6.01(3.75) .36
Mid-Atlantic 18.66 (6.46) <.001 172(091) .62 913(4.22) .03 6.07(381) .07
East North Central 17.75(6.33) .12 1.66(0.90) .56 881(4.200 .71 577(3.62) .40
West North Central 17.92 (6.29) .65 1.65(0.87) .56 8.86(4.09) .97 597(3.82) 51
South Atlantic 17.81(6.31) .14 1.63(0.87) .06 851(4.04) <.001 573(357) .18
East South Central 18.76 (6.87) .14 1.67(093) .92 9.15(4.43) .34 592 (3.70) .81
Wiest South Central 17.73(6.43) .24 162(0.92) .14 8.86(4.24) .96 567(3.63) .22
Mountain West 18.03(6.13) .94 1.69(0.86) .56 8.94(4.10) .54 5.82(347) .73
Pacific West 18.03(6.14) .88 1.70(0.87) .16 8.88(4.06) .79 5.88(3.50) .79
State COVID-19 prevalence?
High-prevalence state  18.23(6.21) .08 1.71(0.86) .004 8.89(4.06) .80 5.92(3.60) .20
Low-prevalence state  17.97 (6.38) /b 165(0.89) N/A 8.86(4.18) N/A 581(3.64) N/A
Total, median (SD) 18.08 (6.31) N/A 167(0.89) N/A 872(4.13) NIA 5.86(362) N/A

8Stress was measured using the total score on the Perceived Stress Scale.

bpTSD: posttraumatic stress disorder.

®PTSD was measured using mean scores on the Impact of Events Scale-6.

dDepr on was measured using the Depression subscal e score on the Hospital Depression and Anxiety Scale.
€Anxiety was measured using the Anxiety subscale score on the Hospital Depression and Anxiety Scale.
fStates within each region are based on US Census divisions.

9State-level COVID-19 prevalence is based on the number of COVID-19 cases per 100,000 at the time of the first survey distribution (April 22, 2020);

high-prevalence states were California, Colorado, Illinois, Massachusetts, New Jersey, New York, and Washington.
N/A: not applicable.
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Table 4. Differencesin COVID-19-related worry, attention to news, and stress by region and state-level COVID-19 prevalence.

Variable Worry High attention to news High stress from socia distancing
Mean (SD) P value n (%) P vaue n (%) P value
Region
New England 9.69 (2.85) 54 155 (31.70) 36 233 (47.65) 12
Mid-Atlantic 10.11 (2.86) <.001 353 (37.35) 01 468 (49.47) <.001
East North Central 9.58 (2.94) 70 312 (32.74) 53 404 (42.44) 26
West North Central 9.55 (2.78) 61 153 (33.33) 91 213 (46.41) 35
South Atlantic 9.59 (2.92) 74 395 (33.14) 69 494 (41.44) .39
East South Central 9.75 (3.01) 53 69 (34.85) 78 82 (41.41) A7
West South Central 9.32 (3.08) .03 162 (31.03) .20 209 (40.04) .053
Mountain West 9.41 (2.99) 052 225 (31.56) 22 300 (42.08) 25
Pacific West 9.52 (2.90) 16 544 (34.85) 28 706 (45.11) 42
State COVID-19 prevalence®
High-prevalence state 9.72 (2.90) .01 1064 (34.81) .04 1420 (46.37) .004
Low-prevalence state 9.53 (2.95) N/AP 1387 (32.51) N/A 1832 (42.92) N/A
Total 9.61 (2.93) N/A 2451 (33.47) N/A 3252 (44.37) N/A

State-level COVID-19 prevalence is based on the number of COVID-19 cases per 100,000 at the time of the baseline survey (April 22, 2020);
high-prevalence states were California, Colorado, Illinois, Massachusetts, New Jersey, New York, and Washington.

BNI/A: not applicable.

Associations Between Health Behavior Engagement
and COVID-19-Related Worry, Attention to News,
and Stress

Participants who were more worried about COVID-19, paid
more attention to COVID-19 newsand updates, and experienced
more stress due to COVID-19 socia distancing
recommendations had greater decreasesin physical activity and
lower strength of their meditation habits (see Table 5). Attention
to news and updates about COVID-19 and stress due to social
distancing recommendati ons were al so associated with stopping
meditation.

https://mental .jmir.org/2021/4/e28479

Men, White and non-Hispanic respondents, and respondents
with higher levels of education and higher household incomes
were also less likely to decrease their engagement in physical
activity. Strength of meditation habit was also generally greater
among respondents who were older, White, non-Hispanic,
female, and more educated, and who had higher annual
household incomes. Younger participants and men were more
likely to report that since the COVID-19 pandemic, they had
stopped meditating. Living in a state with high COVID-19
prevalence was associated with decreases in physical activity
and lower strength of meditation habit but not with stopping
meditation practice.
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Table 5. Associations between health behavior engagement and COVID-19-related worry, attention to news, and stress. The table presents the
coefficients from ordinary least squares regression models for the continuous outcomes, changesin physical activity, and meditation habit strength on
COVID-19-related worry, attention to news, and stress, and logistic regression model s for the stopped meditation outcome on COV I D-19-rel ated worry,
attention to news, and stress. Standard errors were estimated using heteroscedasticity-robust procedures.

QOutcome and covariates COVID-19 worry

COVID-19 attention Stress about socia distancing

Coefficient (SE) Pvalue  Coefficient (SE) Pvalue  Coefficient (SE) P value
Outcome: changesin physical activity
COVID-19 worry -0.04 (0.01) <.001 _a — — —
COVID-19 attention — — -0.16 (0.06) .01 — —
Stress about social distancing — — — — —0.16 (0.05) .003
Demographic covariates’
Age -0.01 (0.002) 01 -0.003 (0.002) .09 -0.005 (0.002) .02
Racial minority status 0.02 (0.10) 81 0.05 (0.10) .60 0.05 (0.10) .60
Female 0.25 (0.07) <.001 0.22 (0.07) .002 0.24 (0.07) .001
Hispanic -0.20(0.11) .07 -0.26 (0.11) .02 -0.25(0.11) .03
High school education only -0.71(0.19) <.001 -0.70 (0.19) <.001 —-0.69 (0.19) <.001
Undergraduate education -0.22 (0.06) <.001 —0.22 (0.06) <.001 —0.22 (0.06) <.001
Income <US $80,000 -0.29 (0.07) <.001 -0.29 (0.07) <.001 -0.28 (0.07) <.001
Income of US $81,000-100,000  —0.16 (0.06) 01 —0.17 (0.06) 01 -0.16 (0.06) 01
Unemployed -0.08 (0.09) 40 -0.07 (0.09) 42 -0.07 (0.09) 46
Underlying medical condition -0.12 (0.06) .03 -0.15 (0.06) 01 -0.16 (0.06) 01
Living in astate with high COVID- -0.01 (0.05) .04 —0.11 (0.054) .03 -0.12 (0.05) .03
19 prevalence®
Outcome: stopped meditation
COVID-19 worry 0.04 (0.02) .045 — — — —
COVID-19 attention — — 0.36 (0.13) .004 — —
Stress about social distancing — — — — 0.31(0.12) .01
Outcome: strength of meditation habit
COVID-19 worry —0.06 (0.02) .001 — — — —
COVID-19 attention — — -0.17 (0.12) .18 — —
Stress about social distancing — — — — -0.45(0.11) <.001

& not applicable.
bThese covariates were included in al the models.

CState-level COVID-19 prevalence is based on the number of COVID-19 cases per 100,000 at the time of the first survey distribution (April 22, 2020);
high-prevalence states were California, Colorado, Illinois, Massachusetts, New Jersey, New York, and Washington.

Mediation M odels

Perceived Stress and COVID-19-Related Worry,
Attention to News, and Stressvia Engagement in Health
Behaviors

The mediating effect of health behavior changes on the
associations between stress and COVID-19-—related worry,
attention to news, and stress from socia distancing is
demonstrated by the regression analyses presented in Table 6.
Thefirst row and first column of Table 6 present the total effect
of worry about COVID-19 on self-reported stress, and the
subsequent columns illustrate how the association between
worry about COVID-19 and stressis attenuated by theinclusion

https://mental .jmir.org/2021/4/e28479

of each behaviora change measure. Based on bootstrapped
estimation procedures, we found that the association between
worry about COVID-19 and perceived stress was significantly
mediated by changes in physical activity (P<.001), stopping
meditation (P=.046), and strength of meditation habit (P<.001).
The second panel of Table 6 presents a similar mediation
analysis for the association between attention to COVID-19
news and updates and perceived stress. The bootstrapped
standard error calculations found that changes in physical
activity (P=.02) and stopping meditation (P=.002) partialy
mediated the association between attention to COVID-19 news
and updates and perceived stress; however, strength of
meditation habit was not asignificant mediator (P=.11). Finally,
the association between perceived stress and stress due to
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COVID-19 socid distancing recommendationswas significantly
mediated by changes in physical activity (P=.01), stopping

Green et a

meditation (P=.02), and strength of meditation habit (P<.001).

Table 6. Mediating effect of health behavior change on stress. The table presents the coefficients from ordinary least squares regression models of PSS
stress score on COVID-19 worry, COVID-19 attention, and stressfrom social distancing aswell astheindicated health behavior changes. The demographic
variables of age, male sex, Hispanic, income <US $80,000, income US $81,000-100,000, unemployed, and underlying medical condition wereincluded
as covariatesin all models, which also estimated heteroscedasticity-robust standard errors.

Variable PSS? stress score

Total effect

Cosfficient P value

(SE)

Coefficient
(SE)

Changein physical activity — Stopped meditating

Strength of meditation habit

Coefficient
(SB)

Coefficient P vaue P value

(SE)

P value

COVID-19worry—total ef- 0.61 (0.02)
fect

<.001 _b

COVID-19 worry—indirect effect 0.60 (0.03)

Changein physical ac- — — -0.25 (0.03)

tivity
Stopped meditating — — —

Strength of meditation — — _
habit

COVID-19 attention—total  0.77 (0.16)
effect

<.001 —

COVID-19 attention—indirect effect 0.74 (0.16)

Changein physical ac- — — —0.30 (0.04)
tivity
Stopped meditating — — —

Strength of meditation — — _
habit

Stress from social distanc- <.001 —

ing—total effect

3.59 (0.16)

Stress from social distancing—indirect effect 3.54(0.14)

Changein physical ac- — — -0.27 (0.03)

tivity
Stopped meditating — — —

Strength of meditation — — _
habit

<001  0.64(0.028) 0.63 (0.03)

<001 = — — — —

<.001 <.001

— 2.00 (0.33) <001  — —

-015(0.02)  <.001

<001  0.65(0.18) 0.76 (0.18)

<001 = — — — —

<.001 <.001

— 2.15 (0.35) <001  — —

-0.17 (0.02)

<.001

<001  3.64(0.16) <001  3.59(0.16) <001

<001 = — — — —

— 1.93(0.33) <001  — —

-0.15 (0.02)

<.001

3pSS: Perceived Stress Scale.
b_: not applicable.

PTSD Symptoms and COVID-19-Related Worry,
Attention to News, and Stressvia Engagement in Health
Behaviors

The mediating effect of health behavior changes on the
associations between PTSD symptoms and COVID-19—related
waorry, attention to news, and stressis outlined by theregression
analyses presented in Table 7. The first row and first column
of Table 7 present the total effect of worry about COVID-19
on self-reported PTSD symptoms, and the subsequent columns
illustrate how the association between worry about COVID-19
and PTSD symptoms is attenuated by the inclusion of each
behavioral change measure. Based on bootstrapped estimation
procedures, we found that the association between worry about
COVID-19 and PTSD symptoms was significantly mediated

https://mental .jmir.org/2021/4/e28479

by changes in physical activity (P<.001) and strength of
meditation habit (P<.001) but not significantly mediated by
stopping meditation (P=.07). The second panel of Table 7
presentsthe same mediation analysisfor the association between
attention to COVID-19 news and updates and PTSD symptoms,
where bootstrapped standard error calculations indicated that
changes in physical activity (P=.01) and stopping meditation
(P=.004) significantly mediated the association between PTSD
symptoms and attention to COV1D-19 news and updates while
the strength of meditation habit did not (P=.13). Finaly, the
association between PTSD symptoms and stress caused by
COVID-19 social distancing recommendations was partialy
mediated by changes in physical activity (P=.01), stopping
meditation (P=.01), and strength of meditation habit (P<.001).
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Table 7. Mediating effect of health behavior change on PTSD symptoms. This table presents the coefficients from ordinary least squares regression
models of PTSD score on COVID-19—related worry, attention to news, and stressfrom socia distancing aswell astheindicated health behavior changes.
Age, male sex, Hispanic race, income <US $80,000, income US $81,000-100,000, unemployed, and underlying medical condition were included as

covariatesin all models.

Variable PTSDP score

Total effect

Coefficient
(SE)

Coefficient P value

(SE)

Changein physical activity —Stopped meditating

Strength of meditation habit

Coefficient P value

(SE)

Coefficient P vaue

(SE)

P value

COVID-19worry—total ef-  0.13 (0.003)
fect

<.001 _c

COVID-19 worry—indirect effect 0.13 (0.003)

-0.03 (0.010)

Changein physical ac- —
tivity

Stopped meditating

Strength of meditation
habit

COVID-19 attention—total  0.26 (0.02)
effect

<.001

COVID-19 attention—indirect effect 0.26 (0.02)

Changein physical ac- —-0.03 (0.010)

tivity

Stopped meditating
Strength of meditation
habit

Stress from social distanc- <.001

ing—total effect

0.55 (0.02)

Stress from social distancing-indirect effect 0.55 (0.02)

Changein physical ac- —-0.03 (0.010)

tivity

Stopped meditating

Strength of meditation
habit

<.001 <.001 <.001

<.001

0.13 (0.00) 0.13 (0.004)

0.23 (0.05) <.001

-0.01(0.003)  <.001

<.001 <.001 <.001

<.001

0.24 (0.03) 0.25 (0.03)

0.25 (0.05) <.001

<.001

~0.02 (0.003)

<.001 <.001 <.001

<.001

0.57 (0.02) 0.56 (0.02)

0.23 (0.05) <.001

<.001

~0.01 (0.003)

3PTSD: posttraumatic stress disorder.
BPTSD was measured us ng mean scores on the Impact of Events Scale-6.
€—: not applicable.

Discussion

Our findings describe the mental healthimpact of the COVID-19
pandemic and outline how continued participation in health
behaviors such as physical activity and mindfulness meditation
reduce worsening of mental heath due to the COVID-19
pandemic. The aim of this baseline survey wasto first examine
theregional differencesin mental health and COVID-19—r€dated
worry, attention to news, and stress in light of the state-level
prevalence of COVID-19 infections at the time of this survey.
We additionally sought to estimate the associations between
COVID-19—elated worry and attention to news and stress,
health behavior engagement, and mental health, as well as to
explore the mediating effect of health behavior engagement on
the associations between mental health and COVID-19—related
worry, attention to news, and stress.

https://mental .jmir.org/2021/4/e28479

RenderX

Mental Health and COVID-19-Related Worry,
Attention to News, and Stress by Region

Our findingsindicate that participantsliving in the Mid-Atlantic
region (ie, New Jersey, New York, or Pennsylvania) had higher
levelsof stressand more severe depressive symptoms compared
to the rest of the country, which is consistent with the fact that
ahigh prevalence of confirmed COVID-19 casesexisted in this
region during the time period when this survey was
administered. Participantsin the Mid-Atlantic region were also
more worried about COVID-19, paid more attention to
COVID-19 news and updates, and reported more stress related
to social distancing recommendations than survey participants
living in other regions. Additionally, participantsliving in states
with a high prevalence of COVID-19 cases (ie, Cdlifornia,
Colorado, Illinois, Massachusetts, New Jersey, New York, or
Washington) reported more severe PTSD symptoms than those
living in states where COVID-19 was less prevalent, and they
aso reported more COVID-19-related worry, paid more
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attention to COVID-19 news and updates, and experienced more
stress from social distancing recommendations. These
preliminary findings highlight the regional differencesinworry
and fear about COVID-19 and mental health based on the
prevalence of COVID-19 cases. Astheprevalence of COVID-19
cases among regions may change over time, this information
could be particularly useful for public health agencies or
community health centers to direct or provide more mental
health resources to regions with high COVID-19 prevalencein
an effort to mitigate the subsequent mental health burden.
Additionally, future research and public health interventions
should consider the local prevalence of COVID-19 and the
extent to which individuals are paying attention to news and
media to monitor news related to COVID-19 when targeting
mental health interventions, as these factors may play an
important role in the mental health impact of the pandemic.

Associations of Worry About COVID-19, Physical
Activity, Meditation, and Mental Health

Our findings suggest that higher levels of worry about
COVID-19 were associated with lower physical activity levels
and lower strength of meditation habits; however, overal, the
majority of participants reported increasing or maintaining their
physical activity or meditation practice. Although our findings
are not causal, higher levels of worry about COVID-19 may
have contributed to the difficulty people had in sustaining their
physical activity participation and engaging in habitual
meditation practice. This is aligned with other research
demonstrating that anxiety and worry can be detrimental to
habitual participation in health-promoting behaviors, both in
general [48] and in the context of COVID-19 [49,50]. One
cross-sectional survey conducted in Belgium during the
COVID-19 lockdown reported increases in physical activity,
but only in those who were previously less active; decreasesin
physical activity were found in previously highly active adults
[51]. Conversely, other cross-sectional studies conducted during
the COVID-19 pandemic reported significant declines in
physical activity and increased sitting time [49,52,53]. No
studies have reported patterns of meditation practice; however,
one cross-sectional study assessing stress-coping behaviors
conducted among New York City—based health care workers
during the COV I D-19 pandemic reported that meditation (23%)
was a commonly endorsed behavior, along with physical
activity/exercise (59%) [54]. However, the physical activity and
meditation patterns were not assessed prior to the COVID-19
pandemic. Moreresearch describing patterns of health behaviors
during the COVID-19 pandemic is needed to better understand
how COVID-19 may contribute to long-lasting, negative health
behavior changes.

Our data also suggest that higher levels of worry about
COVID-19 are associated with poor mental health (ie, increased
stress and PTSD), and importantly, this association between
worry about COVID-19 and poor mental health was mediated
by lower physica activity levels and lower strength of
meditation habits (similar associations were observed for
depression and anxiety; see Multimedia Appendix 1). Therefore,
stopping or reducing health promoting behaviors, particularly
physical activity and meditation practice, during the COVID-19
pandemic may increase the negative impact of
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COVID-19—~elated worry on stress, PTSD, depression, and
anxiety. To our knowledge, this is the first study to examine
the mediating effects of physical activity and meditation on the
associ ations between worry about COVID-19 and mental health
during the pandemic. Existing research has shown that greater
concern about COVID-19 was associated with greater anxiety
and depression levels [55], and decreased physical activity and
increased sedentary time during COVID-19 was associated with
poor mental health (ie, higher stress, anxiety, and depression
symptoms) [49,56]. Additionally, both physical activity and
meditation have been recommended as healthy ways to cope
with stress during the COVID-19 pandemic, underscoring the
importance of maintaining these behaviors during a time of
heightened stress [57]. Our data demonstrate that participation
in physical activity and meditation are important mechanisms
in reducing the increased mental health problems associated
with COVID-19-related worry. Other studies have shown that
both mindfulness-based and physical activity interventions may
be protective against the development of traumarelated
psychopathology (eg, PTSD) by enhancing cognitive function,
reducing arousal, normalizing hypothalamic pituitary axis
function, and reducing inflammatory markers[58,59]. Thereis
a need for more research, especially longitudinal data, to
examine the long-term changes in health behaviors due to the
COVID-19 pandemic, better disentangle the causal relationships
between these psychological and behavioral outcomes, and
identify strategiesfor helping people maintain health-promoting
behaviors.

In summary, our findings support existing evidence of the
beneficial health effects of physical activity and meditation on
mental health outcomes [16,60-62]. Because the COVID-19
pandemic has profoundly impacted daily routines (eg, social
distancing, quarantine, businesses closures) and may negatively
impact the performance of health behaviors, it is important to
continue promoting self-management of health behaviors such
as physical activity and meditation that can reduce worsening
of mental health during the COVI1D-19 pandemic, particularly
in regions with a heightened sense of worry about COVID-19.
Encouraging participation in physical activity and meditation
should be an important public health objective during the current
COVID-19 pandemic, especially because reduced physical
health and poor mental health have been shown to increase
susceptibility to COVID-19 infection and disease transmission
[63,64]. Public health agenciesmay consider providing strategies
to help people maintain or adapt their current health behaviors.
For example, digital or mHealth interventionsfor both physical
activity and meditation have shown promisefor their feasibility,
scalability, and physical and mental health benefits [64-67].
Digital and mHealth interventions are al so convenient and often
budget-friendly waysto encourage participation in both physical
activity and meditation, and more research is needed to better
understand their efficacy and applicability during the COVID-19
pandemic.

Limitations

Although this study is one of thefirst to describe the associations
between COVID-19—+elated worry and attention to news and
stress, mental health, and self-management health behaviors,
there are important limitations to be noted. First, our sample
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was primarily female, non-Hispanic, White, high-income, and
highly educated, and the participants were paid subscribers of
Cam, which limits the generalizability of these data. Second,
this survey was cross-sectional; therefore, causal relationships
cannot be determined from these analyses. I n the broader study,
we planto implement four more surveysover the next 12 months
to provide a more comprehensive longitudinal assessment of
the impact of the COVID-19 pandemic on mental health and

Green et a

meditation for sustaining one’'s mental health during the
COVID-19 pandemic. These results suggest that public health
agencies and health organizations should promote the
maintenance of health habits with strategies such as digital and
mHealth approaches that can be more easily adapted during
stay-at-home orders and social distancing mandates. Future
research is needed to identify the causal relationships between
these psychological and behavioral outcomes and to evaluate

health behaviors. strategies for hel ping people adapt their current meditation and
physical activity practices to the restrictions on daily life

Conclusions imposed by COVID-19—related public health policies.

Our findings underscore the importance of maintaining
self-management health behaviors such asphysical activity and
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