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1. INTRODUCTION

The COVID-19 pandemic has caused an unprecedented policy response from public health
officials and governments. As of September 16, 2021, approximately 4.7 million deaths
worldwide and 669,000 deaths in the United States were attributed to COVID-19 (Johns Hopkins
Coronavirus Resource Center 2022). The number of worldwide excess deaths in 2020 and 2021
totalled 18.2 million (COVID-19 Excess Mortality Collaborators 2022). To slow COVID-19
transmission, many countries and United States localities implemented non-pharmaceutical
interventions (NPIs), one of the most common of which is “shelter-in-place” (SIP) policies.
These policies are designed to reduce COVID-19 transmission by restricting non-essential
mobility.

Conceptually, the impacts of SIP policies on public health are ambiguous and complex. The
effects of SIP policies depend on both behavioral responses and the efficacy of behavioral
responses in averting COVID-19 transmission. Early evidence suggests that SIP policies slowed
COVID-19 transmission early in the pandemic in the United States (Courtemanche et al. 2020;
B. G. Kaufman et al. 2021) and globally (Ge et al. 2021). More recent studies suggest that
individuals changed behavior in response to the severity of the pandemic and the enactment of
SIP policy implementation lagged this individual behavior change. While social distancing is an
important mechanism to avoid COVID-19 spread, studies that use mobility tracking data find
modest additional social distancing responses following SIP policies (Cantor et al. 2020; Berry et
al. 2021; Askitas, Tatsiramos, and Verheyden 2021; Xu 2021; Nguyen et al. 2020). Individuals
concerned about COVID-19 risk may change behavior even in the absence of regulations or

shelter-in-place advisories. Thus, it is unclear how much change in COVID-19 risk mitigation is



due to formal SIP policies, compared to risk mitigation that would have occurred in the absence
of these policies.

Behavioral responses to SIP policies could have unintended consequences on COVID-19
transmission. SIP policies can transfer gatherings from regulated environments, such as
workplaces, to informal household and family environments. The risks of COVID-19
transmission may also be lower in workplaces than in households, as many employers adopted
risk mitigation protocols (Mulligan 2021). Individuals may not have the same levels of risk
mitigation when gathering informally with family and friends as in formal settings (Whaley et al.
2021). SIP policies also led to school and childcare closures, which led to greater
intergenerational childcaring and mixing, with grandparents and older adults supervising
children (Gilligan et al. 2020; Stokes and Patterson 2020). Among people hospitalized for
COVID-19, the mortality risk of COVID-19 for persons above the age of 80 is more than 10
times higher than persons between the ages of 18 to 39 (Shruti Gupta et al. 2020). In a study of
21 countries, COVID-19 mortality rates were 62 times higher for persons above the age of 65
compared to those below 54 (Yanez et al. 2020). Intergenerational mixing in response to SIP
policies could inadvertently increase exposure among high-risk elderly adults (Aparicio Fenoll
and Grossbard 2020).

At the same time, even if SIP policies reduce COVID-19 transmission, their impact on
overall health is unclear, as SIP policies likely have several important unintended consequences
(Correia, Luck, and Verner 2020; Mulligan 2021; Baral et al. 2020). SIP policies might lead to
unemployment or reduced economic activity (S. Chen et al. 2020), or stress and anxiety due to
social isolation (Xie et al. 2020; Patrick et al. 2020; Babin, Foray, and Hussey 2021), potentially

leading to increased substance use and suicides (Mason et al. 2021; Holland et al. 2021).



Reduced physical mobility may have also caused increases in child abuse and domestic violence
(Leslie and Wilson 2020; Cappa and Jijon 2021; Hsu and Henke 2021), which can adversely
affect health in both the short and long run (Sonu, Post, and Feinglass 2019). SIP policies also
reduced use of high value non-COVID care (Cantor et al. 2020; Whaley et al. 2020; McBain et
al. 2021; H. W. Kaufman et al. 2020; Velazquez et al. 2021; Ziedan, Simon, and Wing 2020).
Cancer screenings that occurred after lockdowns were associated with a higher tumor burden and
subsequentially worse outcomes (Thierry et al. 2021). These complex effects suggest that SIP
policies might increase or decrease COVID-19 related mortality, and at the same time might also
increase mortality from other causes. Thus, the impact of SIP policies on all cause mortality is a
priori ambiguous.

In this paper, we examine the impacts of SIP policies on excess deaths, which compare
deaths from all causes in a given geography at a given point in time to expected deaths from all
causes based on historical data (Krelle, Barclay, and Tallack 2020). Using excess deaths as a key
outcome captures both potential changes in COVID-19 deaths and potential changes in non-
COVID-19 deaths. Using excess deaths, rather than confirmed COVID-19 deaths, also alleviates
concerns about the accurate classification of COVID-19 deaths (Sanmarchi et al. 2021). While
emerging evidence has documented increases in excess deaths during the pandemic, the existing
literature has not systematically examined the role of SIP policies in averting or contributing to
excess deaths. Further, no studies have compared the impact of SIP policies between countries
and compared these impacts within U.S. states.

To do so, we use data from 43 countries that implemented SIP policies and all 50 U.S. states.
We estimate the effect of SIP policies using an event study approach. In both settings, we fail to

find that SIP policies reduced excess deaths. For the international comparison, we find that



excess deaths increased following the implementation of SIP policies. At the U.S. state-level,
excess mortality increases in the immediate weeks following SIP implementation and then trends
below zero following 20 weeks of SIP implementation, although the confidence intervals overlap
zero. It is important to note that we do not identify the cause for the increase in excess mortality.
Instead, we simply report that that an increase occurred.

A key challenge with evaluating the impacts of these policies is that the timing of SIP
policies is endogenous to the COVID-19 pandemic. If SIP policies were implemented when
excess deaths were rising, then the results from the event study would be biased towards finding
that SIP policies lead to excess deaths. However, we find the opposite: countries that
implemented SIP policies experienced a decline in excess mortality prior to implementation
compared to countries that did not implement SIP policies. We find no pre-existing trends in
excess mortality prior to implementation of SIP policies in U.S. states. We also do not find
differences based on exposure to the COVID-19 pandemic prior to implementation of SIP
policies or when controlling for variations in the trajectory of the pandemic.

It is also possible that the average effects in our event studies might mask heterogeneity in
the impact of policies across countries and U.S. states. For example, SIP policies might be more
effective when implemented early in the pandemic or might work better when community
transmission is high. We separately estimate event studies for each country or U.S. state and for
groups of countries and states with high COVID-19 transmission in the two weeks prior to the
implementation of the SIP policy. We find little evidence of heterogenous effects, except that
SIP policies seem to be more effective in island nations or Hawaii. Islands have the geographic
benefit of limiting entry and spillovers from other areas with high infection rates, which has

contributed to COVID-19 transmission, even in locations with SIP policies (Dave, McNichols,



and Sabia 2021). These potential heterogeneous impacts and the staggered timing of SIP policies
raises a more formal concern about the validity of two-way fixed effects models (Goodman-
Bacon 2021; Weill et al. 2021). As a solution, we also apply the dynamic treatment effect
approach outlined by Sun and Abraham (2020) and find similar results. We also find similar
results when using alternative functional forms, controlling for the trajectory of the pandemic,
when separating COVID-19 and non-COVID-19 deaths, and when controlling for anticipiatory
implementation of SIP policies.

These findings do not mean that COVID-19 risk mitigation approaches are ineffective.
Substantial clinical and epidemiological evidence convincingly finds benefits from risk
mitigation strategies, such as mask wearing, testing, and social distancing (Abaluck et al. 2021;
Banerjee et al. 2020; Chu et al. 2020; Cheng et al. 2021; Honein 2020). Rather, our findings
imply that the incremental level of risk mitigation induced by SIP policies, combined with
potential adverse effects of SIP policies, was not effective in averting excess deaths. Political
dysfunction and cues likely contributes to limited responses to SIP policies (Bisbee and Lee
2020). It is also possible, that when countries implemented SIP policies they relaxed other risk
mitigation strategies, such as testing high-risk populations. Prior research suggests that countries
with higher testing capacity were correlated with a reduced number of total deaths (Sanmarchi et
al. 2021).

This study adds to a growing literature on the effect of NPIs on the number of COVID-19
cases, deaths, and social distancing behaviors. Existing studies have used cellular phone mobility
tracking and have found that the implementation of SIP policies leads to small changes in
mobility (Berry et al. 2021; Singh et al. 2021; Askitas, Tatsiramos, and Verheyden 2021; Xu

2021). Important differences exist based on income, with larger increases in physical distancing



for individuals in high-income neighborhoods than individuals in low-income neighborhoods
(Jay et al. 2020; Singh et al. 2021). Other work predicts that the COVID-19 pandemic may lead
to a significant increase in the number of “deaths of despair” due to economic stagnation and
social isolation associated with the pandemic (Petterson, Westfall, and Miller 2020).

The rest of the paper proceeds as follows. We first present the data on SIP polices and excess
deaths and methods for estimating the impact of SIP policies on excess deaths. Finally, we

discuss results, limitations and implications for public policy, and future research.

2. DATA

2.1. Data on Social Distancing Policies

To measure the impact of state-level SIP or Stay-at-Home requirement policies, we use data
from the Oxford COVID-19 Government Response Tracker (OXCGRT) for both country-level
and (Hale et al. 2021), and U.S. state-level data (Hale et al. 2020). The data contains information
on 16 indicators of government responses. We used the SIP indicator recorded for each day. This
indicator is an ordinal index scaled from zero (no SIP measures) to three (required not leaving
house with minimal exceptions).? We average the daily SIP order value for the seven days of a
week to create a weekly SIP value for each week. We classify a SIP policy in effect if there is a
SIP measure in effect for the majority of days in a week. In sensitivity tests, we measure SIP
policies using the most strict SIP policy measure. Related work has used eleven categorical

variables from the OXCGRT dataset to estimate the impact of containment and closure

2 A value of one indicates recommended not leaving house. A value of two indicates required not leaving house with
exceptions for daily exercise, grocery shopping, and essential trips.



interventions on COVID-19 transmission across countries, and found none of the interventions

had a statistically significant effect (Rannan-Eliya et al. 2021).

2.2. Deaths Data

2.2.1. Country: National-level Weekly Excess Deaths

Data on weekly deaths for each country comes from the Our World In Data (OWID)
webpage (Giattino et al. 2021). OWID uses all-cause mortality data from the Human Mortality
Database and the World Mortality Dataset. We calculate excess deaths for each week of 2020 as
the difference in total deaths in a given week of 2020 and the average of total deaths in that week

from 2015 to 2019:

Excess Deaths (week n, 2020) = Total Deaths (week n, 2020 — Average Deaths (week n, 2015 - 2019) Q

While the full dataset contains 82 countries, only 43 countries have data available on total deaths
for each week of 2020. The remaining 39 countries have monthly data of total deaths that
occurred in 2020. Therefore, in our study we focused on the 43 countries that have total deaths

data for each week of 2020.

2.2.2. Country: National-level Weekly Covid-19 Deaths

We used weekly COVID-19 death data to identify the week of first COVID-19 death for our
analysis. The data on COVID-19 deaths, which are a subset of the total deaths described above,
are obtained from the OWID (Ritchie et al. 2020). The country-level dataset contains the number
of deaths caused by COVID-19 on each day for 192 countries. We used data for 43 countries that

we analyze for excess deaths and filtered out the rest. With these data, we calculated the weekly



deaths caused by COVID-19 in each country by summing the daily COVID-19 deaths in seven

days of each week.

2.2.3. U.S. States: State-level Weekly Excess Deaths and Weekly COVID-19 Deaths

To capture the severity of the COVID-19 pandemic on total deaths in the U.S., we use the
number of excess deaths for each state and the District of Columbia for each week of 2020 from
The Economist COVID-19 excess deaths tracker GitHub repository (The Economist 2020). We
used the same dataset to identify the week of first COVID-19 death in each state. The data for
the U.S. are generated by The Economist using information from the Centers for Disease Control
and Prevention, USAFacts, and NYC Health. The data track the total number of excess deaths in
each state and the District of Columbia for each week.

Lastly, as our unit of analysis is “excess deaths per 100,000 population,” we calculated
excess deaths per 100,000 people for both country-level and U.S. state-level analysis. The data
on the population of each of the 43 countries in our study comes from the same COVID-19
deaths dataset obtained from OWID, and the data on the population of 50 U.S. states and the

District of Columbia are included in The Economist excess deaths dataset.

3. ESTIMATION APPROACH

3.1. Effects of Social Distancing Policies on Excess Deaths

We examine the impacts of SIP policies on excess deaths per 100,000 population at both the
country-level and the U.S. state-level. To descriptively asses this relationship, we identified the
week in which the first COVID-19 death occurred in each of the 43 countries in our study and in

the 50 U.S. states and the District of Columbia. We then calculated the total excess deaths per



100,000 population in the 24 weeks (or 6 months) after the week of first COVID-19 death in
each country and U.S. state.

We first measured the speed of the implementation of SIP policy and the length of the
implementation of SIP policy during our period of analysis, i.e., the 24 weeks after the first
COVID-19 death. To measure the speed of the implementation of SIP policy, we calculate the
number of weeks a country or a U.S. state took to implement the first SIP policy from the week
of the first COVID-19 death. The duration, or length of the implementation of the SIP policy,
was measured as the number of weeks the SIP policy was in place from the week of first
COVID-19 death in a given country or a U.S. state to 24 weeks after the first COVID-19 death.

We start by descriptively estimating the association between excess deaths and speed of
implementation of SIP policies. To do so, we plot the total number of excess deaths per 100,000
population during the 24 weeks after the week of first COVID-19 death against the speed of the
implementation of SIP policy. We separately plot this relationship for countries and U.S. states.
We similarly compare the total number of excess deaths per 100,000 population during the 24
weeks after the first COVID-19 death with the duration of implementation of SIP policy in 25
weeks, i.e., the week of first COVID-19 death and 24 weeks from that first week.

To formally estimate the effect of SIP policy on excess deaths per 100,000 we used an event
study approach, which allows us to analyze the pre- and post-SIP implementation trends in
excess deaths per 100,000 population. We include week fixed effects and the respective country
and state fixed effects. For each event study, we estimated a regression model of the form:

m n
Vie=a+ ) B (Lag e + ) Alead )y +7,+ 8+ @)
' k=1

Jj=2
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In this model, the outcome of interest, Y;;, represents excess deaths per 100,000 population.
Lags and leads indicate that the given state and/or country is a number of weeks away from the
time when the policy is implemented. Lags represent the pre-treatment period, while the lead
terms represent the post-treatment period. The first lag period is chosen as the baseline period,;

hence it is omitted from the model specification. y, and &; are unit (state or country) and week

fixed effects, respectively. Here, i represents a given unit, i.e., a country for the country-level
analysis and a state for the U.S. state-level analysis, t represents the week number, and ¢ is the
error termlin all specifications, we cluster standard errors at the respective geographic unit
(country or U.S. state).

These event studies provide estimates of the mean effect of SIP policies on excess deaths.
However, there are three empirical challenges associated with assessing the impacts of SIP
policies. First, the timing of implementation of SIP policies might be endogenous. Second, SIP
policies might have heterogeneous effects. And third, the distribution of excess deaths might be
skewed. We conduct several robustness checks to address these empirical challenges. These

additional checks and their results are described in section 4.2.

4. RESULTS

4.1. Association Between SIP Policies and Excess Mortality

Figure 1 compares excess deaths per 100,000 population against the number of weeks each
country/U.S. state took to implement the SIP policy following the first COVID-19 death in that
country/U.S. state. If SIP policies impact the trajectory of the COVID-19 pandemic, then regions
that implement SIP policies sooner after initial exposure to the pandemic are likely to experience

lower deaths. When comparing across countries (Panel A), we observe the expected relationship.
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A one-week increase in the week in which a country implements a SIP policy (i.e., a one-week
delay in the implementation of a SIP policy), is associated with a 9.0 (95% CI: -0.3 to 18.3)
increase in excess deaths per 100,000 population. When comparing between U.S. states (Panel
B), we find the opposite relationship—a 0.4 (95% CI: -7.8 to 7.0) decrease, but the association is
small in magnitude and the confidence interval is large.

Figure 2 presents similar descriptive evidence on the duration of the implementation of SIP
policies following the first COVID-19 death in each country/U.S. state, as measured by the
number of weeks with an active SIP policy in the 24 weeks post first COVID-19 death, and the
number of excess deaths per 100,000 population in that country/U.S. state. For each geography,
the figure plots the number of weeks between the implementation of SIP policies and excess
deaths per 100,000 population in the 24 weeks following the first COVID-19 death. If SIP
policies reduce excess deaths, then there should be a negative association between the length of
time a SIP policy has been implemented and cumulative deaths. However, when comparing
across countries (Panel A), we observe a general upward trend, indicating that countries with a
longer duration of SIP policies are the ones with higher excess deaths per 100,000 residents in
the 24 weeks following a COVID-19 death. Across countries, a one-week increase in the
duration of SIP policies is associated with a 2.7 (95% CI: 1.0 to 4.3) increase in excess deaths
per 100,000 population. In the U.S. comparison (Panel B), the association is smaller in
magnitude and the confidence interval overlaps with zero. A one-week increase in the duration
of SIP policies is associated with a 1.3 (95% ClI: -0.5 to 3.1) increase in excess deaths per
100,000 population.

These descriptive figures suggest that the implementation of SIP policies does not lead to

reductions in excess mortality. However, while suggestive, these figures are challenging to
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interpret causally. Countries and U.S. states endogenously implement SIP policies in response to
their exposure to the COVID-19 pandemic. In addition, a variety of unobserved factors might
influence the decision to implement a SIP policy and also might be correlated with excess deaths.

To more formally estimate the effects of SIP policies on excess deaths, event studies that
estimate trends in excess mortality before and after the implementation of SIP policies are
presented in Figure 3. For both the country (Panel A) and U.S. state (Panel B) comparison, we
find that following the implementation of SIP policies, excess mortality increases. The increase
in excess mortality is statistically significant in the immediate weeks following SIP
implementation for the international comparison. In the ten weeks following SIP
implementation, we observe an approximately 10-per 100,000 population increase in excess
deaths, relative to pre-implementation trends and relative to countries without a SIP policy. For
the within-U.S. comparison, excess mortality trends below zero following 20 weeks of SIP
implementation. While the estimation magnitudes reach approximately 5-per 100,000
population, the confidence intervals are wide and overlap zero in all but one post-implementation
week.

The results from the event study regression models suggest that difference in excess
mortality between countries that implemented SIP versus countries that did not implement SIP
was trending downwards in the weeks prior to SIP implementation. Had this pre-existing
difference in mortality trends continued, we would expect lower excess mortality in the weeks
following SIP implementation in countries that implemented SIP policies relative to countries
that did not implement policies. However, we find that the pre-existing trend reversed following
implementation of SIP policies. This suggest that our estimates of the effects of SIP on excess

mortality are conservative, as pre-existing trends are biased towards finding a protective effect of
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SIP. We find no evidence of pre-existing differences in trends in excess mortality across U.S.
states prior to implementation of SIP. However, similar to international comparisons, we find
that SIP implementation was associated with an increase in excess mortality.

Figure 4 presents results that separately estimate event studies for countries/states with pre-
SIP COVID-19 death rates below and above the median rates. For both the countries (Panel A)
and U.S. states (Panel B) comparisons, we do not observe differences in excess death trends
before and after the implementation of SIP policies based on pre-SIP COVID-19 death rates. In
all four cases, we do not observe that the implementation of SIP policies leads to reductions in
excess deaths. This finding suggests that the effect of SIP policies is not differentially impacted

by the severity of the COVID-19 pandemic prior to implementation of SIP policies.

4.2. Robustness Tests

We conduct several additional tests to assess the validity of our results. The primary
empirical challenge with assessing the impacts of SIP policies is the potential endogeneity of the
timing of implementation of these policies. For example, U.S. states and countries might
implement SIP policies when the trajectory of the pandemic creates an expectation of rising
COVID-19 cases (Cantor et al. 2020). Related to the results in Figure 4, we first test the
robustness of our results by non-parametrically controlling for the trajectory of the COVID-19
pandemic. For each country and state, we add fixed effects for the number of weeks between the
first COVID-19 death and the current week. As shown in Appendix Figures Al, we find little or
no protective effect of SIP policies.

Second, we consider alternative functional forms. COVID-19 deaths are a skewed outcome,
and our linear model may be influenced by outliers. As a solution, we log-transform excess

deaths. For weeks with negative excess deaths, we recode the log-transformed excess deaths as
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zero. As shown in Appendix Figure A2, we find increases in log-transformed deaths following
the implementation of SIP policies in both the international and US comparisons.

Third, we examine the potential of heterogeneity in the impact of SIP policies. In particular,
in Appendix Figures B1 and B2, we present additional event studies that separately estimate the
effects of SIP policies in each country/U.S. state. When comparing across countries, the only
countries in which we observe the introduction of SIP policies negatively changes the trajectory
of excess deaths are Australia, Malta, and New Zealand. All three countries are islands. In every
other country, we observe either no visual change in excess deaths or increases in excess deaths.
The results are similar for U.S. states. We observe small reductions in excess deaths for Hawaii,
which is also an island, following the implementation of a SIP policy. The other U.S. states
either show no change in excess deaths, or in many U.S. states, spikes in excess deaths following
the implementation of SIP policies. Further, we do not see that countries or U.S. states that
implemented SIP policies earlier, and thus in which SIP policies had more time in effect, had
lower excess deaths than countries/U.S. states that were slower to implement SIP policies.

This descriptive evidence of the heterogeneity in the effect of SIP policies raises important
methodological concerns that correlation between differences in the timing of SIP policies and
heterogeneity in the effect of SIP policies could bias our results (Goodman-Bacon 2021). Our
fifth robustness test applies a dynamic treatment effects approach to re-estimate the event studies
(Sun and Abraham 2020). As shown in Appendix Figure A3, this alternative event study
estimation approach produces similar results. In both the international and U.S. state-level
comparisons, the implementation of SIP policies is followed by increases in excess deaths. In the

international comparison, the magnitude of the increase is lower and less precisely estimated

15



than in our main results. In the U.S. state-level comparison, the standard event study and
dynamic event study both show similar increases in excess deaths following SIP implementation.

Fourth, we examine the mortality components of excess deaths—COVID-19 deaths and non-
COVID deaths, although we note that there is likely measurement error in determining the cause
of death. In Appendix Figure A4, we find the increase in excess deaths is partially driven by
increases in COVID-19 deaths. However, it is unclear whether this is a true increase in COVID-
19 deaths or reclassification of non-COVID deaths to COVID-19 deaths due to increased
salience of the pandemic after implementation of SIP. We also find that COVID-19 deaths were
declining in states that implemented policies prior to implementation of policies. This decline
again suggests that we are potentially biased in favor of finding a protective effect of SIP
policies. But despite this potential bias, we find that the pre-existing trend is reversed and
COVID-19 deaths increase following SIP implementation in both the international and US
comparisons. The increase in COVID-19 deaths also exists when using the dynamic treatment
effect event study approach (Appendix Figure A5). We also find increases in non-COVID-19
deaths (Appendix Figure A6 and A7), although the magnitude is smaller, and the estimates are
less precise.

Fifth, we examine the effect of SIP policies on confirmed COVID-19 cases, although we note
that there is likely measurement error in the counting of COVID-19 cases as many cases go
undiagnosed as they are asymptomatic or due to limited testing of symptomatic cases early in the
pandemic (Bendavid et al. 2021; Sood et al. 2020). It is also possible that measurement error for
COVID-19 cases is correlated with implementation of SIP policies. In the international
comparison, we find SIP policy implementation is followed by increases in confirmed cases

(Appendix Figure A8). This comparison also shows a large and decreasing pre-implementation
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trend in confirmed cases. In the U.S. state-level comparison, we find that implementation of SIP
policies does not change confirmed COVID-19 cases. Around week 20 post-implementation,
confirmed cases decline, but the confidence intervals are wide and overlap zero in all weeks. A
potential explanation for the increasing trend in both excess and COVID-19 deaths and flat
COVID-19 cases is that SIP policies prevented transmission among people with low COVID-19
mortality risks.

Sixth, a related concern is that SIP policies may be implemented in anticipation of the
trajectory of the COVID-19 pandemic, which would potentially contaminate the pre-
implementation trends. We estimate a test that treats SIP implementation week and the
subsequent four weeks as the policy implementation window, which allows us to account for
anticipation of excess mortality for the four weeks following SIP implementation. We chose four
weeks as the anticipation period following CDC ensemble models, which are likely to be used by
policymakers to forecast the number of COVID-19 deaths (Ray et al. 2020). We then repeat the
event study comparing excess deaths pre and post implementation. Our results remain
qualitatively similar and we continue to find no protective effect of SIP policies on excess
deaths. We repeat this analysis with a longer eight week policy implementation window and find
similar results (Appendix Figures A9 to A10). In addition, we control for lagged cases up to four
and eight weeks prior to SIP implementation. Policymakers might implement SIP policies based
on the trajectory of lagged COVID-19 cases. As shown in Appendix Figures A1l and A12, we
find that our results are robust to including controls for lagged new COVID-19 cases per 100,000
population.

Seventh, we examine changes in related policies following the implementation of SIP

policies. While SIP policies are the most widespread form of COVID-19 risk mitigation, other
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similar policies, such as school closures and mask mandates, exist. If these policies are
concurrently implemented with SIP policies, then our estimates represent the combined effects of
these policies. Alternatively, SIP policies may substitute for other, potentially more effective,
policies. In such a case, we should expect the stringency index to decline following SIP
implementation and the removal of other policies following SIP implementation may explain the
observed increase in excess mortality. To test this scenario, we use the Oxford stringency index,
which measures the number of implemented risk mitigation policies, and measure changes in
related policy implementation following SIP policies. We measure changes in the COVID-19
stringency index for policies, both including and excluding SIP policies, following SIP
implementation. Appendix Figures A13 and A14 show increases in the stringency index
following SIP implementation, but the confidence intervals are wide.

Finally, we examine changes in excess deaths per 100,000 population following the
implementation of more stringent SIPs. We restrict the analysis to policies that “required” the
population to not leave the house with exceptions for daily exercise, grocery shopping, and
essential trips. Event studies with this sample produce results consistent with the main results
(Appendix Figure A15). In the international models, we observe an increase in excess deaths
after the implementation of these stronger SIPs. In the within-U.S. comparison, we find a small
increase in excess deaths which trends towards below zero post-week 20, however, the

confidence intervals overlap zero in all weeks.

5. DISCUSSION
In response to the COVID-19 pandemic, many countries implemented social distancing and
SIP policies. The effects of these policies on public health are a-priori ambiguous and complex.

We used data from 43 countries and all U.S. states and find the introduction of SIP policies did
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not lead to reductions in excess deaths. In fact, we find that difference in COVID-19 cases,
COVID-19 deaths, and excess mortality between countries that implemented SIP versus
countries that did not implement SIP was trending downwards in the weeks prior to SIP
implementation. Had this pre-existing difference in trends in outcomes continued, we would
expect a protective effect in the weeks following SIP implementation in countries that
implemented SIP policies relative to countries that did not implement policies. However, we find
that the pre-existing trend in excess mortality reversed following implementation of SIP policies.
This suggest that our estimates of the effects of SIP on excess mortality are conservative as pre-
existing trends are biased towards finding a protective effect of SIP. We emphasize that our
results should be interpreted using an “intent-to-treat” framework. We do not estimate the effect
of “ideal” SIP policies or of improved compliance with SIP policies, but rather evaluate the
impact of SIP policies that were implemented.

This study is not without limitations. First, our primary outcome of interest was all-cause
mortality as it is more comprehensive and less prone to measurement error compared to cause
specific deaths such as COVID-19 deaths. However, total mortality can also suffer from
measurement error (COVID-19 Excess Mortality Collaborators 2022). Registering deaths may
have lags and upward revision of mortality data is common in many countries. Deaths may be
undercounted, especially in developing countries or rural areas due to lack of resources. Second,
we are unable to measure the impacts of SIP policies on quality of life. SIP policies likely
adversely affected quality of life and a full welfare analysis of SIP policies should account for
these effects. Third, SIP policies were endogenously implemented in response to the COVID-19
pandemic. We find similar results when stratifying based on pre-SIP exposure to the pandemic

and that controlling for exposure to the pandemic does not show a protective effect of SIP
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policies, but these sensitivity tests may not fully account for policy endogeneity. Fourth, it might
be challenging to collect data on SIP policies, across many countries and states. Although the
data source we use for describing the policy environment has been used in many peer reviewed
publications, we cannot rule out measurement error. Fifth, enforcement and implementation of
SIP policies could vary across countries or U.S. states. However, the country-by-country and
state-by-state event studies suggest that the findings were qualitatively similar across countries
and U.S. states other than for a few island countries and Hawaii. We also found increases in
COVID-19 deaths when using a dynamic treatment effect event study approach. Sixth, it is
possible that SIP policies were implemented with other policies related to the pandemic and we
cannot completely isolate the causal effects of SIP policies alone. Seventh, there is substantial
variation in the excess deaths within an individual country (Michelozzi et al. 2020; Kontopantelis
et al. 2021), and within an individual state (Ackley et al. 2021). Future work should examine
whether the effect of SIP policies differs at smaller geographic levels. Finally, our results are
limited to 2020. The number of excess deaths in 2021 exceeded the number of excess deaths in
2020 in the U.S. and globally (Heuveline 2022; COVID-19 Excess Mortality Collaborators
2022).

Overall, the results suggest that the implementation of SIP policies does not appear to have
met the aim of reducing excess mortality or COVID-19 deaths. There are several potential
explanations for this finding. First, it is possible that SIP policies do not slow COVID-19
transmission. As discussed earlier, prior studies find only a modest effect of SIP policies on
mobility. A potential reason for the modest impact on mobility may be that individuals have a
private response to change behavior to avoid COVID-19 risk, even in the absence of SIP

policies. Effectively preventing COVID-19 transmission may require more stringent policies.

20



While stronger SIP policies may have been more effective in reducing COVID-19 transmission,
they would have also likely increased the adverse consequences of SIP policies. On the other
hand, SIP policies could have substituted for other potentially more targeted policies, such as
more robust testing or contact tracing. Given the substantial age-gradient of COVID-19
mortality, policies more focused on high-risk individuals may have been more effective than the
blunt impacts of SIP policies (Shruti Gupta et al. 2020). In addition, mobility across US states
was not restricted during the pandemic (Dave, McNichols, and Sabia 2021). The efficacy of a
SIP policy in a given region could have been diminished by travel between different regions. It is
possible that if regions were to physically isolate, then SIP policies could have been more
effective, consistent with our findings of effective SIP policies in islands.

Second, many SIP policies were focused on formal gatherings, such as work, education,
transportation, and dining restrictions. SIP policies likely reduced formal gatherings but might
have increased informal gatherings within the household. However, other work finds increases in
COVID-19 infection following events associated with informal social gatherings, even among
households in counties with active SIP policies (Whaley et al. 2021). In some cases, the risk of
COVID-19 transmission might be higher at home or in informal settings with family and friends
than at workplaces with risk mitigation protocols in place (Mulligan 2021).

Third, it is possible that SIP policies increased deaths of despair due to economic and social
isolation effects of SIP policies. Recent estimates in the U.S between March and August 2020
show that drug overdoses, homicides, and unintentional injuries increased in 2020, while
suicides declined (Faust et al. 2021). Relatedly, existing studies suggest that SIP policies led to a
reduction in non-COVID-19 health care, which might have contributed to an increase in non-

COVID-19 deaths (Cantor et al. 2022; Ziedan, Simon, and Wing 2020).
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In light of this evidence, continued reliance on SIP policies to slow COVID-19 transmission
may not be optimal. Instead, the best policy response may be pharmaceutical interventions in the
form of vaccinations and therapeutics when they become available. Early evidence suggests that
initial vaccination efforts have led to large reductions in COVID-19 incidence and mortality
(Christie 2021; X. Chen et al. 2021; Haas et al. 2021; Sumedha Gupta et al. 2021). Policy efforts

to promote vaccination are thus likely to have much larger positive impacts.
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Figures

Figure 1: Total excess deaths per 100,000 population after 24 weeks from the first COVID-19 death, compared
to number of weeks countries/states took to implement first SIP policy from the week of first COVID-19
death
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(b) United States Comparison
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Note: These figures compare excess deaths per 100,000 population in the 24 weeks following the first COVID-
19 death (y-axis) against the number of weeks between the first death and implementation of shelter-in-place
policies using data from 43 countries (Panel A) and U.S. states (Panel B).
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Figure 2: Total excess deaths per 100,000 population after 24 weeks from the first COVID-19 death, compared
to number of weeks SIP policy was implemented by countries/states from the week of first COVID-19 death
until twenty fifth week from the first week
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(b) United States Comparison
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Note: These figures compare excess deaths per 100,000 population in the 24 weeks following the first COVID-
19 death (y-azis) against the number of weeks that a shelter-in-place policy was implemented between the week
of the first death and 24 weeks following the week of the first death using data from 43 countries (Panel A)
and U.S. states (Panel B).

30



Figure 3: Event study estimates of changes in excess deaths per 100,000 population, before and after shelter-
in-place policies

(a) International Comparison
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Note: These figures estimate changes in excess deaths per 100,000 population before and after implementation

of shelter-in-place policies in 43 countries (Panel A) and U.S. states (Panel B). Event studies estimated using
the specification in equation (2).
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Figure 4: Event study estimates of changes in excess deaths per 100,000 population, before and after shelter-
in-place policies, and based on COVID-19 deaths prior to policy implementation

(a) International Comparison
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(b) United States Comparison
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Note: These figures estimate changes in excess deaths per 100,000 population before and after implementa-
tion of shelter-in-place policies in 48 countries (Panel A) and U.S. states (Panel B). Event studies estimated
using the specification in equation (2), but separated between policies implemented in countries/states be-

low (left hand side) and above (right hand side) the median number of COVID-19 deaths prior to policy
implementation.
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Appendix Figures

Figure A.1: Event study estimates of changes in excess deaths per 100,000 population, before and after
shelter-in-place policies with fixed effects for number of weeks since the first COVID-19 death

(a) International Comparison
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(b) United States Comparison
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Note: These figures estimate changes in excess deaths per 100,000 population before and after implementation
of shelter-in-place policies in 43 countries (Panel A) and U.S. states (Panel B). Event studies estimated using

the specification in equation (2) but include fized effects for the number of weeks since the first COVID-19
death in that country or state.
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Figure A.2: Event study estimates of changes in log of excess deaths per 100,000 population, before and
after shelter-in-place policies

(a) International Comparison
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(b) United States Comparison
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Note: These figures estimate changes in log-transformed excess deaths per 100,000 population before and
after implementation of shelter-in-place policies in 43 countries (Panel A) and U.S. states (Panel B). Event
studies estimated using the specification in equation (2).
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Figure A.3: Sun Abraham event study estimates of changes in excess deaths per 100,000 population, before
and after shelter-in-place policies

(a) International Comparison
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Note: These figures estimate changes in excess deaths per 100,000 population before and after implementation
of shelter-in-place policies in 43 countries (Panel A) and U.S. states (Panel B). Event studies estimated using
the specification in equation (2) but estimated using the Sun-Abraham dynamic event study approach.
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Figure A.4: Event study estimates of changes in COVID-19 deaths per 100,000 population, before and after
shelter-in-place policies

(a) International Comparison (b) United States Comparison
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Note: These figures estimate changes in confirmed COVID-19 deaths per 100,000 population before and
after implementation of shelter-in-place policies in 43 countries (Panel A) and U.S. states (Panel B). Event
studies estimated using the specification in equation (2).

Figure A.5: Sun Abraham event study estimates of changes in COVID-19 deaths per 100,000 population,
before and after shelter-in-place policies

(a) International Comparison (b) United States Comparison
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Note: These figures estimate changes in confirmed COVID-19 deaths per 100,000 population before and
after implementation of shelter-in-place policies in 43 countries (Panel A) and U.S. states (Panel B). Event
studies estimated using the specification in equation (2) but estimated using the Sun-Abraham dynamic event
study approach.
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Figure A.6: Event study estimates of changes in non COVID-19 deaths per 100,000 population, before and
after shelter-in-place policies

(a) International Comparison (b) United States Comparison
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Note: These figures estimate changes in non-COVID-19 deaths per 100,000 population before and after
implementation of shelter-in-place policies in 43 countries (Panel A) and U.S. states (Panel B). Event
studies estimated using the specification in equation (2).

Figure A.7: Sun Abraham event study estimates of changes in non COVID-19 deaths per 100,000 population,
before and after shelter-in-place policies

(a) International Comparison (b) United States Comparison
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Note: These figures estimate changes in non-COVID-19 deaths per 100,000 population before and after
implementation of shelter-in-place policies in 43 countries (Panel A) and U.S. states (Panel B). Event
studies estimated using the specification in equation (2) but estimated using the Sun-Abraham dynamic event
study approach.
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Figure A.8: Event study estimates of changes in COVID-19 cases per 100,000 population, before and after
shelter-in-place policies

(a) International Comparison
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(b) United States Comparison
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Note: These figures estimate changes in confirmed COVID-19 cases per 100,000 population before and after
implementation of shelter-in-place policies in 43 countries (Panel A) and U.S. states (Panel B). Fvent studies
estimated using the specification in equation (2).
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Figure A.9: Event study estimates of excess deaths per 100,000 population, with policy implementation
window as week of policy and subsequent four weeks

(a) International Comparison (b) United States Comparison
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Note: These figures estimate changes in excess deaths per 100,000 population before and after implementation
of shelter-in-place policies in 43 countries (Panel A) and U.S. states (Panel B). Event studies estimated using
the specification in equation (2). To account for policies implemented in anticipation of the trajectory of the
pandemic, these estimates use the implementation week and subsequent four weeks as the start of the policy.
Figure A.10: Event study estimates of excess deaths per 100,000 population, with policy implementation
window as week of policy and subsequent eight weeks
(a) International Comparison (b) United States Comparison
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Note: These figures estimate changes in excess deaths per 100,000 population before and after implementation
of shelter-in-place policies in 43 countries (Panel A) and U.S. states (Panel B). Event studies estimated using
the specification in equation (2). To account for policies implemented in anticipation of the trajectory of the
pandemic, these estimates use the implementation week and subsequent eight weeks as the start of the policy.
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Figure A.11: Event study estimates of excess deaths per 100,000 population, with controls for 4-week lagged
new COVID-19 cases

(a) International Comparison (b) United States Comparison
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Note: These figures estimate changes in excess deaths per 100,000 population before and after implementation
of shelter-in-place policies in 43 countries (Panel A) and U.S. states (Panel B). Event studies estimated using
the specification in equation (2) and add controls for new COVID-19 cases in the prior four weeks.
Figure A.12: Event study estimates of excess deaths per 100,000 population, with controls for 8-week lagged
new COVID-19 cases
(a) International Comparison (b) United States Comparison
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Note: These figures estimate changes in excess deaths per 100,000 population before and after implementation
of shelter-in-place policies in 43 countries (Panel A) and U.S. states (Panel B). Event studies estimated using
the specification in equation (2) and add controls for new COVID-19 cases in the prior four weeks.
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Figure A.13: Event study estimates of changes in Oxford Stringency Index, before and after shelter-in-place
policies

(a) International Comparison (b) United States Comparison
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Note: These figures estimate changes in related policies before and after implementation of shelter-in-place
policies using in 43 countries (Panel A) and U.S. states (Panel B). Related policies are defined using the
Ozford Stringency Index, which measures the number of implemented risk mitigation policies.

Figure A.14: Event study estimates of changes in “Oxford Stringency Index minus shelter-in-place index”,
before and after shelter-in-place policies

(a) International Comparison (b) United States Comparison
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Note: These figures estimate changes in related policies before and after implementation of shelter-in-place
policies using in 43 countries (Panel A) and U.S. states (Panel B). Related policies are defined using the
Ozford Stringency Index, which measures the number of implemented risk mitigation policies. Unlike the
previous figures, these estimates exclude shelter-in-place policies from the stringency indez.
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Figure A.15: Event study estimates of changes in excess deaths per 100,000 population, before and after
stringent shelter-in-place policies

(a) International Comparison
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(b) United States Comparison
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Note: These figures estimate changes in excess deaths per 100,000 population before and after implementation
of “stringent” shelter-in-place policies using in 43 countries (Panel A) and U.S. states (Panel B). Fvent
studies estimated using the specification in equation (2). Stringent shelter-in-place policies (e.g., SIP=2)

include those that required the population to not leave the house with exceptions for daily exercise, grocery
shopping, and essential trips.

42



Figure B.1: Individual Country Comparison
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Figure B.2: Individual U.S. State Comparison
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