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(S I N N

Abstract: The COVID-19 pandemic has had a devastating impact on the world at large with over
750 million cases and almost 7 million deaths reported thus far. Of those, over 100 million cases
and 1 million deaths have occurred in the United States of America (USA). The mental health of
the general population has been impacted by several aspects of the pandemic including lockdowns,
media sensationalism, social isolation, and spread of the disease. In this paper, we examine the
associations that social isolation and COVID-19 infection and related death had with the prevalence
of anxiety and depression in the general population of the USA in a state-by-state multiple time-
series analysis. Vector Error Correction Models are estimated and we subsequently evaluated the
coefficients of the estimated models and calculated their impulse response functions for further
interpretation. We found that COVID-19 incidence was positively associated with anxiety across
the studied period for a majority of states. Variables related to social isolation had a varied effect
depending on the state being considered.

Keywords: COVID-19; social isolation; mental health; vector error correction model; impulse
response function

1. Introduction

Since its emergence, the World Health Organization (WHO) has reported over 750 million
cases of COVID-19 globally and almost 7 million deaths [1]. COVID-19 is a novel coron-
avirus disease caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
that set off an unprecedented global health crisis creating a myriad of lockdown restrictions
in response to the surge of COVID-19 cases in different parts of the world. First discovered
in Wuhan, China in December 2019, the virus has spread from person to person due to its
respiratory transmissibility. Individuals infected with the virus can pass it on to susceptible
individuals by being within 2 m of contact, sneezing, and/or coughing through aerosol
droplets containing the virus. People could also become infected if they touch their eyes or
nose after coming into contact with contaminated surfaces [2]. Areas with poor ventilation
in indoor settings and/or crowded rooms can allow for spread to susceptible individuals
due to aerosols of the virus suspended for longer in these specific conditions [3]. Reported
symptoms of COVID-19 range from mild to severe and include: fever, sore throat, diarrhea,
shortness of breath, headache, and body aches, and there are reports of asymptomatic
individuals who experience no symptoms, but can still pass on the virus. Older populations
(>65+) or those with other underlying medical conditions are associated with a higher
likelihood of severe symptoms from COVID-19 [4].
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1.1. COVID-19 in the United States of America

In response to the early outbreaks and surges of COVID-19 cases, several country
leaders and government officials set up lockdown mandates to suppress transmission be-
tween people [5,6]. These restrictions were put in place to stop the ever-growing incidence
of COVID-19 cases and death from rising drastically. However, the lockdown mandates
led to other unprecedented effects on the mental health of the public [6]. As lockdown
mandates became prominent worldwide, there was a rise in mental health problems from
pre-pandemic data [7] and an increase in general worry related to the pandemic [8]. These
issues culminated in the rise of self-reported stress levels and depressive symptoms [9].

What is interesting to take into account is how many countries were implementing
swift lockdown measures to mitigate the spread of COVID-19 [10]. In contrast, the United
States of America (USA) opted for individual states to choose their lockdown policies.
This move led to variation across the country. Mask policies varied from required to
optional, businesses remained open or closed for different durations, and policymakers
touted different overall messages. This made it difficult for individuals to determine what
sources were correct and what information applied to the specific lockdown restriction they
were in depending on their state. The timing of when a state enacted a mask mandate had
a significant association with the spread of COVID-19 [10]. Recent research has suggested
that state-level policy differences may be associated with different outcomes concerning
the COVID-19 pandemic [11].

This disorganization from the federal government of the USA that allowed for indi-
vidual states to handle their own lockdown logistics was also prominent when it came
to its vaccine roll-outs. When the Food and Drug Administration began vaccine rollout
in December 2020, there was a vacuum of leadership from the federal government in
administrating vaccines to the population [12]. The previous administration provided little
to no government insight on how states should run their vaccine roll-out, leaving most
states to handle vaccine roll-out at their own discretion [12]. Moreover, vaccination sites
were limited on how many shots they were able to administer, but there was a surplus of
vaccines distributed to several states. Miscommunication between the federal government
and the states caused many of these vaccines to not be distributed to these important sites
for the public [13]. The uneven vaccine roll-out to the public, spread of misinformation from
the state and federal governments, as well as vaccine hesitancy has resulted in difficulty for
the public to become vaccinated [14].

1.2. Anxiety and Depression in the United States of America

In the USA, prevalence of symptoms of anxiety disorder rose from 8.1% in the second
quarter of 2019 to 25.5% in June 2020 [15]. Depressive symptoms also saw a reported
increase from 6.5% (second quarter) to 24.3% (June 2020) [15]. We subsequently use anxiety
and depression as indicators of the mental health of the general population. Social isolation
also affected the lifestyle and behavior of the public from sleep disorders, unhealthy eating
habits, and restriction of in-person social activity, possibly contributing to the increase in
mental health problems [6]. Social isolation runs the potential of being a risk factor for other
problems such as dementia, premature death, and physiological distress [16]. The USA
and many other countries at this stage of the pandemic experienced similar trends in their
populations from health care providers to the general public reporting elevated mental
health issues likely stemming from the pandemic and lockdown restrictions [15,17-21].
Additionally, uneven vaccine roll-outs, COVID-19 incidence, and deaths throughout the
timeline of COVID-19 in the USA have impacted the mental health of the public. State
policies, geographic location, and political affiliation may be among some of the potential
factors that can be used as mental health indicators.

At the same time, surveys were issued across the population to ascertain the severity of
the mental health problems of the population. This research aims to analyze the presented
data from the COVID-19 Trends and Impact Surveys to assess the possible associations
between COVID-19 incidence and death and two social variables that were commonly
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impacted across the USA via lockdown policies with mental health indicators in each state
in two time periods. Due to a change in the formatting of several questions, we had to
split the analysis to accurately assess the survey results. The first time period ranges from
8 September 2020 to 2 March 2021 and the second time period ranges from 2 March 2021 to
10 January 2022. In this study, we use the aforementioned survey data collected in each
state to assess the impact of both the spread of COVID-19 and the impact of reduced social
contact as a result of the pandemic via variables related to social isolation on the mental
health of the general population. A preprint of this study is available on medRxiv [22].

In Section 2, we provide further detail on the survey data analyzed and describe the
formulation of models used for analysis. In Section 3, the coefficients of the fitted models
and their impulse response functions are assessed. In the discussion section (Section 4),
we present some implications of our results and frame them in the context of existing
literature as well as presenting some limitations and strengths of the current study. Finally,
in Section 5, we summarize our results and provide insight into future directions for
this research.

2. Materials and Methods
2.1. Data

The data used in this study was collected and aggregated by the Delphi Research
Group at Carnegie Mellon University in partnership with Facebook [23]. These surveys
are issued by the Delphi Research Group at Carnegie Mellon which collects survey results
about people’s responses to the current situation of the pandemic. These responses are
distributed through the collaboration of Facebook and selected at random. The surveys
themselves cover questions such as a person’s demographics, their mental health during
the pandemic, how COVID-19 affected them, vaccine roll-out, and other important ques-
tions and are thus observational in nature. These surveys allow investigators to compare
responses across different regions of the United States and make informed public health
decisions [23]. We used results from the COVID-19 Trends and Impact survey as well as
case and death data provided by John Hopkins University, both of which can be accessed
using the covidcast R package created by the Delphi Research Group. The survey asked
respondents several questions regarding various topics, but we focus on the results of
questions surrounding mental health and social distancing and travel for analysis. The
survey results are weighted to be representative of the population of each state and are
reported as an estimated percentage.

As stated above, we perform our analysis on two subsets of the survey results due
to the format of questions being changed on 2 March 2021. Our first analysis covers the
period of 8 September 2020 to 2 March 2021 and the second analysis covers the period of
2 March 2021 to 10 January 2022. As a measure of anxiety in the general population of each
state, we used the ‘Estimated percentage of respondents who reported feeling nervous,
anxious, or on edge for most or all of the past 5 days’. As a measure of depression, we used
the ‘Estimated percentage of respondents who reported feeling depressed for most or all of
the past 5 days’.

We used two indicators as a proxy for social isolation. The first indicator was the
‘Estimated percentage of respondents who spent time with someone who is not currently
staying with you in the past 24 h’. The second indicator was the ‘Estimated percentage of
respondents who worked or went to school outside their home in the past 24 h’. This means
that if an increase is observed in one of these variables, that is considered a decrease in the
prevalence of social isolation in the general population. This also means that one might
expect that these variables commonly have an inverse relationship with anxiety /depression
(i.e., an increase in the percentage of respondents who worked or went to school should be
associated with a decrease in anxiety /depression under normal circumstances).

In the context of the pandemic, there is a greater potential for the opposite effect
to occur since individuals may be more worried about becoming sick with the more
interactions they have. We used two measures of COVID-19 severity, the first being the
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number of new confirmed COVID-19 cases per 100,000 population per day and the second
being the number of new confirmed deaths due to COVID-19 per 100,000 population per
day. Due to the reporting schedule skipping weekends, we used the 7 day moving averages
of these indicators to smooth the observed signals.

As previously mentioned, the nature of questions changed slightly in the second
period, for indicators used to measure anxiety and depression, the questions shifted from
asking about the past 5 days to the past 7 days. For indicators used as a proxy for social
isolation, the questions changed to ‘Estimated percentage of respondents who spent time
indoors with someone who is not currently staying with you in the past 24 h” and ‘Estimated
percentage of individuals who worked or went to school indoors and outside their home
in the past 24 h’. COVID-19 related indicators were unchanged in both time periods. The
implications that these changes have will be discussed in Section 4. Models fit in the second
time period also included the ‘Estimated percentage of respondents who have already
received a vaccine for COVID-19’, and the results for that indicator are discussed in the
Supplementary Figures. Next, we describe the methods used to analyze the survey data.

2.2. Model Formulation

The time series data described is non-stationary and co-integrated and thus was
analyzed using Vector Error Correction Models (VECMSs). To verify that our data were
non-stationary and co-integrated, we ran an autocorrelation function and Johansen’s test
for each state and found each time series to be non-stationary and co-integrated up to at
least order 1 in every state. The results of each of these are provided in the results folder of
the GitHub link (https://github.com/alxjfulk/social_isolation_and_COVID19 (accessed
on 2 July 2022)).

VECMs are modified Vector Auto-Regressive Models (VARs) that are able to account
for possible long-run relationships that arise in non-stationary, co-integrated time series
data [24]. VARs have long been used to analyze economic data in an attempt to gain insight
into what factors contribute to a particular economic variable [25] and we believe that the
COVID-19 pandemic presents a unique opportunity to leverage those methods to gain
insight into which factors (social isolation or COVID-19) seem to have more of an effect
on the mental health of the general population of the United States. In order to make the
results as interpretable as possible, we used the same general formula for each state with
two lags of each variable included in each equation. From the urca package in R [26], a
general VAR model is given as:

Yo = p+PDi+01Yi 1+ +0pYip+ e, 1)

fort =1,...,T. Where yu is a constant, Dy is the trend matrix, ®; is the coefficient matrix, e;
is the error vector, and Y;_; is the vector of variables. Then, our VECM is specified as:

AY; = pu+PDi+T1AY; 1+ +Tp 1AY i + 11V + e (2)
with:
i
j=1
P
= Yo -I @)
k=1

where the I'; matrices contain cumulative long-run impacts of variables. Notably, since
point estimates of each variable can be biased as mentioned in the limitations section of the
survey data, we evaluate the sign (positive, negative, or not significant) of each variable in
the equations for anxiety and depression in each state as the surveys are likely to effectively
capture when a variable increases or decreases. This allows us to make inferences on
the effect of each variable on anxiety and depression without actually having to evaluate
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the estimates themselves, thus limiting the effect of that bias. In addition, we converted
each VECM into a VAR using the vec2var function in the vars package for the purpose of
estimating impulse response functions (IRFs) for each variable of interest [27]. Our VECM
equations are given in Appendix A.

3. Results
3.1. Vector Error Correction Model Results

For the sake of brevity, we only present the results of the VECMs fitted to state data
in the time period from 2 March 2021 to 10 January 2022. The results of the VECMs fitted
using data from the time period of 8 September 2020 to 2 March 2021 are provided in the
Appendix B. Furthermore, the results of the VECMs fitted using data on the percentage of
individuals vaccinated in the second time period are given in Appendix C. Note that we
abbreviate the variables related to social isolation (i.e., ‘estimated percentage of respondents
who spent time indoors with someone who is not currently staying with you in the past 24 h’
and ‘estimated percentage of individuals who worked or went to school indoors and outside
their home in the past 24 h’) as time spent w/others and work outside home, respectively.

3.1.1. Effects of COVID-19 in the Second Time Period

Figure 1 shows which states had positive, negative, or non-significant VECM coef-
ficients for COVID-19 incidence and death in their equations for anxiety in the second
time period. A total of 30 states returned significant positive coefficients and one state
returned a significant negative coefficient for COVID-19 incidence, indicating that as in-
cidence increases, so does anxiety in the general population. These results do not imply
that a rise in COVID-19 cases is directly causing an increase in anxiety, though it may be
to some degree based on previous studies [9]. Rather, the many factors surrounding an
increase in COVID-19 incidence, such as possible school and work closings, increased limits
on gatherings, and media coverage of the topic, are likely contributing to this increase
in anxiety.

COVID-19 Incidence COVID-19 Related Death

e [0l M-

Figure 1. Association of COVID-19 with Anxiety. States that had significantly positive or negative

coefficients in their equation for anxiety for the first or second lag of variables related to COVID-19 in
the second time period. The color depicts whether a state had a positive (blue), negative (purple), or
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no significant coefficient for the corresponding variable. COVID-19 Incidence lag 1 (top left): (posi-
tive) Alaska, Florida, Idaho, Minnesota, Montana, Nebraska, New Jersey, (negative) Vermont. Lag 2
(bottom left): (positive) Alaska, Arizona, California, Connecticut, Delaware, Florida, Georgia, Iowa,
Illinois, Kansas, Kentucky, Maryland, Minnesota, Mississippi, Nebraska, Nevada, New Hampshire,
North Carolina, Ohio, Oklahoma, Oregon, South Dakota, Tennessee, Texas, Virginia, Washington,
Wisconsin. COVID-19 Related Death lag 1 (top right): (positive) New Jersey, Washington, (neg-
ative) Illinois, North Dakota. Lag 2 (bottom right): (positive) Hawaii, Kansas, Louisiana, Maine,
Mississippi, Missouri, New York, Oregon, Tennessee, (negative) Maryland.

We see much less of an impact of COVID-19 related death on anxiety, however, there
are still several significant coefficients. We see mostly positive results with 11 states
returning positive coefficients and 3 states returning significant negative coefficients. There
are many more positive results in the former case when comparing the impact of COVID-19
incidence versus death. This may mean that during this period of the pandemic, people
were overall more concerned with becoming infected with the virus rather than dying from
it, especially before they have been infected.

Thirteen states had significant positive coefficients for COVID-19 incidence and one
state returned a negative coefficient in their equations for depression as shown in Figure 2.
COVID-19 related death had 12 states with positive coefficients and two states with negative
coefficients. Here we also see mostly positive results, however there seems to be less of
an impact of these variables on depression compared to anxiety, though it is possible
that we were not able to account for enough lags to see the longer-term effects of these
variables. Another possibility is that individuals had been weathering the pandemic for
over a year at this point and feeling of hopelessness and depression caused by the rapid
changes that came with the onset of the spread of COVID-19 may have faded, possibly due
to pandemic fatigue.

COVID-19 Incidence CQOVID-19 Related Death

Figure 2. Association of COVID-19 with Depression. States that had significantly positive or negative
coefficients in their equation for depression for the first or second lag of variables related to COVID-19
in the second time period. The color depicts whether a state had a positive (blue), negative (purple), or
no significant coefficient for the corresponding variable. COVID-19 Incidence lag 1: (positive) Connecticut,
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Minnesota, Nevada, Tennessee, Washington. Lag 2: (positive) Arizona, Illinois, Kansas, Maryland,
Minnesota, Nebraska, North Carolina, Oregon, Washington, Wisconsin, (negative) Louisiana. COVID-
19 Related Death lag 1: (positive) lowa, New Jersey, (negative) Nevada, West Virginia. Lag 2: (positive)
Hawaii, Kansas, Louisiana, Maine, Michigan, New Mexico, New York, Oregon, Texas, Vermont.

3.1.2. Effects of Social Isolation in the Second Time Period

Figure 3 shows that time spent with others indoors had a total of five states with
significant positive coefficients for this variable and five states with significant negative
coefficients. No states in the western United States returned significant results for this
variable. Working outside of the home indoors gave significant positive coefficients for ten
states and negative coefficients for five states. The results were more varied for this variable
in terms of geographic distribution compared to time spent with others indoors. These
variables had less of an association with anxiety compared to COVID-19 incidence and only
a minority of states returned significant coefficients, possibly indicating that by this point,
most individuals had adapted to life during the pandemic and were not as concerned about
in-person social or work-related gatherings.

Time Spent w/ Others Work Outside Home

Figure 3. Association of Social Isolation with Anxiety. States that had significantly positive or
negative coefficients in their equation for anxiety for the first or second lag of variables related
to Social Isolation in the second time period. The color depicts whether a state had a positive
(blue), negative (purple), or no significant coefficient for the corresponding variable. Time Spent
w/Others lag 1: (positive) Indiana, Mississippi, (negative) Maryland, Michigan, Oklahoma, Texas.
Lag 2: (positive) Mississippi, New York, Ohio, Virginia, (negative) Maine. Work Outside Home
lag 1: (positive) Hawaii, Oklahoma, (negative) Ohio, Wyoming. Lag 2: (positive) Georgia, Illinois,
Michigan, North Carolina, Tennessee, Virginia, Washington, West Virginia, (negative) Louisiana,
Oregon, South Dakota.

Finally, we describe the number of states with significant coefficients for social vari-
ables in the second time period in equations for depression (see Figure 4). Nineteen states
returned positive results and four states returned negative results for the variable time
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spent with others indoors. Note that one state (Michigan) had a negative coefficient for
the first lag and a positive coefficient for the second lag of this variable, making it diffi-
cult to determine the actual association it had with depression in that state. The variable
estimating the percentage of individuals working outside their home indoors had nine
states with positive results and nine states with negative coefficients. In this case, two states
(New Hampshire and Washington) went from negative in the first lag to positive in the
second lag.

Time Spent w/ Others Work Outside Home

Figure 4. Association of Social Isolation with Depression. States that had significantly positive or
negative coefficients in their equation for depression for the first or second lag of variables related to
Social Isolation in the second time period. The color depicts whether a state had a positive (blue),
negative (purple), or no significant coefficient for the corresponding variable. Time Spent w/Others
lag 1: (positive) Connecticut, Illinois, Mississippi, (negative) Idaho, Maryland, Michigan. Lag 2:
(positive) California, Florida, Hawaii, Illinois, Indiana, Kansas, Massachusetts, Michigan, Nevada,
New York, North Carolina, Ohio, Pennsylvania, Texas, Virginia, Washington, West Virginia, (negative)
South Dakota. Work Outside Home lag 1: (positive) Idaho, Illinois, (negative) New Hampshire, Ohio,
South Carolina, Texas, Washington, Wyoming. Lag 2: (positive) Arkansas, California, Maryland,
Missouri, New Jersey, North Carolina, Washington, (negative) Louisiana, Montana, Oregon.

Interestingly, there are more significant results for variables related to social isolation
and their association with depression compared to anxiety. Based on our results, it seems
more likely that negative social interactions have a much greater association with depression
than anxiety. Further, general social interactions (those captured by time spent with
others) also seems to have a greater impact than work-related social interactions during
the time period of our analysis. When comparing variables related to social isolation to
variables related to COVID-19, we see that variables related to COVID-19 have a much
more predictable and mostly positive association with the prevalence of mental health
issues. On the other hand, since the interactions caused by an increase in social variables
can be good or bad, these variables were less significant and less reliable in terms of their
association, particularly with the prevalence of anxiety. For both anxiety and depression,
we have either more or an equal number of states with significant coefficients in the second
lag of variables compared to the first.
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3.2. Impulse Response Function Results

Due to the nature of impulse response functions (IRFs), we are able to more easily
interpret the effect that an increase in each variable has on anxiety and depression in the
general population. Again, seeing a significant result for one variable after increasing
another does not imply that the latter variable is causing the increase in the former. Likely
due to the fact that we have fewer data points in the first time period, there are more
differences between significant results in the first time period’s IRFs compared to the
coefficient results discussed previously. Due to that and for the sake of brevity, we present
only the results for the second time period and provide the results of the first time period
as well as the IRF results from the percentage of individuals vaccinated in the second time
period in the Appendices B.3 and C.

Effects of COVID-19 in the Second Time Period

For the association of an impulse of COVID-19 incidence with the prevalence of anxiety,
we have a similar behavior as when we were looking at coefficients. There are 13 states
that increased in anxiety and 3 states that decreased following an increase in incidence as
shown in Figure 5. An important thing to notice here is that there are fewer states with
significant results compared to the coefficients of the first and second lag of this variable.
This may indicate that one should consider more aspects (e.g., media coverage in this case)
than just the IRF when analyzing the effects of different variables in a VAR or VECM.

COVID-19 Incidence COVID-19 Related Death

Figure 5. Association of COVID-19 with Anxiety. States that had significantly positive or negative
impulses for anxiety for variables related to COVID-19 in the second time period. The color de-
picts whether a state had a positive (blue), negative (purple), or no significant coefficient for the
corresponding variable. COVID-19 Incidence (left): (positive) Alaska, Arizona, Arkansas, Florida,
Hawaii, Idaho, Kansas, Minnesota, Montana, Nebraska, Nevada, Ohio, Oregon, (negative) North
Dakota, Vermont, Wisconsin. COVID-19 Related Death (right): (positive) Idaho, Maine, Missouri,
Ohio, (negative) Arizona, Arkansas, Illinois, Nevada, North Dakota, Oregon.

Moving on to COVID-19 related death, there were 4 states that returned significant
positive responses and 6 states that returned significant negative responses. In this case,
there is a clear difference in the geographic distribution of significant impulses compared
to the coefficient results, further highlighting the need for in-depth analysis of each aspect
of our models. Since there are 5 states that have significant impulses that did not have
significant coefficients for either the first or second lag of COVID-19 related death, it is
likely that there are more intricate relationships between variables than simply that an
increase in one is associated with an increase in another. More likely is that an increase
in COVID-19 related death leads to or coincides with changes in other variables that then
have a more significant impact on anxiety in a particular state.

The results of the IRFs of COVID-19 related variables on depression are presented
in Figure 6. They paint a similar picture to the coefficient results, though there are some
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exceptions as was the case with the IRFs for anxiety. An increase in COVID-19 incidence
was associated with a positive impulse in depression for 8 states and a negative impulse
for 2 states. So, we again see that an increase in COVID-19 incidence is associated with
an increase in anxiety. An impulse in COVID-19 related death led to a positive impulse in
depression for 8 states and a negative impulse for 3 states. There are also several states that
have significant coefficients for COVID-19 incidence or COVID-19 related death that did
not have significant impulses, thus we again emphasize the need to examine every aspect
of a VAR or VECM to obtain a fuller picture of the complicated relationships between
variables, especially when analyzing human behavior and emotional responses.

COVID-19 Incidence COVID-19 Related Death

e [0l M-

Figure 6. Association of COVID-19 with Depression. States that had significantly positive or negative

impulses for depression for variables related to COVID-19 in the second time period. The color
depicts whether a state had a positive (blue), negative (purple), or no significant coefficient for the
corresponding variable. COVID-19 Incidence (left): (positive) Arizona, Kansas, Minnesota, Nebraska,
Nevada, North Dakota, Ohio, Oregon, (negative) Hawaii, New Hampshire. COVID-19 Related Death
(right): (positive) Delaware, Idaho, Maine, New Hampshire, New Jersey, Oklahoma, Tennessee, Texas,
(negative) Arizona, Oregon, West Virginia.

While the results of the IRFs for the association of time spent with others indoors
with anxiety show a similar number of significant states compared to the coefficient results
(11 vs. 10), there is a notable difference in which states are significant in each case (see
Figures 3 and 7). There are 6 states that had a positive impulse following an impulse in
time spent with others indoors and 5 states with a negative impulse. The effect of working
outside the home indoors had a clearer split in that only 3 states had a positive impulse
and 10 states had a negative impulse.

The variable time spent with others indoors likely captures some interactions with
individuals that the respondent is not familiar with which may explain why we commonly
see positive impulses in anxiety following an impulse in this variable. Again this variable
does not provide any insight into whether the time spent with someone a respondent
is not currently staying with is positive or negative, so there may be negative social in-
teractions that are not directly linked to a respondent being worried about contracting
COVID-19. On the other hand, there are many more states that had significant negative
impulses for working outside the home indoors. While this variable also does not capture
whether a respondent has a positive or negative work environment, the benefits of consis-
tency and stability of in-person employment may outweigh the negative effects of a poor
work environment.

The IRF results for the variables related to social isolation and their association with
depression are given in Figure 8. Similar to the effects that social variables had on anxiety,
we see a roughly even split in terms of significant impulses for time spent with others
indoors with 5 states have positive impulses and 4 states having negative impulses. For
working outside the home indoors, there were 4 states with positive impulses and 8 states
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with negative impulses. Again we see several more negative impulses for working outside
of one’s home indoors and this makes sense as it indicates an increase in the number of
people working and thus becoming less stressed and depressed.

Time Spent w/ Others Work Outside Home

Figure 7. Association of Social Variables with Anxiety. States that had significantly positive or
negative impulses for anxiety for social variables in the second time period. The color depicts whether
a state had a positive (blue), negative (purple), or no significant coefficient for the corresponding
variable. Time spent with others indoors (left): (positive) Arkansas, Florida, Hawaii, Indiana,
Mississippi, Nebraska, (negative) Arizona, Kansas, Michigan, North Carolina, Oklahoma. Work
outside home indoors (right): (positive) New Mexico, North Dakota, Oklahoma, (negative) Arizona,
Florida, Hawaii, Louisiana, Nebraska, Nevada, New Hampshire, Ohio, Oregon, Wyoming.

Time Spent w/ Others Work Outside Home

Figure 8. Association of Social Variables with Depression. States that had significantly positive or
negative impulses for anxiety for social variables in the second time period. The color depicts whether
a state had a positive (blue), negative (purple), or no significant coefficient for the corresponding
variable. Time spent with others indoors (left): (positive) Arkansas, Illinois, Mississippi, Ohio, Wiscon-
sin, (negative) Arizona, Idaho, Maryland, Michigan. Work outside home indoors (right): (positive)
Delaware, Maryland, Nevada, South Dakota, (negative) Arizona, Iowa, Nebraska, New Hampshire,
Ohio, Oregon, Wisconsin, Wyoming.

4. Discussion

The results of the associations of COVID-19 with mental health in the general pop-
ulation have two major highlights. First, we see that COVID-19 incidence played a con-
sistent and significant role in determining the prevalence of anxiety in both time periods
(see Figures 1 and 5, and Appendix B for results in the first time period). Second, vari-
ables related to COVID-19 and social isolation had a significant and varied association
with anxiety and depression in a minority of states during the second time period (see
Figures 2—4 and 6-8, and Appendix B).
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The second time period coincided with the beginning of the vaccine roll-out in the
United States when COVID-19 incidence was relatively high, though notably it was after
a large spike in active cases that occurred during the previous winter (December 2020
to February 2021) [1]. At this point, Americans had weathered a year of the pandemic
and uncertainty about the future was likely high in part due to the poor initial roll-out of
vaccines and the large amount of misinformation related to them [28]. As 2021 continued,
the rise of the Delta and Omicron variants of SARS-CoV-2 sparked additional concerns in
the United States as well as in the rest of the world. By July 2021, cases had been on the
decline for several weeks, but then the CDC reported that over half of all new COVID-19
infections were of the Delta variant [29]. With this came additional studies revealing that
the Delta variant was likely more severe than previous strains, another wave of panic
from the media, and increasing cases [30]. Finally, the year (and the time frame of our
analysis) ended with the Omicron variant emerging and cases rising as the United States
entered another winter season. The combination of these factors likely contributed to the
consistent positive associations observed with an increase in incidence for anxiety for a
majority of states.

Looking at both anxiety and depression, we observed positive associations for these
variables with coefficients of COVID-19 incidence, though this relationship held in only
a minority of states. We also observed consistent positive associations for coefficients of
COVID-19 related death with anxiety and depression, though there were fewer significant
associations observed for this variable compared to coefficients of COVID-19 incidence.
Several past studies have unearthed possible links between COVID-19 infection and de-
velopment of anxious or depressive symptoms [31-40]; our study does not address that
specific topic, but the positive associations observed between COVID-19 incidence and
death with anxiety and depression do support those past studies. These associations may
be exacerbated by factors that coincide with increased prevalence of disease such as contin-
uous media coverage and the possibility of increased medical bills and loss of wages due
to long-term issues that can arise with COVID-19 infection [41,42].

Coefficients of COVID-19 related death were more commonly positively associated
with depression than anxiety (see Figures 1 and 2), emphasizing the need for additional
support (both emotional and possibly financial) for individuals close to someone that has
died from the disease. These results are in line with previous studies that have provided
some insight into possible links between COVID-19 infection and death and development of
depressive symptoms and they are important to consider in the context of future pandemics.
The observed association between these variables may have been enhanced by external
factors like the influence of media [31,41,43]. The results of the IRFs for COVID-19 related
variables largely supported the VECM coefficient results for anxiety and depression, though
there are some states that had significant coefficients that did not have a significant response
to impulses in these variables and vice versa (e.g., Connecticut and Arkansas for anxiety,
respectively). Interestingly, COVID-19 related death was often negatively associated with
anxiety as seen in Figure 5. We speculate that individuals that have died from COVID-
19 would then no longer be contributing to the survey results, possibly leading the the
observed decrease in anxiety.

Variables related to social isolation had a varied association with anxiety and depres-
sion in a minority of states and were overall less impactful than COVID-19 related variables
(see Figures 3, 4, 7 and 8). Time spent with others had the same number of positive and
negative coefficient associations for anxiety, though only ten states returned significant
coefficient results. This variable had a much more consistent positive association with
depression. Working outside one’s home indoors had more positive associations than nega-
tive for both anxiety and depression. States that returned significant positive coefficients for
this variable and time spent with others may indicate individuals feeling emotion burnout
and exhaustion from weathering a year or more of the pandemic as well as fear of being
infected. The negative impacts of social isolation are clear [40,41] and effort should be put
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forth to minimize their impacts in those states that returned significant positive associations
as well as others as a preventative measure.

The trend of variable associations with time spent with others held through the IRF
result. We observed more negative associations in anxiety and depression with impulses
in working outside one’s home indoors. This result however is intuitive as individuals
who are unemployed are likely to struggle with finances and other stressors on top of
the pandemic that may be relieved from consistent pay and work schedules following an
impulse in this variable.

Notably, the IRF results for the variables related to social isolation in the first time
period indicated that they were more often associated with increases and decreases in
anxiety and depression (i.e., there were more associations overall) compared to the second
time period even though the number of states that had significant coefficient results was
either similar or greater in the second time period. A surge in COVID-19 cases and deaths
occurred during much of the first time period, so this can partially explain our results.
The increasing cases and media coverage along with uncertainty surrounding a possible
vaccine and the winter holiday season all likely contributed to the varied responses to
impulses in time spent with others and working outside one’s home that we observed.

Limitations

Across almost all variables (COVID-19 and Social isolation related variables), there
were an equal number or more significant associations observed in the second lags and this
pattern indicates a limitation of our work. Time spent with others in the first time period
was the only instance where this pattern did not hold. Thus a possible limitation was our
model design; we opted to include only two lags of each variable, but it may be that the
variables in our model have longer term impacts on anxiety and depression that we did
not account for with only two lags.

There are other limitations and strengths of the study presented that should be noted.
First, some limitations include that the questions used as proxies for social isolation
(i.e., ‘estimated percentage of respondents who spent time indoors with someone who
is not currently staying with you in the past 24 h’ and ‘estimated percentage of individuals
who worked or went to school indoors and outside their home in the past 24 h’) likely
do not accurately reflect the percentage of respondents who felt socially isolated. This is
because of the fact that one can have social interaction and still feel socially isolated and
also because individuals may be interacting online rather than in-person. Other limitations
have to do with the survey data itself, namely the survey data used to fit models for each
state was weighted to be representative of each state’s age and gender demographics, but
states may differ in other demographics that are not accounted for. Additionally, there is
limited data for some regions in states as regions that had less than 100 responses for a
particular question were removed from the overall results of a state. Finally, the change in
the wording of the questions from the first time period to the second likely changed how
respondents interpreted the questions and may have impacted the results.

There are also some strengths of the current study that should be highlighted. First,
we have used a robust analytical framework for the analysis of this survey data that allows
insight into mechanisms that impacted the prevalence of anxiety and depression in the
United States across the studied period. Second, our measures for COVID-19 incidence
and death are standard and robust, leaving little room for error in interpretation of results
regarding those indicators.

5. Conclusions

The effects of the COVID-19 pandemic are far reaching and not fully understood,
especially in terms of the effects that it has had on the mental health of the general popula-
tion. This study used an approach commonly employed in economics, namely multiple
time-series analysis using vector error-correction models, in an attempt to gain insight
into the most significant associations surrounding the pandemic during two time periods
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ranging from 8 September 2020 to 2 March 2021 and 2 March 2021 to 10 January 2022,
respectively. We found that indicators related to COVID-19 incidence were commonly
positively associated with anxiety in the general population across both studied periods.
Sudden increases (impulses) in COVID-19 incidence were positively associated with anxi-
ety and depression in a minority of states. COVID-19 related indicators were also often
positively associated with depression, though only in a minority of states.

Time spent with others had a consistent positive association with depression for a
minority of states. This indicator along with working outside one’s home had varied
impacts in a minority of states for anxiety. Lastly, a sudden increase (impulse) in working
outside one’s home was negatively associated with anxiety and depression in a minority of
states, indicating that the creation of in-person jobs during a pandemic may alleviate some
stessors. This should be conducted with care as to not exacerbate fears of infection. It is our
hope that this paper provides some insight and guidance into how each state and business
should tailor policies to their respective populations to minimize the effects of the variables
included in this study on the mental health of those populations.

We also decided to analyze this survey data using a different method (network anal-
ysis) and with different (albeit related) research goals. The results of that study and a
comparison with this one are available via a preprint posted to medRxiv [44].
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Appendix A. VECM Equation Example
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ClspentTime;_q + CispentTime; o + ClworkOutsideHome;_
C}workOutsideHomet,z + CéincidencePropt_1 + CéincidencePropt,z
CiodeathProp; 1 + ClydeathProp;_» + D?,

Cianxiety, | + Clanxiety; » + C3depression; 1 + C3depression; o

-

depression;
CispentTimet_l + CéspentTimet,z + ngorkOutsideHomet_l
C%workOutsideHomet,z + CéincidencePropt_1 + CgincidencePropt,z
C2,deathProp;_1 + C2 deathProp;_» + D?,

Clanxiety; 1 + Canxiety; 5 + C3depression; 1 + Cidepression;_,

+ o+ +

spentTimey
CgspentTimet_l + CgspentTimet,z + ngorkOutsideHomet_l
ngorkOutsideHomet,z + CgincidencePropt_1 + CS’incidencePropt,z
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The equations for the other variables of each VECM follow a similar format. Table A1l
provides a brief description of each variable listed in the equations above.

Table Al. Description of the variables for model described above.

Variable Meaning

anxiety Estimated percentage of respondents who reported feeling nervous,
anxious, or on edge for most or all of the past 5 days.

depression Estimated percentage of respondents who reported feeling depressed
for most or all of the past 5 days.

spentTime Estimated percentage of respondents who spent time with someone

who is not currently staying with you in the past 24 h.
workOutsideHome  Estimated percentage of respondents who worked or went to school outside
their home in the past 24 h.

incidenceProp Number of new confirmed COVID-19 cases per 100,000 population per day.
deathProp number of new confirmed COVID-19 deaths per 100,000 population per day.
C]’: j-th coefficient of the i-th equation.

Di constant associated with the i-th equation.

Appendix B. Results of the First Time Period
Appendix B.1. Effects of COVID-19 in the First Time Period

Twenty-three states had positive coefficients for COVID-19 incidence, indicating that
an increase in incidence was associated with an increase in anxiety during the first time
period. In contrast, almost all states that returned significant coefficients for COVID-19
related death had negative values and this variable had a smaller impact overall; One state
returned a positive coefficient and 8 states returned negative coefficients for this variable.
Lastly, in both variables, we see more significant results in the second lag, which alludes to
possible longer-term impacts of COVID-19 on anxiety.

COVID-19 Incidence COVID-19 Related Death

Figure A1. Association of COVID-19 with Anxiety. States that had significantly positive or negative
coefficients in their equation for anxiety for the first or second lag of variables related to COVID-19 in
the first time period. The color depicts whether a state had a positive (blue), negative (purple), or no
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significant coefficient for the corresponding variable. COVID-19 Incidence lag 1: (positive) Alaska,
Idaho, Illinios, Iowa, North Dakota, Washington, (negative) NA. Lag 2: (positive) Arizona, Arkansas,
Colorado, Florida, Georgia, Illinois, Louisiana, Michigan, Minnesota, Mississippi, Missouri, Montana,
Nebraska, New Jersey, New Mexico, North Dakota, Ohio, South Dakota, Utah, (negative) NA.
COVID-19 Death lag 1: (positive) West Virginia, (negative) Nebraska, North Dakota, Wyoming. Lag
2: (positive) NA, (negative) Nebraska, New Hampshire, New Jersey, New Mexico, Texas, Utah.

Only a handful of states returned significant coefficients when analyzing the impact
that COVID-19 may have had on depression in the first time period. When looking at
COVID-19 incidence, we see that 4 states returned a positive coefficient for this variable
and 1 state returned a negative coefficient for this variable. COVID-19 related death only
had one state return a significant positive result. Due to the lack of significant coefficients
for these variables, it is difficult to make inferences, but there are several reasons why this
may have occurred. First, it may be that we do not have enough data points to capture
possible relationships among depression and our COVID-19 related variables. Second, the
structure of our model may be ill-suited to capturing possible relationships between these
variables. We chose to only include two lags of each variable, but it may be that we need
to include more lags to assess the impacts that occur over a longer period of time. This is
somewhat supported in our results since the second lag of each variable usually contains
more significant coefficients. Finally, it may be that there was little impact of COVID-19 on
depression in this time period. We again see that the second lags of each contain the most
significant results, further supporting the idea that the impacts of these variables on anxiety
and depression take time to reveal themselves at the level of the general population.

COVID-19 Incidence COVID-19 Related Death

Figure A2. Association of COVID-19 with Depression. States that had significantly positive or
negative coefficients in their equation for depression for the first or second lag of variables related to
COVID-19 in the first time period. The color depicts whether a state had a positive (blue), negative
(purple), or no significant coefficient for the corresponding variable. COVID-19 Incidence lag 2:
(positive) Pennsylvania, Mississippi, New Mexico, Nevada, (negative) Oregon. COVID-19 death lag
2: (positive) Maryland, (negative) NA.
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Appendix B.2. Effects of Social Isolation in the First Time Period

There were five states that returned significant positive coefficients for the variable
based on the estimated percentage of individuals that spent time with someone who they
are not currently staying with in the past 24 h and five states that returned significant
negative coefficients for this variable. Our second social variable estimated the percentage
of individuals that worked or went to school outside their home in the past 24 h and gave
significant positive results for seven states and significant negative results for two states.
The initial results for the effect that our two social variables may have on anxiety indicate a
varied, albeit limited response across the country.

Time Spent w/ Others Work Outside Home

Figure A3. Association of Social Isolation with Anxiety. States that had significantly positive or
negative coefficients in their equation for anxiety for the first or second lag of variables related to
Social Isolation in the first time period. The color depicts whether a state had a positive (blue),
negative (purple), or no significant coefficient for the corresponding variable. TimeSpent lag 1:
(positive) Kentucky, Minnesota, (negative) Pennsylvania, New York, South Carolina, Tennessee,
Texas. Lag 2: (positive) Arizona, Georgia, Maryland, (negative) New York. Work lag 1: (positive)
Delaware, Maryland, New Hampshire, Vermont, Wisconsin. Lag 2: (positive) Arkansas, Georgia,
(negative) New Mexico, North Dakota.

Our chosen social variables seem to have more of an impact and a more consistent
impact in equations for depression compared to anxiety in the first time period. 12 states
returned significant positive coefficients for the variable related to time spent with others
and two states returning significant negative coefficients for this variable. Our second social
variable related to individuals working outside their home yielded significant positive
results for two states and significant negative results for six states. Note that one state had
a significant positive coefficient in the first lag of this variable and a significant negative
coefficient for the second lag. Overall, an increase in our first social variable was associated
with an increase in anxiety in several states. In addition more states returned significant
results in the second lag of this variable indicating that the impact of interacting with
individuals may take days to present itself. Our second social variable had less of an impact
and generally led to individuals becoming less depressed as more people started working
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outside their homes. In addition, this variable seems to have a more immediate impact on
depression as we see several more significant results in the first lag.

Time Spent w/ Others Work Outside Home

e (1o 1 W

Figure A4. Association of Social Isolation with Depression. States that had significantly positive or
negative coefficients in their equation for depression for the first or second lag of variables related
to Social Isolation in the first time period. The color depicts whether a state had a positive (blue),
negative (purple), or no significant coefficient for the corresponding variable. TimeSpent lag 1:
(positive) North Carolina, Oklahoma, (negative) New York, South Carolina. Lag 2: (positive) Alaska,
Colorado, Iowa, Kentucky, Louisiana, Maryland, Nevada, Oklahoma, Oregon, Virginia, Wisconsin.
Work lag 1: (positive) Oregon, (negative) California, Maine, Michigan, Oklahoma, Utah. Lag 2:
(positive) Pennsylvania, (negative) Oregon.

Appendix B.3. Impulse Response Function Results
Appendix B.3.1. Effects of COVID-19 in the First Time Period

Moving on to impulse response functions (IRFs), there were ten states that had signifi-
cant positive responses in anxiety to an impulse in COVID-19 incidence. For COVID-19
related death, three states had significant positive responses and four states had significant
negative responses. This may indicate that individuals are more anxious about becoming
infected than dying to COVID-19.

Two states had significant positive responses and 3 states had significant negative
responses in depression to an impulse in COVID-19 incidence. Four states had significant
positive responses and two states had significant negative responses in depression to an
impulse in COVID-19 related death. This may indicate that either there is not a strong
enough effect of these two variables on depression in the general population, or we have
not effectively captured the signal with the current model.
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COVID-19 Incidence COVID-19 Related Death
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Figure A5. Association of COVID-19 with Anxiety. States that had significantly positive or negative
responses for variables related to COVID-19 in the first time period. The color depicts whether a state
had a positive (blue), negative (purple), or no significant coefficient for the corresponding variable.
COVID-19 Incidence: (positive) Alaska, Arizona, Georgia, Idaho, Illinois, lowa, Minnesota, New
Jersey, New Mexico, Rhode Island, (negative) NA. COVID-19 death: (positive) Arkansas, Indiana,
West Virginia, (negative) Missouri, Nebraska, New Jersey, New Mexico.

COVID-19 Incidence COVID-19 Related Death

Figure A6. Association of COVID-19 with Depression. States that had significantly positive or nega-
tive responses for variables related to COVID-19 in the first time period. The color depicts whether
a state had a positive (blue), negative (purple), or no significant coefficient for the corresponding
variable. COVID-19 Incidence: (positive) North Dakota, Rhode Island, (negative) Kansas, Kentucky,
Vermont. COVID-19 death: (positive) Oregon, South Carolina, Vermont, West Virginia, (negative)
Nebraska, Wyoming.

Appendix B.3.2. Effects of Social Isolation in the First Time Period

There were 4 states with significant positive responses and 9 states with significant
negative responses in anxiety to an impulse in the time spent variable. An impulse in
working outside your home led to 9 states with positive responses and 2 states with negative
responses in anxiety. Overall, we saw that more time spent with others may have led to a
decrease in anxiety while working outside your home may have led to an increase during
this time period.
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Time Spent w/ Others Work Outside Home
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Figure A7. Association of Social Isolation with Anxiety. States that had significantly positive or
negative responses for variables related to Social Isolation in the first time period. The color depicts
whether a state had a positive (blue), negative (purple), or no significant coefficient for the corre-
sponding variable. TimeSpent: (positive) Arizona, Georgia, Maine, Minnesota, (negative) Arkansas,
Delaware, Michigan, New York, Oregon, Pennsylvania, South Carolina, Tennessee, Texas. Work:
(positive) Arizona, Arkansas, Delaware, Maryland, Nebraska, New Hampshire, Ohio, Pennsylvania,
South Carolina, Vermont, Wisconsin, (negative) New York, North Dakota.

Time Spent w/ Others Work Outside Home
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Figure A8. Association of Social Isolation with Depression. States that had significantly positive

or negative responses for variables related to Social Isolation in the first time period. The color
depicts whether a state had a positive (blue), negative (purple), or no significant coefficient for
the corresponding variable. TimeSpent: (positive) Alaska, Arizona, Colorado, Kansas, Kentucky,
Louisiana, Maine, Mississippi, Nebraska, New Hampshire, North Carolina, Oklahoma, Rhode Island,
Virginia, (negative) Michigan, Missouri, Montana, New Jersey, New York, South Carolina, South
Dakota, West Virginia. Work: (positive) Alaska, Arkansas, Hawaii, Idaho, New Jersey, Oregon, Rhode
Island, South Carolina, Texas, (negative) California, Indiana, Kansas, Kentucky, Louisiana, Maine,
Mississippi, Nebraska, New Hampshire, New Mexico, New York, North Dakota, Oklahoma, Utah,
Washington, Wyoming.

There are more significant results with these social variables compared to the variables
related to COVID-19 for depression. Fourteen states yielded significant positive responses
and 8 states yielded significant negative responses for depression with an impulse in the
time spent variable. Nine states yielded significant positive responses and 16 states yielded
significant negative responses for depression with an impulse in working outside the
home. We see an opposite trend to what was observed with anxiety as there tends to be an
increase in depression with an increase in the time spent variable. There is not as clear of a
relationship between depression and working outside the home, however it tends to be
associated with a decrease in depression.
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Appendix C. Effects of Vaccination in the Second Time Period

A total of three states returned significant positive coefficients for the first lag of vac-
cination indicating that increased levels of vaccination may have been associated with
increased anxiety in those states during this period. A total of three states returned sig-
nificant negative coefficients for the first lag of vaccination indicating that as vaccination
increased, anxiety tended to decrease. No states returned significant positive coefficients for
the second lag of vaccination. A total of five states returned significant negative coefficients
for the second lag of vaccination in their respective equations for anxiety.

Vaccination

el U T

Figure A9. Association of Vaccination with Anxiety. States that had significantly positive or negative
coefficients in their equation for anxiety for the first or second lag of the variable for vaccination in
the second time period. The color depicts whether a state had a positive (blue), negative (purple),
or no significant coefficient for the corresponding variable. Vaccination Lag 1: (positive) Colorado,
Louisiana, Ohio (negative) Arizona, New York, North Dakota. Vaccination Lag 2: (positive) NA,
(negative) Hawaii, Michigan, Oregon, Virginia, Washington.

Vaccination

Figure A10. Association of Vaccination with Depression. States that had significantly positive or
negative coefficients in their equation for depression for the first or second lag of the variable for
vaccination in the second time period. The color depicts whether a state had a positive (blue), negative
(purple), or no significant coefficient for the corresponding variable. Vaccination Lag 1: (positive) Col-
orado, Iowa, Nevada (negative) Alaska, Montana, New York, Rhode Island, Washington. Vaccination
Lag 2: (positive) NA, (negative) Arizona, Kansas, Michigan, New Hampshire, Washington.

Results show that three states returned significant positive coefficients for vaccination
in their respective equations for depression, while five states returned significant negative
coefficients for this variable. No states returned significant positive coefficients for vaccina-
tion, similar to the case with anxiety. On the other hand, five states returned significant
negative coefficients for vaccination in their equations for depression.
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An impulse in vaccination had a varied effect across the country with six states having
significant positive responses and four states with significant negative responses in anxiety.

Nine states had positive responses and 8 states had negative responses for depression
to an impulse in vaccination.

Vaccination

Figure A11. Association of Vaccination with Anxiety. States that had significantly positive or negative
responses for variables related to vaccination in the second time period. The color depicts whether
a state had a positive (blue), negative (purple), or no significant coefficient for the corresponding
variable. Vaccination: (positive) Colorado, Kansas, Louisiana, Maine, Ohio, Vermont, (negative)
Arizona, Maryland, New York, North Dakota.

Vaccination

Figure A12. Association of Vaccination with Depression. States that had significantly positive
or negative responses for variables related to vaccination in the second time period. The color
depicts whether a state had a positive (blue), negative (purple), or no significant coefficient for
the corresponding variable. Vaccination: (positive) Alabama, Colorado, Kansas, Louisiana, Maine,
Massachusetts, Ohio, Vermont, Wyoming, (negative) Alaska, Arizona, Arkansas, Idaho, Indiana,
Maryland, New York, North Dakota.
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