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Abstract
Following the onset of the COVID-19 pandemic, an unprecedented use of mandatory lock-
downs—defined as the imposition of at least one compulsory, non-pharmaceutical inter-
vention—took place. We conduct a meta-analysis to determine the effect of these lock-
downs on COVID-19 mortality. Our meta-analysis finds that lockdowns in the spring of 
2020 had a relatively small effect on COVID-19 mortality and is consistent with the view 
that voluntary changes in behavior, such as social distancing, played an important role in 
mitigating the pandemic. Given the enormous economic costs associated with lockdowns 
and our findings of the relatively small health benefits, the efficacy of lockdowns during 
the COVID-19 pandemic is called into question.

Keywords  COVID-19 · Restrictions · Lockdown · Non-pharmaceutical interventions · 
Mortality · Meta-analysis
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1 � Introduction1

In April of 1932, Joseph Schumpeter delivered a lecture at the University of Bonn at a 
conference on social and economic development. It was then that Schumpeter said, ‘When 
something fundamentally new occurs in the world, we are confronted by an enigma’ 
(Stolper, 1994, p. 110). Such an enigma is what confronted policymakers with the outbreak 
of COVID-19 in early 2020. Indeed, policymakers were faced with a serious informa-
tion deficit, with the factors relevant for decision-making wrapped in a fog of uncertainty. 
This setting was ripe for an ‘availability cascade’ in which decision-makers, knowing little 
about COVID-19, took their cues from the first movers (Kuran and Sunstein, 2007). Not 
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surprisingly, ‘rational herding’ and ‘a reputational cascade’ followed, with most decision-
makers going along with the crowd and jumping on the ‘lockdown bandwagon.’ In con-
sequence, the public choices associated with COVID-19 lockdowns were governed by a 
simple copycat phenomenon. When lockdowns were imposed in one country, neighbor-
ing countries quickly followed suit (Herby et al., 2022, p. 3). The regulatory response to 
the COVID-19 pandemic harks back to the swine flu episode of 1976. It was then that, 
at the behest of the U.S. Centers for Disease Control (CDC), a vaccine program was hur-
riedly put in place. Fortunately, a comprehensive ex-post analysis of the swine flu episode 
was conducted by Richard Neustadt and Harvey Fineberg (Neustadt and Fineberg, 1978). 
The authors found that theories were “spun” by medical professionals from “meager evi-
dence,” with conclusions “fueled by conjectures.” And that the head of the CDC, David 
Sencer, “knew every facet of the empire,” and that his lobbying for total swine flu vaccine 
inoculations was driven largely by “empire building,” not an assessment of the benefits and 
costs of the mandates. So-called “national emergencies” often follow this same pattern of 
rushed decisions made with a paucity of data and without analyses of their benefits and 
costs. The results lead to what Robert Higgs diagnosed as the ratchet effect: whenever a 
national emergency is proclaimed, the size and scope of the government bureaus and agen-
cies responsible for the emergency response permanently ratchet up (Higgs, 1987). The list 
of major public policy decisions made in such a way is long, and includes the U.S. “War on 
Terror” (Niskanen, 2006).

Amidst the COVID-19 pandemic, at least 99 governments declared a state of emergency 
(Bjørnskov and Voigt, 2022a) while many others were endowed with powers akin to those 
granted under constitutional emergency provisions. These powers facilitated and permit-
ted the use of non-pharmaceutical interventions (NPIs), commonly known as “lockdowns.” 
Such policies typically entailed mandatory restrictions on internal movement, closures of 
schools and businesses, and bans on international travel, among others.

Lockdowns were frequently instituted based on the advice from selected COVID-19-fo-
cused health experts (Easterly, 2013; Koppl, 2023). However, the empirical evidence sup-
porting their guidance was limited while both official pandemic plans and reviews of avail-
able evidence warned against lockdowns (WHO, 2019), hinting at a pronounced action 
bias.2 Furthermore, these experts’ perspectives might have been influenced by prevailing 
public policies, curtailed media freedom (Bjørnskov and Voigt, 2022a), and public opin-
ion, potentially compromising their objectivity (Murphy et al., 2021).

Despite the prevalent popular belief that lockdowns were effective during the COVID-
19 pandemic, recent studies indicate that the utilization of emergency powers correlates 
positively with the number of deaths in the aftermath of natural disasters (Bjørnskov and 
Voigt, 2022b). A plausible explanation for this might be the lack of robust systemic mecha-
nisms that assist policymakers in discerning effective from less-effective policy responses 
during disasters. This same knowledge gap might have been substantial during the pan-
demic (Pennington, 2021). Thus, the prevailing belief in the efficacy of lockdowns could 
be misplaced, potentially leading to their extended use (Dur, 2001; Pennington, 2023).

While lockdowns were implemented to manage pandemic externalities, infectious dis-
ease externalities in the absence of government intervention can be less significant and less 
costly to society than commonly believed (Leeson and Rouanet, 2021). Economic theory 

2  The concept of “action bias” refers to the tendency of individuals to prefer taking action rather than 
remaining inactive or maintaining the status quo, especially in situations of uncertainty. This bias can mani-
fest in decision-making contexts, where the pressure to do something, even if it is not the most efficient or 
effective response, can lead to suboptimal outcomes (Patt and Zeckhauser 2000).
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suggests that lockdowns are far from an efficient means of regulating pandemic-related 
externalities, raising the possibility that allowing civil society to self-regulate might have 
been a more effective approach (Herby, 2020; Mulligan, 2023). In addition, research con-
ducted before the pandemic suggests that public health regulations are often influenced 
by private interests rather than public ones. The allocation of public health resources 
frequently reflects these private interests, leading to policies that may have unintended, 
adverse effects. Instead of promoting health and consumer welfare, such policies can some-
times undermine them (Leeson and Thompson, 2023).

These considerations indicate that lockdowns may represent a significant instance of 
government failure.

The purpose of our meta-study is therefore to determine whether lockdowns were, in 
fact, effective in reducing COVID-19 mortality.3,4 As such, we aim to estimate the ben-
efit side of the cost–benefit analysis necessary to evaluate the desirability of locking down 
society in an epidemic emergency.

We use “NPI” to describe any government mandate which directly restricts peoples’ 
possibilities. Our definition does not include governmental recommendations, governmen-
tal information campaigns, access to mass testing, voluntary social distancing, etc., but 
does include mandated interventions such as closing schools or businesses and mandated 
face masks. We define a lockdown as any policy consisting of at least one NPI.5,6

Compared to other reviews (Allen, 2021; Herby, 2021a), the main difference in our 
approach is that we carry out a systematic and comprehensive search strategy to identify all 
potentially relevant papers and carry out a meta-analysis combining evidence from several 
existing studies to answer the question we pose. In our meta-analysis, we aim to present 
results capable of being systematically assessed and used to derive overall conclusions.

2 � Methodology

The methodology follows our protocol posted in 2021 (Herby et al., 2021).7

3  Physical distancing is effective. If you keep distance from others, your risk of being infected with a com-
municable disease is reduced. However, the fact that social distancing works does not imply that lockdowns 
work (Herby et al., 2022, p. 1).
4  One could question the necessity to examine the effectiveness of certain NPIs that have been used for 
centuries. However, although NPIs such as school and workplace closures were recommended by the World 
Health Organization (WHO) before the COVID-19 pandemic in the event of an extraordinarily severe influ-
enza pandemic, the evidence of the effectiveness of such measures was, in general, very low (WHO 2019).
5  During the COVID-19 pandemic, lockdowns have mainly been used to describe two different things. 
Some use “lockdown” under the definition of “a period of time in which people are not allowed to leave 
their homes or travel freely”. Others use “lockdown” more broadly to describe governments’ responses to 
the pandemic in terms of less or more strict interventions. We use shelter-in-place order to describe the 
former use of the term “lockdown” (see https://​dicti​onary.​cambr​idge.​org/​dicti​onary/​engli​sh/​lockd​own and 
https://​ig.​ft.​com/​coron​avirus-​lockd​owns/ for two different examples of how the term “lockdown” is defined 
and used).
6  For example, we will say that the government of Country A introduced the non-pharmaceutical inter-
ventions of school closures and shelter-in-place-orders as part of the country’s lockdown. We note that our 
results apply to the average lockdowns in Europe and the United States in the spring of 2020 when most 
countries implemented several NPIs.
7  The protocol was first published June 23, 2021, and last updated on October 28, 2021 (see Supplementary 
Material A).

https://dictionary.cambridge.org/dictionary/english/lockdown
https://ig.ft.com/coronavirus-lockdowns/
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2.1 � Eligibility criteria

We only include studies that attempt to establish a relationship (or lack thereof) between 
lockdown policies and COVID-19 mortality or excess mortality. Following our protocol, 
(Herby et  al., 2021) we exclude studies that use cases of infections, hospitalizations, or 
other similar measures.8

We exclude studies which do not use a counterfactual difference-in-difference approach 
(DD).9 DD removes biases in post-intervention period comparisons between the treatment 
and control group that could be the result of permanent differences between those groups 
(e.g. caused by coincidences early in the pandemic10), as well as biases from comparisons 
over time in the treatment group that could be the result of trends due to other causes of 
the outcome (e.g. changes in behavior or seasonality). A potentially important bias is the 
reverse causality problem.11 However, for a number of reasons we believe that this bias is 
relatively unimportant:

First, several studies explicitly claim that they examine the actual causal relationship 
between lockdowns and COVID-19 mortality. Some studies use instrumental variables 
(Bjørnskov, 2021a), lagged dependents (Goldstein et al., 2021; Yang et al., 2021), or other 
techniques to establish a causal relationship, while others make causality probable using 
arguments.12

Second, several studies find that government pandemic policies were strongly driven by 
the policies initiated in neighboring countries rather than by the severity of the pandemic 

8  Analyses based on cases pose major problems, as testing strategies for COVID-19 infections vary enor-
mously across countries (and even over time within a given country). In consequence, cross-country com-
parisons of cases are, at best, problematic. Although these problems exist with death tolls as well, they are 
more limited. Also, while cases and death tolls are correlated, there may be adverse effects of lockdowns 
that are not captured by the number of cases. For example, an infected person who is isolated at home with 
family under a SIPO may infect family members with a higher viral load causing more severe illness. So 
even if a SIPO reduces the number of cases, it may theoretically increase the number of COVID-19-deaths. 
Adverse effects like this may explain why some studies find that SIPOs reduce the number of cases but have 
no significant effect on the number of COVID-19 deaths (Chernozhukov et al., 2021). One could argue that 
including studies examining the effect of lockdowns on hospitalization could improve the quality of our 
review and meta-analysis because it would allow us to include more studies. Using the same search strings 
at Scopus, but replacing (“deaths”, “death”, and/or “mortality”) with (“hospitalization”, “intensive care”, 
and/or “ICU”), indicates that including hospitalizations would yield another 1–2 eligible studies (Scopus 
returns 947 hits on mortality, etc. between January 1, 2020, and June 30, 2021. Searching for hospitaliza-
tion etc. yields another 35 hits corresponding to 3.7% more studies). Finally, mortality is hierarchically the 
most important outcome (GRADEpro 2013).
9  For a more in-depth discussion of the difference-in-difference approach, we refer to David McKenzie at 
the World Bank (McKenzie 2020, 2021, 2022a, 2022).
10  Areas in Europe where the winter holiday was relatively late (in week 9 or 10 rather than week 6, 7 or 8) 
were hit especially hard by COVID-19 during the first wave because the virus outbreak in the Alps could 
spread to those areas with ski tourists (Arnarson 2021; Björk et al., 2021; Herby et al., 2022, p. 81).
11  If increasing infection rates lead governments to introduce lockdown policies, and declining infection 
rates subsequently lead them to ease lockdowns, the estimated association between policy stringency and 
mortality is biased (Bjørnskov 2021a). It is essential for the DD estimates that the treatment is the only 
important factor that differs between treatment and control group in the post-treatment period (Chabé-Ferret 
2017; Goodman-Bacon and Marcus 2020). This may not be satisfied if there is a great degree of reverse 
causality.
12  An argument could be “estimated case reductions accelerate over time, becoming largest after 20 days 
following enactment of a SIPO. These findings are consistent with a causal interpretation” (Dave et  al., 
2021) or “prior to first Covid-19 death (when policymakers could not possibly be reacting to deaths in their 
own country)” (Stokes et al., 2020).
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in their own countries (Engler et al., 2021; Mistur et al., 2023; Sebhatu et al., 2020). In 
other words, an availability cascade was driving public policy (Kuran & Sunstein, 2007). 
Hence, it was not the severity of the pandemic that drove the adoption of lockdowns, but 
rather the propensity to copy policies initiated by neighboring countries.

Third, there were very few deaths (and cases) on the date countries locked down. Of 
37 European countries with more than 100,000 inhabitants, no country had more than one 
registered COVID-19 deaths per million on the day the stringency index crossed 60. And 
the decision to lock down was often taken several days earlier where mortalities were even 
lower (Herby et al., 2022, p. 64).

One study shows that the death rate does predict the stringency of policies adopted in 
various countries (Sebhatu et  al., 2020). But the effect is negligible, explaining only 2.1 
stringency points on average (in comparison, the gap between the strictest and most leni-
ent lockdowns in Europe was between 67 and 92 stringency points in the period from 16 
March to 15 April 2020) (Herby et al., 2022, sec. 5.2.2).

While DD might not remove all of the biases, it “provides important advantages over 
methods like before-and-after comparisons and interrupted time-series designs” (Good-
man-Bacon and Marcus, 2020).

The exclusion of studies that do not use a counterfactual DD approach means that we 
exclude all studies where the counterfactual is based on forecasting (for example, using 
a SIR-model calibrated on mortality data).13 Hence, we exclude studies like the much-
cited, but often criticized (Hanke and Dowd, 2022), study from Imperial College London 
(Ferguson et al., 2020) which predicted that a suppression strategy would reduce COVID-
19 mortality by up to 99%.14 We also exclude all studies based on interrupted time series 
designs.15 Our criteria also exclude a much-cited paper (Flaxman et  al., 2020), which 
– based on the very problematic (implicit) assumption that voluntary social distancing had 
zero effect – claimed that lockdowns saved three million lives in Europe.16

Our protocol also excludes studies with little jurisdictional variance.17 These excluded 
studies focused on high profile places such as Italy, Sweden, and New York, that – possibly 
because they were hit early and were surprised by the pandemic – experienced very high 

13  A common problem with epidemiological models is that they don’t take spontaneous behavior changes 
into account and therefore produce erroneous forecasts (Coccia 2023). And even when they do, these 
behavior changes and consequently the results are based on the authors’ assumptions rather than empirical 
evidence (Atkeson 2023; Toxvaerd 2020).
14  With R0 = 2.0 and trigger on 60, the number of COVID-19-deaths in Great Britain could be reduced 
to 5,600 deaths from 410,000 deaths (-99%) with a policy consisting of case isolation + home quaran-
tine + social distancing + school/university closure (Ferguson et  al., 2020, p. 13). R0 (the basic reproduc-
tion rate) is the expected number of cases directly generated by one case in a population where all indi-
viduals are susceptible to infection. The lowest effect of lockdowns modelled was with R0 = 2.6, trigger on 
200–400, and case isolation + home quarantine + social distancing. In this case, deaths were predicted to be 
reduced from 550.000 to 120.000 (-78%).
15  Interrupted time series designs are useful when there is a stable long-term period before and after the 
time of the intervention examined (lockdowns), and where other things are relatively constant and/or can 
be controlled for. This is not the case with COVID-19 and lockdowns, where the period before (and often 
after) the intervention is short, where things are far from constant, and where changes in behavior cannot 
easily be controlled for (Herby et al., 2022, p. 13).
16  The authors assumed that the pandemic would follow an epidemiological curve unless countries locked 
down. However, this assumption means that the only interpretation possible for the empirical results is that 
lockdowns are the only factor that matters, even if other factors like changes in voluntary behavior, season-
ality, etc. caused the observed change in the reproduction rate, Rt.
17  A jurisdictional area can be countries, U.S. states, or counties. With “jurisdictional variance” we refer to 
variation in mandated lockdowns across jurisdictional areas.
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death tolls during the first wave, and cannot – even when combined – be assumed to pro-
duce unbiased knowledge on the effects of lockdown measures due to selection bias (see 
Supplementary Material A). Our protocol also excludes synthetic control studies because of 
too little jurisdictional variance, as these studies examine the effect of lockdowns based on 
a single country/state compared to a synthetic counterfactual. Empirical problems inherent 
to all synthetic control studies of COVID-19 also encourage exclusion: that the synthetic 
control should be fitted based on a long period before the intervention or the event one is 
studying the consequences of – i.e., the lockdown (Abadie, 2021; Bjørnskov, 2021b). It is 
not possible to address this problem for the coronavirus pandemic, as there clearly is no 
long period with coronavirus before the lockdown. Hence, the synthetic control method is, 
by design, not well suited for studying the effects of lockdowns. Retrospectively, excluding 
these studies in our protocol may have been unnecessary and one to two of the excluded 
studies could have been included in our meta-study without imposing selection bias (see 
Supplementary Material A). However, the inclusion of these studies would not have altered 
our meta-results substantially; in fact, our conclusions would be stronger. That said, we 
think it prudent to avoid changing our research protocol ex post facto.

Since we evaluate the general effect of lockdowns, i.e., whether lockdowns on average 
have been effective in reducing COVID-19 mortality, we also exclude studies which solely 
analyze the effect of optimally timed lockdowns in contrast to less well-timed lockdowns, 
as they will by design find inflated effects of the average lockdown. If optimal timing is 
important, these studies will neglect all the less well-timed lockdowns implemented around 
the world.18,19 Also, we believe that many studies examining the role of timing are funda-
mentally flawed because they do not distinguish between voluntary behavioral changes and 
lockdowns (i.e. mandatory behavioral changes).20

2.2 � Empirical considerations

Several studies adopt multiple models to understand the effect of lockdowns. For example, 
one study (Bjørnskov, 2021a) estimated the effect after one, two, three, and four weeks of 
lockdowns. For these studies, we select the longest time horizon analyzed to obtain the 
estimate closest to the long-term effect of lockdowns.

18  This exclusion criteria was mistakenly not made public in our protocol (Herby et al., 2021), but “only 
looks at timing” was decided upon as an exclusion criterion mid-September 2021 (documentation can be 
provided on request).
19  The rationale behind the optimal timing-thesis is straightforward (assuming lockdowns are effective): if 
an epidemic is growing exponentially, the benefit of intervening sooner rather than later is disproportion-
ately large. For example, if the doubling time is one week, then locking down one week earlier will more 
than halve the total number of deaths, assuming that the pre-lockdown reproduction number is larger than 
two and if the lockdown brings the reproduction number below one. On the other hand, locking down too 
strongly and too early can result in a resurgence when restrictions are lifted if there is a failure to com-
pletely eliminate the virus, with potentially higher deaths than if it was permitted to spread to a small extent 
prior to the lockdown. Hence, the argument goes that there is an optimal timing of lockdowns (Abernethy 
and Glass 2022; Oraby et al., 2021).
20  We find indications from the COVID-19 pandemic and studies on the 1918 influenza pandemic (Hatchett 
et  al., 2007; Herby 2021b, 2022; Markel et  al., 2007) that the alleged importance of the timing of lock-
downs may be ill-founded. COVID-19 mortality data show that all European countries and U.S. states 
which were hit hard and early by COVID-19 in the spring of 2020 experienced high overall mortality rates; 
whereas, all countries and U.S. states hit relatively late experienced low mortality rates regardless of the 
timing of lockdowns(Herby 2021b; Herby et al., 2022, Fig. 7). We find the same pattern for the Spanish Flu 
in 1918 (Herby et al., 2022, Fig. 15).
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Several studies also use multiple specifications, including and excluding potentially rel-
evant variables. For these studies, we choose the model which the authors regard as their 
main specification.

Finally, some studies have multiple models which the authors regard as equally impor-
tant. In one interesting example (Chernozhukov et  al., 2021), the authors estimated two 
models: one with and one without national case numbers as a variable. They show that 
including this variable in their model substantially reduces the efficacy of lockdowns on 
mortality. The explanation could be that people responded to information about national 
conditions. For these studies, we use an average of the estimates in our meta-analysis to 
avoid giving more weight to a study with multiple models relative to studies with just one 
principal model (Doucouliagos & Paldam, 2008).21

For studies which look at different classes of countries (e.g., rich and poor), we use the 
estimate for rich, Western countries in our meta-analysis and derive standardized estimates 
for Europe and the United States.

3 � Results

3.1 � Identification process

Figure. 1 presents an overview of our identification process which followed our proto-
col posted in 2021 (Herby et  al., 2021).22 It uses a flow diagram designed according 
to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines (Moher et al., 2009). Our first search was performed between July 1 and July 
5, 2021, and resulted in 18,590 unique studies. All studies identified using Scopus and 
Covid Economics were also found using Google Scholar. This made us comfortable 
that including other sources such as VOXeu and SSRN would not materially change the 
result. Indeed, many papers found using Google Scholar were from these sources. On 
February 21, 2022, we repeated our search on Scopus resulting in another 1,056 studies. 
Of 19,646 studies identified during our database searches,23 1,220 remained after a title-
based screening. Then 1,074 studies were excluded because they either did not measure 
the effect of lockdowns on mortality or did not use an empirical approach. This left 146 
studies that were read and inspected carefully. After a more thorough assessment, 114 

21  For the mentioned study (Chernozhukov et  al., 2021) we can only include the model estimating large 
effects of lockdowns, as the authors reported the counterfactual effect for this model only (Herby et  al., 
2022, tbl. 19).
22  The protocol was first published June 23, 2021, and last updated on October 28, 2021 (see Supplemen-
tary Material A).
23  The studies were identified by scanning Google Scholar and Scopus for English-language studies. We 
used a wide range of search terms which are combinations of three search strings: a disease search string 
(“covid”, “corona”, “coronavirus”, “sars-cov-2”), a government response search string, and a methodology 
search string. We also required mentions of “deaths”, “death”, and/or “mortality”.
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of the 146 were excluded, leaving 3224 eligible studies of which the estimates from 2225 
could be converted to standardized estimates for the meta-analysis.26 The inclusion rate 
of 32 eligible studies out of 19,646 identified studies (0.2%) is in the range of other sys-
tematic literature reviews on the topic of COVID-19 lockdowns.27,28

3.2 � Meta‑analysis

In the meta-analysis, we include the 22 studies for which we can derive a standardized esti-
mate,29 which is the relative effect of lockdowns on COVID-19 mortality (how many fewer 
deaths there were due to lockdowns compared to a situation without lockdown). For some 
studies, the authors state the relative effect, and our standardized estimate is thus readily 
available.30 For other studies, their estimates are converted to our standardized estimate 
using a hypothetical framework where either all jurisdictions or none would be subject to 
measures going beyond the minimum. For example, if a study finds that lockdowns reduce 

24  (Alderman and Harjoto 2020; An et al., 2021; Ashraf 2020; Berry et al., 2021; Bjørnskov 2021a; Blanco 
et al., 2020; Bonardi et al., 2020; Chernozhukov et al., 2021; Chisadza et al., 2021; Clyde et al., 2021; Dave 
et al., 2021; Dergiades et al., 2020; Ertem et al., 2021; Fakir and Bharati 2021; Fowler et al., 2021; Fuller 
et al., 2021; Gibson 2020; Goldstein et al., 2021; Guo et al., 2021; Hale et al., 2020; Hale, Angrist, Hale, 
et al., 2021a, 2021b; Leffler et al., 2020; Li et al., 2021; Mccafferty and Ashley 2021; Pan et al., 2020; Pin-
combe et al., 2021; Sears et al., 2020; Shiva and Molana 2021; Spiegel and Tookes 2021a, 2021b; Stokes 
et al., 2020; Yang et al., 2021).
25  (Alderman and Harjoto 2020; An et  al., 2021; Ashraf 2020; Berry et  al., 2021; Bjørnskov 2021a; 
Bonardi et al., 2020; Chernozhukov et al., 2021; Chisadza et al., 2021; Dave et al., 2021; Ertem et al., 2021; 
Fowler et al., 2021; Fuller et al., 2021; Gibson 2020; Goldstein et al., 2021; Guo et al., 2021; Hale, Angrist, 
Hale, et  al., 2021a, 2021b; Leffler et  al., 2020; Sears et  al., 2020; Shiva and Molana 2021; Spiegel and 
Tookes 2021a; Stokes et al., 2020; Yang et al., 2021).
26  For more details on our search strategy we refer to the longer manuscript (Herby et al., 2022, sec. 2.1).
27  The inclusion rate in related reviews are: 72 of 36,729 identified studies (0.2%) (Talic et al., 2021), 35 of 
12,523 studies (0.3%) (Iezadi et al., 2021), 26 of 2,176 studies (1.2%) (Rezapour et al., 2021), 47 of 1,649 
studies (2.9%) (Zhang et al., 2021), and 14 of 623 studies (2.2%) (Johanna et al., 2020). A major reason 
for the difference in our inclusion rate is the choice of search strategy. Three of the reviews (Johanna et al., 
2020; Rezapour et al., 2021; Zhang et al., 2021) identified studies by searching publication databases such 
as PubMed, Scopus, Web of Science, SAGE, etc., while our search in Google Scholar is broader. For exam-
ple, our search also includes presentations and books. Performing our search only with Scopus, instead of 
both Google Scholar and Scopus, results in an inclusion rate of 0.7%.
28  Our meta-analysis would have been more efficacious if there would have been more studies that qualified 
for inclusion. This is particularly true for specific NPIs. Even though we used all of the studies that quali-
fied, the number was relatively small.
29  The estimates from 10 of the 32 eligible studies cannot be converted to our standardized estimates and 
are excluded from the meta-analysis (Herby et al., 2022, sec. 3.2). The conclusions in these 10 excluded 
studies are, overall, consistent with the conclusions in the included studies (Herby et al., 2022, tbl. 3).
30  This includes studies estimating the effect of lockdowns on mortality growth rates, unless the authors 
calculated a counterfactual scenario. One reason that we cannot calculate a counterfactual based on the esti-
mated effect on growth rates is that we do not know the effect on the distribution and vertex of the death 
curve. If lower growth rates simply flatten the curve, the effect on total mortality can be limited even if the 
effect on growth rates is substantial.
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COVID-19 mortality by six deaths per million and there were 294 reported deaths per mil-
lion at the end of the study period, our standardized estimateis two percent.31,32

We also convert standard errors (SE) and use the precision of each estimate (defined as 
1/SE) to calculate the precision-weighted average (PWA) of all estimates (Paldam, 2015; 
Stanley and Doucouliagos, 2010).33 The PWA is our primary indicator of the efficacy of 
lockdowns, but we also report arithmetic averages and medians in the meta-analysis, as 
well as the alternative weighted averages using the inverse of each estimate’s variance (1/
SE2).34

Fig. 1   The PRISMA flow diagram for the selection of studies

31  We have described for each paper how we interpret the estimates and how they are converted to a stand-
ardized estimate (Herby et al., 2022, tbl. 19). All calculations are available in the supplementary spread-
sheet.
32  Note that this approach implicitly assumes that the results also hold for units outside the sample used in 
the difference-in-difference analysis and thus the assumptions required are stronger.
33  Standard errors are converted such that the t-value, calculated based on standardized estimates and 
standard errors, is unchanged. When confidence intervals are reported rather than standard errors, we calcu-
late standard errors using t-distribution with ∞ degrees of freedom (i.e., 1.96 for 95% confidence interval).
34  The use of 1/SE rather than 1/SE2 can mitigate the impact of outliers – studies with exceptionally small 
or large effect sizes coupled with small standard errors. Given the controversies about the topic at hand and 



	 Public Choice

3.3 � Handling biases and uncertainty

3.3.1 � Bias dimensions

Not all eligible studies are of the same quality. One way to handle this problem is to evalu-
ate the quality of each study and use this evaluation to weigh or group the studies. How-
ever, since there is currently no consensus as to best practices and/or an established sci-
entific framework for evaluating the effectiveness of lockdowns, such an evaluation risks 
being subjective. Instead, we investigate the importance of any biases by dividing the stud-
ies into eight “bias dimensions.”35 In general, our bias dimensions do not show notable 
biases and are not reported here (Herby et al., 2022, tbls. 6–8), although shelter-in-place 
order-studies using shorter data periods seem to find much larger effects on mortality.36

3.3.2 � Selective reporting

Selective reporting is the tendency of editors, referees, or authors themselves to prefer 
empirical estimates that are conclusive, have a particular sign supported by theory or intui-
tion, or both (Havranek et al., 2015). We investigate two aspects of selective reporting.

First, as our analysis focuses on authors’ main specifications, we examine whether 
authors have a bias in their preferences, causing them to favor estimates that are particu-
larly large or particularly small. We define this as ‘within bias,’ as this bias exists within 
each study.

Second, we explore whether researchers, as a group, tend to avoid publishing (includ-
ing working papers) certain types of results (e.g., analyses that counter-intuitively find that 
lockdowns led to more deaths). We refer to this as ‘between bias,’ as it reflects a collec-
tive tendency across different studies to avoid publishing results that are contrary to pre-
vailing theories or expectations. We avoid using the term ‘publication bias’ because we 
include working papers in our meta-analysis, but ‘between bias’ is comparable to the gen-
eral notion of publication bias.

Our analyses of selective reporting can be found in Supplementary Material B. We find 
no signs of ‘within bias.’ The estimates from the main specification are within the range of 
estimates for each study. Also, the estimates from the main specifications are very close to 
the precision-weighted estimates within each study.

We do find some evidence of ‘between bias.’ Our funnel plots suggest that estimates 
finding that lockdowns increase COVID-19 mortality are less likely to be reported than 
those indicating a reduction in mortality. However, our meta-regression analyses reveal that 
this bias is not statistically significant and that the PET meta-average is very close to the 
PWA’s.

35  The eight bias dimensions are: 1) Peer-reviewed vs. working papers, 2) long vs. short data period, 3) no 
early effect on mortality, 4) lag vs. no lag of policy measures, 5) panel vs. no panel estimation, 6) verified 
vs. unverified data, 7) addresses vs. does not address causality, and 8) social sciences vs. other sciences 
(Herby et al., 2022, p. 33).
36  A study is categorized as using a short data period, if the data period ends before May 31, 2020.

the relatively few available studies, we believe this approach offers advantages in this specific context, par-
ticularly because we do not know the source of potential biases (Paldam 2015; Stanley and Doucouliagos 
2012). We note that the weights yield similar results which is normally the case (Paldam 2015), although 
the alternative weights, 1/SE2, generally result in smaller estimated effects of lockdowns.

Footnote 34 (continued)
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3.3.3 � Sensitivity analyses

Given the relatively low number of studies in the meta-analysis, a study with an outlier 
estimate or outlier weight may influence our primary indicator of the efficacy of lock-
downs. One way to deal with this uncertainty and illustrate the robustness of our estimates 
is to cap the estimates and weights at the end of the tails.

We therefore carry out four sensitivity analyses, where we replace the outlier (min/max) 
estimate/weight with the nearest estimate/weight and recalculate the PWA.37 We report the 
result of our four sensitivity analyses as a span (from/to) at the bottom of each table.

3.3.4 � Quality‑adjusted precision‑weighted average

As a supplement to the PWA and the sensitivity analyses, we also calculate a quality-
adjusted PWA based on our bias dimensions (Herby et  al., 2022, tbl. 4). The quality-
adjusted PWA is calculated as the PWA weighted by a quality index, where the score on 
the quality index for each study is the squared number of bias dimensions, where the study 
is of “better” quality. Hence, each study can score between 0 and 64 on the index (because 
it includes eight bias dimensions). Finally, the index is normalized to 0–1 by dividing by 
64.

In the following sections, we present the meta-analysis for each of the three groups of 
studies: stringency index-studies, shelter-in-place order-studies, and studies analyzing spe-
cific NPIs.

3.4 � The effect of lockdowns based on stringency index studies

The results from the eight studies examining the link between lockdown stringency and 
COVID-19 mortality are presented in Table 1 below. All studies are based on the COVID-
19 Government Response Tracker’s stringency index of Oxford University’s Blavatnik 
School of Government (OxCGRT) (Hale et al., 2020).38

The OxCGRT stringency index neither measures the expected effectiveness of the lock-
downs nor the expected costs. Instead, it describes the stringency based on nine equally 
weighted parameters.39 Many countries followed similar patterns and almost all countries 
closed schools, while only a few countries issued shelter-in-place orders without clos-
ing businesses too. Hence, it is reasonable to perceive the stringency index as continu-
ous, although not necessarily linear. The index includes recommendations (e.g. “workplace 
closing” is 1 if the government recommends closing (or working from home)) (Hale et al., 

37  For instance, in one sensitivity analysis, we replace the estimate from an outlier which found that the 
average lockdown increased COVID-19 mortality (Chisadza et al., 2021) with the nearest estimate (Bjørn-
skov 2021a) and recalculate the PWA.
38  It is important to note that the index is far from perfect. It is certainly possible to identify errors and 
omissions in the index (Book 2020). However, the index is objective and unbiased and as such, useful for 
cross-sectional analysis with several observations, even if not suitable for comparing the overall strictness 
of lockdowns across two countries. In any case, there are few better available measures to adopt for cross-
country comparisons.
39  One parameter, “H1 Public information campaigns,” is not an intervention following our lockdown defi-
nition, as it is not a mandatory requirement. However, of 97 European countries and states in the U.S. in the 
OxCGRT database, only Andorra, Belarus, Bosnia and Herzegovina, Faeroe Islands, and Moldova – less 
than 1.6% of the population – did not receive the maximum score by March 20, 2020, so the parameter sim-
ply shifts the index upward in parallel and should not have a notable impact on our conclusions.
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2021a, 2021b). However, the effect of including recommendations in the index is primarily 
to make an upward, parallel shift in the index and should not alter the results relative to our 
focus on mandated NPIs.

Since the stringency index includes recommendations, the standardized estimates show 
the effect of the average lockdown in Europe and the United States (with average stringen-
cies of 76 and 74, respectively, between March 16th and April 15th, 2020)40 compared to a 
policy based solely on recommendations (stringency 44).41,42

Table  1 demonstrates that the studies find that lockdowns, on average, have reduced 
COVID-19 mortality rates by 3.2% (precision-weighted average), and the sensitivity analy-
sis shows a span from 4.4% to 3.0%. The results yield an arithmetic average of 8.9%, a 
median of 5.8%, and 2.8% when weighted by inverse variance.

To put the estimate in perspective, there were 188,542 registered COVID-19 deaths 
in Europe and 128,063 COVID-19 deaths in United States by June 30, 2020. Thus, the 
3.2% PWA (8.9% arithmetic average, 5.8% median) corresponds to 6,000 (18,000, 12,000) 
avoided deaths in Europe and 4,000 (13,000, 8,000) avoided deaths in the United States.43

Hence, based on the stringency index studies, we find that mandated lockdowns in 
Europe and the United States had a relatively small effect on COVID-19 mortality rates.

40  Unless otherwise noted, we use these values in our calculations. The average stringency index is rela-
tively stable during the first wave until the end of June 2020. For instance, the average stringencies are 73 
and 72, respectively, between March 16th and June 30th, 2020.
41  For example, one study (Ashraf 2020) estimated that the effect of stricter lockdowns was -0.073 to 
-0.326 deaths/million per stringency point. We use the average of these two estimates (-0.200) in the meta-
analysis. The average lockdown in Europe between March 16th and April 15th, 2020, was 32 points stricter 
than a policy based solely on recommendations (76 vs. 44). In the United States, it was 30 points stricter. 
Hence, we calculate the total effect of the average lockdown compared to a policy based solely on non-
mandated recommendations to be (using rounded numbers): −6.37 deaths/million in Europe (32 x -0.200) 
and -5.91 (30 x -0.200) deaths/million in United States. With populations of 748 million and 333 million, 
respectively, the total effect as estimated is 4,766 averted COVID-19 deaths in Europe and 1,969 averted 
COVID-19 deaths in United States. By the end of the study period, which is May 20, 2020, 164,600 peo-
ple in Europe and 97,081 people in the United States had died of COVID-19. Hence, the 4,766 averted 
COVID-19 deaths in Europe and the 1,969 averted COVID-19 deaths in the United States corresponds to 
2.8% and 2.0% of all COVID-19 deaths, respectively, with an arithmetic average of 2.4%. Our standardized 
estimate is thus −2.4%, c.f. Table 1.
42  Our approach is not unproblematic. First of all, the level of stringency varies over time for all countries. 
Secondly, OxCGRT has changed the index over time, and a 10-point difference today might not be precisely 
the same as a 10-point difference when the studies were finalized. However, we believe these problems are 
small and unlikely to significantly alter our results.
43  The estimate from the only study that found a substantial effect of lockdowns (-35%) (Fuller et  al., 
2021), corresponds to 103,000 avoided deaths in Europe and 70,000 avoided deaths in United States.
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Since almost all countries instituted some pandemic response, we cannot reject the 
hypothesis that some NPIs would be required to spur voluntary behavioral changes.44,45 
Thus, Table 1 may simply indicate that the most lenient lockdowns had virtually the same 
effect on mortality as stricter lockdowns. Thus, the incremental effect of stricter lockdowns 
is small.

In the following section, we will look at the effect of lockdowns based on studies which 
examine specific NPIs.

Table 1   Standardized estimates of the effect on COVID-19 mortality of the average lockdown in Europe 
and in the United States from studies based on the OxCGRT stringency index

**  (*) denote significance at p < 0.01 (p < 0.05). A negative number corresponds to fewer deaths, so − 5% 
means 5% lower COVID-19 mortality

Effect on COVID-19 mortality Standardized estimate (Estimated 
Averted Deaths/Total Deaths)

Standard error Weight (1/SE)

Bjørnskov (2021a, 2021b)  − 0.3% 0.822% 122
Shiva and Molana (2021)  − 4.0%** 0.395% 253
Chisadza et al. (2021) 11.7%** 1.442% 69
Goldstein et al. (2021)  − 7.5% 1.964% 51
Fuller et al. (2021)  − 35.3%** 9.085% 11
Ashraf (2020)  − 2.4%** 0.553% 181
Yang et al. (2021)  − 16.3%** 4.523% 22
Hale et al., (2021a, 2021b)  − 16.9%** 2.812% 36
Precision-weighted average (arithme-

tic average / median / weighted by 
inverse variance)

Sensitivity analysis (quality-adjusted 
PWA)

 − 3.2% (− 8.9%/ − 5.8%/ − 2.8%)
 − 4.4% to − 3.0% (− 3.8%)

44  It is crucial to spread information rapidly during a pandemic. It is worth noting that the employment of 
ordinary information channels to spread information might have been insufficient in early 2020. In this case, 
lockdowns – because they are highly unusual – most probably worked as information instruments that sig-
naled to the population that the public health situation was serious. As a result, their announcement effect 
was pronounced, and peoples’ voluntary behavior was adjusted accordingly. This announcement effect has 
been observed for emergency declarations, which appear early and separate from other policies (Gupta 
et al., 2020). Using survey data immediately (same day) before and after Boris Johnson announced the U.K. 
lockdown, a study (Eggers and Harding 2021) found that “the lockdown announcement made people more 
supportive of the government’s response to the crisis but also (perhaps surprisingly) more concerned about 
the pandemic.” People who responded after the announcement were more likely to respond by stating “I 
fear for my future” and “I have started not going out at all.” These results are consistent with observations 
from the Nordic countries (Herby et al., 2022, Fig. 8) and may indicate that even minor restrictions are suf-
ficient to spur significant voluntary behavioral changes.
45  It should also be noted that the eight stringency studies are all based on the same index (OxCGRT strin-
gency index). Although OxCGRT is widely recognized as the best index recording the strictness of ‘lock-
down style’ policies that restrict people’s behavior and tracks and compares policy responses around the 
world rigorously and consistently, we cannot rule out the possibility that the lack of evidence of the efficacy 
of lockdowns is caused by the limitations of the index. It has been described in detail how such indices can 
be “fuzzy” metrics that are often replete with mismeasurements (Morgenstern 1963).
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3.5 � The effect of lockdowns based on studies of specific NPIs

A total of 14 studies examined the effect of specific NPIs.46 The definition of these specific 
NPIs varies from study to study which makes comparisons difficult. The variety of defini-
tions can be seen in the analysis of non-essential business closures and bar/restaurant clo-
sures, which has been examined as a combined parameter (the average of business closures 
and bar/restaurant closures in each state) (Chernozhukov et al., 2021), as bar and/or restau-
rant closures but not business closures (Spiegel and Tookes, 2021a), and as both business 
closures and bar/restaurant closures independently (Guo et al., 2021).

Some studies include several NPIs (Spiegel and Tookes, 2021a; Stokes et  al., 2020), 
while others cover very few. For example, one study looked at internal lockdowns of any 
type, mask recommendations, and international travel restrictions (Leffler et al., 2020), and 
six studies only look at shelter-in-place orders (Alderman and Harjoto, 2020; Berry et al., 
2021; Dave et al., 2021; Fowler et al., 2021; Gibson, 2020; Sears et al., 2020). Too few 
NPIs in a model are potentially a problem because they can capture the effect of excluded 
NPIs.47 On the other hand, several NPIs in a model increase the risk of multiple test bias. 
Also, looking at one NPI at a time may be problematic, as behavioral spillover effects may 
not be fully captured. For example, if we show that closing bars work because people who 
went to bars were more likely to be infected than people not going to bars, then this finding 
does not automatically imply that closing bars will have a significant impact on the overall 
number of deaths if people adjust their behavior according to official case numbers and are 
less careful if case numbers fall following bar closures.

Table  2 below summarizes our results on specific NPIs.48 The central precision-
weighted average in column 2 is small for most NPIs and even positive for limiting gather-
ings. Only mask mandates seem to have a notable effect on mortality rates but note that the 
estimate is based on just three studies (column 3). Column 4 presents the results of the sen-
sitivity analyses and column 5 presents the results when estimates are weighted by inverse 
variance. The precision-weighted averages are generally robust to the sensitivity analyses, 
and both the quality-adjusted PWA and the weighting by inverse variance generally finds 
a less promising effect than the precision-weighted average (business closures is the only 
NPI where the quality-adjusted PWA is ‘preferable’ to the precision-weighted average, 
while limiting gatherings is the only ‘preferable’ NPI using inverse variance weights).

The overview in Table 2 allows us to estimate the effect of the average lockdown policy 
in the spring of 2020, just as we did for the stringency studies in Sect. 3.4. First, we use 
OxCGRT data to calculate the share of the population that faced each of the NPIs from 
Table 2 in the spring of 2020. We focus on NPIs in the period between March 16 and April 
15, 2020, which would have the greatest impact on deaths, since death rates typically flat-
tened after this period. We only look at whether each NPI was mandated or not, and not 

46  Note that we – according to our search strategy – did not search on specific measures such as “school 
closures” but on words describing the overall political approach to the COVID-19 pandemic such as “non-
pharmaceutical,” “NPIs,” “lockdown,” etc.
47  Say two studies, A and B, examine the effect of lockdowns. Study A examines school closures and busi-
ness closures, whereas study B examines business closures and SIPO. Then, the estimates from study A 
could capture the effect of the omitted variable SIPO, and the estimates from study B could capture the 
effect of school closures. Based on study A and B, we would report precision-weighted averages on three 
estimates, but since they all potentially capture the effect of omitted variables, our precision-weighted aver-
age would be biased towards larger effects.
48  Detailed results are available for each of the NPIs (Herby et al., 2022) (see column 6 for a reference to 
the relevant table for each specific NPI).
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whether it was strict or more lenient.49 This means that we overestimate the effect if stricter 
NPIs are more effective than more lenient NPIs. Also, as mentioned earlier, each precision-
weighted average risks being biased towards the larger effect, since the estimate in each 
study may capture the effect of multiple (omitted) NPIs (see also footnote 46).

Based on this approach and with the bias towards overestimating the effect of lockdowns 
in mind, Table 3 presents the effect of the average lockdown in the spring of 2020. Our 
calculations suggest that the average lockdown in Europe and the United States – based 
on estimates for specific NPIs – reduced COVID-19 mortality rates by 10.7% (precision-
weighted average) with a span in the sensitivity analysis from 0.5% (worst case) to 15.8% 
(best case). The quality-adjusted PWA is a 11.5% reduction in mortality rates, while the 
result using inverse variance weights is 6.5%. The precision-weighted average of 10.7% is 
larger than the effect found in the studies based on the OxCGRT stringency index (3.2% 
reduction), but still relatively small and far from the large effects promised by many epi-
demiological models early in the pandemic (Ferguson et al., 2020). To put the estimate in 
perspective, the 10.7% corresponds to 23,000 avoided COVID-19 deaths in Europe and 
16,000 avoided COVID-19 deaths in the United States.

4 � Discussion

Throughout our meta-analysis, we have focused on the precision-weighted average as our 
primary indicator of the efficacy of lockdowns. However, as shown in Fig.  2, the over-
all conclusion holds regardless of which of the studies or measures included in our meta-
analysis is emphasized. Figure. 2 presents the effect on mortality in the United States based 
on the measured estimates from all stringency studies as well as our two central measured 
estimates for the effect of lockdowns in the spring of 2020 (the precision-weighted average 
from the stringency studies in Table 1 and the estimate based on specific NPIs in Table 3). 
For comparison, we have added the max and min forecasted estimates from the epidemio-
logical modeling exercises conducted by Imperial College London (Ferguson et al., 2020). 
Even if we pick the most extreme empirical estimate of the effects of lockdowns on mortal-
ity (Fuller et al., 2021), the measured effect of lockdowns is much less than those generated 
by Imperial College London (Ferguson et  al., 2020) and their epidemiological modeling 
exercises.

Just why do the findings of our meta-analysis about the efficacy of lockdowns seem to 
differ from the general views embraced by most epidemiologists? We offer four potential 
explanations (Herby et al., 2022, sec. 5.2.3).

First, people respond voluntarily to new dangers. When a pandemic rages, people 
engage in social distancing regardless of what the government mandates. In economic 
terms, you can say that the demand for disease prevention efforts, like social distancing and 
increased focus on hygiene, becomes elevated when infection rates are high.

Second, mandates only regulate a fraction of our potential contagious contacts. Data 
from the Robert Koch Institute in Germany (Robert Koch Institut, 2022) showed that 
77% of the infections in Germany assigned to an outbreak (defined as at least two cases) 
occurred in homes (including homes for the elderly), hospitals, and workplaces that 
were not subject to general restrictions applied throughout society and where potentially 

49  That is, we code both “2—Require closing (only some levels or categories, e.g., just high school, or just 
public schools)” and “3—Require closing all levels” as “closed schools.”.
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effective interventions, such as handwashing, coughing etiquette, ventilation, distanc-
ing, etc. could neither be regulated nor enforced but relied solely on voluntary behavioral 
changes.50

Third, even if lockdowns are successful in initially reducing the spread of COVID-19, 
the behavioral responses may counteract the effect as people respond to the lower risk 
by changing behavior. The economic intuition is straightforward. If closing bars and res-
taurants causes the prevalence of the disease to fall toward zero, the demand for disease 
prevention efforts like social distancing and increased focus on hygiene also falls towards 
zero, and the disease will return. In economic terms, lockdowns are substitutes for – not 
complements to – voluntary behavioral changes (Atkeson, 2021).51

Fourth, unintended consequences may play a larger role than recognized. We already 
pointed to the possible unintended consequence of shelter-in-place orders, which may iso-
late an infected person at home with his/her family where he/she risks infecting family 

Fig. 2   Divergence between avoided number of deaths in the United States as measured by the meta-results, 
studies based on the OxCGRT stringency index, and the forecasted outcome from Imperial College London

50  Data from other countries show similar patterns (Lee et al., 2020; Lendorf 2021; Munch et al., 2022a, 
2022b; Zhao et al., 2020).
51  This kind of behavior response may also explain why increases in COVID-19 cases were unrelated to 
levels of vaccination across 68 countries and 2,947 counties in the United States (Subramanian and Kumar 
2021). When people are vaccinated and protected against severe disease, they have less reason to be careful.
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members with a higher viral load, causing more severe illness. But often, lockdowns have 
limited peoples’ access to safe (outdoor) places such as beaches, parks, and zoos, or 
included outdoor mask mandates or strict outdoor gathering restrictions, pushing people to 
meet at less safe (indoor) places. Indeed, we do find evidence that limiting gatherings was 
counterproductive and increased COVID-19 mortality by 5.9%, see Table 2.

5 � Conclusions

Our meta-analysis fails to confirm the notion that lockdowns – at least in the spring of 
2020—had a large, significant effect on mortality rates. Indeed, we find that lockdowns 
had a relatively small effect on COVID-19 mortality. Studies based on the OxCGRT strin-
gency index found that the average lockdown in Europe and the United States only reduced 
COVID-19 mortality by 3.2%. Based on nine specific NPIs, we estimate that the aver-
age lockdown in Europe and the United States in the spring of 2020 reduced mortality 
by 10.7%. The 3.2% to 10.7% “range”52 corresponds to a range of 6,000–23,000 avoided 
deaths in Europe and 4,000–16,000 avoided deaths in the United States. For context, there 
are approximately 72,000 flu deaths in Europe and 38,000 flu deaths in the United States 
each year.53

The results of our meta-analysis are consistent with several non-meta reviews, which 
have concluded that “the most recent research has shown that lockdowns have had, at best, 
a marginal effect on the number of Covid-19 deaths” (Allen, 2021), and that “mandated 
behavior changes accounts for only 9% (median: 0%) of the total effect on the growth of the 
pandemic stemming from behavioral changes. The remaining 91% (median: 100%) of the 
effect was due to voluntary behavior changes” (Herby, 2021a). In addition, a WHO report 
(World Health Organization Writing Group, 2006) stated that “reports from the 1918 influ-
enza pandemic indicate that …[NPIs]… did not stop or appear to dramatically reduce 
transmission.”54 Our measured meta-results are also supported by the natural experiments 
we have been able to identify through our work and by searches in the abstract and citation 
database Scopus (Herby et al., 2022, tbl. 17). Finally, our results are consistent with new 
research showing that the use of emergency powers are positively correlated with the num-
ber of deaths following natural disasters (Bjørnskov and Voigt, 2022b).

All policy decisions should be based on a comparison of benefits and costs. When 
it comes to the policy decision associated with the imposition of lockdowns, our meta-
analysis provides a considerable amount of new evidence about the benefits of lockdowns. 
Given our findings that lockdowns had a negligible effect on COVID-19 mortality, it is 
clear that their benefits were much more limited than had been previously assumed. The 
costs to society associated with lockdowns must be compared to the health benefits in 
full cost–benefit calculus when evaluating the use of lockdowns. Given the enormous 
economic, social,55 and political costs of lockdowns to society and the findings from our 

52  We use the word “range” to indicate the range of values observed, but we must stress that the 3.2% and 
10.7% estimates are derived from two different methods to estimate the overall effect of the average lock-
down in Europe and the United States.
53  The average number of estimated flu deaths in the United States for the five years prior to COVID-19 
was 38,400 (CDC 2022), and there are 72,000 flu deaths in Europe each year (WHO 2022).
54  To avoid confusion, we have replaced the words “social-distancing measures” with “…NPI…” because 
the WHO, in its cited report, defined “social-distancing measures” as we define NPIs.
55  For instance, one study finds mask mandates make people more selfish (Cardella et al., 2024).
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meta-analysis, lockdowns should only be considered with an utmost degree of caution.56 
Lockdowns are not likely to emerge as a constructive and efficient tool.57

Given that lockdown measures were predominantly instituted based on wide-reaching 
political consensus, our findings offer a possible explanation as to why so few governments 
have undertaken rigorous assessments of the efficacy of their lockdown strategies, as gov-
ernments are likely to exhibit hesitancy in evaluating policies when there’s a potential to 
uncover their inefficacy or detrimental effects (Mavrot and Pattyn, 2022).

When it comes to COVID-19, officialdom has gone beyond the failure to conduct ex-
post evaluations. Indeed, it has actively engaged in the censorship of findings that ques-
tion the efficacy of COVID-19 lockdown policies. Our experience fosters a healthy dose of 
public choice cynicism about leaders in the public health field (Bhattacharya and Hanke, 
2023).

Appendix 1: Analysis of selective reporting (publication bias)

Background

Selective reporting is defined as the tendency of editors, referees, or researchers themselves 
to prefer empirical estimates that are conclusive, have a particular sign supported by theory 
or intuition, or support authors’ political preferences (Havranek et al., 2015).

A large literature finds selective reporting, e.g. (Doucouliagos & Paldam, 2008; 
Havranek et  al., 2015), and reports how such bias should be modelled (Paldam, 2015, 
2022; Stanley & Doucouliagos, 2010).

Given the highly politicized nature of the policy response to the COVID-19 pandemic, 
such biases are also possible in the literature examining the effects of lockdowns. We there-
fore investigate two aspects of selective reporting in this context.

In this supplementary section, we investigate two types of biases:

1)	 Within bias: This occurs when researchers exhibit a preference for estimates that are 
either unusually large or small within a given study.

2)	 Between bias: This refers to a collective tendency among researchers to avoid publishing 
certain types of results, such as findings that contradict prevailing theories (e.g., analyses 
suggesting that lockdowns led to more deaths). We use this term instead of ‘publication 
bias’ because our meta-analysis includes working papers, though ‘between bias’ aligns 
with the general concept of publication bias.

Within bias.

56  A thorough cost–benefit analysis is beyond the scope of this paper. We stress that it is important to take 
voluntary behavior changes into account when examining the costs of lockdowns. See pp. 141–148 in the 
book, “Did Lockdowns Work? The verdict on Covid Restrictions” where Table 18 contains a stylized over-
view of the costs (Herby et al., 2023, tbl. 18).
57  See for example a study covering 25 European countries showing that countries with a high level of 
stringency of lockdowns experienced the sharpest decline in economic growth without displaying lower 
excess mortality. Lockdowns emerge in this cross-country analysis as highly costly without any significant 
effect on excess mortality (Andersson and Jonung 2024).
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To examine the degree of within bias, we have collected and standardized all estimates 
and standard errors from each of the studies in the meta-analysis as reported in our main 
text. Table 4 shows the resulting standardized estimates and standard errors as well as the 
internal precision-weighted average (internal PWA) for each study.58 In the column, “Spec-
ification”, we mark whether the estimate is from the specification which the researchers 
regard as their main specification (marked with “Main”) or from multiple specifications 
(“Average”) (see Sect. 2.2 in main paper).

Figure 3 shows all standardized estimates from studies in the meta-analysis emphasiz-
ing the estimate used in the meta-analysis. Although Fig. 3 illustrates variation between 
studies, there is no visual indication that researchers favor particularly large or particularly 
small estimates. There is only one study where the estimate from the main specification 
diverts largely from the other specifications (Yang et al., 2021). Yang et al., (2021) provide 
four specifications which only differ in the lag between changes in lockdown stringency 
and death. When the lag is short (0, 7, or 14 days), they find large positive effects (more 
deaths) of stricter lockdowns. When the lag is long (21 days), they find a small negative 
effect (fewer deaths). Our selection of the latter is justified by the reverse causality problem 
(see Sect. 2.1 in the main paper).

In Fig. 4 we compare the estimates from the main specification with the internal PWA 
within each study. The internal PWA is calculated as the product of each estimate and its 
corresponding precision (one divided by the estimate’s standard error) divided by the sum 
of precisions. The figure shows that the main specifications are very close to the internal 
precision-weighted averages except for Yang et al., (2021).

Based on \* MERGEFORMAT Fig. 3 and \* MERGEFORMAT Fig. 4, we conclude 
that the main specifications do not suffer from within bias.

Between bias

 \* MERGEFORMAT Fig.  5 presents two funnel plots of the estimates from the main 
specifications. Funnel plots are essential graphical tools in meta-analyses for assessing 
publication bias and other potential biases. They display the treatment effects from indi-
vidual studies against a measure of study precision, such as the precision (one divided by 
the standard error). In the absence of bias, the plot typically resembles an inverted funnel, 
with points symmetrically distributed around the overall effect size. Asymmetry in the fun-
nel plot may suggest the presence of biases, including selective reporting or small-study 
effects. Therefore, funnel plots provide a visual method for evaluating the robustness and 
reliability of aggregated results in a meta-analysis.

The funnel plot in Panel A corresponds to estimates from the stringency studies, while 
the funnel plot in Panel B corresponds to estimates from SIPO (Shelter-in-Place Orders) 
studies. Both scatter plots resemble an inverted funnel. However, in both Panel A and Panel 
B the right-hand side appears more sparsely populated with studies compared to the left-
hand side, indicating that fewer studies report positive effects (more deaths) of lockdowns. 
Numerically smaller and positive estimates typically show more precision. Large point 
estimates are usually associated with substantial uncertainty (low precision).

It is noteworthy that the funnels have a similar shape despite the estimates being of two 
different characters (stringency studies estimate the effect of the average lockdown while 

58  The internal PWA is calculated as the product of each estimate and its corresponding precision (one 
divided by the estimate’s standard error) divided by the sum of precisions.
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SIPO studies estimate the effect of shelter-in-place orders. To test for between bias, we 
run FAT-PET meta-regression analysis. The FAT-PET meta-regression serves to explore 
potential sources of bias, particularly to investigate the relationship between standard errors 
and effect estimates, which might indicate between bias. In meta-regression, the focus is on 
detecting patterns or biases across studies rather than merely summarizing the estimates.

By simple graphical transformation the funnel graph becomes the meta-regression 
model in Eq. (1) below (Paldam, 2015; Stanley & Doucouliagos, 2010):

where bi is the studies’ point estimates, si is the studies’ standard errors, βF is the FAT, fun-
nel asymmetry test, and βM is the PET, precision estimate test. The noise term is ui. When 
the funnel is asymmetric (indicating between bias), the FAT is non-zero and the PET dif-
fers from the mean.

Equation (1) can be estimated using weighted least squares (WLS) regression weight-
ing the squared errors by the inverse of the estimates’ individual variances (i.e.,1∕s2

i
 ), or by 

dividing Eq. (1) through by si to account for obvious heteroskedasticity which gives:

Which again can be written as:

where ti is the t-value, pi is the precision, and vi is the noise term.
Equation  (3) can be estimated using OLS. The results of the FAT-PET are presented 

in\* MERGEFORMAT Table 5, which shows that the FAT, βF, is non-zero but statistically 
insignificant for both stringency and SIPO studies. The PET is in both groups similar to the 
PWA and statistically insignificant.59

This implies that our results are not significantly affected by ‘between bias’.

Conclusions

In this supplementary material, we examine potential biases in our meta-analysis. Specifi-
cally, we investigate: 1) whether researchers exhibit a ’within bias,’ favoring estimates that 
are particularly large or small within individual studies; and 2) whether there is a ’between 
bias,’ where researchers collectively avoid publishing certain types of results, such as anal-
yses showing counterintuitive findings (e.g., lockdowns leading to more deaths).

Our analysis reveals no evidence of ‘within bias’. Our funnel plots indicate some 
‘between bias’, but our meta-regression analyses find no significant effect thereoff.

(1)bi = �Fsi + �M + ui

(2)bi
/

si
= �F + �M ⋅

1
/

si
+ ui

/

si

(3)ti = �F + �M ⋅ pi + vi

59  We also estimated the squared version termed the PEESE MRA as described by Paldam (2015). This 
approach yields similar conclusions. Estimates are available in the supplementary spreadsheet.
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Table 4   Overview of all estimates

Study Estimated effect Standard error Specification Internal PWA

Stringency studies
Bjørnskov (2021)  − 0.3% 0.822% Main  − 0.2%

26.4% 18.455%
 − 31.1% 23.511%
3.1% 51.458%

Shiva and Molana (2021)  − 4.0% 0.395% Main  − 4.0%
 − 2.5% 0.460%
 − 2.5% 0.314%
 − 3.6% 0.339%

Chisadza et al. (2021) 11.7% 1.442% Main 12.8%
49.3% 6.062%
8.0% 0.984%
6.3% 0.781%
26.9% 3.308%
23.4% 2.885%

Goldstein et al. (2021)  − 7.5% 1.972% Main  − 7.6%
 − 7.8% 1.595%
 − 7.6% 1.807%

Fuller et al. (2021)  − 35.3% 9.085% Main  − 35.3%
Ashraf (2020)  − 2.4% 0.553% Average  − 3.8%

 − 0.9% 0.795%
 − 3.9% 0.006%*

Yang et al., (2021)  − 16.3% 4.523% Main  − 16.3%
28.6% 7.106%
53.8% 8.890%
26.8% 6.975%

Hale et al., (2021a, 2021b)  − 16.9% 2.812% Main  − 20.1%
 − 14.3% 2.854%
 − 11.6% 2.897%
 − 47.6% 4.534%

SIPO studies
Chernozhukov et al. (2021)  − 17.7% 14.259% Main  − 17.7%
Stokes et al. (2020) 4.9% 2.803% Main 1.1%

 − 1.9% 0.719%
2.0% 3.680%
1.9% 3.619%
0.8% 6.882%
2.3% 3.900%
 − 3.5% 1.798%
7.4% 4.930%
7.5% 4.799%
6.9% 6.156%
7.7% 6.854%
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Table 4   (continued)

Study Estimated effect Standard error Specification Internal PWA

Spiegel and Tookes (2021a, 2021b) 13.1% 6.568% Average 8.8%

1.0% 4.846%

3.3% 5.611%

24.0% 7.907%
Bonardi et al. (2020) 0.0% n/a
Guo et al. (2021) 4.6% 14.800% Main 4.6%
An et al. (2021) 15.6% 8.721% Main 15.9%

16.2% 9.086%
Sears et al., (2020)*  − 32.2% 17.576% Main  − 32.2%
Alderman and Harjoto (2020)  − 1.0% 0.592% Main  − 1.0%
Berry et al. (2020) 1.1% n/a Main 1.1%
Fowler et al. (2021)  − 35.0% 6.969% Main  − 35.0%
Gibson (2020)  − 6.0% 24.515% Average  − 5.8%

 − 8.1% 27.500%
 − 3.9% 21.111%

Dave et al. (2020)  − 40.4% 36.130% Average  − 40.0%
 − 50.2% 43.188%
 − 36.1% 34.820%
 − 38.8% 34.532%
 − 39.3% 34.326%
-37.6% 31.900%

(Ashraf, 2020) report the SE to 0.000. We use 0.00049 in the analysis to avoid dividing by zero. (Sears 
et al., 2020) provides three estimates, but they only standardized one estimate

Fig. 3   Overview of all estimates Note: Crosses mark where the average of multiple specifications is used in 
our meta-analysis because there is no obvious main specification
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Fig. 4   Comparison of estimates from main specifications to precision-weighted average within each study 
Source: \* MERGEFORMAT Table 4. Note: The internal precision-weighted average (PWA) is calculated 
for each study as the product of each single estimate and its corresponding precision (one divided by the 
standard error) divided by the sum of precisions

Fig. 5   Funnel plots Note: The grey dots mark the estimates used in the meta-analysis

Table 5   FAT-PET results Stringency studies SIPO studies

Standard error (βF) Est  − 0.972 -0.388
SE (2.8797) (0.8238)
95% CI [− 8.018; 6.075] [− 2.288; 1.512]
P-value 0.747 0.650

Constant (βM) Est  − 0.022  − 0.005
SE (0.0234) (0.0149)
95% CI [− 0.079; 0.035] [− 0.040; 0.029]
P-value 0.386 0.734
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