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ABSTRACT

The COVID-19 pandemic has led to a “second pandemic” of anxiety and depression. While
vaccines are primarily aimed at reducing COVID-19 transmission and mortality risks, they may
have important secondary benefits. We use data from U.S. Census Bureau’s Household Pulse
Survey merged to state-level COVID-19 vaccination eligibility data to estimate the secondary
benefits of COVID-19 vaccination on mental health outcomes. To address endogenous
COVID-19 vaccination, we leverage state-level variation in the timing of when age groups are
eligible for vaccination. We estimate that COVID-19 vaccination reduces anxiety and depression
symptoms by nearly 30%. Nearly all the benefits are private benefits, and we find little evidence
of spillover effects, that is, increases in community vaccination rates are not associated with
improved anxiety or depression symptoms among the unvaccinated. We find that COVID-19
vaccination is associated with larger reductions in anxiety or depression symptoms among
individuals with lower education levels, who rent their housing, who are not able to telework, and
who have children in their household. The economic benefit of reductions in anxiety and
depression are approximately $350 billion. Our results highlight an important, but understudied,
secondary benefit of COVID-19 vaccinations.
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1.

INTRODUCTION

Vaccines save millions of lives by limiting the spread of disease to the unvaccinated and by
preventing disease (Li et al. 2021). However, prevention of disease is not the only benefit of
vaccines. Vaccines can also reduce stress and anxiety caused by the threat of infection, and
particularly relevant during the COVID-19 pandemic, also reduce the adverse consequences of
risk mitigation strategies such as social isolation. In part due to uncertainty about the future of
the course of the pandemic, concerns about COVID-19 infection, social isolation while under
shelter-in-place policies, and economic uncertainty or job loss, many experts predicted a “second
pandemic” of mental and behavioral health problems due to the pandemic (Breslau et al. 2021;
Raviv et al. 2021; Ettman et al. 2020). By December 2020, over 40% of U.S. adults reported
symptoms of anxiety or depression (Vahratian et al. 2021). However, the introduction of
vaccines in December offered hope and optimism. In this paper, we paper examine the complex
effects of COVID-19 vaccines on mental health.

Vaccines may improve mental health through both private and external pathways (Koltai et
al. 2021; Blanchflower and Bryson 2021). Vaccinated individuals face dramatically lower risks
of COVID-19 infection and lower severity of COVID-19 illness (Polack et al. 2020; Baden et al.
2021; Sadoff et al. 2021; Thomas et al. 2021; Bajema et al. 2021). This direct impact of vaccines
reduces uncertainty about the future — what will happen if | get infected — which in turn might
reduce a vaccinated person’s anxiety or depression associated with fears of infection risk (Perez-
Arce et al. 2021). Vaccinations can also have spillover effects. In particular, increased
vaccination by others within a community also reduces private risks of infection, which can also
reduce private concerns of COVID-19 infection. Increased community vaccination also reduces

social distancing and willingness to stay at home (Andersson et al. 2021), which can reduce the



mental health effects of social isolation. Broader vaccination can enable large-scale social
gatherings (e.g., restaurants, return to work, in-person school), more than when just isolated
social networks are vaccinated. Through this pathway, the increase in community vaccination
rate can have spillover effects on mental health of others in the community including the
unvaccinated.

There are external benefits to having as many individuals vaccinated as possible. As a result,
many economic policies focus on increasing vaccination rates (Carpenter and Lawler 2019).
During the COVID-19 pandemic, these policies range from free Krispy Kreme donuts, to state-
run lotteries (Walkey, Law, and Bosch 2021; Brehm, Brehm, and Saavedra 2021; Barber and
West 2021), to workplace requirements that require vaccination (Klompas, Pearson, and Morris
2021). These policies are aimed to address the primary external benefit of COVID-19
vaccination’s impact on COVID-19 transmission. However, the potential spillover effects of
such vaccine campaigns on mental health have not been studied.

The potential mental health benefits of COVID-19 vaccines might be an important part of the
total benefits of COVID-19 vaccines. Prior to the COVID-19 pandemic, mental health disorders
accounted for over $200 billion in annual medical spending in the United States (Roehrig 2016).
Cutler and Summers (2020) estimate that the total cost of the COVID-19 pandemic may reach as
high as $16 trillion. Given the striking increase in anxiety and depression during the pandemic,
Cutler and Summers give particular attention to the mental health costs of the pandemic and
estimate that the costs of depression and anxiety approximates $20,000 per-person per-year.
Assuming that the mental health symptoms last for only one year, they conclude that valuation of

mental health costs due to the pandemic can be as high as $1.6 trillion. If vaccines do have an



impact on mental health conditions, then the expected cost of the pandemic could be greatly
reduced.

In this paper, we examine the mental health effects of COVID-19 vaccines using a
nationwide survey of households conducted by the United States Census Bureau. Starting in
April 2020 and continuing throughout the pandemic, the Household Pulse Survey (HPS) has
surveyed approximately 2.5 million people from April, 2020 to May, 2021 in the United States
on mental health symptoms. Throughout the pandemic, separate cross-sectional waves of the
survey are conducted every one-to-two weeks. In addition to a rich set of demographic controls,
a unique feature of this data is that it also contains respondent-level information on COVID-19
vaccinations. The data have been used previously to track mental distress during the pandemic
(Park 2021; Park and Kim 2021; Cai et al. 2021). They have also been used to examine the
association between receiving the COVID-19 vaccine and self-reported anxiety and depression
(Chen, Aruldass, and Cardinal 2022). However, there are currently no studies that have used the
HPS to causally identify the effect of COVID-19 vaccine eligibility on self-reported anxiety and
depression.

We merge the HPS with state-level data on COVID-19 vaccine eligibility to identify the
effects of COVID-19 vaccination on mental health outcomes. We leverage state and age timing
when individuals are eligible to receive COVID-19 vaccines as an instrument for receiving a
vaccine. To address the potential that increased vaccine rates create spillovers that improve
mental health for unvaccinated populations, we also estimate specifications that control for the
share of vaccinated people at the state level and include fixed effects for state-survey wave

interactions.



Using these sources of variation, we find that receiving a COVID-19 vaccine leads to large
improvements in mental health. In our OLS regressions, we find that COVID-19 vaccines lead to
a 3.1 and 3.4 percentage point reduction in anxiety and depression symptoms, respectively,
which, relative to mean 2020 rates, translate to relative reductions of 9.5% and 12.9%,
respectively. When instrumenting for COVID-19 vaccination using variation in eligibility rules,
we find much larger, 9.4 and 7.2 percentage point reductions for anxiety and depression
symptoms, respectively. These instrumented reductions translate to an approximately 28%
reduction in symptoms. Importantly, we find little evidence of external benefits of COVID-19
vaccination on mental health. Instead, nearly all of the reductions in anxiety/depression
symptoms are private benefits. We do not find that increases in community vaccination rates lead
to reductions in mental health symptoms or changes in symptoms among individuals who have
not been vaccinated.

The impacts of the COVID-19 pandemic have not been equally distributed, with lower-
income and socioeconomic status populations experiencing higher rates of infection and
mortality (Siddique et al. 2020; Whitaker et al. 2021; Anand et al. 2021). The economic
consequences of the pandemic have been worse among these populations as well (Baker 2020;
Cajner et al. 2020; Montenovo et al. 2020). In particular, measures of hardship (defined as food
insufficiency, employment income loss, housing instability, health problem, and school closure)
were higher for blacks and Hispanics than whites during the COVID-19 pandemic (Park 2021).
Correspondingly, we find substantial heterogeneity in the secondary mental health benefits of
vaccines. For example, among households able to telework doing the pandemic, we do not find
improvements in mental health symptoms, but find a 9.8 and 5.8 percentage point reduction in

anxiety and depression symptoms among workers unable to telework during the pandemic. We



also find larger mental health benefits among people employed in the private sector, households
that rent instead of own, households with children, and individuals with lower incomes and
education. These results suggest that vaccines can reduce the total disproportionate effect the
pandemic has on the mental health of lower socioeconomic populations.

Our results highlight an important secondary benefit of COVID-19 vaccines. The
improvements in mental health status are not accounted for in current assessments of COVID-19
benefits. These secondary benefits are not commonly accounted for in most evaluations of the
effectiveness of medical treatments, including vaccines. However, these secondary effects can
provide large benefits to society and should be included when assessing the COVID-19 vaccine
rollout. Preliminary estimates quantify that the initial rollout of the COVID-19 vaccine was
associated with 140,000 deaths averted and a total $625 billion and $1.4 trillion in lives saved
(Gupta et al. 2021). Our results show that the benefits will likely be significantly higher when

including improvements in mental health.

DATA

2.1. Household Pulse Survey

To measure mental health outcomes during the COVID-19 pandemic we use data from the
Household Pulse Survey (HPS), conducted in multiple waves by the U.S. Census Bureau in
partnership with thirteen other federal agencies, starting April 23, 2020. The HPS collects cross-
sectional data in each wave of the survey during the pandemic to understand how the pandemic
has affected the lives and livelihoods of American households. The data include social and
economic impacts on adults who are ages 18 and older. The survey questions on mental health

focus on self-reported symptoms of anxiety, worry, loss of interest, and feeling down.



Specifically, questions that are a modified version of the two-item Patient Health Questionnaire
(PHQ-2) and the two-item Generalized Anxiety Disorder (GAD-2) (Centers for Disease Control
and Prevention 2021). Both the two question PHQ-2 (Kroenke, Spitzer, and Williams 2003), and
the GAD-2 are validated measures (Plummer et al. 2016). Responses are scaled from 1 (Not at
all) to 4 (Nearly every day). We follow the Center for Disease Control and Prevention (CDC)
scoring and estimation guidelines and rescale the indices for the questions related to mental
health.! These measures are fully described in Appendix 1.

Following the CDC aggregation standards, the two self-reported responses on anxiety and
worry are added together to create the variable “Generalized Anxiety Disorder,” and the
remaining two responses on having little interest and feeling down are added together to create
the variable “Major Depressive Disorder.” For both Generalized Anxiety Disorder and Major
Depressive Disorder, a sum equal to three or greater is associated with anxiety disorder and
depressive disorder, respectively (see Appendix — Household Pulse Survey for detail). It is
important to note that a diagnostic evaluation for anxiety disorder or depressive disorder was not
conducted (Czeisler 2020). The measures are based on self-reported survey responses.

This study uses data from Wave 1 (April 23, 2020 to May 5, 2020) to Wave 30 (May 12,
2021 to May 24, 2021). The 30 waves combined contain 2,543,614 observations. The final
dataset includes a total of 2,035,847 observations after dropping the observations that had
variables of interest with response: -99 (Question seen but category not selected) or -88 (Missing
/ Did not report). For each survey respondent, the HPS also collects data on age, gender,
race/ethnicity, education, marital status, and income, which we use as covariates. The

construction of these covariates is described in the Appendix.

1 We rescale the 1 to 4 values to 1 to 3, where 0 is Not at all, 1 is Several days over the last 7 days, 2 is More than
half the days over the last 7 days, and 3 is Nearly every day over the last 7 days.



2.2. Vaccine Data

Beginning in survey wave 22 (survey period January 6, 2021 to January 18, 2021), the HPS
survey added a question on whether the respondent has received a COVID-19 vaccine. We use
responses to this survey question to record self-reported vaccination status as 1 for “Yes” and 0

otherwise.

2.3. Vaccine Eligibility Data

We use vaccine eligibility data from the COVID-19 U.S. State Policy Database maintained
by Boston University (Raifman et al. 2020). The data contain detailed information on state-level
policies enacted during the COVID-19 pandemic and have been used to evaluate the effect of
state-level policies on COVID-19 transmission and physical distancing (Feyman et al. 2020;
Yang et al. 2021; Jay et al. 2020). We use the age-based vaccine eligibility dates to determine
whether an individual is eligible for a vaccine within a state. We leverage the state and age

variation in the timing of vaccine eligibility as an instrument for vaccine receipt.?

2.4. Characteristics of Study Population

The total sample size for the study is 2,035,847 adults, out of which 247,406 adults are
vaccinated and 1,788,441 adults are unvaccinated. The difference in the sample size of the
vaccinated and unvaccinated populations is due to the timeline of the survey. The survey started
in April, 2020, whereas, vaccination started in December, 2020, and thus, the dataset has more

observations on unvaccinated adults.

2 We used eligibility based on the age group and state rollout policy to determine whether a respondent is eligible in
a given survey wave or not. If a respondent turned eligible between the middle date of n-1"" survey wave and the
middle date of n" survey wave, then that individual is considered eligible in the nth wave of the survey for our
analysis.



Table 1 presents summary statistics of dependent variables Anxiety Disorder and Depressive
Disorder, and covariates used in this study for the total sample, and separately for the vaccinated,
and unvaccinated subpopulations. The mean value and the standard deviation of all covariates in
the three groups are similar. However, the mean value of the dependent variables varies between
the vaccinated and unvaccinated pool because, as expected, the prevalence of anxiety and
depressive disorder is higher among the unvaccinated compared to the vaccinated.

We present trends in anxiety, depression, and vaccination rates for the study sample from the
U.S. HPS for the sample period in Figure 1. Rates of anxiety and depression steadily increased
between the week of May 14, 2020 to July 16, 2020. Anxiety and depression rates then declined
precipitously until the week of August 19, 2020, before rising again through the end of the year.
The self-reported vaccination rates started in the week of December 9, 2020 and have risen
sharply though the end of the sample period. It is important to note that the rates of anxiety and

depression also decline after the introduction of the COVID-19 vaccine.

ESTIMATION APPROACH

This study analyzes the impact of COVID-19 vaccinations on changes in self-reported
anxiety and depression symptoms. We start by descriptively estimating the association between
COVID-19 vaccinations and prevalence of symptoms for anxiety and depression. In particular,
we plot the share of respondents with self-reported anxiety and depression and the share of
respondents with at least one COVID-19 dose by survey wave. To measure association between
COVID-19 vaccination and mental health, we estimate OLS regressions with each mental health
outcome as the dependent variable and COVID-19 vaccination as the key independent variable.

We estimate separate regressions for each outcome—COVID-19 vaccination receipt, controlling



for individual characteristics (age, race, education level, marital status, income, and gender). We
also add fixed effects for state and survey wave.

Of course, receipt of COVID-19 is endogenous, and unobserved factors that influence the
decision to receive a vaccine could be correlated with unobserved mental and behavioral health
confounders. To address this concern, we instrument for vaccine receipt using variation in state-
level eligibility policies to estimate the effect of COVID-19 vaccination on anxiety and

depression symptoms:

vaccinejs = ag + o Zige + B1Xie + 7, + Tp + Uit (D
MH = B, + B, vaccine;s, + B1Xie + 7, + T¢ + &t (2)

In this model, MH,,; represents our two outcomes of interest—self-reported anxiety and
depression symptoms, X;, contains the patient controls described above. We also include state
(ys) and survey wave (t,) fixed effects. Z;,, represents the state-level eligibility policies that are
used to predict self-reported vaccination status. We cluster all standard errors at the state level
and estimate using two-stage least squares. All regressions are weighted using the HPS survey
weights to make the survey nationally representative.

The validity of this approach relies on the standard instrumental variable assumptions. Our
first stage of the effect of vaccine eligibility indicates that becoming eligible for vaccination
leads to a 26.1 percentage point increase in receiving a COVID-19 vaccine (Table 2). We test for
whether the state eligibility policies are a weak instrument using the Kleibergen-Paap F-statistic
(Kleibergen and Paap 2006). We find the range for our estimate is from 339 to 318, which are
well above conventional thresholds (Stock and Yogo 2005; Lee et al. 2020).

The second, and more challenging, assumption is that variations in vaccine eligibility do not

impact mental health symptoms outside of receiving a COVID-19 vaccine. This assumption
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faces challenges in our setting. Increased vaccination rates within a community may lead to
reductions in mental health symptoms if there are external benefits of vaccination on mental
health. For example, non-vaccinated individuals may be more willing to see family and friends
or return to work if others in their community have been vaccinated. Similarly, the distribution of
the COVID-19 vaccine may have encouraged mental health providers to accept in-person
appointments. At the beginning of the COVID-19 pandemic, the CDC recommended deferring
in-person care and using telehealth (Centers for Disease Control and Prevention 2020). Once the
COVID-19 vaccine was distributed, these guidelines were revised. This external benefit of
vaccines via these two pathways could lead to reductions in a person’s mental health symptoms
that would violate the exclusion restriction assumption of our instrument.

As a solution, we use two approaches. First, we control for the share of vaccinated
individuals in each state during each survey wave in equations (1) and (2). These controls
account for the aggregate external and social benefits of vaccination. Second, we non-
parametrically control for unobserved shocks to each state (e.g., the implementation of social
distancing policies, changes in COVID-19 exposure, or economic conditions) by including fixed
effects that interact the state and survey wave fixed effects in equations (1) and (2). In this
specification, identification comes from comparing vaccinated and unvaccinated adults within
the same state and time period, with exogenous variation in vaccination coming from differences
in age-based eligibility for vaccination. For example, within the same state and same time period
64-year-olds might be less likely to be vaccinated compared to 65-year-olds if 65 years were
eligible for vaccines in that period and 64-year-olds became eligible for vaccines at a later date.
This specification isolates within-state and time differences in outcomes between eligible and

non-eligible populations.
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We compare the results of these specifications with our main specification. Finding large
differences between our main model, which does not account for external benefits of vaccination
on mental health, and the two models that do, would suggest the presence of vaccine externalities

that would violate the exclusion restriction and threaten the validity of our instrument.

RESULTS

4.1. Effect of COVID-19 Vaccination on Mental Health Symptoms

Table 3 presents results showing the estimated effect of COVID-19 vaccination on mental
health outcomes. Panel A presents OLS regression results for the probability of reporting anxiety
symptoms (odd-numbered columns) or depression symptoms (even-numbered) columns.
Columns 1 and 2 include just the individual-level covariates and fixed effects for state and
survey wave period. To control for vaccine externalities, columns 3 and 4 add the share of
vaccinated adults, and columns 5 and 6 interact the state and survey wave fixed effects. Across
all specifications, we find that receiving a COVID-19 vaccine is associated with 3.1 and 3.4
percentage point reductions in anxiety and depression symptoms, respectively. These reductions
translate to relative reductions of approximately 9.5% and 12.9%.

In Panel B, we instrument for COVID-19 vaccine receipt using variation in the timing of
state- and age-specific eligibility rules for COVID-19 vaccination. We use the same approach to
control for vaccine externalities and find minimal impact of adding the controls for the share
vaccinated and the state-survey wave fixed effect interactions. We estimate that receiving a
COVID-19 vaccination leads to a reduction in anxiety symptoms that ranges from 9.4 to 9.2

percentage points, which translates to a relative reduction that ranges from 28.7% to 27.8%. For
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depression symptoms, we estimate a 7.2 to 7.1 percentage point reduction, which translates to a
relative reduction of 27.5% to 27.1%.

In both the OLS and 2SLS results, the controls for vaccine externalities have little impact on
the association between vaccine receipt and self-reported anxiety/depression symptoms. In both
models, the state vaccination share coefficients are small in magnitude and not statistically
significant. The lack of change in the regression coefficients suggests that, at least when
measured at the state level, there are few external benefits of COVID-19 vaccines on mental
health. Instead, nearly all of the benefits are private benefits to mental health. It is possible that
the external benefits could be at a different level than the state-level. For example, individuals
may not receive mental health benefits when people throughout their state become vaccinated

but may have mental health benefits if friends and family receive COVID-19 vaccinations.

4.2. Heterogeneity in COVID-19 Benefits

The impacts of the COVID-19 pandemic have not been borne equally. The health impacts of
the pandemic, primarily measured through excess deaths and COVID-19 infections, have
disproportionately impacted low-income and racial minority communities (Polyakova et al.
2021; Jay et al. 2020; Azar et al. 2020; Kim, Marrast, and Conigliaro 2020; Park 2021). These
disparities extend outside of direct health impacts. School closures were more likely to impact
lower-income and racial minority communities (Bravata et al. 2021; Oster et al. 2021). A
substantial share of work shifted to remote and telework environments, with “white collar” and
professional workers more likely to be able to work remotely (Brynjolfsson et al. 2020). Finally,
many families with children, and particularly women, experienced labor market disruptions due
to schooling and childcare responsibilities (Petts, Carlson, and Pepin 2021; Lim and Zabek

2021).
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These varying impacts of the COVID-19 pandemic can create differential changes to mental
health outcomes following vaccination. Individuals for whom risks of infection, family
responsibilities, or work location may have larger improvements in mental health following
vaccination than those with fewer burdens. These additional benefits could also lead to increases
in vaccination rates, and so to explore these differential impacts, we use the same identification
approach to compare changes in anxiety and depression symptoms following vaccination among
different subpopulations. We leverage the breadth of the HPS data, and examine differences
based on individual race, income, education attainment, housing status (e.g., rent vs. own),
whether or not there are children in the household, the ability to telework during the pandemic,
and industry.

Figure 2 presents coefficients from the OLS and IV specifications that include state-by-week
fixed effect interaction controls. Panel A presents OLS results, which do not account for
endogeneity in vaccine receipt. If unobserved reasons for COVID-19 vaccination vary across
sub-populations—for example, due to access barriers—then the OLS results may be particularly
biased. In Panel B, our IV results show a meaningful difference by socioeconomic status and
work status during the pandemic. We find statistically significant reductions in self-reported
anxiety symptoms among whites and blacks, but non-statistically significant reductions among
Asians and Hispanics. We only find reductions in depression symptoms among white HPS
respondents. For education, we find a 9.1 percentage point reduction in anxiety for individuals
with a high school education or less and 12.8 and 10.2 percentage point reductions in anxiety and
depression symptoms among individuals with some college. For individuals with a college
degree or more, we find an approximately 6 percentage point reduction in both anxiety and

depression symptoms. We also find an approximately 5 percentage point reduction in
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anxiety/depression symptoms among households that own their housing, compared to 20.1 and
18.6 percentage point reductions in anxiety and depression symptoms among households that
rent. Among households with children in the household, we find a 17.3 percentage point
reduction in anxiety symptoms following COVID-19 vaccination; the reductions in depression
symptoms are similar

We find large differences based on remote work ability. Among workers not able to
telework, receiving a vaccine leads to 9.8 and 5.8 percentage point reductions in anxiety and
depression symptoms. For adults able to telework, we find a 7.0 percentage point reduction in
anxiety symptoms that is close to statistically significant at conventional levels (p=0.07) and no
change in depression symptoms. When looking at industry type, we do not find any change in
anxiety or depression symptoms for those employed by a government or self-employed/family
business. In contrast, private sector workers have a 9.2 and 8.0 percentage point reduction in
anxiety and depression symptoms, respectively.

We also find similar patterns when looking at household characteristics. Among adults living
in households with children, becoming vaccinated leads to a 17.3 percentage point reduction in
anxiety symptoms. Among household that own their residence, becoming vaccinated leads to a
5.8 and 4.6 percentage point reduction in anxiety and depression symptoms, respectively.
Households that rent have a much larger reduction, 20.9 and 18.6 percentage points, respectively.

Overall, these results highlight differential improvements in mental health outcomes
following COVID-19 vaccination across different populations. These differential impacts align
conceptually with the differential burdens of the COVID-19 pandemic, suggesting that
populations that benefited most from COVID-19 vaccinations also experienced the largest

improvements in anxiety and depression symptoms.
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5. ROBUSTNESS TESTS

Our primary identification assumption is that variation in vaccine eligibility increases
vaccination rates but does not change mental or behavioral health symptoms through other
pathways. In addition to controlling for the share of vaccinated adults and state-specific time
trends, we test the validity of this assumption using two additional approaches. First, we estimate
event studies that assess the reduced form association between vaccination eligibility and each
mental health outcome. These event studies test for trends in anxiety/depression symptoms in the
survey waves prior to an individual becoming eligible for vaccination. Because the HPS does not
collect panel data, we estimate the changes in anxiety/depression symptoms for each survey
respondent, relative to the time in which that individual would have been eligible for COVID-19
vaccination, given the age-based eligibility rules in their state. Our event studies thus estimate
the change in outcomes relative to when a person would “aged in” to COVID-19 vaccination
eligibility. As an additional test, we also estimate these event studies, but limit the post eligibility
period to those who have not been vaccinated.

As shown in Figure 3, we find slightly increasing trends in regression-adjusted anxiety and
depression symptoms prior to becoming eligible for vaccination. However, it is important to note
that these trends are not statistically significant. Following eligibility, these trends reverse, and
we find steady reductions in self-reported symptoms. By the 7" survey wave post eligibility, we
find statistically significant 6.7 and 4.7 percentage point reductions in anxiety and depression
symptoms, respectively.

These reduced form event studies show reductions following eligibility, but they do not
separate the improvements in mental health that come from the private benefits of vaccination

vs. the external social benefits of vaccination. To disentangle these mechanisms, we estimate the
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same event studies but exclude individuals who have been vaccinated. Prior to eligibility, these
populations, and thus the pre-eligibility trends, overlap. However, as shown in Figure 4,
following vaccine eligibility, we observe no change in self-reported anxiety and depression
symptoms among non-vaccinated individuals. Combined with the results in the rest of this paper,
these null results suggest that the primary mechanism through which vaccination improves

mental health occurs through private, rather than external, benefits.

DISCUSSION

The COVID-19 pandemic has had both direct health effects from COVID-19 infection and
mortality, but also secondary health impacts on behavior and mental health (Breslau et al. 2021;
Ettman et al. 2020). Along with the direct benefits of reducing COVID-19 infection risk,
COVID-19 vaccines can also address secondary risks of the pandemic, including mental health
distress (Perez-Arce et al. 2021). In this paper, we use data from a national survey collected to
estimate how COVID-19 vaccination impacts anxiety and depression symptoms. After
instrumenting for COVID-19 vaccination using variation in state eligibility rules, we estimate
that becoming vaccinated leads to an approximately 30% reduction in mental health symptoms.
Importantly, nearly all of the benefits appear to be private benefits, and we find little evidence of
external mental health benefits from COVID-19 vaccination. We also find substantial
heterogeneity in the impact of COVID-19 vaccination on mental health. We find larger
reductions in anxiety and depression symptoms among lower-income populations, workers who
lack the ability to telework, and households that rent their housing. The heterogeneity in the
benefits of COVID-19 vaccinations reflects the heterogeneity in the health and economic impacts

of the pandemic.
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This study is not without limitations. First, the HPS is a cross-sectional survey. Therefore, the
composition of the sample frequently changes, and we are unable to estimate within-person
changes in mental health or include individual-level fixed effects (Cai et al. 2021). Second,
mental health outcomes are often sensitive to seasonal changes (Geoffroy et al. 2014; Heboyan,
Stevens, and McCall 2019; Shapiro et al. 1990). Thus, some of the improvements we find may
be due to seasonal changes. However, our fixed effects for survey panel should alleviate
concerns of seasonality. Third, we focused on specific mental health outcomes that were
collected in the HPS. However, there are other mental health conditions such as trauma and
suicidal ideation that are not collected in the data (Park and Kim 2021). In addition, we do not
examine the effect of the COVID-19 vaccines on children under the age of 18. Therefore, our
results for the benefits of the COVID-19 vaccine on mental health outcomes may be an
underestimate of the total effect of the rollout.

Despite these limitations, our findings point to important secondary benefits of vaccines.
These secondary benefits are not commonly accounted for in most evaluations of the
effectiveness of medical treatments, including vaccines. However, these secondary effects can
provide large benefits to society and should be included when assessing the COVID-19 vaccine
rollout. Preliminary estimates quantify that the initial rollout of the COVID-19 vaccine was
associated with 140,000 deaths averted, which translates to a statistical value of life ranging from
$625 billion to $1.4 trillion (Gupta et al. 2021). Our results show that the benefits will likely be
significantly higher when including improvements in mental health. Using the Cutler and
Summers (2020) estimate of $1.6 trillion health costs of anxiety and depression during the
pandemic, our results imply that with 72 percent of U.S. adults fully vaccinated (CDC 2021), the

approximately 30% reduction in anxiety and depression following vaccination has an economic
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benefit of approximately $346 billion. While COVID-19 vaccines are incredibly effective at
preventing the less frequent outcome of COVID-related mortality, anxiety and depression
symptoms caused by the pandemic are much more common. Thus, reducing the mental health

impacts of the pandemic can lead to substantial improvements in health and well-being.
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8. TABLES AND FIGURES

Figure 1: Unadjusted trends in Depression/Anxiety Symptoms
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Table 1: Descriptive statistics for the variables of interest (N=2,035,847)

Vaccinated (N=247,406) Unvaccinated (N=1,788,441)

Variables Mean S.D. Mean S.D.
Self-reported Anxiety (%) 22% 41% 31% 46%
Self-reported Depression (%) 16% 37% 23% 42%
% Female 59.8% 49.0% 59.2% 49.1%
Race (%)

White 81.1% 79.6%

Black 6.0% 7.1%

Asian 5.1% 4.5%

Hispanic 7.8% 8.8%
Education (%)

High school or less 8.9% 12.9%

High school 27.8% 31.9%

College 30.5% 29.7%

Post-college 32.7% 25.5%
Income category (%)

<$35k 14.7% 19.6%

$35-75k 27.5% 28.7%

$75-150k 35.1% 32.8%

$150k+ 22.7% 18.8%
Housing Status

Own 81.8% T74.7%

Rent 18.2% 25.3%
Children in Household

Yes 73.1% 65.0%

No 26.9% 35.0%
Telework Ability

Not able to telework 59.3% 54.4%

Able to telework 40.7% 45.7%
Industry

Government 19.9% 17.6%
Private/non-profit 67.0% 68.3%

Self-employed/family 13.1% 14.1%




Table 2: First-Stage Results of Association Between COVID-19 Vaccine Eligibility and Vaccine
Receipt

1) ) ®)
Pr(Received vaccine)
Eligible for vaccine 0.261*** 0.259*** 0.278***
(0.0142) (0.0142) (0.0156)
State vaccine share 0.795***
(0.0669)
Observations 2,035,847 2,035,847 2,035,847
R-squared 0.562 0.564 0.566
State X wave FE X
Kleibergen-Paap F-statistic 338.5 334.8 317.6

This table estimates the first-stage association between survey wave variation in the timing of
COVID-19 vaccine eligibility across states and age groups on self-reported COVID-19 vaccine
receipt. All regressions include controls for age, race, education, marital status, income, and
gender. Column 2 controls for the share of adults vaccinated in each state-survey wave. Column
3 adds state-by-survey wave interaction fixed effects. *** p<0.01, ** p<0.05, * p<0.1
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Table 3: Effect of COVID-19 Vaccination on Anxiety and Depression Symptoms

M @ © @ (5) ©)
Anxiety Depression Anxiety Depression Anxiety Depression
Panel A: OLS
Received vaccine -0.0312*** -0.0339*** -0.0311*** -0.0338*** -0.0312*** -0.0340***
(0.00485) (0.00420) (0.00490) (0.00425) (0.00491) (0.00428)
State vaccine share -0.000191 -0.000174
(0.000382) (0.000398)
Observations 2,035,847 2,035,847 2,035,847 2,035,847 2,035,847 2,035,847
R-squared 0.070 0.072 0.070 0.072 0.073 0.074
2020 Mean 32.9% 26.3% 32.9% 26.3% 32.9% 26.3%
Relative change -9.5% -12.9% -9.4% -12.8% -9.5% -12.9%
State X wave FE X X
Panel B: 2SLS
Received vaccine -0.0944*** -0.0723*** -0.0948*** -0.0725*** -0.0917*** -0.0713***
(0.0141) (0.0123) (0.0141) (0.0123) (0.0152) (0.0115)
State vaccine share 0.000354 0.000158
(0.000387) (0.000379)
Observations 2,035,847 2,035,847 2,035,847 2,035,847 2,035,847 2,035,847
2020 Mean 32.9% 26.3% 32.9% 26.3% 32.9% 26.3%
Relative change -28.7% -27.5% -28.8% -27.5% -27.8% -27.1%
State X wave FE X X

This table estimates the effect of COVID-19 vaccination on self-reported anxiety and depression
symptoms. All regressions include controls for age, race, education, marital status, income, and
gender. Columns 3 and 4 control for the share of adults vaccinated in each state-survey wave.
Columns 5 and 6 add state-by-survey wave interaction fixed effects. Panel A presents OLS
results and Panel B instruments for COVID-19 vaccination using state-age group variation in the
timing of vaccine eligibility. *** p<0.01, ** p<0.05, * p<0.1
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Figure 2: Heterogeneity in Effects of COVID-19 Vaccination on Anxiety and Depression Symptoms
Panel A: OLS Regressions
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Figure 3: Event Study Results of Association Between Vaccine Eligibility and
Anxiety/Depression Symptoms
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Figure 4: Event Study Results of Association Between Vaccine Eligibility and
Anxiety/Depression Symptoms Among Non-Vaccinated Adults
Panel A: Anxiety

US - Household Pulse Survey - Unvaccinated Respondents
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9. APPENDIX

9.1. Household Pulse Survey

The Household Pulse Survey is a nation-wide survey conducted by the U.S. Census Bureau, in
collaboration with multiple federal agencies, in order to understand the impact of the COVID-19
pandemic on American households from a social and economic perspective. The sample frame
of the survey is the U.S. Census Bureau Master Address File Data, and housing units linked to
one or more email or phone number were randomly selected and contacted via the web. An
invitation to one individual from each house unit was sent out by email and text messages. The
survey has multiple phases, and each phase has multiple waves to produce statistics at three
levels: national, state, and 15 metropolitan areas. We used the data from survey wave 1 to 30 for

our analysis. The timeline of survey waves used in this study is listed in Table 1A below.
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Table 1A: Household Pulse Survey Waves Used in this Study

Phase Survey Wave Start Date End Date
1 April 23, 2020 May 5, 2020
2 May 7, 2020 May 12, 2020
3 May 14, 2020 May 19, 2020
4 May 21, 2020 May 26, 2020
5 May 28, 2020 June 2, 2020
6 June 4, 2020 June 9, 2020
1 7 June 11, 2020 June 16, 2020
8 June 18, 2020 June 23, 2020
9 June 25, 2020 June 30, 2020
10 July 2, 2020 July 7, 2020
11 July 9, 2020 July 14, 2020
12 July 16, 2020 July 21, 2020
13 August 19, 2020 August 31, 2020
14 September 2, 2020 September 14, 2020
2 15 September 16, 2020 | September 28, 2020
16 September 30, 2020 October 12, 2020
17 October 14, 2020 October 26, 2020
18 October 28, 2020 November 9, 2020
19 November 11, 2020 | November 23, 2020
20 November 25, 2020 December 7, 2020
21 December 9, 2020 December 21, 2020
22 January 6, 2021 January 18, 2021
3 23 January 20, 2021 February 1, 2021
24 February 3, 2021 February 15, 2021
25 February 17, 2021 March 1, 2021
26 March 3, 2021 March 15, 2021
27 March 17, 2021 March 29, 2021
28 April 14, 2021 April 26, 2021
3.1 29 April 28, 2021 May 10, 2021
30 May 12, 2021 May 24, 2021

To capture the impact of the pandemic on mental wellbeing, the National Center for Health
Statistics collaborated with the U.S. Census Bureau on mental health and health access measures
of the survey. The four questions in the survey that focus on mental health are 1) how often have
you been bothered by the following problems... Feeling nervous, anxious, or on edge?, 2) how
often have you been bothered by the following problems... Not being able to stop or control

worrying?, 3) how often have you been bothered by... having little interest or pleasure in doing
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things?, and 4) how often have you been bothered by... feeling down, depressed, or hopeless?
For each question, the answers are scaled from 1 to 4. 1 is Not at all, 2 is Several days, 3 is
More than half the days, and 4 is Nearly every day. For this study, as per the Center for Disease
Control and Prevention (CDC) scoring and estimation, the index for all four questions is
rescaled to 0 to 3., where 0 is Not at all, 1 is Several days, 2 is More than half the days, and 3 is
Nearly every day. Following the CDC aggregation standards, the two responses on anxiety and
worry, i.e., 1 and 2 are added together to create the variable “Generalized Anxiety Disorder” and
the two responses on having little interest and feeling down, i.e., 3 and 4 are added together to
create the variable “Major Depressive Disorder”. For both Generalized Anxiety Disorder and
Major Depressive Disorder, a sum equal to three or greater is associated with anxiety disorder

and depressive disorder, respectively.

9.2. Covariate Construction
The covariates of each respondent, accessed from the HPS dataset, are discussed below.

e Age: The survey contains the birth year of each respondent. We calculated age of
each respondent based on the year of the survey conducted, i.e., either 2020 or 2021.

e Gender: The survey assigned 1 for male and 2 for female.

e Hispanic: The survey assigned 1 for “Not of Hispanic origin” and 2 for “Hispanic
origin.” For the purpose for statistical convenience, we changed the index to 1 for
“Hispanic origin” and 0 for “Not of Hispanic origin.”

¢ Non-Hispanic Race: As per the survey, 1 is for Non-Hispanic White, 2 for Non-
Hispanic Black, 3 for Non-Hispanic Asian and 4 for other Non-Hispanic races.

e Education: The survey indexed education from 1 to 7, where 1 is less than high

school, 2 is some high school, 3 is high school graduate or equivalent, 4 is some
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college, but degree not received or in progress, 5 is associate degree, 6 is bachelor’s
degree, and 7 is graduate degree. For this study we rescaled the index to 1-4, where 1
is assigned to the original indices 1 - less than high school, 2 - some high school and
3 - high school graduate or equivalent, 2 is assigned to the original indices 4 - some
college, but degree not received or in progress and 5 - associate degree, 3 is assigned
to the original index 6 - bachelor’s degree, and 4 is assigned to the original index 7 -
graduate degree.

Marital Status: The survey indices are 1 for now married, 2 for widowed, 3 for
divorced, 4 for separated, and 5 for never married. For this study we rescaled to 1-3,
where 1 is never married, 2 is either widowed or divorced or separated, and 3 is
never married.

Income: The survey indices for income are as follows. 1 for less than $25,000; 2 for
$25,000 to $34,999; 3 for $35,000 to $49,999; 4 for $50,000 to $74,999; 5 for
$75,000 to $99,999; 6 for $100,000 to $149,999; 7 for $150,000 to $199,999; and 8
for $200,000 and above. For this study we rescaled to 1 from 5, where 1 is assigned
to the original indices 1 - less than $25,000, 2 - $25,000 to $34,999 and 3 - $35,000
to $49,999; 2 is assigned to the original indices 4 - $50,000 to $74,999 and 5 -
$75,000 to $99,999; 3 is assigned to the original index 6 - $100,000 to $149,999; 4 is
assigned to the original index 7 - $150,000 to $199,999; and 5 is assigned to the

original index 8 - $200,000 and above.

35



	Abstract
	1. Introduction
	2. Data
	2.1. Household Pulse Survey
	2.2. Vaccine Data
	2.3. Vaccine Eligibility Data
	2.4. Characteristics of Study Population

	3. Estimation Approach
	4. Results
	4.1. Effect of COVID-19 Vaccination on Mental Health Symptoms
	4.2. Heterogeneity in COVID-19 Benefits

	5. Robustness Tests
	6. Discussion
	7. References
	8. Tables and Figures
	9. Appendix
	9.1. Household Pulse Survey
	9.2. Covariate Construction




