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Abstract

COVID-19 increased the prevalence of clinically significant anxiety in the United States. To
investigate contributing factors we analyzed anxiety, reported online via monthly General-
ized Anxiety Disorders-7 (GAD-7) surveys between April 2020 and May 2022, in association
with self-reported worry about the health effects of COVID-19, economic difficulty, personal
COVID-19 experience, and subjective social status. 333,292 anxiety surveys from 50,172
participants (82% non-Hispanic white; 73% female; median age 55, IQR 42-66) showed
high levels of anxiety, especially early in the pandemic. Anxiety scores showed strong inde-
pendent associations with worry about the health effects of COVID-19 for oneself or family
members (GAD-7 score +3.28 for highest vs. lowest category; 95% confidence interval:
3.24, 3.33; p<0.0001 for trend) and with difficulty paying for basic living expenses (+2.06;
1.97, 2.15, p<0.0001) in multivariable regression models after adjusting for demographic
characteristics, COVID-19 case rates and death rates, and personal COVID-19 experience.
High levels of COVID-19 health worry and economic stress were each more common
among participants reporting lower subjective social status, and median anxiety scores for
those experiencing both were in the range considered indicative of moderate to severe clini-
cal anxiety disorders. In summary, health worry and economic difficulty both contributed to
high rates of anxiety during the first two years of the COVID-19 pandemic in the US, espe-
cially in disadvantaged socioeconomic groups. Programs to address both health concerns
and economic insecurity in vulnerable populations could help mitigate pandemic impacts on
anxiety and mental health.
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Introduction

Generalized anxiety and other mental health disorders were leading contributors to morbidity
in the US and worldwide in the 20-year period preceding COVID-19 [1, 2]. The prevalence of
clinically significant anxiety increased by 25-30% or more in the US and many other countries
during the first year of the pandemic [1, 3, 4]. While SARS-CoV-2 infection itself may cause
anxiety [5, 6], it is likely that pandemic-related social and economic factors including worry
about the health effects of COVID-19, and financial hardship resulting from or exacerbated by
pandemic economic disruptions have also contributed to increases in anxiety [4, 7, 8]. Under-
standing which factors are more important, for whom, and how they interact to cause anxiety
may help policymakers and healthcare providers prepare for and respond to the ongoing
effects of COVID-19, and future pandemics.

More than one million Americans have died from COVID-19, with especially high rates of
morbidity and mortality among older adults, marginalized racial and ethnic groups, people
with elevated risks of infection at work or at home, and people with less access to healthcare
and vaccines [9-13]. The economic impacts of COVID-19 and pandemic-related restrictions
have also been extensive and unequal. Contributing factors included high rates of unemploy-
ment, higher risk of COVID-19 exposure at work among workers with lower levels of educa-
tion, loss of income for workers without paid sick leave, and reduced labor force participation
for family care-givers following COVID-19 illness [8, 10, 14-16]. Understanding how these
factors contribute to anxiety and other mental health conditions that have worsened during
the pandemic is important for clinicians caring for patients with anxiety, and for policymakers
seeking to balance pandemic risk reduction against economic considerations.

To investigate factors associated with anxiety over the first two years of the pandemic, we
analyzed survey responses from the COVID-19 Citizen Science (CCS) study [17], an ongoing,
entirely digital, longitudinal cohort study which has enrolled over 100,000 participants since
its March 26, 2020 launch. The large cohort and longitudinal study design with repeated mea-
sures of anxiety and depression, along with the wide range of information collected on demo-
graphics, household characteristics, medical conditions, and occupational activities, present a
unique opportunity to investigate factors associated with changes in mental health over the
course of the pandemic. Given well-documented disparities in the health and economic
impacts of the pandemic in the United States, we hypothesized that worry about the health
effects of COVID-19 and economic distress were important contributors to anxiety, and that
both factors were particularly important for socioeconomically vulnerable groups.

Methods

CCS study overview

The COVID-19 Citizen Science study (CCS) is a longitudinal cohort study launched March
26,2020 on the Eureka Research Platform [18] to study COVID-19 testing, outcomes and
patient-reported impact of the pandemic. Methods for the CCS study were described previ-
ously [17]. The recruitment period for this study of anxiety started March 26, 2020 and ended
May 4, 2022; recruitment for the CCS study is ongoing with no prespecified enrollment targets
or end dates for enrollment or completion. Participants were recruited by emailing partici-
pants in other Eureka platform studies, by press and word of mouth (including social media),
and through partner programs and collaborating health systems [17, 19]. Initially, adults 18 or
older were eligible if they had an iOS or Android smartphone with a valid cell phone number
and agreed to participate in English; beginning January 2021 a parallel website was launched
to enable recruitment without a smartphone. After receiving information about the study and
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providing electronic consent to participate, participants were asked to complete a baseline sur-
vey about demographics, medical conditions, medications, and household characteristics, fol-
lowed by weekly and monthly surveys about activities, health, attitudes and experience during
the pandemic. All surveys were administered in English through the Eureka app or website.
Participants were surveyed about symptoms of anxiety on a monthly basis beginning April 22,
2020. Engagement with recurring surveys was encouraged using push notifications, SMS text
and email messages with a link to the Eureka app or website. The study was reviewed and
approved by the University of California, San Francisco Institutional Review Board (17-
21879).

Study sample

We analyzed anxiety survey results returned between April 22, 2020 and May 4, 2022 from
participants with complete baseline demographic characteristics including subjective social
status [20], and a zip code identifiable in US government databases that was linkable with
county-level COVID-19 case and death rates obtained from the New York Times [21]. Anxiety
responses from these participants were included if we also had complete concurrent informa-
tion regarding economic difficulty, daily occupational activities, personal COVID-19 experi-
ence including results of tests for active COVID-19 infection, and worry about the health
impacts of COVID-19 in recurring surveys. Recurring surveys were delivered on a weekly or
monthly basis, balancing participant burden and timeliness of time-varying factors.

Measurements

Our primary outcome-anxiety-was measured in monthly surveys using a seven-item ques-
tionnaire for Generalized Anxiety Disorder (GAD-7), a validated survey with high reliability
as a screening tool [22, 23]. Responses to each item in the GAD-7 survey are scored as integer
values between 0-3 according to the frequency of symptoms during the preceding two weeks
(“Not at all”, “Several days”, “More than half the days”, or “Nearly every day”), and the sum of
all seven items produces a combined score between 0-21 [22, 23] (S1 Table). Incomplete
GAD-7 surveys missing responses to any of the seven questionnaire items were removed from
analysis.

We focused on associations with two potential primary drivers of anxiety: worry about the
health effects of COVID-19, and economic difficulty. In each case, we analyzed concurrent
responses provided on the same day as anxiety survey responses. Worry about health impacts
of COVID-19 was measured by a single survey question, delivered weekly: “Over the past
WEEK, how worried have you been that the health of you or your loved ones will be affected
by COVID-19?2”. Self-reported economic stress was recorded in monthly survey responses to
two separate questions: “How hard is it for you (and your family) to pay for the very basics like
food, rent or mortgage, heating, etc. over the past 30 days?” and “Did you have difficulty mak-
ing ends meet over the past 30 days?”. We used the first question about difficulty paying for
basic living expenses in our primary analysis of economic stress, and the second question
about making ends meet in a supplemental analysis.

Additional measurements were used in analyses. MacArthur scale subjective social status
values between 1 (lowest) and 10 (highest) [20], age, gender, race/ethnicity, medical condi-
tions, education, employment field, living with school-aged children (grades K-12), and coun-
try of residence and zip code were recorded in baseline surveys. Income change, working from
home and primary daily activities were recorded monthly. Daily county-level COVID-19 case
and death rates from The New York Times (calculated as the trailing seven-day average per
100,000) were matched to corresponding anxiety survey responses using zip code-county
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crosswalk files from the Department of Housing and Urban Development (HUD) and the Fed-
eral Office of Rural Health Policy (FORHP) [21, 24, 25]. For zip codes overlapping multiple
counties, COVID-19 rates were weighted by the proportion of zip code residences in each
associated county using crosswalk data files from HUD. Responses regarding test results for
active COVD-19 infection and receipt of COVID-19 vaccine and booster shots were tabulated
cumulatively from baseline and repeated surveys. Cumulative responses regarding test results
for active COVD-19 infection were dichotomized as “Prior COVID-19 positive” or “No prior
COVID-19 positive”. Cumulative responses regarding receipt of COVID-19 vaccine and
booster shots were categorized as “None”, “1 or 2 doses” (primary vaccination), “vaccine

+ booster” (primary vaccination plus booster), or “No response” for participants who com-

pleted no prior survey questions about vaccination.

Statistical analysis

All analyses were performed using R Statistical Software v4.3.2 or Stata v17. Counts of par-
ticipants were tabulated according to baseline demographics, medical conditions, education
and employment field. Participant frequencies stratified by subjective social status were
compared using the chi-squared test. Monthly anxiety surveys completed and GAD-7 scores
were then summarized according to baseline and time-varying characteristics. GAD-7
scores within covariate groups were compared using Welch’s ANOVA test. Frequencies for
GAD-7 scores > 10 within covariate groups were compared using the chi-squared test, or
using Fisher’s exact test for unbalanced covariate groups with < 100 observations in any
subgroup. Plots of unadjusted anxiety scores over time were generated using the function
“geom_smooth” from the R package ggplot2, with default settings for the smoothing
method (mgcv::gam), spline basis (bs =“cs”; for cubic regression with shrinkage) and spline
dimension (k = 10).

To analyze associations between each of our primary predictor variables and anxiety, we
constructed a series of generalized additive mixed models (using the R packages “gamm4”
v0.2-6, “mgcv” v1.9-1, and “lme4” v1.1-35.1 [26]) with the GAD-7 anxiety score as the out-
come variable. For each primary predictor, we started with a simple model including only the
predictor and calendar time, modeled as a cubic spline of days elapsed following declaration of
COVID-19 as a global pandemic by the WHO on March 11, 2020, specified using gamm4
defaults with thin plate regression as the spline smoothing basis and k = 10 as the basis dimen-
sion. We then accounted for repeated measures from individual participants and differing
individual tendencies towards anxiety by including a random intercept for each participant.
Models were further adjusted by adding 1) baseline demographic variables, including medical
conditions and living with school-aged children; 2) county-level COVID-19 case and death
rates; and 3) personal COVID-19 experience including prior COVID-19 test positivity, vacci-
nation status, monthly hospitalization days and emergency room/urgent care visits (without
hospital admission). Quadratic terms for age and subjective social status were included to
model non-linear relationships. To estimate their independent contributions, the fully
adjusted models included both COVID-19 health worry and economic stress (difficulty paying
for basic living expenses in primary analysis, or difficulty making ends meet in a supplemental
analysis). To test for interactions between COVID-19 worry, economic difficulty and subjec-
tive social status, we added a three-way interaction term to the fully adjusted model with diffi-
culty paying for basic living expenses as the primary predictor, dichotomizing subjective social
status values below versus at or above the median in the interaction term. Estimates for the
total combined effects of these variables and their interactions were obtained using the R pack-
age “multcomp”.
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Results

Between April 22, 2020 and May 4, 2022, 56,299 participants submitted a total of 371,076 anxi-
ety surveys. After removing incomplete GAD-7 questionnaires (n = 188), participants report-
ing residence outside the United States (n = 1,634) and responses where key covariates were
missing (n = 26,108), our analytic sample included 50,172 participants and 333,292 anxiety
survey responses. These participants were predominantly non-Hispanic white (82%) and
female (67%), with a median age of 55 (IQR 42-66). The majority of participants completed
more than one anxiety survey (82%), accounting for 97% of the anxiety surveys analyzed
(324,106). Approximately half of all participants were from Western census region states, with
many from California (36%). A large proportion were highly educated with either a college
degree (41%) or graduate degree (44%), and many reported employment in healthcare (18%)
or education (12%). Participants reporting subjective social status at or above the median (>7
on scale of 1-10) were more likely to report older age, male gender, higher levels of education,
and non-rural residence (p < .0001 for all) (Table 1). Participants reporting lower subjective
social status were more likely to report high levels of COVID-19 health worry (“Very worried”
or “Extremely worried”; RR 1.24; 95% CI 1.21, 1.27; p < 0.0001) and much more likely to
report high levels of difficulty paying for basic living expenses (“Hard” or “Very hard”; RR
5.11; 95% CI 4.73, 5.52; p < 0.0001) at least once during follow-up (Table 1 and S2 and S3
Tables).

The mean GAD-7 anxiety score was 4.0 +/- 4.6 overall, with 11.4% of all responses meeting
criteria considered high risk for clinically significant generalized anxiety (GAD-7 score > 10).
Anxiety scores were generally higher among participants reporting lower subjective social sta-
tus, younger age, non-male gender, non-White race (except for Black and Asian), Hispanic
ethnicity, or lower education. Anxiety scores were also higher among participants living with
children and with some types of medical conditions (respiratory conditions, immunodefi-
ciency, anemia) (p < 0.001 for all comparisons, Table 2).

Anxiety was variable across the pandemic and within participants over time. The mean
range in GAD-7 anxiety scores was 4.9 +/- 4.2 (SD) points among participants who completed
more than one anxiety survey. Responses earlier in the pandemic were associated with higher
anxiety scores (Table 2), with subsequent fluctuations corresponding to successive waves of
the pandemic and their repercussions in the US (Fig 1). Prior positive tests for active COVID-
19 infection and county-level COVID-19 case and death rates were not associated with sub-
stantially elevated anxiety scores, but receipt of COVID-19 vaccinations was associated with
lower anxiety scores. Worry about the health effects of COVID-19 for oneself or loved ones
was associated with highly elevated anxiety scores (Table 2). Time-varying economic factors
were also very strongly associated with elevated anxiety scores. These include decline in
income, disability, unemployment, full or part-time student status, and difficulty paying for
basic living expenses or making ends meet. More than 40% of responses among participants
reporting the highest levels of COVID-19 health worry or economic difficulty were associated
with GAD-7 scores indicating high risk for clinically significant generalized anxiety (GAD-

7 > 10) (Table 2). Participants reporting high levels of both COVID-19 health worry and diffi-
culty paying for basics were particularly prone to anxiety, with median scores considered high
risk for generalized anxiety (GAD-7 > 10) in many of the highest categories of exposure, and
median scores indicative of severe anxiety (GAD-7 > 15) at the highest levels of exposure
among those also reporting lower subjective social status (Fig 2).

COVID-19 health worry and difficulty paying for basic living expenses were both indepen-
dently associated with elevated GAD-7 anxiety scores in multivariable regression models
(Table 3). After accounting for the general tendency for each participant to report higher or
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Table 1. Baseline characteristics of participants stratified by subjective social status.

Characteristic Value Subjective Social Status 1-6 Subjective Social Status 7-10
(n=17518) (n=32654)
Age group 18-34 3153 (18%) 3477 (10.6%)
35-49 5786 (33%) 9757 (29.9%)
50-64 5048 (28.8%) 10350 (31.7%)
>65 3531 (20.2%) 9070 (27.8%)
Gender Female 12688 (72.4%) 20960 (64.2%)
Male 4416 (25.2%) 11409 (34.9%)
Genderqueer 157 (0.9%) 116 (0.4%)
Another Gender Identity 111 (0.6%) 71 (0.2%)
Not stated or decline to state 49 (0.3%) 48 (0.1%)
Transgender Man 56 (0.3%) 33 (0.1%)
Transgender Woman 41 (0.2%) 17 (0.1%)
Race White 14630 (83.5%) 28835 (88.3%)
Asian (including South Asian and Asian Indian) 736 (4.2%) 1655 (5.1%)
More than one race 896 (5.1%) 1027 (3.1%)
Black or African American 515 (2.9%) 421 (1.3%)
Some other race 464 (2.6%) 380 (1.2%)
Not stated 167 (1%) 249 (0.8%)
American Indian or Alaska Native 45 (0.3%) 39 (0.1%)
Don’t know 40 (0.2%) 24 (0.1%)
Native Hawaiian or Pacific Islander 25 (0.1%) 24 (0.1%)
Hispanic ethnicity No 15638 (89.3%) 30751 (94.2%)
Yes: Mexican, Mexican American or Chicano 803 (4.6%) 716 (2.2%)
Yes: Other or Mixed Hispanic, Latino or Spanish origin 666 (3.8%) 802 (2.5%)
Yes: Puerto Rican 177 (1%) 139 (0.4%)
Don’t know 114 (0.7%) 93 (0.3%)
Prefer not to state 67 (0.4%) 87 (0.3%)
Yes: Cuban 52 (0.3%) 65 (0.2%)
Not stated 1 (0%) 1 (0%)
Education No high school degree 76 (0.4%) 19 (0.1%)
High school degree or equivalent 4253 (24.3%) 2541 (7.8%)
College degree (including associate’s) 8190 (46.8%) 12511 (38.3%)
Graduate degree 4742 (27.1%) 17356 (53.2%)
Other 225 (1.3%) 182 (0.6%)
Don’t know or not stated 32 (0.2%) 45 (0.1%)
Employment Other or not stated 7273 (41.5%) 13953 (42.7%)
Healthcare 3298 (18.8%) 5872 (18%)
Education 2276 (13%) 3989 (12.2%)

Scientific and technical services

1152 (6.6%)

3861 (11.8%)

Finance and insurance

771 (4.4%)

1815 (5.6%)

Arts, entertainment, and recreation 538 (3.1%) 813 (2.5%)

Retail 624 (3.6%) 417 (1.3%)
Manufacturing 398 (2.3%) 641 (2%)
Hospitality and food services 437 (2.5%) 335 (1%)

Construction 297 (1.7%) 389 (1.2%)
Transportation 302 (1.7%) 344 (1.1%)
Utilities 152 (0.9%) 225 (0.7%)
(Continued)
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Table 1. (Continued)

Characteristic Value Subjective Social Status 1-6 Subjective Social Status 7-10

(n=17518) (n = 32654)

Children Live with children (k-12 age) 4187 (23.9%) 7896 (24.2%)

Rural residence Rural zip code 1936 (11.1%) 2346 (7.2%)
US Census Region West 7856 (44.8%) 17027 (52.1%)
Midwest 3796 (21.7%) 5419 (16.6%)

Northeast 1850 (10.6%) 3490 (10.7%)

South 4014 (22.9%) 6717 (20.6%)

Territory 2 (0%) 1 (0%)

Baseline medical conditions High blood pressure 5036 (28.7%) 8695 (26.6%)

Diabetes 1454 (8.3%) 1757 (5.4%)

Coronary artery disease 694 (4%) 1347 (4.1%)

Heart attack 305 (1.7%) 513 (1.6%)

Congestive heart failure 240 (1.4%) 284 (0.9%)

Stroke 407 (2.3%) 590 (1.8%)

Atrial fibrillation 647 (3.7%) 1409 (4.3%)

Sleep apnea 2604 (14.9%) 3974 (12.2%)

COPD 597 (3.4%) 558 (1.7%)

Asthma 2161 (12.3%) 2748 (8.4%)

Cancer 974 (5.6%) 2178 (6.7%)

Immunodeficiency 710 (4.1%) 857 (2.6%)

HIV 151 (0.9%) 140 (0.4%)

Anemia 2417 (13.8%) 3074 (9.4%)

Pregnant at baseline 159 (0.9%) 350 (1.1%)
COVID-19 health worry High levels of COVID-19 health worry' reported at any time 7648 (43.7%) 11479 (35.2%)

during follow-up
Difficulty paying for basic living High levels of difficulty paying for basics” reported at any 2299 (13.1%) 839 (2.6%)
expenses time during follow-up

! _COVID-19 health worry reported as “Very worried” or “Extremely worried”.

% _Difficulty paying for basic living expenses reported as “Hard” or “Very hard”

https://doi.org/10.1371/journal.pone.0297922.t001

lower GAD-7 scores (Model 2), and adjusting for other covariates (Model 3), highly significant
dose-response trends were evident (p < 2e-16 for each), adding 2-3 additional points to
GAD-7 scores in highest categories of exposure (Table 3 and 54 Table). Lower subjective social
status was also independently associated with higher GAD-7 scores in fully adjusted models
(p < 2e-16). To investigate potential synergistic effects between economic stress, COVID-19
health worry and subjective social status we added interactions to the fully adjusted model
shown in Table 3, dichotomizing subjective social status values above or below the median in
the interaction terms. The effects of COVID-19 health worry and difficulty paying for basics
were independent and additive (p < 2e-16 for each) but not strongly synergistic in this model
with interactions included, predicting GAD-7 scores 5.4 or 5.0 points higher at the highest lev-
els of exposure for lower or higher subjective social status participants, respectively (Fig 2 and
S5 Table).

A version of the complete dataset used for all analyses is provided with minor modifica-
tions for anonymization (S1 File and S6 Table provides corresponding regression model
results).
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Table 2. Anxiety scores by baseline and time-varying characteristics.

Characteristic Participants | Monthly surveys completed GAD-7 anxiety score
Mean +/- SD Proportion > 10,
Per participant, Total p-value' % p-value’
median (IQR)
Overall 50172 5(2,9) 333292 4.0 +/- 4.6 . 11.4% .
Subjective social 1 117 3(1,6) 529 8.3+/-7.2 < 0.0001 38.8% < 0.0001
status 2 283 4(2,8) 1637 7.8 +/-6.6 37.1%
3 1114 4(1,8) 6492 6.7 +/-5.8 27.2%
4 2577 4(2,8) 15488 58 +/-5.5 21.6%
5 5099 4(2,8) 30399 4.9 +/-5.1 16.0%
6 8328 5(2,9) 54476 4.4 +/-4.7 13.4%
7 13905 5(2,9) 93081 39+/-44 10.5%
8 11873 5(2,10) 82779 34 +/-4.1 8.4%
9 5128 5(2,10) 36812 3.0+/-3.8 6.9%
10 1748 5(2,10) 11599 2.6 +/-3.7 5.7%
Age group 18-34 6630 3(1,7) 31738 6.2 +/-5.2 < 0.0001 22.4% < 0.0001
35-49 15543 4(2,9) 95606 52+/-4.9 16.9%
50-64 15398 5(2,10) 111429 3.7 +/-4.4 9.6%
>65 12601 6(3,10) 94519 24 +/-34 4.3%
Gender Female 33648 5(2,9) 224075 4.4 +/-4.7 < 0.0001 12.8% < 0.0001
Male 15825 5(2,9) 104868 3.0 +/-4.1 7.5%
Genderqueer 273 4(2,9) 1743 8.1 +/-5.6 33.8%
Another Gender Identity 182 5(2,9) 1136 8.3 +/-5.8 38.2%
Not stated or decline to state 97 3(2,7) 467 5.5+/-4.8 20.6%
Transgender Man 89 5(2,11) 641 8.2 +/-5.1 35.6%
Transgender Woman 58 4(2,9) 362 5.8 +/-5.7 22.7%
Race White 43465 5(2,10) 294247 4.0 +/-4.5 < 0.0001 11.3% < 0.0001
Asian (including South Asian and 2391 4(2,9) 14546 35+/-4.3 9.0%
Asian Indian)
More than one race 1923 4(2,9) 11766 5.0+/-5.2 16.9%
Black or African American 936 4(2,7) 4890 3.6 +/-4.5 10.9%
Some other race 844 3(2,7) 4344 4.7 +/-5.3 16.1%
Not stated 416 4(2,8) 2487 4.1 +/-4.5 11.4%
American Indian or Alaska Native 84 3(2,7) 420 4.8 +/-5.9 17.9%
Don’t know 64 4(2,7) 311 4.7 +/-5.6 18.0%
Native Hawaiian or Pacific 49 4(2,8) 281 4.0 +/-4.7 11.0%
Islander
Hispanic No 46389 5(2,9) 312117 39+/-4.5 < 0.0001 11.1% < 0.0001
ethnicity Yes: Mexican, Mexican American 1519 4(2,9) 8767 5.0 +/-5.2 16.8%
or Chicano
Yes: Other or Mixed Hispanic, 1468 4(2,8) 8119 4.9 +/-5.3 16.5%
Latino or Spanish origin
Yes: Puerto Rican 316 4(2,8) 1767 5.1+/-5.4 17.0%
Don’t know 207 4(2,8) 1204 4.8 +/-4.9 16.4%
Prefer not to state 154 3.5(1,6) 755 3.6 +/-4.5 10.1%
Yes: Cuban 117 3(1,6) 551 5.0+/-5.3 18.3%
Not stated 2 6(4.5,7.5) 12 2.1+/-3.6 0.0%
(Continued)
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Table 2. (Continued)

Characteristic Participants | Monthly surveys completed GAD-7 anxiety score
Mean +/- SD Proportion > 10,
Per participant, Total p-value' % p-value®
median (IQR)
Education No high school degree 95 3(1.5,7) 460 5.0 +/-5.1 < 0.0001 15.7% < 0.0001
High school degree or equivalent 6794 4(2,8) 39792 4.5+/-5.2 15.1%
College degree (including 20701 5(2,9) 134069 4.1 +/-4.6 11.6%
associate’s)
Graduate degree 22098 5(2,10) 155988 3.8 +/-4.4 10.2%
Other 407 5(2,9) 2538 44 +/-5.2 14.4%
Don’t know or not stated 77 5(2,8) 445 52+/-5.6 20.0%
Employment Other or not stated 21226 5 (2, 10) 146529 3.6 +/-4.4 < 0.0001 9.8% < 0.0001
Healthcare 9170 4(2,9) 57745 4.2 +/-4.6 12.2%
Education 6265 5(2,10) 42999 4.7 +/-4.7 13.9%
Scientific and technical services 5013 5(2,10) 34509 4.1 +/-4.5 11.9%
Finance and insurance 2586 5(2,9) 16637 38+/-4.4 10.4%
Arts, entertainment, and 1351 5(2,10) 8780 5.1+/-5.2 16.7%
recreation
Retail 1041 4(1,8) 5791 5.0+/-5.2 17.1%
Manufacturing 1039 4(2,9) 6304 33 +/-4.1 8.1%
Hospitality and food services 772 4(1,8) 4407 5.0 +/-5.1 16.8%
Construction 686 4(2,8) 3835 4.0 +/-4.7 11.6%
Transportation 646 4(2,8) 3569 3.8 +/-4.9 11.9%
Utilities 377 4(2,8) 2187 4.2 +/-4.5 11.9%
Children in Live with children 12083 4(2,8) 71725 4.7 +/-4.8 < 0.0001 14.3% < 0.0001
household | 1y ot live with children or other | 38089 5(2, 10) 261567 | 3.8 +/-45 10.6%
Zip code Rural zip code 4282 5(2,9) 28197 3.9 +/-4.6 0.0031 11.4% 0.8
Non-rural zip code 45890 5(2,9) 305095 4.0 +/-4.6 11.4%
US Census West 24883 5(2,10) 175739 4.0 +/-4.5 < 0.0001 11.1% < 0.0001
region Midwest 9215 5(2,10) 60545 | 3.9+/-45 11.2%
Northeast 5340 4(2,8) 33814 44 +/-4.8 13.1%
South 10731 4(2,7) 63182 4.0 +/-4.6 11.5%
Territory 3 3(2,5.5) 12 8.2 +/-4.3 16.7%
High blood High blood pressure 13731 5(2,9) 94237 34 +/-4.4 < 0.0001 9.2% < 0.0001
pressure No, don’t know or not stated 36441 5(2,9) 239055 | 4.2 +/-4.6 12.3%
Diabetes Diabetes 3211 5(2,8) 20553 3.7 +/-4.6 < 0.0001 10.6% < 0.0001
No, don’t know or not stated 46961 5(2,9) 312739 4.0 +/-4.6 11.5%
Coronary artery Coronary artery disease 2041 5(3,9) 13658 2.9 +/-4.2 < 0.0001 7.5% < 0.0001
disease No, don’t know or not stated 48131 5(2,9) 319634 4.0 +/-4.6 11.6%
Heart attack Heart attack 818 5(3,9) 5484 2.9 +/-4.2 < 0.0001 7.7% < 0.0001
No, don’t know or not stated 49354 5(2,9) 327808 4.0 +/-4.6 11.5%
Congestive heart Congestive heart failure 524 5(2,9) 3418 3.8+/-4.8 0.067 11.7% 0.59
failure No, don’t know or not stated 49648 5(2,9) 329874 4.0 +/-4.6 11.4%
Stroke Stroke 997 5(2,9) 6595 3.8 +/-4.6 0.00012 11.3% 0.66
No, don’t know or not stated 49175 5(2,9) 326697 4.0 +/-4.6 11.4%
Atrial fibrillation Atrial fibrillation 2056 6(3,10) 15124 2.8 +/-3.9 < 0.0001 6.6% < 0.0001
No, don’t know or not stated 48116 5(2,9) 318168 4.1 +/-4.6 11.7%
Sleep apnea Sleep apnea 6578 5(2,9) 44303 4.0 +/-4.6 0.59 11.8% 0.0046
No, don’t know or not stated 43594 5(2,9) 288989 4.0 +/-4.6 11.4%
(Continued)
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Table 2. (Continued)

Characteristic Participants | Monthly surveys completed GAD-7 anxiety score
Mean +/- SD Proportion > 10,
Per participant, Total p-value' % p-value®
median (IQR)
COPD COPD 1155 5(2,9) 7391 4.4 +/-4.9 < 0.0001 13.4% < 0.0001
No, don’t know or not stated 49017 5(2,9) 325901 4.0 +/-4.6 11.4%
Asthma Asthma 4909 5(2,9) 31952 5.1+/-5.1 < 0.0001 17.2% < 0.0001
No, don’t know or not stated 45263 5(2,9) 301340 39 +/-4.5 10.8%
Cancer Cancer 3152 6(2,10) 21734 3.1+/-4.1 < 0.0001 7.0% < 0.0001
No, don’t know or not stated 47020 5(2,9) 311558 4.1 +/-4.6 11.7%
Immuno- Immunodeficiency 1567 5(2,8) 9538 4.8 +/-5.1 < 0.0001 16.6% < 0.0001
deficiency No, don’t know or not stated 48605 5(2,9) 323754 | 4.0 +/-46 11.3%
HIV HIV 291 5(2,10) 1933 4.2 +/-4.6 0.031 12.7% 0.091
No, don’t know or not stated 49881 5(2,9) 331359 4.0 +/-4.6 11.4%
Anemia Anemia 5491 5(2,10) 37013 5.0 +/-5.0 < 0.0001 16.0% < 0.0001
No, don’t know or not stated 44681 5(2,9) 296279 39+/-4.5 10.9%
Pregnant at Pregnant at baseline 509 4(2,8) 2862 4.6 +/-4.4 < 0.0001 12.4% 0.093
baseline No, don’t know or not stated 49663 5(2,9) 330430 | 4.0 +/-46 11.4%

Date interval 2020-04-22-2020-10-24 57964 5.1+/-4.9 < 0.0001 16.2% < 0.0001
2020-10-25-2021-04-28 72270 4.6 +/-4.8 14.0%
2021-04-29-2021-10-30 93567 3.6+/-4.3 9.4%
2021-10-31-2022-05-04 109491 34 +/-4.3 8.9%

COVID-19 cases <7 81119 4.0 +/-4.5 < 0.0001 11.2% < 0.0001
per 100k 7-15 83918 | 3.9+/-45 11.1%
> 15-34 84806 4.1 +/-4.6 11.7%
> 34 83449 4.0 +/-4.6 11.6%

COVID-19 < 0.07 72992 3.8 +/-4.5 < 0.0001 10.6% < 0.0001
deaths per 100k 0.7-0.17 95007 | 4.0 +/-45 11.1%
> 0.17-0.36 82438 4.0 +/-4.6 11.5%
> 0.36 82855 4.2 +/-4.7 12.4%

Difficulty paying Not very hard 298138 3.7 +/-4.3 < 0.0001 9.6% < 0.0001
for basic living Somewhat hard 22580 | 6.5+/-5.5 24.9%
expenses Hard 4859 8.3 +/-6.0 36.6%
Very hard 3220 9.8 +/-6.7 47.0%
Prefer not to state 3046 4.0 +/-4.9 12.2%
Don’t know 1449 59 +/-5.7 23.1%

Difficulty Never 266181 3.5+/-4.2 < 0.0001 8.7% < 0.0001

making ends Hardly ever 35337 | 5.14/-5.0 16.8%

meet Occasionally 20837 6.7 +/-5.6 25.8%
Frequently 6295 9.2 +/-6.4 43.1%
Prefer not to state 3056 4.5+/-5.2 15.0%
Don’t know 1586 6.2 +/-5.6 24.2%
(Continued)
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Table 2. (Continued)

Characteristic Participants | Monthly surveys completed GAD-7 anxiety score
Mean +/- SD Proportion > 10,
Per participant, Total p-value' % p-value®
median (IQR)
Daily activities Working full time 170824 4.4 +/-4.6 < 0.0001 12.9% < 0.0001
Working part-time 35153 3.9 +/-4.5 10.6%
Unemployed, laid off, or looking 10968 6.2 +/-5.6 23.5%
for work
In school (full- or part-time 5770 6.3 +/-5.4 24.4%
student)
Stay-at-home parent or keeping 18825 5.0 +/-5.0 15.9%
household
Retired 84259 2.3+/-3.3 4.0%
Disabled 6180 6.7 +/-5.8 27.6%
Prefer not to state 1313 4.8 +/-5.4 17.1%
Income change Yes, it has increased 19073 4.2 +/-4.6 < 0.0001 12.4% < 0.0001
No, it is about the same 289182 3.8 +/-4.4 10.5%
Yes, it has declined 22229 6.2 +/-5.6 22.7%
Prefer not to state 2808 4.5+/-5.3 15.5%
Working from None 52452 4.3 +/-4.8 < 0.0001 13.2% < 0.0001
home 1-24% of the time 20492 4.1+/-45 11.2%
25-49% of the time 8937 4.2 +/-4.4 11.8%
50-74% of the time 13066 4.2 +/-4.4 11.6%
75-99% of the time 24666 4.3 +/-4.5 12.1%
100% of the time 86355 4.4 +/-4.6 12.8%
Not stated or not applicable 127324 3.4 +/-4.5 9.6%
COVID-19 test No prior COVID-19 positive 312458 4.0 +/-4.6 0.0029 11.4% 0.37
positivity Prior COVID-19 positive 20834 3.9+/-4.7 11.6%
COVID-19 None 112081 4.6 +/-4.8 < 0.0001 13.9% < 0.0001
vaccination 1 or 2 doses 96175 | 3.6 +/-43 9.5%
Vaccine + booster 99446 3.3 +/-4.2 8.6%
No response 25590 5.6 +/-5.2 18.9%
Hospitalization None or not stated 321447 4.0 +/-4.5 < 0.0001 11.2% < 0.0001
days or ER/ One 8823 | 4.9+/-50 16.0%
urgent care visits More than one 3022 52 +/-5.3 17.7%
in previous
month
Worry about the Not worried at all 49720 1.8 +/-3.2 < 0.0001 3.5% < 0.0001
health effects of Alittle worried 110795 2.7 +/-3.5 4.8%
COVID-19 )
Somewhat worried 104670 4.3 +/-4.2 11.0%
Very worried 48514 6.4 +/-5.0 22.5%
Extremely worried 19593 9.4 +/-6.2 43.7%

IQR-Interquartile range; SD-Standard deviation; GAD-7 anxiety score-Anxiety score (scale 0-21) from the Generalized Anxiety Disorder (GAD-7) questionnaire
! Welch’s ANOVA for homogeneity of mean GAD-7 scores

% chi-squared test or Fisher’s exact test for frequencies of GAD-7 scores > 10; Fisher’s exact test was used for unbalanced groups with < 100 observations for any

subgroup

https://doi.org/10.1371/journal.pone.0297922.t002
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Fig 1. GAD-7 anxiety scores over the first two years of the pandemic. Anxiety scores divided by gender are further stratified
by worry about the health effects of COVID-19 in panel A, and by difficulty paying for basic living expenses in panel B.
Trendlines show unadjusted mean GAD-7 anxiety scores, with 95% confidence intervals shaded in grey. Counts in both panels
show total observations in each gender group, including observations associated with non-informative levels of difficulty paying

for basic living expenses (“Prefer not to state”, “Don’t know”), which are omitted in panel B.
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Fig 2. GAD-7 anxiety scores and associations with COVID-19 health worry, economic stress and subjective social status. Panel A shows median GAD-7
scores (black) and total observation counts and percentages (blue) cross-tabulated by corresponding responses regarding COVID-19 health worry and
difficulty paying for basic living expenses, and stratified by lower versus higher subjective social status. Panel B shows model estimates from a multivariable
regression model that includes interactions between these variables. Estimates (black) and 95% confidence intervals (blue) indicate model predictions relative
to reference levels of COVID-19 health worry (“Not very worried”), difficulty paying for basics (“Not very hard”) and subjective social status (values between
7-10). * p < 0.01, ** p < 0.001.
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Table 3. Associations between COVID-19 health worry, difficulty paying for basic living expenses, and anxiety during the COVID-19 pandemic.

COVID-19 Health Worry

Not worried or other
A little worried
Somewhat worried
Very worried

Extremely worried

GAD-7 Score difference (95% confidence intervals)

Model 1: Adjusted for calendar time®

0 (reference)

0.88 (0.84, 0.93)
2.49 (2.45, 2.53)
4.57 (4.52,4.62)
7.51 (7.44, 7.58)

0 (reference)

0.38 (0.35, 0.40)
1.00 (0.97, 1.03)
1.95(1.92, 1.98)
3.39 (3.34, 3.43)

Model 2: Adjustment for participant tendencies’

Model 3: Fully adjusted*
0 (reference)

0.36 (0.33, 0.39)

0.95 (0.92, 0.98)
1.88(1.84, 1.91)

3.28 (3.24, 3.33)

p-value for trend p < 2e-16 p < 2e-16 p < 2e-16
adjusted R* 0.19 0.14 0.26
Difficulty Paying for Basics’
Not very hard 0 (reference) 0 (reference) 0 (reference)
Somewhat hard 2.86 (2.80, 2.92) 0.86 (0.83, 0.90) 0.67 (0.63, 0.70)
Hard 4.63 (4.5,4.75) 1.74 (1.67, 1.81) 1.36 (1.29, 1.43)
Very hard 6.11 (5.96, 6.26) 2.57 (2.48, 2.66) 2.06 (1.97, 2.15)
p-value for trend p <2e-16 p < 2e-16 p <2e-16
adjusted R? 0.08 0.06 0.26

! _Estimates and 95% confidence intervals represent the estimated difference in the Generalized Anxiety Disorder (GAD-7) score (scale 0-21) compared to the
indicated reference category from multivariable linear regression models. p < 2e-16 for all point estimates shown.

% _Days elapsed following declaration of COVID-19 as a global pandemic by the WHO on March 11, 2020.

* _Adjusted for repeated measures from individual participants.

* _Additionally adjusted for baseline demographic characteristics, medical conditions, subjective social status, time-varying COVID-19 case and death rates (associated
with participant zip code), personal COVID-19 experience and vaccination status, and the other independent variable of interest (both Economic Stress and COVID-19
Worry were included in the model, unlike for Models 1 and 2). No interaction terms are included.

® —“Prefer not to state” and “Don’t know” categories for economic stress are omitted from the table.
GAD-7—Generalized Anxiety Disorder (GAD-7) questionnaire

https://doi.org/10.1371/journal.pone.0297922.t1003

Discussion

Our analysis of more than 330,000 survey responses from over 50,000 participants in the
COVID-19 Citizen Science study shows high levels of anxiety early during the pandemic, with
fluctuating declines over the subsequent two years. Worry about the health effects of COVID-
19 was strongly associated with anxiety, predicting GAD-7 anxiety scores up to three points
higher after adjustment for individual tendencies towards anxiety and other covariates. Eco-
nomic difficulty was an independent contributor, predicting GAD-7 anxiety scores up to two
points higher. The additive effects of COVID-19 health worry and economic difficulty were
substantial; participants reporting both had very high levels of anxiety. While the effects of
COVID-19 health worry and economic difficulty on anxiety were similar in magnitude for
participants reporting lower or higher socioeconomic status, these factors were both dispro-
portionately common in participants with subjectively lower social status.

Anxiety caused substantial suffering during the height of the pandemic. COVID-19 mortal-
ity in the US dropped from a peak of nearly 26,000 deaths per week in January 2021 to approx-
imately 1,500 deaths per week as of January 2024. Most restrictive measures have been eased,
and many support programs have expired. However, the impacts of the pandemic on physical,
mental, and economic well-being remain profound. Our findings underscore previous work
documenting the compounding and unequal effects of COVID-19 on physical health, employ-
ment, and financial insecurity among socioeconomically disadvantaged and marginalized
groups, and the corresponding potential repercussions for mental health [4, 8, 10, 14, 15, 27].
Our analysis also highlights the vulnerability of people for whom health worry and financial
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difficulty are potentially in conflict, including those who do not have financial resources to
find alternatives when their jobs or housing pose health risks, and those lacking access to
affordable healthcare [9, 14, 28]. In our study, difficulty paying for basic living expenses and
worry about the health effects of COVID-19 were associated with comparable increases in anx-
iety, and high levels of economic stress were much more common among socioeconomically
vulnerable participants, suggesting that economic distress might outweigh health concerns for
at least some people facing difficult decisions when these factors were in conflict.

Our analysis had limitations. We did not investigate all factors that might be important con-
tributors to anxiety, such as social isolation or preexisting mental health conditions. Non-His-
panic white participants comprised the overwhelming majority in this study, limiting our
ability to draw insights that might be distinct for other racial and ethnic groups. Roughly half
of all participants were from Western states, and many of these were concentrated in metro-
politan areas surrounding the San Francisco Bay area in California. In addition, less than 9%
of participants in this study were from rural areas, and only 35% reported subjective social sta-
tus values in the lower two-thirds of the MacArthur scale, underscoring the need for innova-
tions in recruitment to reach more diverse participants for digitally based studies. Only 6% of
CCS anxiety surveys were associated with a previous or concurrent positive test for SARS-
CoV-2 infection, which may reflect low case rates in the cohort, low rates of testing [29], or
both. We did not find evidence that the combined effects of economic difficulty, worry about
the health effects of COVID-19, and subjective social status were strongly synergistic, but there
are many other potential interactions involving participant characteristics and experiences
that might merit investigation as important contributors to anxiety. Lastly, participation was
likely influenced by important variables of interest, including anxiety, economic difficulty and
worry about COVID-19. In each case, effects might be complex, for example increasing partic-
ipation at moderate levels of distress while decreasing participation at the highest levels.
Despite these limitations, the CCS study presents a unique resource for analyzing mental
health over the course of the pandemic in the context of a wide range of participant character-
istics and experiences, and our findings have important policy and public health implications.

Conclusions

Our analyses indicate that mitigation of health risks and economic precarity for the most vul-
nerable could substantially reduce anxiety related to effects of the pandemic. Our findings also
suggest that addressing only one of these factors without the other would leave many at risk
for anxiety. Directly addressing rational concerns about health risk and economic insecurity
could alleviate pandemic-related anxiety for many [7, 28]. Potential mitigating interventions
range from measures to address workplace infection risk including guaranteed paid sick leave
and improved indoor air quality, to supports for housing security, expanded access to afford-
able healthcare and mental health support services, community-centered vaccination cam-
paigns, and programs to support basic levels of income [28, 30]. Such efforts could be
instrumental for addressing continuing waves of COVID-19, and future public health emer-
gencies, with potential co-benefits for addressing existing socioeconomic disparities in physi-
cal, mental, and economic health.
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