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Abstract

Background Amidst the COVID-19 pandemic, there has been growing concern about the declining mental health
and healthy behaviors compared to pre-pandemic levels. Despite this, there is a lack of longitudinal studies that have
examined the relationship between health behaviors and mental health during the pandemic. In response, the state-
wide COVIDsmart longitudinal study was launched. The study’s main objective is to better understand the effects

of the pandemic on mental health. Findings may provide a foundation for the identification of public health strategies
to mitigate future negative impacts of the pandemic.

Methods Following online recruitment in spring of 2021, adults, ages 18 to 87, filled out social, mental, economic,
occupational, and physical health questionnaires on the digital COVIDsmart platform at baseline and through six monthly
follow-ups. Changes in the participant’s four health behaviors (e.g., tobacco and alcohol consumption, physical activity,
and social media use), along with sex, age, loneliness score, and reported social and economic (SE) hardships, were ana-
lyzed for within-between group associations with depression and anxiety scores using Mixed Models Repeated Measures.

Results In this study, of the 669 individuals who reported, the within-between group analysis indicated that younger
adults (F=23.81, p<0.0001), loneliness (F=234.60, p <0.0001), SE hardships (F=31.25, p<0.0001), increased tobacco
use (F=3.05, p=0.036), decreased physical activity (F=6.88, p=0.0002), and both positive and negative changes

in social media use (F=7.22, p=0.0001) were significantly associated with worse depression scores. Additionally,
females (F=6.01, p=0.015), younger adults (F=32.30, p<0.0001), loneliness (F=154.59, p <0.0001), SE hardships
(F=22.13,p<0.0001), increased tobacco use (F=4.87, p=0.004), and both positive and negative changes in social
media use (F=3.51, p=0.016) were significantly associated with worse anxiety scores. However, no significant
changes were observed in the within-between group measurements of depression and anxiety scores over time
(p>0.05). Physical activity was not associated with anxiety nor was alcohol consumption with both depression

and anxiety (p>0.05).

*Correspondence:

Sunita Dodani

soni.dodani@gmail.com

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-023-16614-7&domain=pdf

Karpov et al. BMC Public Health (2023) 23:1749

Page 2 of 13

Conclusions This study demonstrates the longitudinal changes in behaviors within the context of the COVID-19
pandemic. These findings may facilitate the design of preventative population-based health approaches dur-

ing the COVID-19 pandemic or future pandemics.

Keywords COVID-19, Mental health, Health behaviors, Tobacco, Smoking, Alcohol, Physical activity, Social media,

Loneliness, Health promotion

Background

Numerous studies have demonstrated that COVID-
19 has had a negative impact on mental health and has
led to increased psychological distress such as anxiety
and depression compared to pre-pandemic levels [1-3].
There is also a growing body of literature on the relation-
ship between health behaviors and depression and anxi-
ety [4]. Exercise, especially high intensity training, is one
of the best health behaviors an individual can adopt to
improve physical and mental health [5]. Previous studies
reported that an increase in alcohol or tobacco consump-
tions, as well as a decrease in physical activity, have had
a negative impact on mental health during the pandemic
[6, 7]. Research on the impact of social media usage
on mental health show mixed results, some longitudi-
nal studies reported social media usage as a non-factor,
a risk factor, or a protective factor [8—10]. During the
pandemic, many researchers turned to digital research
methods to continue conducting research while mitigat-
ing risk of infection. This includes studies of the impacts
of COVID-19 on health outcomes [11, 12]. Along with
focusing on health safety, digital studies facilitate recruit-
ment of large sample of participants, especially those that
live in rural areas [13]. They also reduce the cost and par-
ticipant burden for collecting multiple waves of data over
a short time period.

Using digital research methods, the COVIDsmart
longitudinal study aimed to evaluate the relationship
between COVID-19-related health behaviors and the
mental health of individuals in Virginia. By examining
this relationship, this study sought to shed light on the
significance of personalized health promotion initiatives
during a pandemic.

Methods

COVIDsmart was an online statewide study developed in
collaboration with Eastern Virginia Medical School-Sen-
tara Healthcare Analytics and Delivery Science Institute,
George Mason University, and Vibrent Health Inc. Data
were collected using an online platform in compliance
with the Health Insurance Portability and Accountability
Act (HIPAA) [14, 15]. Participants received email invita-
tions to join the COVIDsmart platform and complete a
series of questionnaires. Demographic data was collected

at baseline, and participants’ personal experiences
impacted by COVID-19, mental health and behaviors,
and COVID-related occupational experiences were col-
lected at baseline and at each of the six monthly follow-
ups [16, 17]. Specifically, the present study evaluated the
participant’s sex, age, a sum of the social and economic
(SE) hardships experienced (i.e., lost income from a job or
business, job loss, unable to get groceries, etc.) (Appen-
dix A) [18], as well as validated measures of depression
(using the Patient Health Questionnaire-9 or PHQ-9)
[19], anxiety (using the Generalized Anxiety Disorder-7
or GAD-7), [20] and loneliness (using a shortened ver-
sion of the University of California Los Angeles Loneli-
ness scale) [21]. Additionally, the participants’ changes in
health behaviors such as alcohol and tobacco consump-
tion, physical activity, and social media use (such as Face-
book or Twitter) were also evaluated. Participants were
asked whether their behaviors have increased, decreased,
approximately stayed the same, or were not applicable
(N/A) in the past two weeks (Appendix B).

Study participants

Recruitment strategies and processes have been detailed
by Schilling et al. [14] and Bartholmae et al. [15]. Briefly,
marketing tools such as radio, television, emails, newslet-
ters, and social media were employed to invite residents
of Virginia. Recruitment occurred from March to May
2021, and data was collected from March to Novem-
ber 2021. Inclusion criteria included being a resident of
Virginia, United States, between the 18 and 87 years of
age, proficient in English, and had access to the internet
via a personal email account or a mobile phone number.
Eligible participants were sent a digital consent form to
join the study. A total of 782 participants (N=782) gave
informed consent to participate in the study. To encour-
age continuous engagement, participants who completed
the questionnaires at each of the six monthly follow-
ups had a 1 in 20 chance of winning a $50 gift card each
month. At the end of the study, active participants had a
1 in 4 chance of winning a $500 gift card [15].

Statistical analysis

The study conducted descriptive statistics on several fac-
tors such as participants’ demographics, health behav-
iors, loneliness, reported number of SE hardships, and
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their depression (PHQ-9) and anxiety (GAD-7) scores.
Mixed Models Repeated Measures (MMRM) were used
to evaluate the changes in behaviors over the six months
and their association with the outcomes, depression and
anxiety. The demographics collected at baseline were
included in the MMRM as covariates. Independent vari-
ables, (loneliness, SE hardships, and heath behaviors) and
dependent variables (depression and anxiety) included
in the MMRM were collected at baseline and follow-ups
one through six. Within-between group comparisons
were evaluated across all time points of the study. Addi-
tional bivariate analyses were conducted between sig-
nificant independent variables from the MMRM analyses
at each time point of the study. Mann—Whitney U tests
were used to measure the differences between males’ and
females’ depression and anxiety scores. Spearman’s corre-
lation was used to measure the association between age,
the loneliness scale score, and the number of SE hard-
ships with depression and anxiety scores. Kruskal-Wallis
tests were used to measure the difference in the depres-
sion and anxiety scores among participants who reported
changes in health behaviors such as alcohol, tobacco,
physical activity, and social media in the past two weeks.
Post-hoc tests were conducted using the Dwass, Steel,
Critchlow-Fligner (DSCF) method in cases where the
Kruskal-Wallis test found a significant difference in men-
tal health outcome among the health behaviors. Statisti-
cal analyses were performed using SAS version 9.4, and
p-values less than 0.05 were considered significant.

Results

Demographics

Out of the 782 participants who consented to be in the
study, 669 participants have completed the question-
naires on their mental health at baseline in the COV-
IDsmart study. Of these participants’ demographics
described in Table 1, most were female (78.30%), mid-
dle aged (u=50.54, SD=14.44), non-Hispanic White
(94.70%), have earned a post-secondary degree (80.88%),
and annually earn at least $50,000 (88.20%). Most partici-
pants lived in a two-person household (37.70%) and lived
with their married or unmarried partner (68.90%).

Also described in Table 1, initially, 669 participants
completed the questionnaires at baseline but, only
66.40% of the participants (n=444) had reported at the
first follow-up. Subsequently, monthly follow-up com-
pletion rates declined, with 53.70% (n=359), 44.50%
(n=298), 37.20% (n=249), and 35.30% (n=236) com-
pleting follow-ups two, three, four, and five, respectively.
At the final follow-up, 212 (31.70%) of the original 669
participants had completed all six follow-ups. A detailed
table for screening and eligibility rates was published pre-
viously by Schilling et al. [14]. However, the proportion of
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most of the demographic groups remained relatively the
same throughout the study, p>0.05, except the mean age
had increased at each follow-up (p <0.0001) (Table 1).

Mixed models repeated measures

The MMRM (Table 2) estimated the impact of various
demographic, behavioral, social, and economic factors on
the depression (PHQ-9) scores of study participants over
a period of time. The within-between group results dem-
onstrated that age (F=23.81, df=1, p<0.0001), COVID-
19 related SE hardships (F=31.25, df=1, p<0.0001),
loneliness (F=234.60, df=1, p<0.0001), tobacco use
(F=3.05, df=3, p=0.036), physical activity (F=6.88,
df=3, p=0.0002), and social media use (F=7.22, df=3,
p=0.001) were all significantly associated with depres-
sion scores. However, sex (F=3.67, df=1, p=0.056),
alcohol use (F=1.18, df=3, p=0.316), and time (F=0.98,
df=6, p=0.435) did not significantly impact the partici-
pants’ depression scores. None of the within-between
group comparisons over time were statistically significant
(p>0.05).

Another MMRM (Table 2) estimates the impact of the
same list of independent factors on the participants’ anxi-
ety (GAD-7) scores over a period of time. The within-
between group results demonstrated that sex (F=6.01,
df=1, p=0.015), age (F=32.30, df=1, p<0.0001),
COVID-19 related SE hardships (F=22.13, df=1,
»<0.0001), loneliness (F=154.59, df=1, p<0.0001),
tobacco (F=3.51, df=3, p=0.016), and social media
(F=3.51, df=3, p=0.016) were all significantly associated
with anxiety scores. However, alcohol (F=1.32, df=3,
p=0.268), physical activity (F = 1.14, df = 3, p = 0.331),
and time (F=1.14, df=6, p=0.331) did not impact the
anxiety scores. Additionally, none of the within-group
comparisons over time were found not to be statistically
significant (p >0.05).

Depression (PHQ-9)

Following the results of the MMRM, a series of Spear-
man’s correlations revealed that participant’s age had
weak negative correlation to their depression (PHQ-9)
scores at all time points (p <0.0001). Similarly, Spearman’s
correlations revealed that the participant’s loneliness
was strongly, positively correlated with their depression
scores at all time points (p<0.0001). Additionally, the
participant’s reported SE hardships were weakly to mod-
erately, positively correlated with their depression scores
at all time points (p <0.0001) (Table 3).

The Kruskal-Wallis tests overall have found signifi-
cant associations with changes in tobacco consump-
tion and the participant’s depression (PHQ-9) scores at
baseline (x*=14.22, p=0.003), follow-up one (x>*=10.78,
p=0.013), follow-up two (x>=9.33, p=0.025), follow-up
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Table 2 Mixed models repeated measures of depression (PHQ-9) and anxiety (GAD-7) scores

PHQ-9 GAD-7
Effect F-Value df p-value F-Value df p-value
Sex 3.67 1 0.056 6.01 1 0.015
Age 23.81 1 <0.0001 3230 1 <0.0001
Number of SE Hardships 31.25 1 <0.0001 22.13 1 <0.0001
Loneliness scale 234.60 1 <0.0001 154.59 1 <0.0001
Alcohol use in the past two weeks 1.18 3 0316 1.32 3 0.268
Tobacco use in the past two weeks 3.05 3 0.036 4.87 3 0.004
Physical Activity in the past two weeks 6.88 3 0.0002 1.14 3 0.331
Social Media use in the past two weeks 7.22 3 0.0001 351 3 0.016
Time 0.98 6 0435 0.72 6 0.637
Time?Sex 0.68 6 0.664 1.21 6 0.298
Time®Age 0.50 6 0.807 0.25 6 0.959
Time?SE Hardships 1.84 6 0.087 1.25 6 0.278
Time®Loneliness 1.79 6 0.098 1.17 6 0.322
Time®Alcohol use 1.19 18 0.261 0.69 18 0.824
Time®Tobacco use 0.63 18 0.876 141 18 0.118
Time®Physical Activity 148 18 0.087 1.50 18 0.080
Time?Social Media use 1.05 18 0405 1.17 18 0.282

Bold values indicate statistical significance at p <0.05 level

@ Interactions are defined as the effect of individual independent variables with time on the outcome

Table 3 Spearman’s correlations between age, loneliness, and social and economic (SE) hardships and depression (PHQ-9) and

anxiety (GAD-7) scores over time

Depression Anxiety

Age Loneliness SE hardships Age Loneliness SE hardships
Time s s s s s s
Baseline (n=669) -0.288 0.565 0.368 -0.344 0.510 0.350
Follow-up 1 (n=444) -0.290 0576 0.401 -0.321 0523 0.369
Follow-up 2 (n=359) -0.298 0.607 0402 -0.340 0.576 0.384
Follow-up 3 (n=298) -0.336 0.567 0407 -0.318 0.544 0.390
Follow-up 4 (n=249) -0.354 0.648 0.282 -0.365 0.582 0319
Follow-up 5 (n=236) -0.321 0518 0.282 -0.382 0.463 0.290
Follow-up 6 (n=212) -0.332 0576 0315 -0.327 0.500 0.389
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Bold values indicate statistical significance at p <0.05 level

four (x*=8.95, p=0.030), and follow-up six (x>=11.44,
p=0.010). The following the post-hoc DSCF pairwise
comparison also revealed that participants who reported
an increase in tobacco consumption in the last two weeks
also reported higher average depression compared to
those who responded with approximately the same or
“N/A” (Fig. 1).

Another series of Kruskal-Wallis tests indicated an
association between the changes in the participant’s

physical activity in the last two weeks and the depres-
sion (PHQ-9) scores at baseline (x*=56.50, p<0.0001),
follow-up two (x*=16.75, p=0.001), follow-up three
(x*=25.22, p<0.0001), and follow-up five (x*=10.81,
p=0.013). The post hoc DSCF method also revealed that
participants who reported decreased physical activity
had higher depression scores compared to participants
whose activity increased or remained approximately the
same (Fig. 1).
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Regarding the effect of social media and the par-
ticipant’s depression (PHQ-9) scores, the Kruskal
Wallis tests reported a significant association at base-
line (x*=35.00, p<0.0001), follow-up one (x*>=14.40,
p=0.002), follow-up three (x*=13.70, p=0.003), fol-
low-up four (x*=16.55, p=0.001), and follow-up five
(x*=12.38, p=0.006). The DSCF post hoc tests indicated
that participants who reported an increase or a decrease
in social media use also reported higher depression
scores compared to those who remained approximately
the same. However, at some follow-ups, only those who
responded with decreased social media use were associ-
ated with higher depression scores (Fig. 1).

Anxiety (GAD-7)

The Spearman’s correlations have revealed that age had
a weak negative correlation with the participant’s anxiety
(GAD-7) scores (p<0.0001). Similarly, significant Spear-
man’s correlations have found that loneliness was positively,
moderately correlated with the anxiety scores (p<0.0001).
And finally, COVID-19 related SE hardships were also sig-
nificantly and positively, albeit weakly, correlated with the
participant’s anxiety scores (p <0.0001) Table 3.

The participants who reported an increase in tobacco
consumption in the last two weeks also reported higher
average anxiety at baseline (x*=21.23, p <0.0001), follow-
up one (x*=13.01, p=0.005), follow-up two (x>=10.29,
p=0.016), follow-up three (x*=8.50, p=0.037), and
follow-up six (x*=11.23, p=0.011). The post hoc DSCE
test generally indicated that participants who reported
increased tobacco consumption in the past two weeks
had higher anxiety scores compared to those whose
consumption remained approximately the same or
responded with “N/A” (Fig. 2).

Regarding the effect of social media and the par-
ticipant’s anxiety (GAD-7) scores, the Kruskal Wal-
lis tests have found a significant association at baseline
(x*=33.79, p<0.0001), follow-up one (x*=11.90,
p=0.007), follow-up three (x*=166.02, p=0.001), fol-
low-up four (x*=9.81, p=0.020), and follow-up five
(x*=12.53, p=0.006). Similar to the models with depres-
sion (PHQ-9) scores, the DSCF post hoc tests also
revealed that both participants who reported an increase
or a decrease in social media use in the past two weeks
had higher anxiety scores compared to participants who
remained approximately the same. However, the reported
associations were not consistent as at some time points,
decreased social media use was linked with higher anxi-
ety scores, whereas at other time points, only increased
social media use indicated higher scores (Fig. 2).

Sex also played a role in the reported anxiety scores
with the Mann-Whitney U tests have indicated that
female participants reported significantly higher average
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anxiety scores than males at baseline (U=38,395.50,
»<0.0001), follow-up one (U=15,331.00, p<0.0001),
follow-up two (U=11,108.50, p=0.005), follow-up three
(U=7954.00, p=0.018), follow-up four (U=5364.00,
p=0.002), follow-up five (U=5323.00, p=0.026), and
follow-up six (U=3777.00, p=0.001) (Fig. 2).

Discussion
In this longitudinal study, we examined the effect of
changes in alcohol consumption on mental health
because alcohol is often used as a coping mechanism fol-
lowing a stressful event, despite its association with nega-
tive mental health [22]. However, the present study did
not find a statistically significant association between
changes in alcohol consumption and an increase in
depression or anxiety over the course of the study. This
may be due to the fact that majority of the COVIDsmart
participants were well-educated white women with
higher income, who, as reported by previous literature,
are associated with lower rates of alcohol consumption
and are therefore less likely to engage in heavy drink-
ing or develop alcohol use disorders when coping with
stressors [23—26]. For example, Probst et al. [23] reported
in a meta-analysis that socioeconomically disadvantaged
populations with low education and/or income were
associated with higher relative risk of alcohol-attributa-
ble mortality. Higher socioeconomic factors, such as high
income and higher educational attainment, as seen in
this study, are examples of social determinants of health
with protective factors against alcohol consumption.

Increased tobacco consumption was found to be sig-
nificantly associated with higher levels of depression and
anxiety. This finding is consistent with previous research,
as Stanton et al. [7] also reported a positive associa-
tion between an increase in tobacco consumption and a
higher risk of depression and anxiety compared to those
who reported no change or a decrease in tobacco con-
sumption. These findings coincide with the American
Lung Association and the Mental Health Foundation on
the important implications for healthcare profession-
als and policymakers on the need to address the nega-
tive impact of tobacco use on mental health [27, 28]. It
is essential to develop effective strategies to help indi-
viduals reduce or quit tobacco use, especially during
the COVID-19 pandemic, where the negative impact of
tobacco use on respiratory health may be compounded
[29]. Additionally, these findings suggest that assessing
an individual’s tobacco use can provide insight into their
risk of developing depression and anxiety. Therefore, it
may be valuable to screen for tobacco use during mental
health assessments.

In the current study, a decrease in physical activity was
found to be associated with higher depression. These
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findings are similar to other studies the reported the pos-
itive effect of exercising on the mental well-being of an
individual, including reducing symptoms of depression
[7, 30, 31]. Specifically, a systematic review of reviews
with meta-analysis published by Singh et al. [30] reported
that physical activity reduced depression, especially
accounting for the different types of exercise, session
duration, and frequency per week. Different from cur-
rent literature, this study did not find changes in physi-
cal activity to be associated with anxiety. Both Singh et al.
[30] and Wanjau et al. [31] reported positive effects of
physical activity on anxiety, in addition to the effect on
depression. The COVIDsmart study may have encoun-
tered some external factors not included in the analysis
that may confound the anxiety outcomes.

With social media becoming more ubiquitous in
maintaining social relationships, researchers have been
investigating its use and its potential impact on men-
tal health in both the short- and long-term. Several
studies have examined the relationship between social
media use and depression and anxiety among adults
[8, 32-34]. A meta-analysis by Lee et al. [35] found
that overall, increased social media use (i.e., Face-
book, Twitter, and Instagram) was linked to anxiety
and depressive symptoms among young adults. This
meta-analysis reported that COVID-19 may exacerbate
existing mental health disorders that cause depression
and anxiety among young adults [35]. In contrast, the
middle-aged adults in the COVIDsmart study reported
either an increase or decrease in social media use
had higher depression (PHQ-9) and anxiety (GAD-
7) scores compared to those whose use remained
relatively stable. These findings are inconclusive but
consistent with a non-COVID-19 related systematic
review, which reported mixed results regarding the
association between social media use and depression
or anxiety among emerging adults and adolescents
[8]. However, a systematic review by Karim et al. [8]
identified a few studies, that focused on either adoles-
cents, young adults, or adults, that did not find a sig-
nificant association between increased social media
use and mental health issues. Nevertheless, they also
reported that many other studies did report any posi-
tive association [8]. One study suggested that social
media use could be a risk factor for emotional dys-
regulation and perceived stress, but also a coping tool
for dealing with mental health crises [34]. However,
this study once again focused only on adolescents and
young adults. Overall, the present study and the exist-
ing literature have reported conflicting results regard-
ing the impact of social media use on mental health.
Additional research using validated tools is necessary
to identify which aspects and duration of social media
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use, specifically among middle-aged and older adults,
and what are the risk or protective factors.

However, health behaviors rarely occur in a vacuum
and are often products of other stressors such as loneli-
ness and SE factors. The COVIDsmart study found that
participants who reported an increased number of SE
hardships as well as loneliness were also more likely to
report higher depression (PHQ-9) and anxiety (GAD-
7) scores. These results support the current literature
that lonely individuals are less likely to improve health
behaviors in such as tobacco and alcohol cessation,
and additionally, loneliness has been linked to poorer
mental health [36, 37]. Similarly, environmental stress-
ors such as poor financial stability and poor health
behaviors are interlinked where tobacco and alcohol
consumption are often seen as coping mechanisms for
stress and psychological distress [38, 39]. Social media
use can have a varying impact of mental health where
decreasing usage can exacerbate loneliness for indi-
viduals who struggle with maintaining online relation-
ships, whereas increasing usage could also mitigate
loneliness [40, 41]. However, Hampton et al. [40] also
described that an increase in social media usage can
introduce additional stressors such as reading negative
news articles. Additionally, changes in health behav-
iors over time may be due to environmental changes
at the personal, family, community, or policy levels,
for example, losing a job, health status of family mem-
bers, or community and national restrictions due to the
COVID-19 pandemic.

Given that certain health behaviors, namely tobacco
use, physical activity, and social media, are linked with
an individual’s mental health, there should be a con-
certed effort to better disseminate accessible resources
to help maintain positive health behaviors. Public
health and community leaders should encourage indi-
viduals to access the many free resources online that
can help stave off tobacco use, maintain physical activ-
ity, and manage healthy social media usage [42-46].
Additionally, these individuals can also utilize these
on how to cope with stress using information from the
Centers of Disease Control and Prevention or from the
National Alliance on Mental Illness [47, 48]. Not only
are healthy behaviors linked to better mental health
outcomes, they also improve physical health, extend life
expectancy, reduce risk of morbidity later in life, and
gain financial stability [49].

The COVIDsmart study has a few strengths; no
other studies have observed participants over a course
of time to measure the longitudinal effect of health
behaviors on mental health during the COVID-19
pandemic. Additionally, this HIPAA compliant online
platform allowed for this study to occur during the
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social restrictions of the pandemic. However, it is
also important to acknowledge its limitations. Firstly,
the data collected relied on self-reported measures
of health behaviors, depression, and anxiety, which
may be influenced by reporting biases. Secondly,
although multiple recruitment strategies were uti-
lized to capture racial and ethnic minorities and vul-
nerable populations with low socioeconomic status,
most participants were white, higher income, and
highly educated with at least a Master’s degree [15].
The lack of racial and ethnic diversity and socio-
economic backgrounds limits this study, however,
this is a common limitation with digital studies, as
observed in other research studies [50]. Therefore,
future studies should aim to capture a more diverse
population. Thirdly, the study experienced a high
rate of loss to follow-up, which may have been influ-
enced by numerous factors such as decreased concern
with COVID-19 following the easement of restric-
tions and availability of vaccines in 2021. Finally, the
study’s questions did not concretely measure changes
in health behaviors such as the number of packs of
cigarettes smoked, alcoholic beverages consumed, or
the duration of physical activities done in the past
two weeks, and therefore, future studies should aim
to include discrete measurements when recording
changes of health behaviors.

Conclusions

The COVIDsmart study reveals that changes in health
behaviors such as increased alcohol consumption,
decreased physical activity, and social media use were
associated with higher depression and/or anxiety scores
among Virginians. These negative changes in behavior
could be a response to the unprecedented environmental,
social, and economic stressors caused by the pandemic.
Continual monitoring of the effect of health behaviors
on mental health is necessary to better understand the
indirect consequences of the pandemic on mental health.
These results have the potential to assist public health
leaders to better understand behavioral changes dur-
ing a pandemic to better tailor population-based health
approaches to promote healthy behaviors. Adopting
these healthy behaviors will promote better mental and
physical health outcomes now and later in life.
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