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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 1

Among the myriad of consequences that the Covid-19 pandemic has on the health care, 2

economic and social spheres in the US and worldwide, experts and policy makers are 3

increasingly urging to consider the mental health consequences of the pandemic [1, 2]. 4

Some observers even went as far as calling mental illness resulting from Covid-19 the 5

“inevitable” next pandemic [3]. The importance and urgency to address the short and 6

long term aftermaths of Covid-19 on individual and population level mental health have 7

been outlined in a recent policy brief issued by the United Nations [4]. Despite this 8

compelling need to generate knowledge about the Covid-19 impact on mental health of 9

individuals and populations, research on the mental health consequences of the 10

pandemic, especially in the US, is still sparse and the determinants and 11

sociodemographic patterns of mental well-being during Covid-19 are still not well 12

documented. Prior evidence suggests that the experience of large scale disasters is 13

associated with increases in depression and anxiety, post-traumatic stress disorder 14

(PTD), and a broad range of other mental disorders [1, 5, 6]. In the context of Covid-19, 15

these mental health implications may be amplified by factors such as increased 16

uncertainty related to individual’s own health because of the exposure to a new highly 17
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infectious disease [6–8], the profound economic consequences of the pandemic in the US 18

and globally, the implementation of lock-down measures [9–12], resulting in the practice 19

of prolonged social distancing [1, 13–16]. 20

In this study, we investigate the consequences of the Covid-19 pandemic on mental 21

health in the US between March 10th and March 31st, 2020, the early period of the 22

pandemic when many US residents began to realize that Covid-19 was about to 23

fundamentally affect their lives [9]. Using nationally representative population-based 24

data for the US adult population from the Understanding America Study [17], we focus 25

on three potential pathways through which the pandemic can affect mental health: 26

uncertainties and perceptions related to the immediate impact of the coronavirus on 27

own health, concerns about the economic consequences related to the pandemic and 28

impact of practicing social distancing as a measure to contain the spread of the virus. 29

Uncertainties about the actual virus prevalence, its contagiousness and pathways of 30

transmission, accompanied by difficulties to obtain testing and the lack of an effective 31

treatment, can result in high perceived health threat and unpredictability of the real 32

magnitude and impact of the disease. Although individuals may objectively face similar 33

health risks, perceptions of these risks as well as information and knowledge about 34

Covid-19 differ between individuals [18], potentially generating considerable differences 35

in mental health responses. With all these uncertainties gravitating around the 36

Covid-19 pandemic [8], risk perceptions and knowledge therefore can play a significant 37

role in mental health outcomes and can drive depression and anxiety levels, to the point 38

that the psychological distress about the disease can be more fearful than the disease 39

itself [6, 7] 40

The large negative economic consequences of the various measures taken to contain 41

the spread of Covid-19 are other potentially important drivers of mental health 42

deterioration during the course of the pandemic in the US. Economic and financial 43

security have long been recognized as important factors for mental well-being. [19–21] 44

With the economy mostly shutting down and the unprecedented rise of unemployment, 45

the immediate and long-term economic uncertainties are huge and individuals in the US 46

are struggling to project themselves in the future and to secure an income for the 47

coming months. [9] These economic uncertainties and challenges are likely exacerbated 48

in the US by the weaker social safety net compared to other high-income countries. [22] 49
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With its major shock to the global economy, the Covid-19 pandemic is sending a 50

massive number of individuals to unemployment and economic instability, making these 51

individuals particularly vulnerable and prone to mental health disorders. [10–12] 52

Social distancing, which is a commonly implemented measure to reduce the spread of 53

a virus, may also pose a mental health challenge for many people. Mass quarantine and 54

shelter in place orders imposed throughout the US during the month of March to curtail 55

the spread of Covid-19 have sent millions of individuals home in isolation. [16] While 56

these steps may contribute to flattening the curve of new infections, the lack of social 57

interaction may have an impact on mental health due to feelings of loneliness and 58

isolation. [1, 13–15] 59

In this analysis, we investigate the impact of the Covid-19 pandemic on mental 60

health in the US between March 10th and March 31st, 2020, the early period of the 61

pandemic when many US residents began to realize that Covid-19 was about to 62

fundamentally affect their lives [9]. Using nationally representative population-based 63

data for the US adult population from the Understanding America Study [17], we 64

investigate how mental health is associated with uncertainties and perceptions related 65

to the immediate impact of the coronavirus on own health, concerns about the economic 66

consequences related to the pandemic and the practicing of social distancing. 67

Methods 68

Understanding America Study (UAS) 69

Our analysis utilizes the Covid-19 focused questionnaire of the UAS [17], implemented 70

between March 10-31, 2020. UAS is a nationally representative probability-based 71

Internet panel of approximately 8,500 respondents administered in English and Spanish. 72

As part of its address-based study recruitment, UAS provides Internet access and a 73

tablet to all panel members who may otherwise not be able to participate in the 74

study [23]. In our study sample, 4.4% of the respondents were provided with an 75

Internet-connected tablet at the time of recruitment in order to address the “digital 76

divide” between different population groups (S1 Table). A comparison of UAS data 77

with data from the Current Population Survey (CPS) and the Health and Retirement 78
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Study (HRS) shows that UAS lines up well with the CPS on a number of common 79

variables, and matches the quality of the HRS, a traditional survey considered as the 80

gold standard in social research [24,25]. Additional details about UAS are provided in 81

S1 Appendix. By March 31st 2020, out of the 8,815 participants to whom the 82

questionnaire was fielded, 6,885 individuals (response rate: 78.1%) completed the survey. 83

There were no significant differences in terms of age, gender and education between 84

individuals who did and who did not complete the survey (S2 Table), even if 85

non-completion was significantly higher among married UAS participants (χ2 = 5.659, 86

p-value= 0.017). We restrict our analysis to respondents who completed the survey on 87

the same day they started it and for which we have non-missing information about their 88

mental health characteristics, leaving us with a study sample of 6,585 respondents. The 89

online survey was approved by USC’s Institutional Review Board. Survey and data are 90

publicly available [17]. 91

Measurement of mental health in UAS 92

Mental health, i.e., presence of depressive and anxiety symptoms, is assessed by the 93

Patient Health Questionnaire-4 (PhQ-4) which has been validated in the US [26]. The 94

PhQ-4 is an ultra-brief four-item scale for detecting depression and anxiety, which 95

represent the most common mental disorders during periods of disasters and disease 96

outbreaks [27,28] and are often co-occurring [29–33]. Composed by four distinct 97

questions that are answered on a four-point Likert scale ranging from 0 (“Not at all”) to 98

3 (“Nearly every day”), this scale has internal reliability and construct validity and is a 99

reliable instrument for screening for both depressive and anxiety symptoms outside of 100

clinical settings [26,34] (see S2 Appendix for more details on PhQ-4). PhQ-4 scores 101

ranged from 0 to 12, and we categorized respondents as having no depression/anxiety 102

symptoms if their score was 0, 1 or 2, mild depression/anxiety symptoms if their score 103

ranged from 3 to 5, moderate depression/anxiety symptoms if they scored 6 to 8 and 104

severe depression/anxiety symptoms if their score was 9 or higher [26]. 105

Importantly, the UAS provides information on the respondents’ mental health prior 106

to the Covid-19 outbreak, albeit based on a different survey item. Between 2018 and 107

2020, panel participants were asked whether they agree or not to the statement: “I am 108
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someone who is depressed, blue”, with five permissible answers ranging from “strongly 109

disagree” to “agree strongly”. Derived from the Big Five Personality Scale [35] and not 110

fully comparable with the PhQ-4 scale, we used this information as a measure for the 111

presence of depressive symptoms to control for any underlying differences in mental 112

health characteristics among the UAS respondents prior to the outbreak of Covid-19 in 113

the US. 114

Measurement of Covid-19 related risks, behaviors and events 115

In addition to sociodemographic characteristics such as sex, age, education, race and 116

marital status at the time of the interview (see descriptive statistics in S1 Table), UAS 117

elicited respondents’ perceptions that specific Covid-19-related events will occur, using a 118

validated visual linear scale ranging from 0 to 100 [36]. The survey asked respondents to 119

rate their probability of getting infected with coronavirus in the next three months and 120

the probability of dying in case of infection. We generated a measure of respondents’ 121

perceived risk of dying from Covid-19 by multiplying these two probabilities. To 122

measure economic concerns about the Covid-19 impact, survey participants were asked 123

to rate the chances that they will run out of money within the next three months. The 124

respective questions can be found in S2 Appendix. UAS also asked participants whether 125

they have reduced their social life activities because of the pandemic. To measure social 126

distancing, we generated a dichotomous variable that takes the value of one if 127

respondents stated that they have canceled or postponed travel for pleasure, and/or 128

canceled or postponed personal or social activities, and/or avoided public space 129

gatherings or crowds and/or eating at a restaurant (Cronbach’s α=0.804, indicating 130

good reliability of the items to measure the same construct [37]). 131

The period of our study, March 10–31, 2020, is characterized by rapid increase of 132

reported Covid-19 infections and related deaths throughout the US on a daily basis, with 133

the North-East being most affected by the pandemic at that time. To assess the impact 134

of the increasing caseloads in Covid-19 infections and deaths on mental health in the 135

US, we matched to our UAS sample publicly available daily data on the total number of 136

cases and deaths in the US during our study period in March. These Covid-19 data is 137

provided by state and local governments, and health departments and the information is 138
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collected and compiled by New York Times on a daily basis. [38] The match of the data 139

was based on the day when the UAS respondents completed the survey. 140

Statistical analysis 141

To explore the pathways through which the Covid-19 pandemic affects mental health in 142

the US, we estimated separate ordered probit regression models with three different 143

explanatory variables that reflect: 1) individual’s economic concerns induced by the 144

pandemic (measured by the perceived probability of running out of money on a 145

continuous scale); 2) distress due to the immediate health impacts of the virus 146

(measured by the probability of dying from Covid-19 on a continuous scale); and 3) the 147

influence of practiced social distancing. The outcome variable in all three models is a 148

categorical variable that indicates the presence and severity of depression/anxiety 149

symptoms measured by the PhQ-4, as defined above, where higher values indicate 150

presence of more severe symptoms. 151

Usual standardization to compare the strength of these associations with mental 152

health is inadequate because social distancing is measured by a dichotomous variable. 153

Hence, to ensure a more meaningful comparison between the three explanatory 154

variables, we subtracted the mean and re-scaled the two continuous variables by 155

dividing them by γ = 2.103 times their respective standard deviation so that the 156

coefficients of the continuous variables correspond in magnitude to a marginal increase 157

in the dichotomous variable from 0 to 1 (see S3 Appendix for more details). 158

Our econometric specifications control for sex, educational level (binary variables for 159

whether the respondents completed high school, had some college education or 160

completed college or more), race and whether the respondent was married at the time of 161

the interview. Prior research shows that Covid-19 risk perceptions and mental health 162

differ by age [39], we therefore control for age by including its second order polynomial 163

in our specifications to account for any possible non-linear relationships between age 164

and our dependent variables. Our models also controlled for state fixed effects, the 165

self-reported depression level characteristics prior to the pandemic and the year and 166

month when this measure was collected. The model specifications also included time 167

fixed effects (in days) to capture the influence of aggregate effects, such as public 168
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announcements at the federal level or national news, that are shared among UAS 169

respondents on a given day. Our analysis used post-stratification weights, generated 170

through a raking algorithm, to align the sample to the US adult population in terms of 171

gender, race/ethnicity, age, education and geographic location (see 172

https://uasdata.usc.edu/page/Weights and [24]). Analysis was performed with 173

StataSE 14. 174

Results 175

Table 1 summarizes the weighted distribution characteristics of the main variables used 176

in our analysis. The weighted mean of the PhQ-4 score in the US was about 1.9, with 177

71.1% of respondents reporting no depressive/anxiety symptoms, while 17.8% reported 178

mild depressive/anxiety symptoms; 6.6% of the sample had moderate and 4.6% 179

experienced severe depressive/anxiety symptoms. 180
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During the period March 10-31st, 2020, respondents reported a 15.8% probability to 181

run out of money within three months because of the pandemic’s impact. This is higher 182

than the population mean reported previously for the period March 10-16th (13.2%) 183

using the UAS survey [9], indicating a deterioration in the perceived economic 184

perspectives in the US during the month of March. Similarly, our sample showed a 185

weighted mean of perceived risk of dying from Covid-19 of about 4.3%, which is also 186

higher than the previously reported mean (3.8%) based on the UAS [9]. Table 1 also 187

shows that less than two thirds of the US population were practicing social distancing 188

during the study period. 189

Fig 1 shows weighted means of PhQ-4 score on the left and weighted proportions of 190

the US population that has a least some depressive/anxiety symptoms on the right over 191

the period March 10-31. By applying post-stratification weights, the weighted means 192

and proportions are representative of the US population for each particular time period 193

on the x-axis. Reports of depression/anxiety symptoms increased over time in March, 194

reaching the highest point in the last week of the month. This increase was not driven 195

by persons with higher depression level completing the online survey later in the month, 196

as the trend is not increasing when we consider depression level characteristics prior to 197

the Covid-19 pandemic instead of the PhQ-4 mental health measure collected in March 198

(see S1 Fig). 199

[INSERT FIGURE 1 HERE] Notes: Source of Data: “Understand America Study” 200

(UAS), survey 230, collected between March 10 and March 31, 2020. Plots shows 201

weighted means, along with 95% confidence intervals, of PhQ-4 score on the left and 202

weighted proportions of the US population that has at least some depressive/anxiety 203

symptoms on the right. We use post-stratification weights so that the weighted means 204

and proportions are representative of the US population for each particular time 205

period on the x-axis. 206

We also investigated the associations between PhQ-4 and the rapidly increasing 207

number of Covid-19 infection cases and deaths during the period March 10-31, 2020 208

(Table 2). A one-unit increase in the log number of Covid-19 cases resulted on average 209

in about 0.090 increase in the latent mental health ordered probit index (z-score). This 210
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increase corresponded to a drop of 2.6 percentage points in the probability of reporting 211

no depressive/anxiety symptoms, whereas the probability of reporting mild, moderate 212

and sever symptoms increases by 1.2, 0.7 and 0.7, respectively (S3 Table). This 213

association was particularly strong for males and college graduates. Similar patterns 214

were also estimated for the impact of the number of deaths in the US, where a one-unit 215

increase in the log number of Covid-19 deaths led on average to an increase of about 216

0.104 in the latent mental health index, indicating higher levels of depression/anxiety, 217

with this effect being again stronger for males and college graduates (Table 2 columns 3 218

and 5). 219
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High expected probability of running out of money is positively associated with the 220

PhQ-4 mental health score (Table 3, Column 1). Similarly, perceived risks of dying from 221

Covid-19 and social distancing (Columns 2 and 3) are also strongly correlated with 222

higher levels of depression/anxiety. Column 4 shows that when all of the three 223

explanatory variables are included in the same model specification, they remain strongly 224

associated with the PhQ-4 mental health score, “independently” from each other. 225

However, because of the different scales in which these variables are measured, the 226

magnitude of their associations cannot be directly compared. Column 5 allows a direct 227

comparison of the coefficients after standardizing the continuous variables as explained 228

above. The association of the probability of running out of money with mental 229

well-being is stronger than the two other variables capturing alternative pathways 230

affecting mental health during the pandemic. Social distancing shows the 231

second-strongest association, while perceived risks of dying from the virus has the 232

weakest association with mental health among the three. The result of a one-sided z-test 233

rejects the null hypothesis that the coefficient associated with social distancing is equal 234

or larger than the coefficient associated with running out of money (p-value= 0.027). 235

Average marginal effects reported in S4 Table show that a γ standard deviation increase 236

in the perceived probability of running out of money because of Covid-19 led to a 11.1 237

percentage points decrease in the probability of reporting no depressive/anxiety 238

symptoms, whereas it increases the probability of showing mild, moderate and severe 239

symptoms by 5.1, 3.0 and 3.1, respectively. The magnitude of the average marginal 240

effects of the two other explanatory variables are about half of those of the economic 241

uncertainties, with social distancing having larger associations with mental health than 242

perceived health concerns. 243

Table 4 reveals important heterogeneity in these patterns, with perceived economic 244

uncertainty being particularly important for males (Columns 1 and 2), whereas concerns 245

about own health being less important for males and non-white individuals (Columns 246

1,2, 5 and 6). The association of social distancing with PhQ-4 mental health score 247

however appears to be relatively similar across the various sociodemographic groups. 248

Results including the interaction terms between our three main independent variables 249

and the various sociodemographic groups are presented in S5 Table. 250
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Table 3. Associations with mental health score (PhQ-4)

PhQ-4 PhQ-4 PhQ-4 PhQ-4 PhQ-4
rescaled

(1) (2) (3) (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 age2, 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 γ× their standard
deviations. Data source: “Understanding America Study” (UAS) collected between March 10 and
March 31, 2020.
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Discussion 251

We assessed factors associated with mental health of adults age 18+ years during the 252

early outbreak of the Covid-19 pandemic, March 10-31, 2020 in the US. During this 253

period, the virus spread rapidly in the US, with confirmed infection cases and deaths 254

rising exponentially, from 1018 to 187,962 and from 31 to 3630, respectively [38]. We 255

used the clinically validated PhQ-4 instrument to assess the presence of depressive and 256

anxiety symptoms in a nationally representative sample of US adults aged 18+ years. 257

To our best knowledge, our study is one of the first to document the decline in US 258

adults’ mental health during the early period of the Covid-19 pandemic. 259

In March, symptoms of depression and anxiety among US adults were increasing and 260

this worsening of mental health was associated with the increasing number of confirmed 261

Covid-19 cases and related deaths in the US. However, increased caseloads was not the 262

primary driving force behind this deterioration of mental well-being among US adults. 263

Rather, concerns about the economic consequences of the pandemic in the near future 264

(i.e., three months from the date of the interview) emerged as the strongest predictor of 265

declining mental health. Worries about the potential impacts of Covid-19 on own health 266

(i.e., risk of infection and as result increased risk of death), as well as the practice of 267

social distancing played relatively smaller roles in predicting poor mental well-being 268

during the early stages of the pandemic. We also documented significant gender 269

differences in the associations of mental health with perceived economic and health 270

risks: Economic concerns are more strongly associated with worse mental health in men 271

than women, whereas the association of mental health with concerns related to own 272

health outcomes is stronger in women than men, which may partly reflect differences in 273

gender roles and behaviors [40–42]. Moreover, we only find a positive association 274

between perceived risk of dying from Covid-19 and mental health decline for white 275

respondents, with no such association among non-whites. These ethnic/racial 276

differences may be related to corresponding differences in the socioeconomic impact of 277

Covid-19 across racial/ethnic groups with economic concern/worries being a main driver 278

of depression among minorities [43]. 279
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Limitations 280

The evidence of mental health issues arising during the Covid-19 pandemic emphasizes 281

the importance of future research on this topic and specifically the need to investigate 282

the long-term effects of the pandemic on mental health outcomes. For instance, 283

prolonged social distancing measures may result in stronger impact on mental 284

well-being at later stages of the pandemic compared to the weak relationship established 285

in this study. In addition, the pandemic may also have introduced an economic crisis, 286

which will negatively affect mental health for those affected. [44] On the other hand, 287

prior evidence points to the possibility that people may adapt to crisis situations over 288

time, suggesting mental health might improve in the long term [45]. In addition, with 289

Covid-19 tests becoming increasingly available, the positive outlooks for the 290

developments of potential treatments and vaccines, and positive news coming from 291

countries that were able to contain the spread of the pandemic might however attenuate 292

the health concerns associated with mental health. The long-term consequences of the 293

Covid-19 pandemic on mental health are therefore of particular research interest 294

especially given the dramatic increases in unemployment in the US that have occurred 295

after the data collection for this study was completed. Given the relatively weak social 296

safety net in the US compared to European high-income countries, the importance and 297

urgency to address the aftermaths of Covid-19 on individual and population level 298

mental health is and will be all the more critical to address in the US. 299

Our correlational data did not warrant causal conclusions. Although it is possible 300

that economic concerns, health worries and social distancing resulted in declining mental 301

health, it is also possible that having worse mental health led to more rumination about 302

economic concerns and health worries, as well as engaging more in the practice of social 303

distancing. While our sample is representative for the US adult population, our 304

estimates did not include minors below age 18, for whom economic concerns may not be 305

at the forefront, but whose mental well-being maybe as well affected by the disruption 306

of their daily routines, schooling, extra-curriculum activities, exposure to stress in the 307

household and increased domestic abuse and violence. PhQ-4 may capture only 308

probable depression/anxiety or psychological distress in response to the abnormality of 309

the Covid-19 pandemic and its implications as opposed to clinical diagnostic, which does 310
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not reduce the importance of our findings for public health policy. Although most adults 311

report only mild to moderate levels of depression and anxiety, these may nonetheless 312

affect many important outcome such as work productivity and savings [46,47]. 313

Conclusion 314

Our evidence on declining mental health during the early period of the Covid-19 315

pandemic highlights the importance of imminent mental health challenges of the 316

pandemic among US adults, which may further increase as Covid-19 continues to unfold. 317

As a result, there appears to be an increasing need for prevention and mental health 318

services as a consequence of the pandemic, requiring a parallel strengthening of such 319

efforts during the pandemic. Policy makers, health care providers and social workers 320

should therefore plan for a substantial increase in service needs since the ramifications 321

of the Covid-19 pandemic will be likely felt for an extended period of time beyond 322

getting the virus under control and the curve flattened. In addition, our findings 323

highlight the major importance of economic considerations for US adults’ mental health 324

early in the pandemic over and above the evident health concerns and challenges 325

associated with social distancing. Our results suggest a considerable role for economic 326

countermeasures and social policy for mitigating the economic impacts of the Covid-19 327

pandemic on US adults’ livelihoods and, thereby, helping to protect their mental health 328

and well-being through this unfolding pandemic. 329
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Supporting information 344

S1 Fig. Associations with depression level characteristics prior to the 345

Covid-19 pandemic [INSERT FIG S1 HERE] Notes: Source of Data: “Understand 346

America Study” (UAS), surveys 121 and 230. UAS survey 121 was fielded between 347

January 2018 and March 2020 and survey 230 was collected between March 10 and 348

March 31, 2020. Plot on the left shows weighted proportions of the US population, 349

along with 95% confidence intervals, that strongly disagree to the statement: “I see 350

myself as someone who is depressed, blue”. Plot on the right shows weighted 351

proportions of the US population that strongly disagree or disagree to the same 352

statement. We use post-stratification weights so that the weighted means are 353

representative of the US population for each particular time period on the x− axis. 354

S1 Appendix. Understanding America Study (UAS) UAS is a study that is 355

supported by the Social Security Administration (SSA) and the National Institute on 356

Aging (NIA). It has since 2014 collected more than 230 online surveys on various topics, 357

ranging from cognitive abilities, environment, consumer behavior and politics to name 358

but a few, for which the data is publicly available [17]. The UAS uses address-based 359

sampling with sequential sample batching, where addresses were drawn from the 360

Computerized Delivery Sequence (CDS) file created by the U.S. Postal Service. Annual 361

attrition rates are modest (on the order of 8-9% per year). 362

The provision of tablets and free Internet to households without prior Internet access 363

solves a coverage problem faced by convenience Internet panels. Respondents without 364

prior Internet access have a very different demographic and socio-economic profile than 365

respondents with Internet access such as they are more likely to have low incomes and 366

education, to be non-white, less health and older (70+ years). However, among the 367
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non-Internet households, the probability of signing up for UAS is not related to these 368

background characteristics, expect for age. One may interpret these findings as an 369

indication that with respect to the demographics studied, the recruited non-Internet 370

households are representative of the part of the population without Internet (except 371

possibly with respect to age) [17]. 372

S2 Appendix. The PhQ-4 and Covid-19-related questions The PhQ-4 is 373

composed of the following four questions: Over the last two weeks, how often have you 374

been bothered by any of the following problems? 375

� Feeling nervous, anxious, or on edge 376

� Not being able to stop or control worrying 377

� Feeling down, depressed, or hopeless 378

� Little interest or pleasure in doing things 379

Possible answers to these questions were: 0 Not at all, 1 Several days, 2 More than half 380

the days, 3 Nearly every day. We added up the answers to these four questions and 381

computed a PhQ-4 score, ranging from 0 to 12. We followed [26] and categorized 382

respondents as having no depression/anxiety symptoms if their score equaled to 0, 1 or 383

2, mild depression/anxiety symptoms if their score ranged from 3 to 5, moderate 384

depression/anxiety symptoms if their score ranged from 6 to 8 and severe 385

depression/anxiety symptoms if their score ranged from 9 or above. 386

The question on the probability of being infected was phrased as: “On a scale of 0 to 387

100 percent, what is the chance that you will get the coronavirus in the next three 388

months? If you’re not sure, please give your best guess.” The one on the probability of 389

dying if infected was phrased as: “If you do get the coronavirus, what is the percent 390

chance you will die from it? If you’re not sure, please give your best guess.” Finally, the 391

question about the probability of running out of money because of the Covid-19 392

pandemic was: “The coronavirus may cause economic challenges for some people 393

regardless of whether they are actually infected. What is the percent chance you will run 394

out of money because of the coronavirus in the next three months?” 395
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S3 Appendix. γ-standardization of the continuous variables The coefficient 396

of standardized continuous variable can be interpreted as the effect of a one standard 397

deviation increase in that variable on the outcome of interest. On the other hand, the 398

coefficient associated to a dichotomous variable corresponds to a marginal increase in 399

that variable from 0 to 1, which is usually larger in magnitude than a standard 400

deviation increase in the continuous variable. [48] therefore suggests to rescale the 401

continuous variable by more than just their standard deviation so that the marginal 402

effect of the continuous variables can be more meaningfully compared to the marginal 403

increase in the dichotomous variable. 404

In essence, following the notation in the main text, his idea is to choose γ in such a 405

way that the γ× standard deviation increase in the continuous variables correspond to 406

the marginal increase in the dichotomous variable from 0 to 1. One can therefore use 407

the dichotomous variable characteristic as a benchmark for rescaling the continuous 408

variables. [48] suggests to use γ = 2, which works well when the mean of the 409

dichotomous variable is close or equal to 0.5. Indeed, if the mean of a dichotomous 410

variable is equal to 0.5, then its standard deviation would be equal to 0.5 411

(=
√

0.5 × (1 − 0.5)). A two standard deviation increase in the continuous variable 412

would therefore correspond to a marginal increase in the dichotomous variable from 0 to 413

1, as 1 is equal to two standard deviations of the dichotomous variables as well. 414

In our study, because the mean of social distancing is equal to 0.655, we choose 415

γ = 2.103. Indeed, 2.103× the standard deviation of social distancing is equal to 1 416

(∼= 2.103 ×
√

0.655 × (1 − 0.655)) so that a γ× standard deviation increase in the 417

continuous variables corresponds to an increase in the dichotomous variable from 0 to 1. 418

The coefficients associated with the transformed continuous variables can then be 419

meaningfully compared to the coefficient associated with the dichotomous variable. 420
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S1 Table. Descriptive statistics - additional variables 421

Pop. mean Pop. std. deviation
Male 0.489 0.500
Age 48.429 16.583
Less than high school 0.086 0.280
High school graduate or GED 0.297 0.457
Some college (no degree) 0.277 0.447
College graduate and above 0.341 0.474
White 0.772 0.420
Black 0.126 0.332
Other races 0.102 0.302
Currently married 0.557 0.497
Hardware (internet-connected tablet) provided 0.044 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.

S2 Table. Differences between UAS responders and non-responders

Population means
Responders Non-responders χ2 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.

422
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S3 Table. Associations with Covid-19 cases and related number of deaths 423

and mental health score (PhQ-4) - Average marginal effects 424

PhQ-4 categories
None Mild Moderate Severe

Number of cases in US (log) -0.026∗∗∗ 0.012∗∗∗ 0.007∗∗∗ 0.007∗∗∗
[-0.040,-0.013] [0.006,0.018] [0.004,0.010] [0.003,0.012]

Number of deaths in US (log) -0.031∗∗∗ 0.014∗∗∗ 0.008∗∗∗ 0.009∗∗∗
[-0.046,-0.015] [0.007,0.021] [0.004,0.012] [0.004,0.013]

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 age2, 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 425

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 age2,
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 γ× their standard
deviations. Data source: “Understanding America Study” (UAS) collected between March 10
and March 31, 2020.

426
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S5 Table. Associations with mental health score (PhQ-4)

PhQ-4
Gender

PhQ-4
Education

PhQ-4
Race

(1) (2) (3)
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]
× Male 0.230∗∗

[0.035,0.425]
× College graduate -0.045

[-0.279,0.189]
× 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]
× Male -0.150∗

[-0.323,0.023]
× College graduate -0.001

[-0.177,0.174]
× 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]
× Male 0.055

[-0.151,0.262]
× College graduate 0.136

[-0.067,0.339]
× 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 age2, 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 γ× their standard deviations. Data source: “Understanding America
Study” (UAS) collected between March 10 and March 31, 2020.
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