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Abstract

Despite the profound health and economic implications of Covid-19, there is only
limited knowledge to date about the role of economic concerns, health worries and social
distancing for mental health outcomes during the pandemic. We analyze online survey

data from the nationally representative “Understanding America Study” (UAS) covering
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the period of March 10-31st 2020 (sample size: 6,585). Mental health is assessed by the
validated PHQ-4 instrument for measuring symptoms of depression and anxiety. About

29% (CI:27.4-.30.4%) of the US adult population reported some depression/anxiety

symptoms over the study period, with symptoms deteriorating over the month of March.

Worsening mental health was most strongly associated with concerns about the
economic consequences of the pandemic, while concerns about the potential implications
of the virus for respondents’ own health and social distancing also predicted increases in
symptoms of depression and anxiety during the early stages of the pandemic in the US,
albeit less strongly. Our findings point towards the possibility of a major mental health
crisis unfolding simultaneously with the pandemic, with economic concerns being a key
driving force of this crisis. These results highlight the likely importance of economic
countermeasures and social policy for mitigating the impact of Covid-19 on adult

mental health in the US over and above an effective public health response.

Introduction

Among the myriad of consequences that the Covid-19 pandemic has on the health care,
economic and social spheres in the US and worldwide, experts and policy makers are
increasingly urging to consider the mental health consequences of the pandemic [1,2].
Some observers even went as far as calling mental illness resulting from Covid-19 the
“inevitable” next pandemic [3]. The importance and urgency to address the short and
long term aftermaths of Covid-19 on individual and population level mental health have
been outlined in a recent policy brief issued by the United Nations [4]. Despite this
compelling need to generate knowledge about the Covid-19 impact on mental health of
individuals and populations, research on the mental health consequences of the
pandemic, especially in the US, is still sparse and the determinants and
sociodemographic patterns of mental well-being during Covid-19 are still not well
documented. Prior evidence suggests that the experience of large scale disasters is
associated with increases in depression and anxiety, post-traumatic stress disorder
(PTD), and a broad range of other mental disorders [1,5,6]. In the context of Covid-19,
these mental health implications may be amplified by factors such as increased

uncertainty related to individual’s own health because of the exposure to a new highly
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infectious disease [6-8], the profound economic consequences of the pandemic in the US
and globally, the implementation of lock-down measures [9-12], resulting in the practice
of prolonged social distancing [1,13-16].

In this study, we investigate the consequences of the Covid-19 pandemic on mental
health in the US between March 10th and March 31st, 2020, the early period of the
pandemic when many US residents began to realize that Covid-19 was about to
fundamentally affect their lives [9]. Using nationally representative population-based
data for the US adult population from the Understanding America Study [17], we focus
on three potential pathways through which the pandemic can affect mental health:
uncertainties and perceptions related to the immediate impact of the coronavirus on
own health, concerns about the economic consequences related to the pandemic and
impact of practicing social distancing as a measure to contain the spread of the virus.

Uncertainties about the actual virus prevalence, its contagiousness and pathways of
transmission, accompanied by difficulties to obtain testing and the lack of an effective
treatment, can result in high perceived health threat and unpredictability of the real
magnitude and impact of the disease. Although individuals may objectively face similar
health risks, perceptions of these risks as well as information and knowledge about
Covid-19 differ between individuals [18], potentially generating considerable differences
in mental health responses. With all these uncertainties gravitating around the
Covid-19 pandemic [8], risk perceptions and knowledge therefore can play a significant
role in mental health outcomes and can drive depression and anxiety levels, to the point
that the psychological distress about the disease can be more fearful than the disease
itself [6,7]

The large negative economic consequences of the various measures taken to contain
the spread of Covid-19 are other potentially important drivers of mental health
deterioration during the course of the pandemic in the US. Economic and financial
security have long been recognized as important factors for mental well-being. [19-21]
With the economy mostly shutting down and the unprecedented rise of unemployment,
the immediate and long-term economic uncertainties are huge and individuals in the US
are struggling to project themselves in the future and to secure an income for the
coming months. [9] These economic uncertainties and challenges are likely exacerbated

in the US by the weaker social safety net compared to other high-income countries. [22]
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With its major shock to the global economy, the Covid-19 pandemic is sending a
massive number of individuals to unemployment and economic instability, making these
individuals particularly vulnerable and prone to mental health disorders. [10-12]

Social distancing, which is a commonly implemented measure to reduce the spread of
a virus, may also pose a mental health challenge for many people. Mass quarantine and
shelter in place orders imposed throughout the US during the month of March to curtail
the spread of Covid-19 have sent millions of individuals home in isolation. [16] While
these steps may contribute to flattening the curve of new infections, the lack of social
interaction may have an impact on mental health due to feelings of loneliness and
isolation. [1,13-15]

In this analysis, we investigate the impact of the Covid-19 pandemic on mental
health in the US between March 10th and March 31st, 2020, the early period of the
pandemic when many US residents began to realize that Covid-19 was about to
fundamentally affect their lives [9]. Using nationally representative population-based
data for the US adult population from the Understanding America Study [17], we
investigate how mental health is associated with uncertainties and perceptions related
to the immediate impact of the coronavirus on own health, concerns about the economic

consequences related to the pandemic and the practicing of social distancing.

Methods

Understanding America Study (UAS)

Our analysis utilizes the Covid-19 focused questionnaire of the UAS [17], implemented

between March 10-31, 2020. UAS is a nationally representative probability-based

Internet panel of approximately 8,500 respondents administered in English and Spanish.

As part of its address-based study recruitment, UAS provides Internet access and a
tablet to all panel members who may otherwise not be able to participate in the
study [23]. In our study sample, 4.4% of the respondents were provided with an
Internet-connected tablet at the time of recruitment in order to address the “digital
divide” between different population groups (S1 Table). A comparison of UAS data

with data from the Current Population Survey (CPS) and the Health and Retirement
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Study (HRS) shows that UAS lines up well with the CPS on a number of common
variables, and matches the quality of the HRS, a traditional survey considered as the
gold standard in social research [24,25]. Additional details about UAS are provided in
S1 Appendix. By March 31st 2020, out of the 8,815 participants to whom the
questionnaire was fielded, 6,885 individuals (response rate: 78.1%) completed the survey.
There were no significant differences in terms of age, gender and education between
individuals who did and who did not complete the survey (S2 Table), even if
non-completion was significantly higher among married UAS participants (x? = 5.659,
p-value= 0.017). We restrict our analysis to respondents who completed the survey on
the same day they started it and for which we have non-missing information about their
mental health characteristics, leaving us with a study sample of 6,585 respondents. The
online survey was approved by USC’s Institutional Review Board. Survey and data are

publicly available [17].

Measurement of mental health in UAS

Mental health, i.e., presence of depressive and anxiety symptoms, is assessed by the
Patient Health Questionnaire-4 (PhQ-4) which has been validated in the US [26]. The
PhQ-4 is an ultra-brief four-item scale for detecting depression and anxiety, which
represent the most common mental disorders during periods of disasters and disease
outbreaks [27,28] and are often co-occurring [29-33]. Composed by four distinct
questions that are answered on a four-point Likert scale ranging from 0 (“Not at all”) to
3 (“Nearly every day”), this scale has internal reliability and construct validity and is a
reliable instrument for screening for both depressive and anxiety symptoms outside of
clinical settings [26,34] (see S2 Appendix for more details on PhQ-4). PhQ-4 scores
ranged from 0 to 12, and we categorized respondents as having no depression/anxiety
symptoms if their score was 0, 1 or 2, mild depression/anxiety symptoms if their score
ranged from 3 to 5, moderate depression/anxiety symptoms if they scored 6 to 8 and
severe depression/anxiety symptoms if their score was 9 or higher [26].

Importantly, the UAS provides information on the respondents’ mental health prior
to the Covid-19 outbreak, albeit based on a different survey item. Between 2018 and

2020, panel participants were asked whether they agree or not to the statement: “I am
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someone who is depressed, blue”, with five permissible answers ranging from “strongly
disagree” to “agree strongly”. Derived from the Big Five Personality Scale [35] and not
fully comparable with the PhQ-4 scale, we used this information as a measure for the
presence of depressive symptoms to control for any underlying differences in mental
health characteristics among the UAS respondents prior to the outbreak of Covid-19 in
the US.

Measurement of Covid-19 related risks, behaviors and events

In addition to sociodemographic characteristics such as sex, age, education, race and
marital status at the time of the interview (see descriptive statistics in S1 Table), UAS
elicited respondents’ perceptions that specific Covid-19-related events will occur, using a
validated visual linear scale ranging from 0 to 100 [36]. The survey asked respondents to
rate their probability of getting infected with coronavirus in the next three months and
the probability of dying in case of infection. We generated a measure of respondents’
perceived risk of dying from Covid-19 by multiplying these two probabilities. To
measure economic concerns about the Covid-19 impact, survey participants were asked
to rate the chances that they will run out of money within the next three months. The
respective questions can be found in S2 Appendix. UAS also asked participants whether
they have reduced their social life activities because of the pandemic. To measure social
distancing, we generated a dichotomous variable that takes the value of one if
respondents stated that they have canceled or postponed travel for pleasure, and/or
canceled or postponed personal or social activities, and/or avoided public space
gatherings or crowds and/or eating at a restaurant (Cronbach’s «=0.804, indicating
good reliability of the items to measure the same construct [37]).

The period of our study, March 10-31, 2020, is characterized by rapid increase of
reported Covid-19 infections and related deaths throughout the US on a daily basis, with
the North-East being most affected by the pandemic at that time. To assess the impact
of the increasing caseloads in Covid-19 infections and deaths on mental health in the
US, we matched to our UAS sample publicly available daily data on the total number of
cases and deaths in the US during our study period in March. These Covid-19 data is

provided by state and local governments, and health departments and the information is
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collected and compiled by New York Times on a daily basis. [38] The match of the data

was based on the day when the UAS respondents completed the survey.

Statistical analysis

To explore the pathways through which the Covid-19 pandemic affects mental health in
the US, we estimated separate ordered probit regression models with three different
explanatory variables that reflect: 1) individual’s economic concerns induced by the
pandemic (measured by the perceived probability of running out of money on a
continuous scale); 2) distress due to the immediate health impacts of the virus
(measured by the probability of dying from Covid-19 on a continuous scale); and 3) the
influence of practiced social distancing. The outcome variable in all three models is a
categorical variable that indicates the presence and severity of depression/anxiety
symptoms measured by the PhQ-4, as defined above, where higher values indicate
presence of more severe symptoms.

Usual standardization to compare the strength of these associations with mental
health is inadequate because social distancing is measured by a dichotomous variable.
Hence, to ensure a more meaningful comparison between the three explanatory
variables, we subtracted the mean and re-scaled the two continuous variables by
dividing them by v = 2.103 times their respective standard deviation so that the
coefficients of the continuous variables correspond in magnitude to a marginal increase
in the dichotomous variable from 0 to 1 (see S3 Appendix for more details).

Our econometric specifications control for sex, educational level (binary variables for
whether the respondents completed high school, had some college education or
completed college or more), race and whether the respondent was married at the time of
the interview. Prior research shows that Covid-19 risk perceptions and mental health
differ by age [39], we therefore control for age by including its second order polynomial
in our specifications to account for any possible non-linear relationships between age
and our dependent variables. Our models also controlled for state fixed effects, the
self-reported depression level characteristics prior to the pandemic and the year and
month when this measure was collected. The model specifications also included time

fixed effects (in days) to capture the influence of aggregate effects, such as public
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announcements at the federal level or national news, that are shared among UAS
respondents on a given day. Our analysis used post-stratification weights, generated
through a raking algorithm, to align the sample to the US adult population in terms of
gender, race/ethnicity, age, education and geographic location (see
https://uasdata.usc.edu/page/Weights and [24]). Analysis was performed with
StataSE 14.

Results

Table 1 summarizes the weighted distribution characteristics of the main variables used
in our analysis. The weighted mean of the PhQ-4 score in the US was about 1.9, with
71.1% of respondents reporting no depressive/anxiety symptoms, while 17.8% reported
mild depressive/anxiety symptoms; 6.6% of the sample had moderate and 4.6%

experienced severe depressive/anxiety symptoms.
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During the period March 10-31st, 2020, respondents reported a 15.8% probability to
run out of money within three months because of the pandemic’s impact. This is higher
than the population mean reported previously for the period March 10-16th (13.2%)
using the UAS survey [9], indicating a deterioration in the perceived economic
perspectives in the US during the month of March. Similarly, our sample showed a
weighted mean of perceived risk of dying from Covid-19 of about 4.3%, which is also
higher than the previously reported mean (3.8%) based on the UAS [9]. Table 1 also
shows that less than two thirds of the US population were practicing social distancing
during the study period.

Fig 1 shows weighted means of PhQ-4 score on the left and weighted proportions of
the US population that has a least some depressive/anxiety symptoms on the right over
the period March 10-31. By applying post-stratification weights, the weighted means
and proportions are representative of the US population for each particular time period
on the x-axis. Reports of depression/anxiety symptoms increased over time in March,
reaching the highest point in the last week of the month. This increase was not driven
by persons with higher depression level completing the online survey later in the month,
as the trend is not increasing when we consider depression level characteristics prior to
the Covid-19 pandemic instead of the PhQ-4 mental health measure collected in March

(see S1 Fig).

[INSERT FIGURE 1 HERE] Notes: Source of Data: “Understand America Study”
(UAS), survey 230, collected between March 10 and March 31, 2020. Plots shows
weighted means, along with 95% confidence intervals, of PhQ-4 score on the left and
weighted proportions of the US population that has at least some depressive/anxiety
symptoms on the right. We use post-stratification weights so that the weighted means
and proportions are representative of the US population for each particular time

period on the z-axis.

We also investigated the associations between PhQ-4 and the rapidly increasing
number of Covid-19 infection cases and deaths during the period March 10-31, 2020
(Table 2). A one-unit increase in the log number of Covid-19 cases resulted on average

in about 0.090 increase in the latent mental health ordered probit index (z-score). This
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increase corresponded to a drop of 2.6 percentage points in the probability of reporting
no depressive/anxiety symptoms, whereas the probability of reporting mild, moderate
and sever symptoms increases by 1.2, 0.7 and 0.7, respectively (S3 Table). This
association was particularly strong for males and college graduates. Similar patterns
were also estimated for the impact of the number of deaths in the US, where a one-unit
increase in the log number of Covid-19 deaths led on average to an increase of about
0.104 in the latent mental health index, indicating higher levels of depression/anxiety,
with this effect being again stronger for males and college graduates (Table 2 columns 3

and 5).
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High expected probability of running out of money is positively associated with the
PhQ-4 mental health score (Table 3, Column 1). Similarly, perceived risks of dying from
Covid-19 and social distancing (Columns 2 and 3) are also strongly correlated with
higher levels of depression/anxiety. Column 4 shows that when all of the three
explanatory variables are included in the same model specification, they remain strongly
associated with the PhQ-4 mental health score, “independently” from each other.
However, because of the different scales in which these variables are measured, the
magnitude of their associations cannot be directly compared. Column 5 allows a direct
comparison of the coefficients after standardizing the continuous variables as explained
above. The association of the probability of running out of money with mental
well-being is stronger than the two other variables capturing alternative pathways
affecting mental health during the pandemic. Social distancing shows the
second-strongest association, while perceived risks of dying from the virus has the
weakest association with mental health among the three. The result of a one-sided z-test
rejects the null hypothesis that the coefficient associated with social distancing is equal
or larger than the coefficient associated with running out of money (p-value= 0.027).
Average marginal effects reported in S4 Table show that a - standard deviation increase
in the perceived probability of running out of money because of Covid-19 led to a 11.1
percentage points decrease in the probability of reporting no depressive/anxiety
symptoms, whereas it increases the probability of showing mild, moderate and severe
symptoms by 5.1, 3.0 and 3.1, respectively. The magnitude of the average marginal
effects of the two other explanatory variables are about half of those of the economic
uncertainties, with social distancing having larger associations with mental health than
perceived health concerns.

Table 4 reveals important heterogeneity in these patterns, with perceived economic
uncertainty being particularly important for males (Columns 1 and 2), whereas concerns
about own health being less important for males and non-white individuals (Columns
1,2, 5 and 6). The association of social distancing with PhQ-4 mental health score
however appears to be relatively similar across the various sociodemographic groups.
Results including the interaction terms between our three main independent variables

and the various sociodemographic groups are presented in S5 Table.
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Table 3. Associations with mental health score (PhQ-4)

PhQ-4 PhQ-4 PhQ-4 PhQ-4 PhQ-4
rescaled
) 2) () (4) (5)

Perceived risk of running out of money 0.850*** 0.724*** 0.398"**
[0.672,1.028] [0.537,0.911]  [0.295,0.500]

Perceived risk of dying from Covid-19 1.336%** 0.846*** 0.165***
[0.907,1.766] [0.405,1.286]  [0.079,0.251]

Self-reported social distancing 0.307*** 0.241*** 0.241***
[0.204,0.410]  [0.136,0.347]  [0.136,0.347]

Observations 6436 6377 6434 6368 6368

Notes: Results of weighted ordered probit regressions with robust confidence intervals in brackets, *
p < 0.1, ** p < 0.05, *** p < 0.01. Specifications include state and time fixed effects. The list of
control variables includes: sex, age and age?, educational level (binary variable for each category), race
and whether the respondent was married at the time of the interview. We control for depression level
characteristics prior to the Covid-19 pandemic, along with the year and month when this measure was
collected. We use sample weights to make the survey representative of the U.S. population aged 18 and
older. “Perceived risk of running out money” and “Perceived risk of dying from Covid-19” in Column
5 have been standardized by subtracting their respective mean and dividing by yx their standard
deviations. Data source: “Understanding America Study” (UAS) collected between March 10 and
March 31, 2020.
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Discussion

We assessed factors associated with mental health of adults age 184 years during the
early outbreak of the Covid-19 pandemic, March 10-31, 2020 in the US. During this
period, the virus spread rapidly in the US, with confirmed infection cases and deaths
rising exponentially, from 1018 to 187,962 and from 31 to 3630, respectively [38]. We
used the clinically validated PhQ-4 instrument to assess the presence of depressive and
anxiety symptoms in a nationally representative sample of US adults aged 18+ years.
To our best knowledge, our study is one of the first to document the decline in US
adults’ mental health during the early period of the Covid-19 pandemic.

In March, symptoms of depression and anxiety among US adults were increasing and
this worsening of mental health was associated with the increasing number of confirmed
Covid-19 cases and related deaths in the US. However, increased caseloads was not the
primary driving force behind this deterioration of mental well-being among US adults.
Rather, concerns about the economic consequences of the pandemic in the near future
(i.e., three months from the date of the interview) emerged as the strongest predictor of
declining mental health. Worries about the potential impacts of Covid-19 on own health
(i.e., risk of infection and as result increased risk of death), as well as the practice of
social distancing played relatively smaller roles in predicting poor mental well-being
during the early stages of the pandemic. We also documented significant gender
differences in the associations of mental health with perceived economic and health
risks: Economic concerns are more strongly associated with worse mental health in men
than women, whereas the association of mental health with concerns related to own
health outcomes is stronger in women than men, which may partly reflect differences in
gender roles and behaviors [40-42]. Moreover, we only find a positive association
between perceived risk of dying from Covid-19 and mental health decline for white
respondents, with no such association among non-whites. These ethnic/racial
differences may be related to corresponding differences in the socioeconomic impact of
Covid-19 across racial /ethnic groups with economic concern/worries being a main driver

of depression among minorities [43].
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Limitations

The evidence of mental health issues arising during the Covid-19 pandemic emphasizes
the importance of future research on this topic and specifically the need to investigate
the long-term effects of the pandemic on mental health outcomes. For instance,
prolonged social distancing measures may result in stronger impact on mental
well-being at later stages of the pandemic compared to the weak relationship established
in this study. In addition, the pandemic may also have introduced an economic crisis,
which will negatively affect mental health for those affected. [44] On the other hand,
prior evidence points to the possibility that people may adapt to crisis situations over
time, suggesting mental health might improve in the long term [45]. In addition, with
Covid-19 tests becoming increasingly available, the positive outlooks for the
developments of potential treatments and vaccines, and positive news coming from
countries that were able to contain the spread of the pandemic might however attenuate
the health concerns associated with mental health. The long-term consequences of the
Covid-19 pandemic on mental health are therefore of particular research interest
especially given the dramatic increases in unemployment in the US that have occurred
after the data collection for this study was completed. Given the relatively weak social
safety net in the US compared to European high-income countries, the importance and
urgency to address the aftermaths of Covid-19 on individual and population level
mental health is and will be all the more critical to address in the US.

Our correlational data did not warrant causal conclusions. Although it is possible
that economic concerns, health worries and social distancing resulted in declining mental
health, it is also possible that having worse mental health led to more rumination about
economic concerns and health worries, as well as engaging more in the practice of social
distancing. While our sample is representative for the US adult population, our
estimates did not include minors below age 18, for whom economic concerns may not be
at the forefront, but whose mental well-being maybe as well affected by the disruption
of their daily routines, schooling, extra-curriculum activities, exposure to stress in the
household and increased domestic abuse and violence. PhQ-4 may capture only
probable depression/anxiety or psychological distress in response to the abnormality of

the Covid-19 pandemic and its implications as opposed to clinical diagnostic, which does
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not reduce the importance of our findings for public health policy. Although most adults
report only mild to moderate levels of depression and anxiety, these may nonetheless

affect many important outcome such as work productivity and savings [46,47].

Conclusion

Our evidence on declining mental health during the early period of the Covid-19

pandemic highlights the importance of imminent mental health challenges of the

pandemic among US adults, which may further increase as Covid-19 continues to unfold.

As a result, there appears to be an increasing need for prevention and mental health
services as a consequence of the pandemic, requiring a parallel strengthening of such
efforts during the pandemic. Policy makers, health care providers and social workers
should therefore plan for a substantial increase in service needs since the ramifications
of the Covid-19 pandemic will be likely felt for an extended period of time beyond
getting the virus under control and the curve flattened. In addition, our findings
highlight the major importance of economic considerations for US adults’ mental health
early in the pandemic over and above the evident health concerns and challenges
associated with social distancing. Our results suggest a considerable role for economic
countermeasures and social policy for mitigating the economic impacts of the Covid-19
pandemic on US adults’ livelihoods and, thereby, helping to protect their mental health

and well-being through this unfolding pandemic.
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Supporting information

S1 Fig. Associations with depression level characteristics prior to the
Covid-19 pandemic [INSERT FIG S1 HERE] Notes: Source of Data: “Understand
America Study” (UAS), surveys 121 and 230. UAS survey 121 was fielded between
January 2018 and March 2020 and survey 230 was collected between March 10 and
March 31, 2020. Plot on the left shows weighted proportions of the US population,
along with 95% confidence intervals, that strongly disagree to the statement: “I see
myself as someone who is depressed, blue”. Plot on the right shows weighted
proportions of the US population that strongly disagree or disagree to the same
statement. We use post-stratification weights so that the weighted means are

representative of the US population for each particular time period on the x — axis.

S1 Appendix. Understanding America Study (UAS) UAS is a study that is
supported by the Social Security Administration (SSA) and the National Institute on
Aging (NTA). Tt has since 2014 collected more than 230 online surveys on various topics,
ranging from cognitive abilities, environment, consumer behavior and politics to name
but a few, for which the data is publicly available [17]. The UAS uses address-based
sampling with sequential sample batching, where addresses were drawn from the
Computerized Delivery Sequence (CDS) file created by the U.S. Postal Service. Annual
attrition rates are modest (on the order of 8-9% per year).

The provision of tablets and free Internet to households without prior Internet access
solves a coverage problem faced by convenience Internet panels. Respondents without
prior Internet access have a very different demographic and socio-economic profile than
respondents with Internet access such as they are more likely to have low incomes and

education, to be non-white, less health and older (70+ years). However, among the
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non-Internet households, the probability of signing up for UAS is not related to these
background characteristics, expect for age. One may interpret these findings as an
indication that with respect to the demographics studied, the recruited non-Internet
households are representative of the part of the population without Internet (except

possibly with respect to age) [17].

S2 Appendix. The PhQ-4 and Covid-19-related questions The PhQ-4 is
composed of the following four questions: Quer the last two weeks, how often have you

been bothered by any of the following problems?
e Feeling nervous, anxious, or on edge
e Not being able to stop or control worrying
e Feeling down, depressed, or hopeless
e Little interest or pleasure in doing things

Possible answers to these questions were: 0 Not at all, 1 Several days, 2 More than half
the days, 8 Nearly every day. We added up the answers to these four questions and
computed a PhQ-4 score, ranging from 0 to 12. We followed [26] and categorized
respondents as having no depression/anziety symptoms if their score equaled to 0, 1 or
2, mild depression/anxiety symptoms if their score ranged from 3 to 5, moderate
depression/anxiety symptoms if their score ranged from 6 to 8 and severe
depression/anxiety symptoms if their score ranged from 9 or above.

The question on the probability of being infected was phrased as: “On a scale of 0 to
100 percent, what is the chance that you will get the coronavirus in the next three
months? If you’re not sure, please give your best guess.” The one on the probability of
dying if infected was phrased as: “If you do get the coronavirus, what is the percent
chance you will die from it? If you’re not sure, please give your best guess.” Finally, the
question about the probability of running out of money because of the Covid-19
pandemic was: “The coronavirus may cause economic challenges for some people
regardless of whether they are actually infected. What is the percent chance you will run

out of money because of the coronavirus in the next three months?”
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S3 Appendix. ~-standardization of the continuous variables The coefficient
of standardized continuous variable can be interpreted as the effect of a one standard
deviation increase in that variable on the outcome of interest. On the other hand, the
coefficient associated to a dichotomous variable corresponds to a marginal increase in
that variable from 0 to 1, which is usually larger in magnitude than a standard
deviation increase in the continuous variable. [48] therefore suggests to rescale the
continuous variable by more than just their standard deviation so that the marginal
effect of the continuous variables can be more meaningfully compared to the marginal
increase in the dichotomous variable.

In essence, following the notation in the main text, his idea is to choose v in such a
way that the yx standard deviation increase in the continuous variables correspond to
the marginal increase in the dichotomous variable from 0 to 1. One can therefore use
the dichotomous variable characteristic as a benchmark for rescaling the continuous
variables. [48] suggests to use v = 2, which works well when the mean of the
dichotomous variable is close or equal to 0.5. Indeed, if the mean of a dichotomous
variable is equal to 0.5, then its standard deviation would be equal to 0.5
(= /0.5 x (1—0.5)). A two standard deviation increase in the continuous variable
would therefore correspond to a marginal increase in the dichotomous variable from 0 to
1, as 1 is equal to two standard deviations of the dichotomous variables as well.

In our study, because the mean of social distancing is equal to 0.655, we choose

v = 2.103. Indeed, 2.103x the standard deviation of social distancing is equal to 1

(22 2.103 x 1/0.655 x (1 — 0.655)) so that a yx standard deviation increase in the

continuous variables corresponds to an increase in the dichotomous variable from 0 to 1.

The coefficients associated with the transformed continuous variables can then be

meaningfully compared to the coefficient associated with the dichotomous variable.
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S1 Table.

S2 Table.

Descriptive statistics - additional variables

Pop. mean  Pop. std. deviation

Male

Age

Less than high school

High school graduate or GED
Some college (no degree)
College graduate and above
‘White

Black

Other races

Currently married

Hardware (internet-connected tablet) provided

0.489
48.429
0.086
0.297
0.277
0.341
0.772
0.126
0.102
0.557
0.044

0.500
16.583
0.280
0.457
0.447
0.474
0.420
0.332
0.302
0.497
0.205

Notes: Data source: “Understand America Study” (UAS), survey 230, collected
between March 10 and March 31, 2020. We use sample weights to make the
survey representative of the U.S. population aged 18 and older. “Pop.” is

short for population and “std.” is short for standard.

Differences between UAS responders and non-responders

Population means

Responders  Non-responders X2 p-value
Male 0.489 0.463 1.926  0.165
Age 48.448 47.797 0.965  0.326
Less than high school 0.084 0.096 1.107  0.293
High school graduate or GED 0.296 0.299 0.015  0.901
Some college (no degree) 0.277 0.279 0.018  0.894
College graduate and above 0.342 0.326 0.871  0.351
White 0.773 0.759 0.703  0.402
Black 0.125 0.138 0.938  0.333
Other 0.102 0.103 0.004  0.947
Currently married 0.557 0.512 5.659  0.017

Notes: Source of Data: “Understand America Study” (UAS), survey 230,
collected between March 10 and March 31, 2020. We use sample weights
to make the survey representative of the U.S. population aged 18 and older.
Difference in age was assessed using a t-test and the number in column 4

corresponds to the F-value.
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S3 Table.

and mental health score (PhQ-4) - Average marginal effects

PhQ-4 categories

None Mild Moderate Severe

Number of cases in US (1 0267 0127 007 007
umber of cases in US (log) — -0.026775, o 0%06 0 18] 0000010 105880012

Number of deaths in US (1 0317 00147
umber of deaths in US (log)  -8.0317%0, o 1090 b 021) 00080127 00020013

Notes: Average marginal effects resulting from weighted ordered probit regressions with
robust confidence intervals clustered at the state level in brackets, * p < 0.1, ** p < 0.05, ***
p < 0.01. The number of cases and deaths in the US is transformed using log. Specifications
include state fixed effects. The list of control variables includes: sex, age and age?, educational
level (binary variable for each category), race and whether the respondent was married at the
time of the interview. We control for depression level characteristics prior to the Covid-19
pandemic, along with the year and month when this measure was collected. We use sample
weights to make the survey representative of the U.S. population aged 18 and older. Data
source: “Understanding America Study” (UAS) collected between March 10 and March 31,
2020.

S4 Table. Associations with mental health score (PhQ-4) - Average

marginal effects

PhQ-4 categories

None Mild Moderate Severe

Perceived risk of running out of money (std) -0.111% 0.051*** 0.030*** 0.031***
[-0.140,-0.083]  [0.037,0.064]  [0.022,0.038]  [0.022,0.039]

Perceived risk of dying from Covid-19 (std) -0.046*** 0.021*** 0.012*** 0.013***
[-0.070,-0.022]  [0.010,0.032] [0.006,0.019] ~ [0.006,0.019]

Self-reported social distancing -0.068*** 0.031*** 0.018*** 0.019***

[-0.097,-0.038]  [0.017,0.044] [0.010,0.027] [0.010,0.027]

Notes: Average marginal effects resulting from weighted ordered probit regressions with
robust confidence intervals in brackets, * p < 0.1, ** p < 0.05, *** p < 0.01. Specifications
include state and time fixed effects. The list of control variables includes: sex, age and age?,
educational level (binary variable for each category), race and whether the respondent was
married at the time of the interview. We control for depression level characteristics prior to
the Covid-19 pandemic, along with the year and month when this measure was collected. We

use sample weights to make the survey representative of the U.S. population aged 18 and older.

“Perceived risk of running out money” and “Perceived risk of dying from Covid-19” have
been standardized by subtracting their respective mean and dividing by X their standard
deviations. Data source: “Understanding America Study” (UAS) collected between March 10
and March 31, 2020.

Associations with Covid-19 cases and related number of deaths
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S5 Table. Associations with mental health score (PhQ-4)

PhQ-4 PhQ-4 PhQ-4
Gender Education Race
(1) ©) )
Perceived risk of running out of money (std) 0.311%** 0.416*** 0.367***
[0.186,0.435]  [0.296,0.535]  [0.256,0.478]
x Male 0.230**
[0.035,0.425]
x College graduate -0.045
[-0.279,0.189]
x Non-white 0.099
[-0.136,0.334]
Perceived risk of dying from Covid-19 (std) 0.222%** 0.165*** 0.217***
[0.120,0.325]  [0.064,0.266]  [0.121,0.312]
x Male -0.150*
[-0.323,0.023]
x College graduate -0.001
[-0.177,0.174]
x Non-white -0.224**
[-0.437,-0.010]
Self-reported social distancing 0.212%** 0.202*** 0.237***
[0.078,0.346]  [0.070,0.334]  [0.125,0.350]
x Male 0.055
[-0.151,0.262]
x College graduate 0.136
[-0.067,0.339]
x Non-white 0.027
[-0.258,0.312]
Observations 6368 6368 6368

Notes: Results of weighted ordered probit regressions with robust confidence intervals
in brackets, * p < 0.1, ** p < 0.05, *** p < 0.01. Specifications include state and time
fixed effects. The list of control variables includes: sex, age and age?, educational level
(binary variable for each category), race and whether the respondent was married at
the time of the interview. We control for depression level characteristics prior to the
Covid-19 pandemic, along with the year and month when this measure was collected.
We use sample weights to make the survey representative of the U.S. population aged
18 and older. “Perceived risk of running out money” and “Perceived risk of dying
from Covid-19” have been standardized by subtracting their respective mean and
dividing by % their standard deviations. Data source: “Understanding America
Study” (UAS) collected between March 10 and March 31, 2020.

References

1. Galea S, Merchant RM, Lurie N. The Mental Health Consequences of COVID-19

and Physical Distancing: The Need for Prevention and Early Intervention.

JAMA Internal Medicine. 2020;.

2. Holmes EA, O’Connor RC, Perry VH, Tracey I, Wessely S, Arseneault L, et al.

Multidisciplinary research priorities for the COVID-19 pandemic: a call for action

for mental health science. The Lancet Psychiatry. 2020;.

3. Brooks M. COVID-19: Mental Illness the “Inevitable” Next Pandemic?; 2020.

Medscape - Psychiatry news,

https://www.medscape.com/viewarticle/928756.

October 17, 2020

24/29


https://www.medscape.com/viewarticle/928756

10.

11.

12.

13.

United Nations. Policy Brief: COVID-19 and the Need for Action on Mental
Health; 2020. United Nations - Policy Brief - https://www.un.org/sites/un2.

un.org/files/un_policy_brief-covid_and_mental_health_final.pdf.

Perrin PC, McCabe OL, Everly GS, Links JM. Preparing for an influenza
pandemic: mental health considerations. Prehospital and disaster medicine.

2009;24(3):223-230.

Cheng C, Cheung MW. Psychological responses to outbreak of severe acute
respiratory syndrome: a prospective, multiple time-point study. Journal of

Personality. 2005;73(1):261-285.

Ursano RJ. Preparedness for SARS, influenza, and bioterrorism. Psychiatric

Services. 2005;56(1):7-7.

Chater N. Facing up to the uncertainties of COVID-19. Nature Human

Behaviour. 2020; p. 1-1.

Ciancio A, Kdmpfen F, Kohler IV, Bennett D, Bruine de Bruin W, Darling J,
et al. Know your epidemic, know your response: Early perceptions of COVID-19
and self-reported social distancing in the United States. PloS one.

2020;15(9):e0238341.

Vandoros S, Avendano M, Kawachi I. The association between economic
uncertainty and suicide in the short-run. Social Science & Medicine.

2019;220:403-410.

Paul KI, Moser K. Unemployment impairs mental health: Meta-analyses. Journal

of Vocational behavior. 2009;74(3):264-282.

Rohde N, Tang KK, Osberg L, Rao P. The effect of economic insecurity on
mental health: Recent evidence from Australian panel data. Social Science &

Medicine. 2016;151:250-258.

Hawryluck L, Gold WL, Robinson S, Pogorski S, Galea S, Styra R. SARS control
and psychological effects of quarantine, Toronto, Canada. Emerging Infectious

Diseases. 2004;10(7):1206.

October 17, 2020

25,/29


https://www.un.org/sites/un2.un.org/files/un_policy_brief-covid_and_mental_health_final.pdf
https://www.un.org/sites/un2.un.org/files/un_policy_brief-covid_and_mental_health_final.pdf

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Wang J, Lloyd-Evans B, Giacco D, Forsyth R, Nebo C, Mann F, et al. Social
isolation in mental health: a conceptual and methodological review. Social

psychiatry and psychiatric epidemiology. 2017;52(12):1451-1461.

Umberson D, Karas Montez J. Social relationships and health: A flashpoint for
health policy. Journal of health and social behavior. 2010;51(1_suppl):S54—-S66.

Mervosh S, Lu D, Swales V. See Which States and Cities Have Told Residents to
Stay at Home; 2020. The New York Times, https://www.nytimes.com/

interactive/2020/us/coronavirus-stay-at-home-order.html.

UAS. Understanding America Study - March 2020 Monthly Survey; 2020.

Available from: https://uasdata.usc.edu/index.php.

de Bruin WB, Bennett D. Relationships Between Initial COVID-19 Risk
Perceptions and Protective Health Behaviors: A National Survey. American

Journal of Preventive Medicine. 2020;.

Uutela A. Economic crisis and mental health. Current opinion in psychiatry.

2010;23(2):127-130.

Gili M, Garcia JC, Roca M. Economic crisis and mental health. SESPAS report

2014. Gaceta sanitaria. 2014;28:104-108.

Mucci N, Giorgi G, Roncaioli M, Perez JF, Arcangeli G. The correlation between
stress and economic crisis: a systematic review. Neuropsychiatric disease and

treatment. 2016;12:983.

Lynch J. A cross-national perspective on the American welfare state. In: Oxford

Handbook of US Social Policy; 2015.

Alattar L, Messel M, Rogofsky D. An introduction to the understanding America

study Internet panel. Soc Sec Bull. 2018;78:13.

Angrisani M, Finley B, Kapteyn A. Can Internet Match High-quality Traditional
Surveys? Comparing the Health and Retirement Study and its Online Version’,

The Econometrics of Complex Survey Data (Advances in Econometrics, Volume

39); 2019.

October 17, 2020

26,29


https://www.nytimes.com/interactive/2020/us/coronavirus-stay-at-home-order.html
https://www.nytimes.com/interactive/2020/us/coronavirus-stay-at-home-order.html
https://uasdata.usc.edu/index.php

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Venti S. Economic measurement in the Health and Retirement Study. In: Forum

for Health Economics & Policy. vol. 14. De Gruyter; 2011.

Kroenke K, Spitzer RL, Williams JB, Lowe B. An ultra-brief screening scale for
anxiety and depression: the PHQ—4. Psychosomatics. 2009;50(6):613-621.

Goldmann E, Galea S. Mental health consequences of disasters. Annual review of

public health. 2014;35:169-183.

Neria Y, Nandi A, Galea S. Post-traumatic stress disorder following disasters: a

systematic review. Psychological medicine. 2008;38(4):467-480.

Spitzer RL, Williams JB, Kroenke K, Linzer M, deGruy FV, Hahn SR, et al.
Utility of a new procedure for diagnosing mental disorders in primary care: the

PRIME-MD 1000 study. Jama. 1994;272(22):1749-1756.

Leon AC, Olfson M, Broadhead WE, Barrett JE, Blacklow RS, Keller MB, et al.
Prevalence of mental disorders in primary care. Implications for screening.

Archives of Family Medicine. 1995;4(10):857-861.

Demyttenaere K, Bruffaerts R, Posada-Villa J, Gasquet I, Kovess V, Lepine J,
et al. Prevalence, severity, and unmet need for treatment of mental disorders in
the World Health Organization World Mental Health Surveys. Jama.
2004;291(21):2581-2590.

Ansseau M, Dierick M, Buntinkx F, Cnockaert P, De Smedt J, Van Den Haute M,
et al. High prevalence of mental disorders in primary care. Journal of affective

disorders. 2004;78(1):49-55.

Kessler RC, McGonagle KA, Zhao S, Nelson CB, Hughes M, Eshleman S, et al.
Lifetime and 12-month prevalence of DSM-III-R psychiatric disorders in the
United States: results from the National Comorbidity Survey. Archives of general

psychiatry. 1994;51(1):8-19.

Lowe B, Wahl I, Rose M, Spitzer C, Glaesmer H, Wingenfeld K, et al. A 4-item
measure of depression and anxiety: validation and standardization of the Patient
Health Questionnaire-4 (PHQ-4) in the general population. Journal of affective

disorders. 2010;122(1-2):86-95.

October 17, 2020

27/29



35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Costa PT, McCrae RR. A five-factor theory of personality. Handbook of

personality, 2nd edn Guilford Press, New York. 1999; p. 139-153.

Bruine de Bruin W, Carman KG. Measuring Subjective Probabilities: The Effect
of Response Mode on the Use of Focal Responses, Validity, and Respondents’
Evaluations. Risk Analysis. 2018;38(10):2128-2143. doi:10.1111/risa.13138.

Nunnally JC. Psychometric theory 3E. Tata McGraw-Hill Education; 1994.

NYT. Coronavirus (Covid-19) Data in the United States; 2020.

https://github.com/nytimes/covid-19-data.

Bruine de Bruin W. Age differences in COVID-19 risk perceptions and mental
health: Evidence from a national US survey conducted in March 2020. The

Journals of Gerontology: Series B. 2020;.

Nazroo J, Edwards A, Brown G. Gender differences in the onset of depression
following a shared life event: a study of couples. Psychological medicine.

1997;27(1):9-19.

Nazroo JY, Edwards AC, Brown GW. Gender differences in the prevalence of
depression: artefact, alternative disorders, biology or roles? Sociology of Health

& Tllness. 1998;20(3):312-330.

Nazroo JY. Exploring gender difference in depression. Psychiatric Times.

2001;18(3):1-3.

Bailey RK, Mokonogho J, Kumar A. Racial and ethnic differences in depression:

current perspectives. Neuropsychiatric disease and treatment. 2019;15:603.

Wahlbeck K, McDaid D. Actions to alleviate the mental health impact of the

economic crisis. World psychiatry. 2012;11(3):139.

Frederick S, Loewenstein G. 16 Hedonic Adaptation. Well-being: The

foundations of hedonic psychology. 1999; p. 302-329.

McTernan WP, Dollard MF, LaMontagne AD. Depression in the workplace: An
economic cost analysis of depression-related productivity loss attributable to job

strain and bullying. Work & Stress. 2013;27(4):321-338.

October 17, 2020

28,/29


https://github.com/nytimes/covid-19-data

47. Kohler IV, Payne CF, Bandawe C, Kohler HP. The Demography of Mental
Health Among Mature Adults in a Low-Income High HIV-Prevalence Context.
Demography. 2017;54(4):1529-1558. do0i:10.1007/s13524-017-0596-9.

48. Gelman A. Scaling regression inputs by dividing by two standard deviations.

Statistics in medicine. 2008;27(15):2865-2873.

October 17, 2020 29/29



