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Appendix 1: Detailed search strategy 
 
Databases searched:  

• PubMed https://pubmed.ncbi.nlm.nih.gov/ 

• iCITE (searches Research Square, MedRxiv, arXiv, bioRxiv, Preprints.org, ChemRxiv, Peer Review 

(PubMed), and Qeios) https://icite.od.nih.gov/covid19/search/  

• Embase via OVID:  Embase 1996 to 2022 December 09 

• Web of Science - https://www.webofscience.com/wos/woscc/basic-search 

• Sociological Abstracts https://www.proquest.com/sociologicalabstracts/ 

Search limits: English language, Human, searched from 01/01/2020 

Database retrieval: 

Databases 11/23/2022 12/7/2022 12/15/2022 

PubMed  1277 202 33 

Preprints 493 28 15 

Embase 63 15 4 

Web of Science 13 +1176 19 3 

Sociological Abstracts 758 1 0 

  3780 265 55 

 

PubMed search: 

#1 ("COVID 19"[MeSH] OR "COVID 19"[All Fields] OR "sars cov 2"[All Fields] OR "sars cov 2"[MeSH] 

OR "severe acute respiratory syndrome coronavirus 2"[All Fields] OR ncov[All Fields] OR "2019 ncov"[All 

Fields] OR "coronavirus infections"[MeSH] OR coronavirus[MeSH] OR coronavirus[All Fields] OR 

coronaviruses[All Fields] OR betacoronavirus[MeSH] OR betacoronavirus[All Fields] OR 

betacoronaviruses[All Fields] OR "wuhan coronavirus"[All Fields] OR 2019nCoV[All Fields] OR 

Betacoronavirus*[All Fields] OR "Corona Virus*"[All Fields] OR Coronavirus*[All Fields] OR 

Coronovirus*[All Fields] OR CoV[All Fields] OR CoV2[All Fields] OR COVID[All Fields] OR 

COVID19[All Fields] OR COVID-19[All Fields] OR HCoV-19[All Fields] OR nCoV[All Fields] OR "SARS 

CoV 2"[All Fields] OR SARS2[All Fields] OR SARSCoV[All Fields] OR SARS-CoV[All Fields] OR SARS-

CoV2[All Fields]) AND English[la]) 

#2 (cross-border[TIAB] OR "cross border"[TIAB] OR national[TIAB] OR international[TIAB] OR 

transnational[TIAB] OR government[TIAB] OR governmental[TIAB] OR country[TIAB] OR nation[TIAB] 

OR cross-sectional[TIAB] OR "non-pharmaceutical interventions"[TIAB] OR "non pharmaceutical 

interventions"[TIAB] OR "non-pharmaceutical intervention"[All Fields] OR "non-pharmaceutical 

interventions"[All Fields] OR "non-pharmaceutical measures"[All Fields] OR "nonpharmaceutical 

interventions"[TIAB] OR "non-pharmacological intervention"[TIAB] OR "non pharmacological 

intervention"[TIAB] OR "nonpharmacological intervention"[TIAB] OR "non-pharmacological 

interventions"[TIAB] OR "non pharmacological interventions"[TIAB] OR "nonpharmacological 

https://pubmed.ncbi.nlm.nih.gov/
https://icite.od.nih.gov/covid19/search/
https://www.webofscience.com/wos/woscc/basic-search
https://www.proquest.com/sociologicalabstracts/advanced
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interventions"[TIAB] OR "wider population"[TIAB]) AND (transmi*[TIAB] OR control*[TIAB] OR 

policy[TIAB]) 

#1 and #2 
 
#4 search*[Title/Abstract] OR meta-analysis[Publication Type] OR meta analysis[Title/Abstract] OR meta 

analysis[MeSH Terms] OR review[Publication Type] OR diagnosis[MeSH Subheading] OR 

associated[Title/Abstract] 

#5(clinical[TIAB] AND trial[TIAB]) OR clinical trials as topic[MeSH] OR clinical trial[Publication Type] OR 

random*[TIAB] OR random allocation[MeSH] OR therapeutic use[MeSH Subheading] 

#6 comparative study[pt] OR Controlled Clinical Trial[pt] OR quasiexperiment[TIAB] OR "quasi 

experiment"[TIAB] OR quasiexperimental[TIAB] OR "quasi experimental"[TIAB] OR quasi-

randomized[TIAB] OR "natural experiment"[TIAB] OR "natural control"[TIAB] OR "Matched 

control"[TIAB] OR (unobserved[TI] AND heterogeneity[TI]) OR "interrupted time series"[TIAB] OR 

"difference studies"[TIAB] OR "two stage residual inclusion"[TIAB] OR "regression discontinuity"[TIAB] 

OR non-randomized[TIAB] OR pretest-posttest[TIAB] 

#7 cohort studies[mesh:noexp] OR longitudinal studies[mesh:noexp] OR follow-up studies[mesh:noexp] OR 

prospective studies[mesh:noexp] OR retrospective studies[mesh:noexp] OR cohort[TIAB] OR 

longitudinal[TIAB] OR prospective[TIAB] OR retrospective[TIAB] 

#8 Case-Control Studies[Mesh:noexp] OR retrospective studies[mesh:noexp] OR Control 

Groups[Mesh:noexp] OR (case[TIAB] AND control[TIAB]) OR (cases[TIAB] AND controls[TIAB]) OR 

(cases[TIAB] AND controlled[TIAB]) OR (case[TIAB] AND comparison*[TIAB]) OR (cases[TIAB] AND 

comparison*[TIAB]) OR "control group"[TIAB] OR "control groups"[TIAB] 

#9    #3 and #4 (will retrieve Reviews) 

#10  #3 and #5 (will retrieve RCTs) 

#11  #3 and #6 (will retrieve Quasi-experimental studies) 

#12  #3 and #7 (will retrieve Cohort studies) 

#13  #3 and #8 

#14  #9 or #10 or #11 or #12 or #13 

#15  #14 NOT (Animals[Mesh] NOT (Animals[Mesh] AND Humans[Mesh])) 
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Appendix 2a: Summary of studies reporting on the effectiveness of combinations of PHSMs over time and across jurisdictions for reducing 
transmission of COVID-19 
 

Reference Date 
released 

Setting and 
time covered  

Study characteristics Summary of key findings in relation to the outcome Risk of 
bias 

Ge 2022a (1) 3 June 2022 31 countries  
 
2020-08-01 - 
2021-10-25 

Design: Ecological study* 
 
Intervention: 9 PHSMs + Stringency index 
 
Sample: general population with 
information in global databases 
 
Key outcomes: Reproduction number (Rt) 
 
VOCs assessed: 
 
 

• The reductions in Rt contributed by PHSMs gradually 
increased from 31% (95% CI: 25%-36%) in August 2020, 
to 44% (95% CI: 38%-49%) in December 2020 when 
countries started mass vaccination.  

• Thereafter, the relative effect of PHSMs on reducing 
COVID-19 transmission stabilized at about 44%-47% 
until the practical vaccination rate exceeded 30% in July 
2021.  

• PHSMs effect gradually dropped to 35% (95% CI: 26%-
43%) by 25 October 2021, with the practical vaccination 
rate reaching 53% in Europe.  

• In contrast, the effect of vaccination successively 
increased, reaching 38% (95% CI: 30%-47%) by 25 
October 2021.  

• As of 25 October 2021, PHSMs coupled with vaccination 
rates resulted in a total reduction in Rt by 53% (95% CI: 
42%-62%), regardless of variants in circulation.  

• Compared with vaccination, the change of PHSM effect 
was less sensitive to emerging variants. 

• During the study period, the temperature seems to have 
had a small influence (0% to 3%) on reducing Rt. 

• Other unknown factors might have contributed to 
reductions in Rt (e.g., personal hygiene behaviour). 

• Under a practical vaccination rate between 20% and 30%, 
vaccines reduced Rt in populations by a median of 18%, 
while PHSMs alone could reduce Rt by 40% during the 
same period.  

• When the practical vaccination rate reached 40%-50%, the 
effect of vaccination (28%) surpassed that of PHSMs 
(25%). 

• When the practical vaccination rate exceeded 30%, 
PHSMs with similar stringency appeared to have less 
impact on COVID-19 transmission.  

Moderate 

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.nature.com/articles/s41467-022-30897-1.pdf?origin=ppub
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• The overall effect of vaccination on preventing 
population-wide COVID-19 transmission increased 
approximately linearly with the increasing vaccination rate, 
whether or not the interaction effect with PHSMs was 
considered. 

Leech 2021 (29) 31 May 
2022 

55 countries + 
37 USA states 
 
2020-05-01 - 
2020-09-01 

Design: Ecological study* 
 
Intervention: 2 PHSMs 
 
Sample: 19.97 million people surveyed 
about the use of mask 
 
Key outcomes: Reproduction number (Rt) 
 
VOCs assessed: 

• Adjusted by other PHSMs and mobility in each region, the 
mean observed effect level of mask-wearing corresponds 
to a 19% decrease in the reproduction number Rt.  

 

Critical 

Zhou 2022 (5) 15 May 
2022 

22 European 
countries 
 
2020-01-20 - 
2021-05-30 

Design: Natural experiment 
 
Intervention: 10 PHSMs 
 
Sample: general population with 
information in global databases 
 
Key outcomes:  

− Case growth rate 

− Excess of mortality 
 
VOCs assessed: 
 
 

• The average main effect of PHSMs on the case growth 
rate was similar and not significant under the 60th, 65th, 
and 70th percentiles of intensity of PHSMs.  

• The high intensity (>80th percentile) was associated with 
the decrease in the case growth rate, especially seven days 
of duration (RR = 0.93, 95% CI: 0.89-0.98), and 21 days 
of duration (RR = 0.95, 95% CI: 0.91-1.00).  

• When the vaccine coverage rate was low (0%, 10%, and 
20%), the main effect of the strict PHSMs to control cases 
was better than weak PHSMs (RR = 0.94 vs. 0.87; 0.98 vs. 
0.90; and 0.94 vs. 0.92, respectively). 

• The average main effect of the PHSMs for case growth 
rate was gradually decreased with the increase in vaccine 
coverage (0%, 10%, 20%) under strict PHSMs (RR rose 
from 0.87 to 0.90 and then to 0.92).  

• The independent impact of vaccination on the case 
growth rate was not significant, except when the vaccine 
was just introduced, when played an independent role in 
increasing the case growth rate. 

Moderate 

Xiu 2022 (7) 2 February 
2022 

210 countries 
 
2020-01-01 - 
2020-05-22 

Design: Ecological study* 
 
Intervention: 7 PHSMs + Stringency index 
 
Sample: general population with 
information in global databases 

• The stringency index was negative and significant (b = -
0.0043, t = -0.22) after controlling for several factors, 
implying that for one standard deviation increase in the 
stringency index (tetha= 23.8832), the COVID-19 spread 
rate decreases approximately by 10.27%.  

Serious 

https://www.pnas.org/doi/10.1073/pnas.2119266119
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8944114/
https://pubmed.ncbi.nlm.nih.gov/35162748/
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Key outcomes: Spread rate 
 
VOCs assessed: 
 
 

• Workplace closure had a coefficient of -0.0785 (t = -
3.45), which indicates that for every one level escalation of 
strictness (i.e., from “no measures” to “recommend work 
from home” to “require work from home for some 
sectors” to “require work from home for all-but-essential 
workplace”), the spread rate decreased approximately by 
7.85% daily.  

• Restrictions on gatherings, for every one level increase 
of strictness (i.e., restrictions on gatherings less than 1000 
to less than 100 to between 10 and 100 to less than 10), 
the spread rate decreased approximately by 5% daily.  

• Closing public transportation, for every one level 
increase of strictness (“no restrictions” to “require closing 
or prohibit most citizens from using it”), the spread rate 
decreased approximately by 15.21% daily.  

• Stay-at-home requirement, for every one level increase 
of strictness (e.g., “no restrictions” to “require not leaving 
the house with minimal exceptions”), the spread rate 
decreased approximately by 11.02% daily. 

• Domestic travel restrictions, for every one level increase 
of strictness, the COVID-19 spread rate decreased by 
approximately 9.75% daily.  

• International travel restrictions, for every one level 
increase of strictness, the spread rate decreased by 
approximately 8.13% daily. 

Huy 2022 (14) 20 January 
2022 

30 Asian 
countries 
 
20 weeks of 
the pre-and 
post-
vaccination 
period 

Design: Ecological study* 
 
Intervention: 7 PHSMs  
 
Sample: general population with 
information in global databases 
 
Key outcomes: Average daily growth rate 
(wADGR) 
 
VOCs assessed: 
 
 

• Pre-vaccination: Based on the average marginal effect 
(AME) estimated, study found that wearing masks was 
the most effective PHSM to reduce the wADGR during 
the period of study.  

• Making stricter the facial covering policy from “no 
recommended or required wear mask outside the home” 
to “recommended or required wear mask at some public 
space” to “required wear mask in all public spaces” to 
“required wear mask all the time”, was associated with 
reductions in the wADGR of 2.03%, 1.25%, and 0.78%, 
respectively. 

• Border control policy was the second most effective 
PHSM. Prohibiting all regions contributed to a 1.48% 
reduction of wADGR compared to only screening or 
quarantining the arrivals.  

Moderate 

https://pubmed.ncbi.nlm.nih.gov/35162157/
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• The widespread testing on the public or those with 
COVID-19 symptoms decreased wADGR by 1.73% and 
0.62%, respectively, compared with a policy that only 
focused on people with symptoms, and who satisfied the 
specific criteria. 

• Post-vaccination: Among 28 Asian countries, the 
proportions of countries with vaccine coverage and full 
vaccination less than 30% were around 70% and 82%, 
respectively.  

• The average marginal effect shows that restrictions on 
gathering have the highest effect on reducing the 
wADGR. Changes for restrictions on gathering from “no 
measure of restrictions on gathering” to restrictions on 
gatherings of <10 people, 10 to 100 people, and over 100 
people were associated with decreasing the wADGR by 
0.77%, 0.65%, and 0.74%, respectively.  

• Closing public transport contributes to a lower wADGR 
of 0.42% compared to no measure of restrictions on 
public transport.  

• School closing at all levels increased wADGR by 0.33% 
compared to no measure.  

• Regarding vaccine coverage, for the time that countries 
achieved 1-5%, 5-10%, 10-30%, and over 30%, the 
wADGR decreased by 0.12%, 0.32%, 0.31%, and 0.59%, 
respectively, compared to the period with below 1% 
vaccine coverage.  

Liu 2022 (16) 9 January 
2022 

51 European 
countries 
 
Unclear 
(apparently all 
2020, or at 
least until 
November 
2020) 

Design: Ecological study* 
 
Intervention: 10 PHSMs + Global Health 
Security Index 
 
Sample: general population with 
information in global databases 
 
Key outcomes:  

− Cumulative morbidity 

− Cumulative mortality 
 
VOCs assessed: 
 

• This study explored the relationship between two 
dependent variables (morbidity and mortality) and 17 
independent variables. The independent variables include 
10 PHSMs, the Global Health Security Index (composed 
of six core elements: prevention, detection and reporting, 
response, the health system, compliance with norms, and 
the risk of infectious disease outbreaks). 

• The study also included six other variables related to i) the 
density of medical doctors/per 10,000 people, ii) the 
density of medical nursing and midwifery personnel/per 
10,000 people, iii) the density of medical pharmacists/per 
10,000 people), iv) GDP per capita (US dollars per capita), 
v) the proportion of the population using safely managed 
drinking-water services, vi) excess bed capacity for 

Moderate 

https://pubmed.ncbi.nlm.nih.gov/33541353/
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 COVID-19, and vii) the ICU excess bed capacity for 
COVID-19)). The study also made a quantile regression 
and classified the countries in nine quantiles according to 
the incidence of COVID-19. 

• Among the 17 variables included, the study retained five 
variables for the lasso regression analysis; three were 
PHSMs: mobility composite, restrictions on gatherings 
and non-essential businesses closure.  

• Mobility composite was negatively related to cumulative 
morbidity in all nine quantiles (ranging from -0.09 to -
0.69), but only in quantiles 4 and 5 was statistically 
significant (coefficients − 0.42 and − 0.52, respectively). 

• Restrictions on gatherings were negatively related to 
cumulative morbidity in eight quantiles (ranging from -
28.64 to -0.20), but were positive in quantile 6 
(coefficient=2.12). All coefficients were not statistically 
significant. 

• Closure of non-essential business was positively related 
to cumulative morbidity in all nine quantiles (ranging from 
4.32 to 17.33), and only in quantiles 1, 8 and 9 was not 
statistically significant.  

Nanda 2021 (8) 30 October 
2021 

47 European 
countries 
 
2020-01-01 - 
2021-01-01 

Design: Ecological study* 
 
Intervention: Stringency index (9 PHSMs 
included)  
 
Sample: general population with 
information in global databases 
 
Key outcomes: Average daily growth rate 
(wADGR) 
 
VOCs assessed: 

• From January 2020 to July 2020, the average log growth 
rate of cases was significantly associated with the time (in 
weeks) it took to reach the Stringency index (SI) greater 
than 40 since the first reported case.  

• It was statistically related with a coefficient of 1.93, 
meaning that each additional week between the country’s 
first case and reaching SI greater than 40 resulted in an 
average growth rate of cases higher by a factor of 1.93.  

• The study also regressed average monthly cases over 
average monthly SI and found that average monthly SI 
exerts a significant and positive influence (factor of 44.35) 
on average monthly cases.  

Serious 

Sharma 2021 (4)  5 October 
2021 

7 countries 
 
2020-08-01 - 
2021-01-09 

Design: Ecological study* 
 
Intervention: 17 PHSMs 
 
Sample: general population with 
information in global databases 
 

• Business closures, educational institution closures, and 
gathering bans reduced transmission, but reduced it less 
than they did in the first wave.  

• The effect sizes of PHSMs in the second wave were 
considerably smaller than those estimated for the first half 
of 2020. All PHSMs included in the study together 

Moderate 

https://pubmed.ncbi.nlm.nih.gov/34746513/
https://pubmed.ncbi.nlm.nih.gov/34611158/


9 

 

Key outcomes: Reproduction number (Rt) 
 
VOCs assessed: 
 
 

reduced Rt by 66% [95% CI: 61-69%], compared to 
median reductions of 77-82% in the first wave.  

• The most stringent set of PHSMs implemented in each 
region reduced Rt by an average of 56% [95% CI: 40-
64%], compared to 76-82% in the first wave, even though 
PHSMs in the second wave were often similarly strict or 
stricter.  

• Rt was reduced from an average maximum of 1.7 [95% CI: 
1.4-2.4] to a minimum of 0.7 [95% CI: 0.5-0.8] across 
regions in the second wave, compared to an average 
maximum of 3.3-3.8 and a minimum of 0.7-0.8 in the first 
wave. 

• Business closures were particularly effective, with a 
combined effect of reducing Rt by 35% [95% CI: 29-41%]. 
Closures of gastronomy (restaurants, pubs, and cafes) had 
a large effect on transmission with an estimated reduction 
in Rt of 12% [95% CI: 8-17%]. Similar effect was found 
with closing night clubs [12%, 95% CI: 8-17%], which 
were predominantly shut earlier than other businesses; this 
substantial effect size may reflect early second wave 
superspreading.  

• The combined effect of closing retail and close contact 
services (such as hairdressers and beauty salons) is also 
considerable [12%, 95% CI: 7-18%]. Assuming that much 
of the effect is due to retail, which is the more common 
type of business, this underscores the potential risks of 
brief but very numerous indoor contacts. Closing leisure 
and entertainment venues such as zoos, museums, and 
theatres had a small effect [3% to 10%]. 

• Banning all gatherings, including 1-on-1 meetings, had a 
large effect: a 26% [95% CI: 18-32%] reduction in Rt. The 
small effect associated with more lenient person limits (10 
or higher) contrasts with estimates from the first wave, 
which commonly found bans on much larger gatherings to 
be effective.  

• Defining a lockdown policy as a ban on all gatherings and 
closure of all nonessential businesses, estimated a total 
reduction in Rt of 52% [95% CI: 47-56%]. 

• School closing had a negligible effect in the second wave 
[7%, 95% CI: 4-10%]. The relative effects of closing only 
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schools or only universities are not robust in a sensitivity 
analysis designed to adjust for undetected infections in 
schools. 

• The introduction of policies that require mask-wearing in 
most or all shared/public spaces reduced transmission by 
12% [95% CI: 7-17%]. 

• Nighttime curfews reduced transmission by 13% [95% 
CI: 6-20%].  

Wei 2022 (17) 14 
September 
2021 

166 countries 
 
2020-01-01 - 
2021-02-21 

Design: Time-varying hierarchical clustering 
 
Intervention: 9 PHSMs 
 
Sample: general population with 
information in global databases 
 
Key outcomes: Country-level transmission 
risk score (CTRS) 
 
VOCs assessed: 
 
 

• PHSMs in the previous 30 days were explored to evaluate 
their association with the six-day change in CTRS.  

• A combination of a workplace closure policy and stay-
at-home requirements 30 days prior exhibited a greater 
and statistically significant reduction of 6.2% (95% CI, 
1.0%-11.2%) to 14.6% (95% CI, 9.9%-19.2%) in the next 
generation of cases. 

• A workplace closure policy 1-27 days prior was 
associated with a 6.8% (95% confidence interval (CI), 
0.8%-10.5%) to 10.2% (95% CI, 5.7%-14.5%) reduction in 
CTRS.  

• Stay-at-home requirement in the prior 1-28 days was 
associated with a statistically significant 3.2% (95% CI, 
0.4%-7.2%) to 7.1% (95%CI, 3.8%-10.3%) reduction in 
CTRS.  

• The other seven PHSMs under study did not have a 
decisive effect on CTRS change.  

Moderate 

Ratto 2021 (9) 30 August 
2021 

15 Latin 
American 
countries 
 
2020-01-01 - 
2020-09-14 

Design: Interrupted time-series 
 
Intervention: 12 PHSMs +Stringency, 
Economic, and Sanitary Containment (SC) 
indexes 
The stringency index included the closure of 
educational institutions and workspaces, 
cancellation of public events and public 
transportation, public information 
campaigns, restrictions on the internal 
movement of people, restrictions on 
international travel, and border closure. The 
economic index included fiscal policies, 
monetary intervention policies, emergency 
investments in the health system, and 

• This study reports β coefficients and standard errors from 
a multivariable regression analysis.  

• Stringency index: phase 1: 0.39 (SE 0.30) Phase 2: -9.55 
(SE 1.91) (p< 0.001) Phase 3: -18.43 (SE 5.41) (p< 0.001). 
This means that the stringency index did not have a 
significant influence at the beginning of the pandemic but 
turned out to be significant and inversely related to DNI 
during Phases 2 and 3.  

• Economic index: phase 1: 0.38 (SE 0.20), Phase 2: -1.08 
(SE 1.04), Phase 3: 0.46 (SE 1.48); none was statistically 
significant. 

• Sanitary containment index phase 1: -1.15 (SE 3.65), 
phase 2: 40.65 (SE 32.61), phase 3: 154.35 (SE 139.82); 
none was statistically significant. 

Serious 

https://pubmed.ncbi.nlm.nih.gov/34540319/
https://pubmed.ncbi.nlm.nih.gov/34908606/
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massive public vaccination campaigns. The 
SC index included testing policy and contact 
tracing. 
 
Sample: general population with 
information in global databases 
 
Key outcomes: Daily New Infections (DNI) 
 
VOCs assessed: 

• The Economic and the SC indexes were not statistically 
significant for any phase. 

Hunter 2020 
(15)  

15 July 
2021 

30 European 
countries 
 
2020-01-01 - 
2020-04-20 

Design: Quasi-experimental 
 
Intervention: 5 PHSMs 
 
Sample: general population with 
information in global databases 
 
Key outcomes:  

− Cumulative morbidity 

− Cumulative mortality 
 
VOCs assessed: 
 
 

• Mass gathering restrictions had a negative effect on the 
number of cases, with fewer cases occurring as the 
number of days since intervention started increased. A 
similar effect was identified for the initial closure of 
businesses and schools’ closure, with fewer cases 
occurring as the number of days since the intervention 
increased.  

• The closure of non-essential businesses did not appear 
to have a significant effect on the number of COVID-19 
cases. This was evident as the estimated relationship and 
its 95% credible interval stayed close to zero on the y-axis.  

• Stay-at-home measures showed a positive association 
with cases. This suggests that, as the number of lockdown 
days increased, so did the number of cases.  

• In summary, stay-at-home orders and closure of 
additional non-essential businesses were not associated 
with any independent additional impact. 

• Mask-wearing mandates/advisories seem to have initial 
negative effects, followed by rises in cases. 

Moderate 

Woskie 2021 
(30) 

30 June 
2021 

27 European 
countries 
 
2020-01-03 - 
2020-04-19 

Design: Interrupted time-series 
 
Intervention: 5 PHSMs 
 
Sample: general population with 
information in global databases 
 
Key outcomes: Growth rate, mobility 
 
VOCs assessed: 
 

• Using a linear mixed effects model, the study found a 
strong link between changes in mobility and changes in 
COVID-19 case growth.  

• The decrease in mobility was approximately linearly 
related to subsequent changes in case growth. 

• A 10% decrease in mobility was associated with an 11.8% 
decrease in new cases (95% CI: 3.8%, 19.1%) two weeks 
later. A more pronounced 50% decrease in mobility 
resulted in a 46.6% decrease in cases two weeks later (95% 
CI: 17.5%, 65.4%). 

Critical 

https://pubmed.ncbi.nlm.nih.gov/34269173/
https://pubmed.ncbi.nlm.nih.gov/34191818/
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 • When assessing the relationship between social distancing 
policies and changes in mobility, the study found that 
mandatory policies were more effective than non-
mandatory policies in reducing mobility.  

• The largest declines in mobility were associated with 
mandatory stay-at-home orders -16.7% (95% CI: -
23.7% to -9.7%), followed by mandatory workplace 
closures -13.3% (95% CI: -20.5% to -6.1%), school 
closures -13.0% (95% CI: -18.9% to -7.2%), and non-
mandatory workplace closures -11.2% (95% CI: -17.9% 
to -4.6%). While mandatory shelter-in-place orders 
were associated with 16.7% less mobility (95% CI: -23.7% 
to -9.7%), non-mandatory orders were only associated 
with an 8.4% decrease (95% CI: -14.9% to -1.8%). Large-
gathering bans were associated with the smallest change 
in mobility compared with other policy types. 

Pozo-Martin 
2021 (3) 

10 June 
2021 

37 OECD 
countries 
 
2020-01-01 - 
2020-12-31 

Design: Longitudinal analysis 
 
Intervention: 12 PHSMs 
 
Sample: general population with 
information in global databases 
 
Key outcomes: Average daily growth rate 
(wADGR) 
 
VOCs assessed: 
 
 

• For the first period (first case to July 1st 2020), the average 
marginal effect (AME) estimated based on the results of 
the analysis, indicate that restrictions on gatherings had 
the highest effect of all PHSMs in reducing COVID-19 
wADGR. Changes from “no restrictions on gatherings” 
to, respectively, “gatherings of more than 100 people not 
permitted”, “gatherings of between 11 and 100 people not 
permitted”, and “gatherings of 10 people or less not 
permitted”, were associated with a respective average 
reduction in the wADGR of 2.58%, 2.78%, and 2.81%.  

• Workplace closing requirements had the second highest 
effect, followed by school closing requirements. Mask-
wearing requirements ranked fourth in terms of effect. 

• Based on the AME, a “dose-response” relationship was 
apparent for work closing, school closing and mask-
wearing requirements, but only marginally for restrictions 
on gatherings.  

• In the best-fitting model with interactions between the 
PHSMs and time, the study found a significant and 
positive interaction of mask-wearing requirements with 
time, with an associated slight reduction in the AME 
across the PHSMs. 

• For the second period (October-December 2020), the 
results were not similar to the first period.  

Moderate 
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• The study found that the significant predictors of changes 
in the probit_wADGR were now variations in workplace 
closing requirements and testing policy.  

• The AME estimated indicate that changes in workplace 
closing requirements from “no measures or recommend 
closing (or working from home)” to, respectively, “require 
closing (or working from home) for some sectors or 
categories of workers” and “require closing (or working 
from home) for all but essential workplaces (e.g. grocery 
stores, doctors)” were associated with an average decrease 
in the wADGR of 0.03% and 0.66%.  

• Changes from “testing those who both have symptoms 
and meet specific criteria (e.g. key workers, admitted to 
hospital, came into contact with a known case, returned 
from overseas)” to, respectively, “testing anyone showing 
COVID-19 symptoms” and “open public testing (e.g. 
“drive-through” testing available to asymptomatic 
people)” were associated with an average increase in the 
wADGR of 0.89% and 0.83%. 

Zweigh 2021 
(28) 

2 June 2021 11 countries 
 
2020-01-01 - 
2020-11-25 

Design: Descriptive analysis 
 
Intervention: 8 PHSMs 
 
Sample: general population with 
information in global databases 
 
Key outcomes: Cases counts 
 
VOCs assessed: 
 
 

• Implementing a specific package of 4 PHSMs (quarantine 
and isolation, school closures, household 
confinement, and the limiting of social gatherings) 
early and stringently was observed to coincide with lower 
case counts and transmission durations in Vietnam, 
Zimbabwe, New Zealand, South Korea, Ethiopia, and 
Kazakhstan.  

• Border closures, state-of-emergency declarations, and 
mandated mask-wearing did not show strong temporal 
overlap with epidemic growth across the 11 countries. 
However, some of these PHSMs may have been important 
in individual countries (eg, border closures in New 
Zealand).  

• The adherence to mask-wearing seemed to vary widely 
across countries. 

Critical 

Chan 2021 (19) 19 May 
2021 

50 countries 
 
2020-01-01 - 
2020-06-07 

Design: Deconvolution method 
 
Intervention: 8 PHSMs 
 
Sample: general population with 
information in global databases 

• Each intervention and aggregated portfolio effectiveness 
of each intervention theme was evaluated for each 
portfolio implementation and for the whole time period. 
The portfolio of interventions was composed of eight 
PHSMs. 

Serious 
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Key outcomes: Reproduction number (Rt) 
 
VOCs assessed: 
 
 

• Risk communication was effectively linking all PHSMs 
directly or indirectly; the estimated aggregated 
effectiveness (fraction of effective portfolio) was 0.11, 
which corresponds to a 22.4% reduction in case growth. 

• Social distancing was the second high-scored 
intervention for reducing Rt (fraction of effective 
portfolios 0.06). Meaning that mass gathering 
cancellations and closure of educational institutions 
had efficiently curbed the spread of infection.  

• The third-ranked theme in terms of effectiveness was 
resource allocation to systems unrelated to the health 
system (considering both public health surveillance and 
healthcare) (fraction of effective portfolios 0.05). 
Interventions within this theme are in the form of 
individual aid and support to government organizations, 
such as state aid, taxation and social security.  

• Case identification, contact tracing and related 
measures were the fourth-ranked intervention theme and 
the first among specific public health interventions 
(fraction of effective portfolios 0.05)  

• Travel restrictions show one of the highest fluctuations 
of effectiveness considering all interventions (fraction of 
effective portfolios 0.03). 

Gokmen 2021 
(31) 

5 April 
2021 

France, Spain, 
China, and 
South Korea 
 
2020-01-01 - 
2020-06-01 

Design: Ecological study* 
 
Intervention: 8 PHSMs 
 
Sample: general population with 
information in global databases 
 
Key outcomes: Daily increase rate of total 
cases (DIRTC) 
 
VOCs assessed: 
 
 

• Workplace closure was the most effective PHSM 
indicator (Х= 53.71%, 95% CI 31.38% - 76.04%) for 
mitigating the DIRTC. The stay-at-home requirement 
was the second most effective PHSM indicator (X = 
38.28%, 95% CI 22.53% - 54.03%), and restrictions on 
gatherings was the third most effective PHSM indicator 
(X = 35.68%, 95% CI 19.80% - 51.56%) for reducing the 
DIRTC.  

• The mean effects of most of the PHSMs indicators have 
overlapping confidence intervals.  

• When applying a geographic scope to the analysis (PHSMs 
implemented in some regions or targeted to some regions 
but not to the complete jurisdiction), school closing was 
the most effective indicator (X = 23.01%, 95% CI 15.26% 
- 30.76%) for mitigating the DIRTC. Workplace closure 
was the second most effective indicator (X = 20.63%, 
95% CI 12.79% - 28.48%), and canceling public events 
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was the third most effective indicator (X = 20.12%, 95% 
CI 12.40% - 27.83%) for reducing the DIRTC.  

Brauner 2021 
(11) 

17 March 
2021 

41 countries 
 
2020-01-22 - 
2020-05-30 

Design: Ecological study* 
 
Intervention: 7 PHSMs 
 
Sample: general population with 
information in global databases 
 
Key outcomes: Reproduction number (Rt) 
 
VOCs assessed: 
 
 

• Limiting gatherings to 1000 people or less reduced the 
Rt by 23% (95% prediction interval 0 to 40%); limiting 
gatherings to 100 people or less: 34% (12 to 52%); limiting 
gatherings to 10 people or less: 42% (17 to 60%). 

• Closing some high-risk face-to-face businesses reduced 
the Rt by 18% (-8 to 40%); closing most nonessential 
face-to-face businesses: 27% (-3 to 49%). 

• Closing both schools and universities in conjunction 
reduced the Rt by 38% (16 to 54%) 

• Issuing stay-at-home orders (additional effect on top of 
all other PHSMs) reduced the Rt by 13% (-5 to 31%).  

• In this study was not possible to robustly disentangle the 
individual effects of closing only schools or only 
universities, because these PHSMs were implemented on 
the same day or in close succession in most countries. 
Therefore, the study reported “schools and universities 
closed” as one PHSMs. 

• Some PHSMs frequently co-occurred, i.e., were partly 
collinear. However, the study was able to isolate the 
effects of individual PHSMs, because the collinearity was 
imperfect and the dataset large. When two PHSMs 
frequently co-occur, there may be more certainty about the 
combined effectiveness than about the effectiveness of 
each PHSM individually.  

• In combination, the PHSMs in this study reduced Rt by 
77% (67 to 85%). Across countries, the mean Rt without 
any PHSMs (i.e., the Rt) was 3.3.  

• The combined effectiveness for the 15 most implemented 
sets of PHSMs are presented as the new Rt with the 95% 
Bayesian prediction intervals and the percentage of 
reduction of Rt.  

• Gathering less than 1000 and school and universities 
closure: Rt 1.57 (1.119, 2.254), meaning a 52.4% reduction 
of the Rt. 

• Gathering less than 1000 and some businesses closed: Rt 
2.08 (1.456, 2.998), meaning a 37% reduction of the Rt. 

• Gathering less than 1000 and most businesses closed: Rt 
1.86 (1.260, 2.767), meaning a 43.6% reduction of the Rt. 
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• Gathering less than 1000, school and universities closure, 
and some businesses closed: Rt 1.29 (0.900, 1.879), 
meaning a 60.9% reduction of the Rt.  

• Gathering less than 1000, school and universities closure, 
and most businesses closed: Rt 1.15 (0.789, 1.718), 
meaning a 65.1% reduction of the Rt.  

• Gathering less than 1000, school and universities closure, 
most businesses closure, and stay-at-home order Rt 0.99 
(0.638, 1.519), meaning a 69.9% reduction of the Rt. 

• Gathering less than 100 and school and universities 
closure: Rt 1.34 (0.958, 1.896), meaning a 59.5% reduction 
of the Rt. 

• Gathering less than 100 and some businesses closed: Rt 
1.77 (1.198, 2.617), meaning a 46.4% reduction of the Rt. 

• Gathering less than 100 and most businesses closed: Rt 
1.57 (1.050, 2.0388); meaning a 52.4% reduction of the Rt. 

• Gathering less than 100, schools and universities closure 
and some businesses closed: Rt 1.09 (0.777, 1.568), 
meaning a 66.9% reduction of the Rt. 

• Gathering less than 100, schools and universities closure, 
and most businesses closed: Rt 0.98 (0.682, 1.432), 
meaning a 70.4% reduction of the Rt. 

• Gathering less than 100, school and universities closure, 
most businesses closure, and stay-at-home order Rt 0.75 
(0.510, 1.069), meaning a 77.3% reduction of the Rt. 

• Gathering less than 10 and school and universities closure: 
Rt 1.18 (0.819, 1.744), meaning a 64.3% reduction of the 
Rt. 

• Gathering less than 10 and some businesses closed: Rt 
1.56 (1.044, 2.355), meaning a 52.7% reduction of the Rt. 

• Gathering less than 10 and most businesses closed: Rt 1.39 
(0.922, 2.148), meaning a 57.7% reduction of the Rt. 

• Gathering less than 10, school and universities closure, 
some businesses closure: Rt 0.96 (0.686, 1.415), meaning a 
70.8% reduction of the Rt. 

• Gathering less than 10, school and universities closure, 
most businesses closure: Rt 0.86 (0.610, 1.272), meaning a 
73.9% reduction of the Rt. 
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• Gathering less than 10, school and universities closure, 
most businesses closure, and stay-at-home order: Rt 0.75 
(0.510, 1.069), meaning a 77.3% reduction of the Rt. 

Liu 2021 (12) 5 February 
2021 

130 countries 
 
2020-01-01 - 
2020-06-22 

Design: Interrupted time-series 
 
Intervention: 13 PHSMs 
 
Sample: general population with 
information in global databases 
 
Key outcomes: Reproduction number (Rt) 
 
VOCs assessed: 
 
 

• This study found strong evidence for the association 
between two of the 13 PHSMs assessed (i.e., school 
closure, internal movement restrictions) and Rt, under 
both any effort and maximum effort scenarios.  

• Another three PHSMs (workplace closure, income 
support, and debt/contract relief) had strong evidence 
for an association under the any-effort scenario only, 
meaning that the reductions in Rt were associated with the 
initiation of these interventions, with no evidence of 
greater effect as they were intensified.  

• There was strong evidence for two other PHSMs (public 
events cancellation, restriction on gathering) under the 
maximum effort scenario only, meaning that a reduction in 
Rt was only evident when the PHSMs reached their 
maximum intensity. 

• Evidence for the other PHSMs was mixed. Stay-at-home 
requirements had moderate evidence under the any-effort 
scenario, while public information campaigns had 
moderate evidence under the maximum-effort scenario. 

• The remaining four (public transport closure, 
international travel controls, testing, contact tracing) 
had only weak evidence for an association with Rt. 

• Complete school closure and mandatory public events 
cancellations are moderately left-skewed, indicating that 
they tend to occur first.  

• Some (non-maximum) levels of income support and 
debt/contract relief are right-skewed (they tend to occur 
later) and indicate that they are dependent on the 
imposition of earlier PHSMs. 

• Among all PHSMs, some (non-maximum) levels of stay-
at-home requirements tended to occur later in the overall 
COVID-19 response strategy.  

Critical 

Bendavid 2021 
(13) 

1 February 
2021 

10 countries 
 
Spring 2020 

Design: Quasi-experimental* 
 
Intervention: Variable because depends on 
decisions in each country 
 

• Implementing any PHSM was associated with significant 
reductions in case growth in 9 out of 10 study countries, 
including South Korea and Sweden that implemented only 
less restrictive PHSMs (Spain had a nonsignificant effect).  
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Sample: general population with 
information in global databases 
 
Key outcomes: Daily growth rate of 
infections 
 
VOCs assessed: 
 
 

• After subtracting the epidemic and less restrictive PHSMs 
effects, the study found no apparent, significant beneficial 
effect of more restrictive PHSMs on case growth in any 
country. In France, for example, the effect of more 
restrictive PHSMs was +7% (95% CI: -5% to 19%) when 
compared with Sweden (less restrictive) and + 13% (-12% 
to 38%) when compared with South Korea (less 
restrictive).  

• Across all subnational units in all ten countries, the 
average growth rate prior to PHSMs ranged from 0.23 in 
Spain (23% daily growth; 95% CI: 0.13 to 0.34) to 0.47 
(95% CI: 0.39 to 0.55) in the Netherlands. The average 
across all 10 countries was 0.32, and in South Korea and 
Sweden, the two countries without more restrictive 
PHSMs, the pre-PHSM growth rates were 0.25 and 0.33, 
respectively. 

• The effects of three individual PHSMs were positive, that 
is, contributing paradoxically to case growth and 
significant (one in Germany, one in Italy and one in Spain, 
out of 51 individual PHSMs in all 10 countries), the effects 
of about half of individual PHSMs were negative and 
significant.  

• The combined effects of all PHSMs were negative and 
significant in 9 out of 10 countries, where their combined 
effects ranged from -0.10 (95% CI: -0.06 to -0.13) in 
England to -0.33 (95% CI: -0.09 to -0.57) in South Korea.  

• Spain was the only country where the effect of PHSMs 
was not distinguishable from 0 (-0.02; 95% CI: -0.12 to 
0.07). 

Askitas 2021(18) 21 January 
2021 

175 countries 
 
2020-01-03 - 
not 
mentioned 

Design: Multiple event study 
 
Intervention: 8 PHSMs 
 
Sample: general population with 
information in global databases 
 
Key outcomes: Daily growth rate of 
infections 
 
VOCs assessed: 

• The study found that the most effective interventions in 
containing the spread of COVID-19 are those aiming at 
reducing contacts in large groups, such as canceling of 
public events and restrictions on private gatherings, 
or reducing contacts with high frequency, such as school 
and workplace closures.  

• A drop in the incidence of COVID-19 was observed 
starting about one week after these four policies were 
implemented, which became negative and significantly 
different from zero (at the 5% significance level) in the 
next two weeks.  
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• Compared to the reference pre-intervention period, a unit 
increase in the value of the intensity of cancelling public 
events or restrictions on private gatherings led to a 
decrease of about 12% in the number of daily infections 6 
weeks after the intervention was implemented. For school 
and workplace closures, the corresponding effect was 
around 12% and 15%, respectively. 

• Stay-at-home requirements, generally introduced as a 
last resort, take more time to bring incidence below the 
reference period, and when they do, their effect becomes 
negative and significantly different from zero over a 
limited number of days. 

• International travel controls become effective at 
reducing incidence about 10 days after their introduction, 
for a duration of about two and a half weeks, after which 
they cease to be effective.  

• Restrictions on internal movement and public 
transport closures have a negligible impact over the 
entire event time window. The lack of effectiveness of 
public transport restrictions was explained by the earlier 
introduction of other types of restrictions, which lowered 
the use of public transport and de facto reduced internal 
movement. Therefore, the net impact of public transport 
restrictions on COVID-19 incidence is limited because 
preceding policies had already substantially reduced the 
risk of infections in such places.   

Ge 2022a (1) 13 
December 
2020 

133 countries 
 
2020-01-01 - 
2021-06-22 

Design: Ecological study* 
 
Intervention: 8 PHSMs 
 
Sample: general population with 
information in global databases 
 
Key outcomes: Transmission growth rate 
 
VOCs assessed: 
 
 

• Regardless of geographical scale, gathering restrictions 
and facial coverings played significant roles in epidemic 
mitigation before the vaccine rollout. 

• The study estimated all mitigation strategies of immediate 
interest before the start of mass vaccination 
implementation, where the four PHSMs with the highest 
impacts (>30%) on transmission growth rate included 
school closures (median 36.8%, interquartile range [IQR] 
27.0-48.3%), international travel restrictions (36.0%, 
26.3-40.2%), facial coverings (33.6%, 27.0-40.4%) and 
gathering restrictions (31.7%, 27.2-45.4%).  

• The PHSMs with moderate effects (25% - 30%) included 
workplace closures (28.3%, 27.7 -31.8%) and public 

Moderate 
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transport closures (25.6%, 22.9-35.9%), while 
movement restrictions had relatively limited impacts.  

• The overall synergistic effect of these PHSMs reached 
92.3% (IQR: 88.1-96.9%) and declined with the epidemic 
process of COVID-19, from 95.4% in the first wave to 
56.0% in the third wave, at the global level. Similarly, from 
83.3% to 58.7% at the USA national level, while it had 
fluctuating performance across waves on regional and 
subnational scales.  

• The effectiveness and dominance of PHSMs varied across 
waves. In the first wave, the most effective PHSM was 
international travel restrictions (median 41.4%, IQR 
14.8-46.3%). Results also showed that the synergistic 
effect of all PHSMs exceeded 28% in the first wave. 

• In the second wave, facial coverings became the PHSM 
with the highest effect (38.0%, 33.2-39.5%), while 
gathering restrictions became the most effective PHSM 
in the third wave (20.4%, 10.9-34.5%).  

• The effects of workplace closures, public transport 
closures and movement restriction declined to 9.7 (IQR 
4.2-25.4%), 3.5% (1.3-26.4%) and 4.41% (1.0-22.2%) in 
the third wave, respectively. 

Bo 2021 (10) 29 October 
2020 

190 countries 
 
2020-01-23 - 
2020-04-13 

Design: Ecological study 
 
Intervention: 4 PHSMs (quarantine and 
isolation was considered one) 
 
Sample: 1,908,197 cases in general 
population 
 
Key outcomes: Reproduction number (Rt) 
 
VOCs assessed: 
 
 

• In many sites, of 382 assessed, two or more types of 
PHSMs were implemented simultaneously during the 
study period. 

• The common types of PHSMs or combinations of PHSM 
types that were implemented across the sites were “traffic 
only” (138 sites), “traffic + quarantine” (130 sites), “traffic 
+ distancing” (177 sites) and “traffic + distancing + 
quarantine” (218 sites).  

• The implementation durations of each type of PHSM or 
each combination of PHSM types ranged from 4 to 38 
days. Relatively long median durations of implementation 
were observed for “traffic only” (12.5 days), “distancing + 
mandatory mask” (16 days), “traffic + quarantine” (33 
days), “traffic + distancing” (19 days), “traffic + 
quarantine + mandatory mask” (38 days), “traffic + 
distancing + quarantine” (24 days) and “traffic + 
distancing + quarantine + mandatory mask” (37 days). 
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• The implementations of any type of PHSM were 
significantly associated with a decrease in the Rt of 
COVID-19.  

• The implementations of mandatory masks, quarantine, 
distancing, and traffic were associated with changes of -
15.14% (from -21.79% to -7.93%), -11.40% (from -
13.66% to -9.07%), -42.94% (from -44.24% to -41.60%) 
and -9.26% (from -11.46% to -7.01%) in the Rt of 
COVID-19, respectively, when compared with the Rt in 
the sites without the implementation of the corresponding 
measures. 

• “Distancing only” led to a greater decrease in the Rt of 
COVID-19 than “traffic only” and “quarantine only”. 
The combinations of other types of PHSMs with 
distancing were generally associated with a greater decrease 
in the Rt when compared with the combinations without 
distancing.  

• The combinations with more types of PHSMs were 
generally associated with a greater decrease in the Rt. No 
significant associations were observed for “mandatory 
mask only”, “distancing + mandatory mask”, “traffic + 
mandatory mask” and “traffic + distancing + mandatory 
mask”. 

• Any one type of PHSMs have the following effects: 
o Mandatory mask only: -34.06% (-60.78 to 10.87) 

p=0.116 
o Quarantine only: -10.6% (-15.31 to -5.64) p<0.001 
o Distancing only: -23.03% (-28.43 to -17.22) p<0.001 
o Traffic only: -9.64% (-12.21 to -7.00) p<0.001 

• Any two types of PHSMs have the following effects: 
o Distancing + mandatory mask: 53.30% (-2.50-41.03) 

p=0.064 
o Distancing + quarantine: -38.58% (-44.23 to -32.37) 

p<0.001 
o Traffic + mandatory mask: -66.58% (-92.67 to 52.41) 

p=0.157 
o Traffic + quarantine: -17.83% (-20.07 to -15.53) 

p<0.001 
o Traffic + distancing: -44.11% (-46.37 to -41.76) 

p<0.001 
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• Any three types of PHSMs have the following effects: 
o Distancing + quarantine + mandatory mask: -

69.73% (-82.48 to -47.69) p<0.001 
o Traffic + quarantine + mandatory mask: -17.06% (-

24.99 to -8.29) p<0.001 
o Traffic + distancing + mandatory mask: -54.32% (-

79.59 to 2.24) p=0.057 
o Traffic + distancing + quarantine: -54.12% (-55.63 to 

-52.56) p<0.001 

• All four types of PHSMs have the following effect 
o Traffic + distancing + quarantine + mandatory 

mask: -62.81% (-66.27 to -58.98) p<0.001 

Koh 2020 (6) 13 August 
2020 

142 countries 
 
2020-01-01 - 
2020-05-28 

Design: Ecological study 
 
Intervention: 9 PHSMs + Stringency index 
 
Sample: general population with 
information in global databases 
 
Key outcomes: Reproduction number (Rt) 
 
VOCs assessed: 
 
 

• Countries with more stringent measures tend to have 
lower Rt on average; no country with a stringency index 
lower than 50 could bring average Rt to below one within 
two weeks; and countries with Rt less than 1.5 on the date 
of the 100th case have generally kept total cases at a 
manageable level (as of May 28, 2020), with the exceptions 
of Peru and Russia, despite early lockdowns. 

• Rt varies with each physical distancing measure. In 
general, the more stringent the measure and the earlier its 
implementation, the lower the value of Rt.  

• In the case of international travel restrictions, Rt below 
one was only observed in countries that either 
implemented quarantine of arriving passengers from high-
risk regions early or enacted bans on arrivals. 

• On mass gathering restrictions, Rt less than one was 
observed in countries that either cancelled public events 
or limited the size of gatherings.  

• One country (Brunei) managed to bring Rt to below one 
without the need for any form of lockdown-type 
measures.  

• The estimated coefficient of the Stringency Index is 
negative and significant: an increase in the index by 10 
points reduces Rt by 0.06 (95% CI:-0.08, -0.04).  

• The study assessed the impact of the three categories of 
physical distancing measures individually, and then 
collectively. Earlier and more stringent measures were 
associated with lower Rt. However, some of the significant 

Moderate 

https://pubmed.ncbi.nlm.nih.gov/32800859/


23 

 

results disappeared when all the variables were entered 
simultaneously. 

• Travel bans on all regions and lockdown type measures, 
if implemented early, significantly lowered Rt.  

• Relative to no measures being taken, a total border 
closure reduces Rt by 0.24 (95% CI: -0.50, 0.01); policies 
that recommend working from home or staying home 
reduce Rt by 0.45 (95% CI: -0.82, -0.07); a partial 
lockdown reduces Rt by 0.38 (95% CI: -0.72, -0.04); and a 
complete lockdown reduces Rt by 0.32 (95% CI: -0.55, -
0.09). 
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Appendix 2b: Summary of studies reporting on the effectiveness of combinations of PHSMs over time and across jurisdictions for reducing 
COVID-19 associated ICU admissions, ventilation and deaths 
 

Reference Date 
released 

Setting and 
time covered  

Study characteristics Summary of key findings in relation to the outcome(s) Quality 
Rating 

Mader 2022 (20) April 4 
2022 

169 countries 
 
2020-07-01 - 
2021-09-01 

Design: Generalized synthetic control 
 
Intervention: 10 PHSMs + Stringency 
index 
 
Sample: general population with 
information in global databases 
 
Key outcomes: COVID-19 attributed 
deaths 
 
VOCs assessed: 
 

• The study found that none of the strictly implemented 
PHSMs under investigation had a substantial and consistent 
effect on COVID-19-attributed deaths over time.  

• The study only identified a tentative change in the trend of 
COVID-19-related deaths starting around 30 days after strict 
stay-at-home requirements have been introduced, but this 
does not exert a statistically significant effect.  

• It was identified a tentative change in the trend of COVID-
19-related fatalities 30 days after workplaces closure. 
However, the effects are not statistically different from zero.  

• The study analyzed the impact of vaccinations against 
COVID-19 (over 80% of the population) on COVID-19-
related deaths per million inhabitants. Controlling for all 10 
PHSMs under investigation (stringency index) and other 
variables, it was identified a consistent and statistically 
significant mitigating effect of vaccination on COVID-19 
fatalities from around day 45 to day 110 after treatment.  

Moderate 

Liu 2022 (16) 9 January 
2022 

51 European 
countries 
 
Unclear 
(apparently all 
2020, or at 
least until 
November 
2020) 

Design: Ecological study* 
 
Intervention: 10 PHSMs + Global 
Health Security Index 
 
Sample: general population with 
information in global databases 
 
Key outcomes:  

− Cumulative morbidity 

− Cumulative mortality 
 
VOCs assessed: 
 
 

• This study explored the relationship between two dependent 
variables (morbidity and mortality) and 17 independent 
variables. The independent variables include 10 PHSMs, the 
Global Health Security Index (composed of six core 
elements: prevention, detection and reporting, response, the 
health system, compliance with norms, and the risk of 
infectious disease outbreaks), and six other variables related 
to i) the density of medical doctors/per 10,000 people, ii) the 
density of medical nursing and midwifery personnel/per 
10,000 people, iii) the density of medical pharmacists/per 
10,000 people), iv) GDP per capita (US dollars per capita), v) 
the proportion of the population using safely managed 
drinking-water services, vi) excess bed capacity for COVID-
19, and vii) the ICU excess bed capacity for COVID-19)). 
The study also made a quantile regression and classified the 
countries in nine quantiles according to the incidence of 
COVID-19. 
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• Among the 17 variables included, the study retained seven 
variables for the lasso regression analysis; five of them were 
PHSMs: total tests, mobility composite, school closures, 
restrictions on gatherings, and non-essential businesses 
closure.  

• Total tests variable had coefficients around zero in all the 
nine quantiles. 

• Mobility composite was negatively related to cumulative 
mortality in all nine quantiles (ranging from -0.30 to -2.60), 
and only in quantiles 1, 2 and 4 was not statistically 
significant. 

• School closure was negatively related to cumulative 
mortality in seven quantiles (ranging from -7.50 to -57.16, 
only statistically significant in quantile 8); the coefficients 
were positive and not statistically significant in quantiles 1 
and 9 (3.83 and 8.17, respectively). 

• Restriction on gatherings was negatively related to 
cumulative mortality in four quantiles (1, 5, 6 and 8, with 
coefficients ranging from -6.59 to -14.87) and was positively 
related to cumulative mortality in five quantiles (2, 3, 4, 7 and 
8, with coefficients ranging from 7.77 to 41.69). All 
coefficients were not statistically significant except for 
quantile 8 (-14.87). 

• Closure of non-essential business was positively related to 
cumulative mortality in all nine quantiles (ranging from 1.94 
to 21.59), and only in quantiles 1, 8 and 9 was not statistically 
significant.  

Hunter 2020 
(15) 

15 July 
2021 

30 European 
countries 
 
2020-01-01 - 
2020-04-20 

Design: Quasi-experimental 
 
Intervention: 5 PHSMs 
 
Sample: general population with 
information in global databases 
 
Key outcomes:  

− Cumulative morbidity 

− Cumulative mortality 
 
VOCs assessed: 
 

• Banning mass gatherings, initial business closures, and 
school closures had negative associations with deaths, while 
a non-significant effect was estimated for non-essential 
business closures. 

• The stay-at-home measures showed an inverted U-quadratic 
effect with an initial rise of deaths up to Day 20 of the 
intervention, followed by a decrease. These results suggest 
that stay-at-home orders may not be required to ensure 
outbreak control and reduce outbreak harms, provided that 
all the other control measures are implemented. If stay-at-
home measures are implemented, then all the other 
measures, such as business closures, banning mass gatherings 
and school closures, would also follow. 

Moderate 

https://pubmed.ncbi.nlm.nih.gov/34269173/
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 • Mask-wearing mandates/advisories had neutral initial 
effects, followed by rises in deaths.  

Ragonnet-
Cronin 2021 (21) 

12 April 
2021 

24 countries + 
14 USA states 
 
2020-01-01 - 
2020-06-20 

Design: Phylogenetic analysis 
 
Intervention: 3 PHSMs 
 
Sample: general population with 
information in global databases 
 
Key outcomes: Epidemic severity 
(principally cumulative deaths) 
 
VOCs assessed: 
 

• The study performed a series of regression models (Deming 
and linear) with time from central epidemic seeding time 
(CEST) to maximum implementation of PHSMs (in days) as 
a predictor variable and a measure of the scale of the 
epidemic (deaths one month after the PHSM) as the 
outcome.  

• Among 57 geographical sites sampled across five continents, 
the study found that the time from SARS-CoV-2 
introduction to the time of lockdown (or maximum 
PHSM in locations that never underwent a full lockdown) 
was significantly associated with the number of deaths 
reported at each site 1 month following the time of 
maximum PHSM in the first wave. 

• Time from CEST to maximum PHSM was predictive of the 
number of deaths 1 month later in the Deming regression 
(p= 0.0031) and in the univariate linear model (R2= 0.11, p= 
0.011).  

• An additional 14 days of transmission before maximum 
PHSM was associated with a 2.91-fold (95% CI: 1.35–6.27) 
increase in deaths 1 month after maximum PHSM in the 
Deming model and a 2.00-fold (95%CI: 1.19-3.32) increase 
in the univariate regression.  

• Time from the tenth reported case was not significant in 
either model (p= 0.55 and p= 0.8, respectively). The census 
population size of each location was not significant in a 
univariate model predicting deaths (p= 0.08). 

Serious 
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Appendix 2c: Summary of studies reporting on the effectiveness of combinations of PHSMs over time and across jurisdictions for reducing 
transmission, ICU admissions, ventilation and deaths of other respiratory infections 
 

Reference Date 
released 

Setting and 
time covered  

Study characteristics Summary of key findings in relation to the outcome Quality 
Rating 

Lenglart 2022 
(22) 

In-press 
2022 

14 European 
countries 
 
2018-01-01 - 
2021-03-31 

Design: Interrupted time-series 
 
Intervention: 11 PHSMs  
 
Sample: 42,916 children < 1 year of age 
diagnosed with bronchiolitis presenting to 
the pediatric emergency department of one 
of the 27 centers 
 
Respiratory infection(s) assessed: 
Bronchiolitis 
 
Key outcomes:  

− DIRTC (daily increase rate of total 
cases) 

− Hospital admission 

− Hospital discharge 

− ICU admission 
 

• Overall cumulative 78% reduction (95%CI [-100;-54], 
p<0.0001) in bronchiolitis cases following PHSMs 
implementation.  

• The decrease varied between countries from -97% (95%CI [-
100;-47], p=0.0005) to -36% (95%CI [-79;+07], p=0.105).  

• The estimation of the Incidence Rate Ratio showed that full 
lockdown (IRR 0.21, 95%CI [0.14; 0.30], p<0.001) and 
secondary-school closure (IRR 0.33, 95%CI [0.20; 0.52], 
p<0.0001) were the strongest independent protective 
measures against bronchiolitis. 

• Wearing a mask in closed public spaces (IRR 0.49, 95%CI 
[0.25; 0.94], p=0.034) and teleworking (IRR 0.55, 95%CI 
[0.31; 0.97], p=0.038) were also found to be independently 
associated with a reduced bronchiolitis caseload. 

• The study reported no increase in the percentage of severe 
cases (2.1% during the pre-PHSM period and 1.4% during 
the PHSM period), and a subgroup analysis depending on 
bronchiolitis severity (discharged bronchiolitis, admitted 
bronchiolitis, or bronchiolitis transferred to PICU). 

Serious 

Billard 2022 (23) 22 June 
2022 

11 countries  
 
2020-03-16 - 
2021-11-01 

Design: Ecological study* 
 
Intervention: 9 PHSMs + Stringency index 
 
Sample: general population with 
information in global databases about 
Respiratory Syncytial Virus (RSV) Infection 
 
Respiratory infection(s) assessed: 
Respiratory Syncytial Virus (RSV) 
 
Key outcomes: Positivity rate 
 
 

• The stringency index was negatively and significantly 
associated with the difference in RSV activity; a 10-point 
decrease in the stringency index was associated with an 
average absolute increase in the difference between observed 
and expected RSV positivity rate of 0.8%. 

• When considering each PHSM independently, the study 
found that school closures (-1.57, p = 0.01), stay-at-home 
requirements (-2.86, p = 0.01), restrictions of internal 
movements (-1.33, p = 0.04), and public transport 
closures (-1.73, p = 0.06) were all found to be negatively 
associated with the difference between observed and 
expected RSV positivity rate. 

• Reopening schools and lifting stay-at-home requirements 
were associated with an absolute increase of 1.31% (p = 
0.04) and 2.27% (p = 0.06) in the deviation from expected 
RSV activity. 

Serious 

https://pubmed.ncbi.nlm.nih.gov/36356971/
https://pubmed.ncbi.nlm.nih.gov/35733362/
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Huang 2022 (32) 18 February 
2022 

4 countries 
(China, the 
United States, 
Japan, and 
Singapore) 
 
2015-10-01 - 
2020-09-30 

Design: Observational study 
 
Intervention: Two groups of interventions 
(compulsory and routine prevention) 
 
Sample: general population with 
information in governmental databases 
about Influenza infection 
 
Respiratory infection(s) assessed: 
Influenza 
 
Key outcomes: Incidence 

• In China and the United States, the incidence of influenza 
decreased by 77.71 and 60.50% in the period of restrictive 
intervention compared with the average before the first 
compulsory interventions of COVID-19.  

• In Japan and Singapore, it is estimated that the observed 
incidence of influenza was 65.26 and 48.62% lower than the 
average in the early days of COVID-19 and the reducing 
range increased (88.70 and 99.48%) during the period of 
compulsory interventions. 

• The incidence of influenza decreased by 60.50-99.48% 
during the period of compulsory interventions compared to 
the average from corresponding periods in the four 
preceding epidemiologic years. 

Critical 

Davis 2022 (24) 8 January 
2022 

9 Asian 
countries 
 
2016-01-01 - 
2021-06-30 

Design: Ecological study* 
 
Intervention: 10 PHSMs + Stringency 
index 
 
Sample: general population with 
information in global databases 
 
Respiratory infection(s) assessed: 
Influenza 
 
Key outcomes: Risk of a seasonal epidemic 
 
 
 

• Controlling for population density and multiple PHSMs, the 
study found that school closings were significantly 
associated with absence of a seasonal influenza epidemic.  

• For each step increase in school closings 4 weeks before 
the expected influenza season, the risk of having an influenza 
season between January 2020 and June 2021 dropped by 
43% (IRR: 0.57, 95% CI: 0.34-0.95, p = 0.03). 

• Canceling public events and restrictions on internal 
movements were associated with reductions in percent 
positivity during the 2020/21 epidemics or the absence of an 
epidemic during the weeks in 2020/21 when the typical 
seasonal epidemic was expected.  

• For each step increase in canceling public events (i.e., no 
measures, recommend canceling locally/nationally, and 
require canceling locally/nationally), the average percent 
positivity across the influenza season decreased by 44% 
(RPR: 0.56, 95% CI: 0.39-0.82, p = >0.01) compared with 
baseline (no PHSMs). 

• Overall, the Stringency index was borderline associated 
with a decreased risk of having an influenza season. For each 
one-point increase in the Stringency index, the risk of having 
an influenza season decreased by 2% (IRR: 0.98, 95% CI: 
0.96-1, p = 0.02).  

Serious 
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Appendix 2d: Summary of studies reporting on the negative effects of combinations of PHSMs over time and across jurisdictions 
 

Reference Date 
released 

Setting and 
time covered  

Study characteristics Summary of key findings in relation to the outcome Quality 
Rating 

Zhou 2022 (5) 15 May 
2022 

22 European 
countries 
 
2020-01-20 - 
2021-05-30 

Design: Natural experiment 
 
Intervention: 10 PHSMs 
 
Sample: general population with 
information in global databases 
 
Key outcomes:  

− Case growth rate 

− Excess of mortality 

• The adverse effect on excess mortality increased with the 
duration and intensity of PHSMs, it was associated with an 
increase of 44.16% (RR = 1.44, 95% CI: 1.27-1.64) in the 
excess mortality under the strict intervention (the intensity 
above the 80th centile and lasted for 21 days).  

• Vaccination alleviated the negative impact of the strict 
intervention on excess mortality (RR decreased from 1.44 to 
1.25).  

Moderate 

Aknin 2022 (27) 1 May 2022 15 countries 
 
2020-04-27 - 
2021-06-28 

Design: Longitudinal analysis 
 
Intervention: 8 PHSMs 
 
Sample: 15 000 adults (aged >18 years) 
every 2 weeks, with approximately 474 000 
respondents 
 
Key outcomes: Mental Wellbeing (MWB) 

− Patient Health Questionnaire 
(PHQ-4) which captures 
psychological distress 

− Cantril Ladder question which 
measure life evaluation (a key 
component of wellbeing) 

• Controlling for individual and contextual variables, higher 
policy stringency was associated with higher mean 
psychological distress scores and lower life evaluations 
(standardized coefficients β=0·014 [95% CI 0·005 to 0·023] 
for psychological distress; β =-0·010 [-0·015 to -0·004] for life 
evaluation).  

• Pandemic intensity (number of deaths per 100 000 
inhabitants) was also associated with higher mean 
psychological distress scores and lower life evaluations 
(standardized coefficients β =0·016 [0·008 to 0·025] for 
psychological distress; β =-0·010 [-0·017 to -0·004] for life 
evaluation).  

• The negative association between policy stringency and 
mental health was mediated by observed physical distancing 
and perceptions of the government´s handling of the 
pandemic.  

Moderate 

Toffolutti 2022 
(25) 

March 14 
2022 

28 European 
countries 
 
2020-04-01 - 
2021-05-01 

Design: Ecological study* 
 
Intervention: 13 PHSMs  
 
Sample: Population aged 18 years and 
older (approx. 150,000 respondents) 
 
Key outcomes: Mental wellbeing (MWB)  

− WHO-5 score 
 

• Study results show that restrictions on international 
travelling, restrictions on private gatherings, and contact 
tracing were negatively associated with MWB by, respectively, 
about - 0.63 [95% CI: - 0.79 to - 0.47], - 0.24 [95%CI: - 0.38 to 
- 0.10], and - 0.22 [95% CI: - 0.36 to - 0.08] points in terms of 
WHO-5 score.  

• Conversely, workplace closures were positively related to 
MWB of about 0.29 [95% CI: 0.11 to 0.48] points.  

• In comparison to the WHO-5 score of the same countries in 
2016, international travel restrictions changed - 3.9% the 

Serious 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8944114/
https://www.thelancet.com/journals/lanpub/article/PIIS2468-2667(22)00060-3/fulltext
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MWB, restrictions on private gatherings - 1.5%; contact 
tracing - 1.4%; and workplace closures +1.8%. 

• For some interest groups, the average level of WHO-5 over 
the period covered was already clearly below 13, the 
depression-risk threshold. These groups were: women; those 
with non-tertiary education; those aged 18-29 or 30-44; those 
not living with a partner; those living with children aged under 
12 years and those living with children between 12 and 17 
years; and individuals from some countries.  

Riehm 2022 (26) March 3 
2022 
 
 

43 countries 
 
2020-04-24 - 
2020-12-20 

Design: Time-series + cross-sectional 
 
Intervention: 7 PHSMs + Stringency 
index 
 
Sample: Participants ages 18 and over who 
responded to the CTIS (16,083,027 
respondents for anxiety symptoms and 
16,163,821 for depressive symptoms) 
 
Key outcomes: Mental wellbeing (MWB)  

− Kessler Psychological Distress 
Scale (K10) included as part of 
the CTIS Survey measuring 
anxiety and depression symptoms 

• More stringent implementation of PHSMs was associated 
with a higher odd of anxiety and depressive symptoms, albeit 
with very small effect sizes.  

• Individual PHSMs had heterogeneous associations with 
anxiety and depressive symptoms by gender and age. 

• For each ten-point increase in government response 
stringency, the odds of reporting anxiety symptoms increased 
by 1.4% (OR=1.014, 95% CI=1.008-1.019), and the odds of 
reporting depressive symptoms increased by 2.7% 
(OR=1.027, 95% CI=1.022-1.032).  

• With regards to individual-level covariates, anxiety and 
depressive symptoms were more commonly reported by 
women compared to men, those in cities compared to 
town/village/rural areas, and those working outside the home 
compared to those working at home.  

• Interactions between each PHSM and gender for associations 
with anxiety and depressive symptoms were statistically 
significant for every PHSM except for workplace closures. 

• Associations of school closures, cancellation of public 
events, restrictions on the size of gatherings, and 
restrictions on internal movement with anxiety and 
depressive symptoms were stronger among females, whereas 
associations of stay-at-home requirements and 
international travel controls with anxiety and depressive 
symptoms were stronger among males.  

• Workplace closures were not associated with either anxiety 
or depressive symptoms in females or males. 

Moderate 
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Appendix 3: List of studies included 
 

Study Status of 
publication 

Scope Jurisdictions Version 
in which 

first 
included 

Version 
in which 

first 
included 

in the 
synthesis 

Aknin 2022 (27) Published Multi-country 15 countries 20.1 20.1 

Askitas 2021(18) Published Multi-country 175 countries 20.1 20.1 

Bendavid 2021 (13) Published Multi-country 10 countries 20.1 20.1 

Billard 2022 (23) Published Multi-country 11 countries 20.1 20.1 

Bo 2021 (10) Published Multi-country 190 countries 20.1 20.1 

Brauner 2021 (11) Published Multi-country 41 countries 20.1 20.1 

Chan 2021 (19) Published Multi-country 50 countries 20.1 20.1 

Davis 2022 (24) Published Multi-country 9 Asian countries 20.1 20.1 

Ge 2022a (1) Published Multi-country 133 countries 20.1 20.1 

Ge 2022b (2) Published Multi-country 31 countries 20.1 20.1 

Gokmen 2021 (31) Published Multi-country France, Spain, China, and 
South Korea 

20.1 20.1 

Huang 2022 (32) Published Multi-country China, the United States, 
Japan, and Singapore 

20.1 20.1 

Hunter 2020 (15) Published Multi-country 30 European countries 20.1 20.1 

Huy 2022 (14) Published Multi-country 30 Asian countries 20.1 20.1 

Koh 2020 (6) Published Multi-country 142 countries 20.1 20.1 

Leech 2021 (29) Published Multi-country 55 countries + 37 USA 
states 

20.1 20.1 

Lenglart 2022 (22) Published Multi-country 14 European countries 20.1 20.1 

Liu 2021 (12) Published Multi-country 130 countries 20.1 20.1 

Liu 2022 (16) Published Multi-country 51 European countries 20.1 20.1 

Mader 2022 (20) Published Multi-country 169 countries 20.1 20.1 

Nanda 2021 (8) Published Multi-country 47 European countries 20.1 20.1 

Pozo-Martin 2021 (3) Published Multi-country 37 OECD countries 20.1 20.1 

Ragonnet-Cronin 2021 
(21) 

Published Multi-country 24 countries + 14 USA 
states 

20.1 20.1 

Ratto 2021 (9) Published Multi-country 15 Latin American 
countries 

20.1 20.1 

Riehm 2022 (26) Published Multi-country 43 countries 20.1 20.1 

Sharma 2021 (4) Published Multi-country 7 countries 20.1 20.1 

Toffolutti 2022 (25) Published Multi-country 15 countries 20.1 20.1 

Wei 2022 (17) Published Multi-country 166 countries 20.1 20.1 

Woskie 2021 (30) Published Multi-country 27 European countries 20.1 20.1 

Xiu 2022 (7) Published Multi-country 210 countries 20.1 20.1 

Zhou 2022 (5) Published Multi-country 22 European countries 20.1 20.1 

https://www.thelancet.com/journals/lanpub/article/PIIS2468-2667(22)00060-3/fulltext
https://pubmed.ncbi.nlm.nih.gov/33479325/
https://pubmed.ncbi.nlm.nih.gov/33400268/
https://pubmed.ncbi.nlm.nih.gov/35733362/
https://pubmed.ncbi.nlm.nih.gov/33129965/
https://pubmed.ncbi.nlm.nih.gov/33323424/
https://pubmed.ncbi.nlm.nih.gov/34012040/
https://pubmed.ncbi.nlm.nih.gov/34997697/
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.nature.com/articles/s41467-022-30897-1.pdf?origin=ppub
https://pubmed.ncbi.nlm.nih.gov/35110979/
https://pubmed.ncbi.nlm.nih.gov/33819370/
https://pubmed.ncbi.nlm.nih.gov/35252083/
https://pubmed.ncbi.nlm.nih.gov/34269173/
https://pubmed.ncbi.nlm.nih.gov/35162157/
https://pubmed.ncbi.nlm.nih.gov/32800859/
https://www.pnas.org/doi/10.1073/pnas.2119266119
https://pubmed.ncbi.nlm.nih.gov/36356971/
https://pubmed.ncbi.nlm.nih.gov/35000583/
https://pubmed.ncbi.nlm.nih.gov/33541353/
https://pubmed.ncbi.nlm.nih.gov/35444988/
https://pubmed.ncbi.nlm.nih.gov/34746513/
https://pubmed.ncbi.nlm.nih.gov/34114189/
https://pubmed.ncbi.nlm.nih.gov/33846321/
https://pubmed.ncbi.nlm.nih.gov/34908606/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8927027/
https://pubmed.ncbi.nlm.nih.gov/34611158/
https://www.sciencedirect.com/science/article/pii/S027795362200212X
https://pubmed.ncbi.nlm.nih.gov/34540319/
https://pubmed.ncbi.nlm.nih.gov/34191818/
https://pubmed.ncbi.nlm.nih.gov/35162748/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8944114/
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Zweigh 2021 (28) Published Multi-country 11 countries 20.1 20.1 

Agyapon Ntra 2022 (33) Preprint Multi-country No clear 20.1 - 

Banholzer 2020 (34) Preprint Multi-country 20 countries 20.1 - 

Barros 2022 (35) Preprint Multi-country 113 countries 20.1 - 

Costa 2022 (36) Preprint Multi-country 32 European countries 20.1 - 

Esra 2020 (37) Preprint Multi-country 26 countries and 34 US 
states 

20.1 - 

Garchitorena 2020 (38) Preprint Multi-country 32 European countries 20.1 - 

Goldstein 2021 (39) Preprint Multi-country 152 countries 20.1 - 

Hernandez 2020 (40) Preprint Multi-country 12 countries 20.1 - 

Jamison 2020 (41) Preprint Multi-country 13 European countries 20.1 - 

Mezencev 2021 (42) Preprint Multi-country 28 European countries 20.1 - 

Rasigade 2020 (43) Preprint Multi-country 57 countries 20.1 - 

Stokes 2020 (44) Preprint Multi-country 130 countries 20.1 - 

Duhon 2021 (45) Published NI No clear 20.1 - 

Akhmetzhanov 2022 (46) Published One country Taiwan 20.1 - 

Al Wahaibi 2020 (47) Published One country Oman 20.1 - 

Amuedo-Dorantes 2021 
(48) 

Published One country USA 20.1 - 

Ayora-Talavera 2022 (49) Published One country Mexico 20.1 - 

Bernal 2021 (50) Published One country England 20.1 - 

Bushman 2021 (51) Published One country China 20.1 - 

Butterworth 2022 (52) Published One country Australia 20.1 - 

Chen 2021 (53) Published One country Taiwan 20.1 - 

Clottey 2022 (54) Published One country Ghana 20.1 - 

Cowling 2020 (55) Published One country Hong Kong 20.1 - 

de Pedraza 2021 (56) Published One country Spain 20.1 - 

Dighe 2020 (57) Published One country South Korea 20.1 - 

Dreher 2021 (58) Published One country USA 20.1 - 

Fang 2020 (59) Published One country China 20.1 - 

Fukumoto 2021 (60) Published One country Japan 20.1 - 

Garcia-Garcia 2022 (61) Published One country Spain 20.1 - 

Gheorghe 2021 (62) Published One country England 20.1 - 

Hayashi 2022 (63) Published One country Japan 20.1 - 

Hodgens 2022 (64) Published One country England 20.1 - 

Imai 2020 (65) Published One country China 20.1 - 

Jefferies 2020 (66) Published One country New Zealand 20.1 - 

Karaivanov 2021 (67) Published One country Canada 20.1 - 

Kraay 2021 (68) Published One country USA 20.1 - 

Lagace-Wiens 2021 (69) Published One country Canada 20.1 - 

Malheiro 2020 (70) Published One country Portugal 20.1 - 

Milazzo 2022 (71) Published One country Australia 20.1 - 

https://pubmed.ncbi.nlm.nih.gov/33975277/
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Mun 2021 (72) Published One country South Korea 20.1 - 

Pan 2021 (73) Published One country USA 20.1 - 

Patel 2020a (74) Published One country India 20.1 - 

Pelagatti 2021 (75) Published One country Italy 20.1 - 

Pierce 2021 (76) Published One country Canada 20.1 - 

Saki 2021 (77) Published One country Iran 20.1 - 

Schnake-Mahl 2022 (78) Published One country USA 20.1 - 

Sekine 2020 (79) Published One country Japan 20.1 - 

Tsai 2021 (80) Published One country USA 20.1 - 

Wang 2022 (81) Published One country China 20.1 - 

Wu 2022 (82) Published One country China 20.1 - 

Yang 2021 (83) Published One country USA 20.1 - 

Zhang 2021 (84) Published Two countries China and Germany 20.1 - 

Boudou 2021 (85) Preprint One country Ireland 20.1 - 

Ferwana 2022 (86) Preprint One country USA 20.1 - 

Giorgi 2021 (87) Preprint One country Switzerland 20.1 - 

Kalra 2021 (88) Preprint One country India 20.1 - 

Tian 2020 (89) Preprint One country China 20.1 - 
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Appendix 4: Risk-of-bias assessments for articles included in the synthesis 
 

Study ID 
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Aknin 2022 (27) M M L L L M L M 

Askitas 2021(18) S M M L M S M S 

Bendavid 2021 (13) S S C S S C S C 

Billard 2022 (23) M S S L M M M S 

Bo 2021 (10) M L M L M M L M 

Brauner 2021 (11) M L M L L L L M 

Chan 2021 (19) M S S M M M L S 

Davis 2022 (24) M S S M M M L S 

Ge 2022a (1) M L L L L M L M 

Ge 2022b (2) M L M L L M L M 

Gokmen 2021 (31) M M S L M S M S 

Huang 2022 (32) S M S M S S M C 

Hunter 2020 (15) M M L L M L L M 

Huy 2022 (14) M L M L M L L M 

Koh 2020 (6) M L M L L L L M 

Leech 2021 (29) S M S L M M S C 

Lenglart 2022 (22) S M M L L M L S 

Liu 2021 (12) M L M L M L L M 

Liu 2022 (16) S L S L M M S C 

Mader 2022 (20) M M M L M L L M 

Nanda 2021 (8) M L M M L S S S 

Pozo-Martin 2021 (3) M L M L L M L M 

Ragonnet-Cronin 2021 (21) M M S M L S M S 

Ratto 2021 (9) M M S M M S M S 

Riehm 2022 (26) M L L L L M L M 

Sharma 2021 (4) M L L L L L L M 

Toffolutti 2022 (25) M S M L L L L S 

Wei 2022 (17) M M M L L M L M 

Woskie 2021 (30) S M S L M S M C 

Xiu 2022 (7) M L S L L S L S 

Zhou 2022 (5) M M M L L L L M 

Zweigh 2021 (28) M S S S M S S C 

L=Low risk of bias, M=Moderate risk of bias, S=Serious risk of bias,  
C=Critical risk of bias 

https://www.thelancet.com/journals/lanpub/article/PIIS2468-2667(22)00060-3/fulltext
https://pubmed.ncbi.nlm.nih.gov/33479325/
https://pubmed.ncbi.nlm.nih.gov/33400268/
https://pubmed.ncbi.nlm.nih.gov/35733362/
https://pubmed.ncbi.nlm.nih.gov/33129965/
https://pubmed.ncbi.nlm.nih.gov/33323424/
https://pubmed.ncbi.nlm.nih.gov/34012040/
https://pubmed.ncbi.nlm.nih.gov/34997697/
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.nature.com/articles/s41467-022-30897-1.pdf?origin=ppub
https://pubmed.ncbi.nlm.nih.gov/35110979/
https://pubmed.ncbi.nlm.nih.gov/33819370/
https://pubmed.ncbi.nlm.nih.gov/35252083/
https://pubmed.ncbi.nlm.nih.gov/34269173/
https://pubmed.ncbi.nlm.nih.gov/35162157/
https://pubmed.ncbi.nlm.nih.gov/32800859/
https://www.pnas.org/doi/10.1073/pnas.2119266119
https://pubmed.ncbi.nlm.nih.gov/36356971/
https://pubmed.ncbi.nlm.nih.gov/35000583/
https://pubmed.ncbi.nlm.nih.gov/33541353/
https://pubmed.ncbi.nlm.nih.gov/35444988/
https://pubmed.ncbi.nlm.nih.gov/34746513/
https://pubmed.ncbi.nlm.nih.gov/34114189/
https://pubmed.ncbi.nlm.nih.gov/33846321/
https://pubmed.ncbi.nlm.nih.gov/34908606/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8927027/
https://pubmed.ncbi.nlm.nih.gov/34611158/
https://www.sciencedirect.com/science/article/pii/S027795362200212X
https://pubmed.ncbi.nlm.nih.gov/34540319/
https://pubmed.ncbi.nlm.nih.gov/34191818/
https://pubmed.ncbi.nlm.nih.gov/35162748/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8944114/
https://pubmed.ncbi.nlm.nih.gov/33975277/
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Appendix 5: Details of studies included in the synthesis 
 

Study ID 
Publicatio

n date 

Countries
/ 

number 
of 

countries 

Study 
design* 

Study period 
(yyyy-mm-dd 
– yyyy-mm-

dd) 

Number of 
PHSMs 
studied 

PHSMs of comparison Outcome 
Disease/ 
condition 

Aknin 2022 
(27) 2022-05-01 

15 
countries 

Longitudinal 
analysis 

2020-04-27 - 
2021-06-28 

8 
Other PHSM or combination of 
PHSMs; A less intensely applied 

combinations of PHSMs 
Negative: Mental health Mental health 

Askitas 
2021(18) 2021-01-21 

175 
countries 

Multiple 
event study 

2020-01-03 - 
not 

mentioned 
8 

Other PHSM or combination of 
PHSMs; A less intensely applied 

combinations of PHSMs 

Primary: Reducing transmission 
of COVID-19 

COVID-19 

Bendavid 
2021 (13) 

2021-02-01 
10 

countries 

Quasi-
experimenta

l* 
Spring 2020 

Variable 
(depends on 
decisions in 

each country) 

A less intensely applied combinations 
of PHSMs 

Primary: Reducing transmission 
of COVID-19 

COVID-19 

Billard 2022 
(23) 

2022-06-22 
11 

countries 
Ecological 

study* 
2020-03-16 - 

2021-11-0 
9 

No PHSMs; Other PHSM or 
combination of PHSMs; A less 

intensely applied combinations of 
PHSMs 

Primary: Reducing transmission 
of other RIDs 

COVID-19 

Bo 2021 (10) 
2020-10-29 

190 
countries 

Ecological 
study 

2020-01-23 - 
2020-04-13 

4 
No PHSMs; Other PHSM or 

combination of PHSMs 
Primary: Reducing transmission 

of COVID-19 
COVID-19 

Brauner 2021 
(11) 

2021-03-17 
41 

countries 
Ecological 

study* 
2020-01-22 - 
2020-05-30 

7 

No PHSMs; Other PHSM or 
combination of PHSMs; A less 

intensely applied combinations of 
PHSMs 

Primary: Reducing transmission 
of COVID-19 

COVID-19 

Chan 2021 
(19) 

2021-05-19 
50 

countries 
Deconvoluti
on method 

2020-01-01 - 
2020-06-07 

8 
Other PHSM or combination of 

PHSMs 
Primary: Reducing transmission 

of COVID-19 
COVID-19 

Davis 2022 
(24) 

2022-01-08 
9 Asian 

countries 
Ecological 

study* 
2016-01-01 - 
2021-06-30 

10 
No PHSMs; A less intensely applied 

combinations of PHSMs 
Primary: Reducing transmission 

of other RIDs 
Influenza 

Ge 2022a (1) 
2022-06-03 

31 
countries 

Ecological 
study* 

2020-08-01 - 
2021-10-25 

9 
A less intensely applied combinations 

of PHSMs 
Primary: Reducing transmission 

of COVID-19 
COVID-19 

Ge 2022b (2) 
2020-12-13 

133 
countries 

Ecological 
study* 

2020-01-01 - 
2021-06-22 

8 
Other PHSM or combination of 
PHSMs; A less intensely applied 

combinations of PHSMs 

Primary: Reducing transmission 
of COVID-19 

COVID-19 

Gokmen 2021 
(31) 

2021-04-05 

France, 
Spain, 
China, 

and South 
Korea 

Ecological 
study* 

2020-01-01 - 
2020-06-01 

8 
Other PHSM or combination of 

PHSMs 
Primary: Reducing transmission 

of COVID-19 
COVID-19 

Huang 2022 
(32) 2022-02-18 

China, the 
United 
States, 

Observation
al study 

2015-10-01 - 
2020-09-30 

Two groups 
of 

interventions 
No PHSMs 

Primary: Reducing transmission 
of other RIDs 

Influenza 

https://www.thelancet.com/journals/lanpub/article/PIIS2468-2667(22)00060-3/fulltext
https://pubmed.ncbi.nlm.nih.gov/33479325/
https://pubmed.ncbi.nlm.nih.gov/33479325/
https://pubmed.ncbi.nlm.nih.gov/33400268/
https://pubmed.ncbi.nlm.nih.gov/33400268/
https://pubmed.ncbi.nlm.nih.gov/35733362/
https://pubmed.ncbi.nlm.nih.gov/33129965/
https://pubmed.ncbi.nlm.nih.gov/33323424/
https://pubmed.ncbi.nlm.nih.gov/34012040/
https://pubmed.ncbi.nlm.nih.gov/34997697/
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.nature.com/articles/s41467-022-30897-1.pdf?origin=ppub
https://pubmed.ncbi.nlm.nih.gov/35110979/
https://pubmed.ncbi.nlm.nih.gov/33819370/
https://pubmed.ncbi.nlm.nih.gov/35252083/
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Japan, and 
Singapore 

(compulsory 
and routine 
prevention) 

Hunter 2020 
(15) 2021-07-15 

30 
European 
countries 

Quasi-
experimenta

l 

2020-01-01 - 
2020-04-20 

5 
Other PHSM or combination of 

PHSMs 

Primary: Reducing transmission 
of COVID-19; Secondary: 

Deaths 
COVID-19 

Huy 2022 (14) 

2022-01-20 
30 Asian 
countries 

Ecological 
study* 

20 weeks of 
the pre-and 

post-
vaccination 

period 

7 
Other PHSM or combination of 
PHSMs; A less intensely applied 

combinations of PHSMs 

Primary: Reducing transmission 
of COVID-19 

COVID-19 

Koh 2020 (6) 
2020-08-13 

142 
countries 

Ecological 
study* 

2020-01-01 - 
2020-05-28 

9 
Other PHSM or combination of 
PHSMs; A less intensely applied 

combinations of PHSMs 

Primary: Reducing transmission 
of COVID-19 

COVID-19 

Leech 2021 
(29) 

2022-05-31 

55 
countries 
+ 37 USA 

states 

Ecological 
study* 

2020-05-01 - 
2020-09-01 

2 
Other PHSM or combination of 

PHSMs 
Primary: Reducing transmission 

of COVID-19 
COVID-19 

Lenglart 2022 
(22) 2022-in-

press 

14 
European 
countries 

Interrupted 
time-series 

2018-01-01 - 
2021-03-31 

11 No PHSMs 

Primary: Reducing transmission 
of other RIDs; Secondary: 

Hospitalizations; Secondary: ICU 
admissions 

Bronchiolitis 

Liu 2021 (12) 

2022-01-09 
51 

European 
countries 

Ecological 
study* 

Unclear 
(apparently 

until 
November 

2020) 

10 
Other PHSM or combination of 
PHSMs; A less intensely applied 

combinations of PHSMs 

Primary: Reducing transmission 
of COVID-19; Secondary: 

Deaths  
COVID-19 

Liu 2022 (16) 
2021-02-05 

130 
countries 

Interrupted 
time-series 

2020-01-01 - 
2020-06-22 

13 
Other PHSM or combination of 
PHSMs; A less intensely applied 

combinations of PHSMs 

Primary: Reducing transmission 
of COVID-19 

COVID-19 

Mader 2022 
(20) 2022-04-04 

169 
countries 

Generalized 
synthetic 
control 

2020-07-01 - 
2021-09-01 

10 
Other PHSM or combination of 
PHSMs; A less intensely applied 

combinations of PHSMs 
Secondary: Deaths COVID-19 

Nanda 2021 
(8) 2021-10-30 

47 
European 
countries 

Ecological 
study* 

2020-01-01 - 
2021-01-01 

9 
A less intensely applied combinations 

of PHSMs 
Primary: Reducing transmission 

of COVID-19 
COVID-19 

Pozo-Martin 
2021 (3) 2021-06-10 

37 OECD 
countries 

Longitudinal 
analysis 

2020-01-01 - 
2020-12-31 

12 
Other PHSM or combination of 
PHSMs; A less intensely applied 

combinations of PHSMs 

Primary: Reducing transmission 
of COVID-19 

COVID-19 

Ragonnet-
Cronin 2021 
(21) 

2021-04-12 

24 
countries 
+ 14 USA 

states 

Phylogenetic 
analysis 

2020-01-01 - 
2020-06-20 

3 
A less intensely applied combinations 

of PHSMs 
Secondary: Deaths COVID-19 

https://pubmed.ncbi.nlm.nih.gov/34269173/
https://pubmed.ncbi.nlm.nih.gov/35162157/
https://pubmed.ncbi.nlm.nih.gov/32800859/
https://www.pnas.org/doi/10.1073/pnas.2119266119
https://pubmed.ncbi.nlm.nih.gov/36356971/
https://pubmed.ncbi.nlm.nih.gov/35000583/
https://pubmed.ncbi.nlm.nih.gov/33541353/
https://pubmed.ncbi.nlm.nih.gov/35444988/
https://pubmed.ncbi.nlm.nih.gov/34746513/
https://pubmed.ncbi.nlm.nih.gov/34114189/
https://pubmed.ncbi.nlm.nih.gov/34114189/
https://pubmed.ncbi.nlm.nih.gov/33846321/
https://pubmed.ncbi.nlm.nih.gov/33846321/
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Ratto 2021 (9) 

2021-08-30 
15 Latin 

American 
countries 

Interrupted 
time-series 

2020-01-01 - 
2020-09-14 

12 
but only 

disaggregate 
by indexes 

Other PHSM or combination of 
PHSMs; A less intensely applied 

combinations of PHSMs 

Primary: Reducing transmission 
of COVID-19 

COVID-19 

Riehm 2022 
(26) 2022-03-03 

43 
countries 

Time-series 
+ cross-
sectional 

2020-04-24 - 
2020-12-20 

7 
Other PHSM or combination of 
PHSMs; A less intensely applied 

combinations of PHSMs 

Negative: Mental health (anxiety 
and depression) 

Mental health 

Sharma 2021 
(4) 2021-10-05 

7 
countries 

Ecological 
study* 

2020-08-01 - 
2021-01-09 

17 
Other PHSM or combination of 
PHSMs; A less intensely applied 

combinations of PHSMs 

Primary: Reducing transmission 
of COVID-19 

COVID-19 

Toffolutti 
2022 (25) 

2022-03-14 
28 

European 
countries 

Ecological 
study* 

2020-04-01 - 
2021-05-01 

13 

No PHSMs; Other PHSM or 
combination of PHSMs; A less 

intensely applied combinations of 
PHSMs 

Negative: Mental health; 
Negative: Inequitable and 

disproportionate effects on 
certain populations 

Mental health 

Wei 2022 (17) 

2021-09-14 
166 

countries 

Time-
varying 

hierarchical 
clustering 

2020-01-01 - 
2021-02-21 

9 
Other PHSM or combination of 
PHSMs; A less intensely applied 

combinations of PHSMs 

Primary: Reducing transmission 
of COVID-19 

COVID-19 

Woskie 2021 
(30) 2021-06-30 

27 
European 
countries 

Interrupted 
time-series 

2020-01-03 - 
2020-04-19 

5 
Other PHSM or combination of 
PHSMs; A less intensely applied 

combinations of PHSMs 

Primary: Reducing transmission 
of COVID-19 

COVID-19 

Xiu 2022 (7) 
2022-02-02 

210 
countries 

Ecological 
study* 

2020-01-01 - 
2020-05-22 

7 
Other PHSM or combination of 
PHSMs; A less intensely applied 

combinations of PHSMs 

Primary: Reducing transmission 
of COVID-19 

COVID-19 

Zhou 2022 (5) 
2022-05-15 

22 
European 
countries 

Natural 
experiment 

2020-01-20 - 
2021-05-30 

10 
Other PHSM or combination of 
PHSMs; A less intensely applied 

combinations of PHSMs 

Primary: Reducing transmission 
of COVID-19; Negative: Excess 

of mortality 
COVID-19 

Zweigh 2021 
(28) 2021-06-02 

11 
countries 

Descriptive 
analysis 

2020-01-01 - 
2020-11-25 

8 
Other PHSM or combination of 
PHSMs; A less intensely applied 

combinations of PHSMs 

Primary: Reducing transmission 
of COVID-19 

COVID-19 

*As described by the authors or, where possible, assigned by the synthesis team and marked with a *. In later versions of the report the synthesis team will endeavour to develop and use a comprehensive list of 
study designs. 
  

https://pubmed.ncbi.nlm.nih.gov/34908606/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8927027/
https://pubmed.ncbi.nlm.nih.gov/34611158/
https://www.sciencedirect.com/science/article/pii/S027795362200212X
https://www.sciencedirect.com/science/article/pii/S027795362200212X
https://pubmed.ncbi.nlm.nih.gov/34540319/
https://pubmed.ncbi.nlm.nih.gov/34191818/
https://pubmed.ncbi.nlm.nih.gov/35162748/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8944114/
https://pubmed.ncbi.nlm.nih.gov/33975277/
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Appendix 6: Reporting periods for studies included in the synthesis 
 

First author 
Number 

of  2
0
1
5
 

2
0
1
6
 

2
0
1
7
 

2
0
1
8
 

2
0
1
9
 

2020 2021 2022 

J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 

Aknin 2022 (27) 15                                                                                    

Askitas 2021(18) 175                                                                                    

Bendavid 2021 
(13) 

10            
                                                                        

Billard 2022 (23) 11                                                                                    

Bo 2021 (10) 190                                                                                    

Brauner 2021 (11) 41                                                                                    

Chan 2021 (19) 50                                                                                    

Davis 2022 (24) 9 Asian                                                                                    

Ge 2022a (1) 31                                                                                    

Ge 2022b (2) 133                                                                                    

Gokmen 2021 (31) 4                                                                                    

Huang 2022 (32) 4                                                                                    

Hunter 2020 (15) 30 Europe                                                                                   

Huy 2022 (14) 30 Asian                                                                                    

Koh 2020 (6) 142                                                                                    

Leech 2021 (29) 55                                                                                   

Lenglart 2022 (22) 14 Europe                                                                                   

Liu 2021 (12) 51 Europe                                                                                   

Liu 2022 (16) 130                                                                                    

Mader 2022 (20) 169                                                                                    

Nanda 2021 (8) 47 Europe                                                                                    

Pozo-Martin 2021 
(3) 

37 OECD            
                                                                        

Ragonnet-Cronin 
2021 (21) 

24           
                                                                        

Ratto 2021 (9) 15 LAC                                                                                    

Riehm 2022 (26) 43                                                                                    

Sharma 2021 (4) 7                                                                                    

Toffolutti 2022 
(25) 

28 Europe           
                                                                        

Wei 2022 (17) 166                                                                                    

Woskie 2021 (30) 27 Europe                                                                                   

Xiu 2022 (7) 210                                                                                    

Zhou 2022 (5) 22 Europe                                                                                   

Zweigh 2021 (28) 11                                                                                    

 
   Period studied during the pandemic,    Period studied pre-pandemic,    Possible period covered (not explicit in article) 

 

https://www.thelancet.com/journals/lanpub/article/PIIS2468-2667(22)00060-3/fulltext
https://pubmed.ncbi.nlm.nih.gov/33479325/
https://pubmed.ncbi.nlm.nih.gov/33400268/
https://pubmed.ncbi.nlm.nih.gov/35733362/
https://pubmed.ncbi.nlm.nih.gov/33129965/
https://pubmed.ncbi.nlm.nih.gov/33323424/
https://pubmed.ncbi.nlm.nih.gov/34012040/
https://pubmed.ncbi.nlm.nih.gov/34997697/
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.nature.com/articles/s41467-022-30897-1.pdf?origin=ppub
https://pubmed.ncbi.nlm.nih.gov/35110979/
https://pubmed.ncbi.nlm.nih.gov/33819370/
https://pubmed.ncbi.nlm.nih.gov/35252083/
https://pubmed.ncbi.nlm.nih.gov/34269173/
https://pubmed.ncbi.nlm.nih.gov/35162157/
https://pubmed.ncbi.nlm.nih.gov/32800859/
https://www.pnas.org/doi/10.1073/pnas.2119266119
https://pubmed.ncbi.nlm.nih.gov/36356971/
https://pubmed.ncbi.nlm.nih.gov/35000583/
https://pubmed.ncbi.nlm.nih.gov/33541353/
https://pubmed.ncbi.nlm.nih.gov/35444988/
https://pubmed.ncbi.nlm.nih.gov/34746513/
https://pubmed.ncbi.nlm.nih.gov/34114189/
https://pubmed.ncbi.nlm.nih.gov/33846321/
https://pubmed.ncbi.nlm.nih.gov/33846321/
https://pubmed.ncbi.nlm.nih.gov/34908606/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8927027/
https://pubmed.ncbi.nlm.nih.gov/34611158/
https://www.sciencedirect.com/science/article/pii/S027795362200212X
https://pubmed.ncbi.nlm.nih.gov/34540319/
https://pubmed.ncbi.nlm.nih.gov/34191818/
https://pubmed.ncbi.nlm.nih.gov/35162748/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8944114/
https://pubmed.ncbi.nlm.nih.gov/33975277/
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Appendix 7: Studies excluded at the last stages of reviewing 
 

Author Reason for exclusion Version of exclusion 

Abboah-Offei 2021 It is not a longitudinal study LES 20.1 

Aravindakshan 2020 It is not a longitudinal study LES 20.1 

Aravindakshan 2021 It is not a longitudinal study LES 20.1 

Ashby 2021 It is not a longitudinal study LES 20.1 

Basu 2020 It does not assess a combination of PHSMs LES 20.1 

Bents 2022 It is not a longitudinal study LES 20.1 

Betson 2020 It is not a longitudinal study LES 20.1 

Boesch 2021 It does not measure an eligible outcome LES 20.1 

Bozorgmehr 2021 It does not measure an eligible outcome LES 20.1 

Bushman 2020 It does not assess a combination of PHSMs LES 20.1 

Candevir 2021 It is not a longitudinal study LES 20.1 

Caristia 2020 It is not a longitudinal study LES 20.1 

Cevasco 2021 It does not measure an eligible outcome LES 20.1 

Cheatley 2020 It is not a longitudinal study LES 20.1 

Cheng 2021 It is not a longitudinal study LES 20.1 

Choma 2020 It is not a longitudinal study LES 20.1 

Chow 2022 It does not assess a combination of PHSMs LES 20.1 

Dharmaraj 2021 It is not a longitudinal study LES 20.1 

Diaz 2022 It does not assess a combination of PHSMs LES 20.1 

Fracalossi de Moraes 2022 It does not measure an eligible outcome LES 20.1 

Galanis 2020 It is not a longitudinal study LES 20.1 

Goult 2022 It is not a longitudinal study LES 20.1 

He 2021 It does not assess a combination of PHSMs LES 20.1 

He 2020 Awaiting classification LES 20.1 

Huh 2021 It does not assess a combination of PHSMs LES 20.1 

Kemp 2021 It is not a longitudinal study LES 20.1 

Kephart 2021 It does not assess a combination of PHSMs LES 20.1 

Lai 2020 It is not a longitudinal study LES 20.1 

Lee 2020 It does not assess a combination of PHSMs LES 20.1 

Lee 2022 It does not assess a combination of PHSMs LES 20.1 

Lemaitre 2020 It is not a longitudinal study LES 20.1 

Li 2021 It is not a longitudinal study LES 20.1 

Liu 2020 It is not a longitudinal study LES 20.1 

Liu 2022 It is not a longitudinal study LES 20.1 

Magno 2020 It does not assess a combination of PHSMs LES 20.1 

Mavragani 2020 It is not a longitudinal study LES 20.1 

Medline 2020 It does not assess a combination of PHSMs LES 20.1 

Min 2020 It is not a longitudinal study LES 20.1 

Mohammadi 2022 It is not a longitudinal study LES 20.1 

Mohsenpour 2021 It does not assess a combination of PHSMs LES 20.1 

Nemira 2021 It does not assess a combination of PHSMs LES 20.1 

Ng 2021 It is not a longitudinal study LES 20.1 

Ngonghala 2020 It is not a longitudinal study LES 20.1 

Nussbaumer-Streit 2020 It is not a longitudinal study LES 20.1 

Papafaklis 2020 It does not assess a combination of PHSMs LES 20.1 

Patiño-Lugo 2020 It is not a longitudinal study LES 20.1 

Pizarro 2022 It is not a longitudinal study LES 20.1 
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Podolsky 2021 It is not a longitudinal study LES 20.1 

Preysi 2021 It is not a longitudinal study LES 20.1 

Regmi 2021 It is not a longitudinal study LES 20.1 

RicocaPeixoto 2020 It is not a longitudinal study LES 20.1 

Ruktanonchai 2020 It is not a longitudinal study LES 20.1 

Rybak 2021 It does not assess a combination of PHSMs LES 20.1 

Saunders 2021 It does not assess a combination of PHSMs LES 20.1 

Schmidt 2020 It is not a longitudinal study LES 20.1 

Shahzad 2021 It does not measure an eligible outcome LES 20.1 

Snoeijer 2020 It does not measure an eligible outcome LES 20.1 

Tian 2020 It is not a longitudinal study LES 20.1 

Troya 2020 Ongoing study LES 20.1 

Ullrich 2021 It does not assess a combination of PHSMs LES 20.1 

Uwamahoro 2022 Awaiting classification LES 20.1 

Vaccaro 2021 It is not a longitudinal study LES 20.1 

Vardavas 2021 It is not a longitudinal study LES 20.1 

Walsh 2021 It is not a longitudinal study LES 20.1 

Wang 2021 It does not measure an eligible outcome LES 20.1 

Wang 2020 It is not a longitudinal study LES 20.1 

Weber 2021 It does not assess a combination of PHSMs LES 20.1 

Wei 2021 It does not measure an eligible outcome LES 20.1 

Wieland 2020 It is not a longitudinal study LES 20.1 

Wu 2020 It is not a longitudinal study LES 20.1 

Xu 2020 It does not assess a combination of PHSMs LES 20.1 

Yang 2021 It is not a longitudinal study LES 20.1 

Yigezu 2020 Awaiting classification LES 20.1 

Youssef 2022 It is not a longitudinal study LES 20.1 

Zandvoort 2020 It is not a longitudinal study LES 20.1 

Zhang 2022 It is not a longitudinal study LES 20.1 

Zhao 2022 Awaiting classification LES 20.1 

Zhong 2020 It is not a longitudinal study LES 20.1 

Zhou 2022 It is not a longitudinal study LES 20.1 

Bakaloudi 2022 It is not a longitudinal study LES 20.1 

Chebil 2022 It is not a longitudinal study LES 20.1 

Roy 2022 It does not assess a combination of PHSMs LES 20.1 

Andersen 2022 It does not assess a combination of PHSMs LES 20.1 

Fuss 2022 It does not assess a combination of PHSMs LES 20.1 

Perra 2021 It is not a longitudinal study LES 20.1 

Fricke 2021 It is not a longitudinal study LES 20.1 

Oh 2022 It does not assess a combination of PHSMs LES 20.1 

Rizvi 2021 It is not a longitudinal study LES 20.1 

Keykhaei 2021 It is not a longitudinal study LES 20.1 

Flaxman 2020 It is not a longitudinal study LES 20.1 

Song 2022 It does not assess a combination of PHSMs LES 20.1 

Arachchilage 2021 It is not a longitudinal study LES 20.1 

Terliesner 2022 It does not assess a combination of PHSMs LES 20.1 

Perkins 2020 It is not a longitudinal study LES 20.1 

Zhong 2022 It is not a longitudinal study LES 20.1 

Zhang 2021 It is not a longitudinal study LES 20.1 

Geng 2021 It does not assess a combination of PHSMs LES 20.1 
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Banholzer 2022 It does not assess a combination of PHSMs LES 20.1 

Veisi 2022 Awaiting classification LES 20.1 

Ali 2020 It does not assess a combination of PHSMs LES 20.1 

Lei 2020 It does not assess a combination of PHSMs LES 20.1 

Alo 2022 It is not a longitudinal study LES 20.1 

Veisi 2022 It is not a longitudinal study LES 20.1 

Shirreff 2022 It is not a longitudinal study LES 20.1 

Patel 2022 It does not measure an eligible outcome LES 20.1 

Walsh 2021 It is not a longitudinal study LES 20.1 

Audirac 2022 It does not assess a combination of PHSMs LES 20.1 

Juneau 2022 It is not a longitudinal study LES 20.1 

Brussow 2022 It does not assess a combination of PHSMs LES 20.1 

Yuen 2021 It is not a longitudinal study LES 20.1 

Achangwa 2022 It is not a longitudinal study LES 20.1 

Johanna 2020 It is not a longitudinal study LES 20.1 

Ryu 2020 It does not assess a combination of PHSMs LES 20.1 

Bagepally 2021 It does not measure an eligible outcome LES 20.1 

Xiao 2021 It does not assess a combination of PHSMs LES 20.1 

Medline 2020 It does not assess a combination of PHSMs LES 20.1 

Asahi 2021 It does not assess a combination of PHSMs LES 20.1 

Arnon 2020 It is not a longitudinal study LES 20.1 

Yuan 2022 It does not assess a combination of PHSMs LES 20.1 

Danino 2022 It does not assess a combination of PHSMs LES 20.1 
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Appendix 8: Data extraction form 
 
General information 

• Study ID 

• Title 

• URL 

• Publication date (yyyy-mm-dd) 

• First author (Surname, name) 

• Date added to the spreadsheeted (yyyy-mm-dd) 

• Level of analysis (units) 

− Multi-country 

− Multijurisdictional at country level 

− One jurisdiction at country level 

• Country in which the study is conducted 

− United States 

− UK 

− Canada 

− Australia 

− Other 

• Which other countries 

• Number of countries analysed 

• Number of jurisdictions analyzed 

• Number of studies included (for evidence syntheses) 
 
Characteristics of included studies 
 
Methods 

• Aim of study (Copy and paste from the article) 

• Study design 

− Randomised controlled trial 

− Non-randomised experimental study 

− Quasi-experimental study (including difference-in-difference) 

− Cohort study 

− Case control study 

− Interrupted time-series 

− Other 

• Add description if you chose "other" design 

• Study period (as precise as possible) (yyyy-mm-dd - yyyy-mm-dd) 

• Time periods counted (Describe if multiple time periods, length of those periods 

• Study funding sources 

• Possible conflicts of interest for study authors (Copy and paste from the article) 
 
Participants 

• Population description 

• Inclusion criteria 

• Exclusion criteria 

• Method of recruitment of participants 
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− Phone 

− Mail 

− Clinic patients 

− Voluntary  

− Other 

• Describe "other" methods of recruitment of participants 

• Total number of participants 
 
Interventions 

• PHSMs (Check all that apply) 

− Quarantine 

− Isolation 

− Mask mandate  

− Ventilation  

− Contact tracing  

− Physical distancing  

− Reduction of contacts (gatherings)  

− Lockdowns 

− Home schooling 

− Work from home policies 

− Hand hygiene 

− Respiratory etiquette 

− Cleaning 

− Disinfecting 

− Domestic movement restrictions 

− International movement restrictions 

− Business closures 

− Stringency index 

− Other 

• What other PHSM (Describe if you chose "other" intervention above) 

• Describe the combination of PHSMs (e.g., frequency, intensity, duration) 

• Number of measures studied 
 
Comparators 

• PHSMs of comparison 

− No PHSMs 

− Other PHSM or combination of PHSMs  

− A less intensely applied combinations of PHSMs 

• Describe the PHSMs of comparison (e.g., frequency, intensity, duration) 
 
Outcomes 

• Primary outcomes 

− Reducing transmission (i.e., attack rates, reproduction number, etc.) of COVID-19  

− Reducing transmission (i.e., attack rates, reproduction number, etc.) of other RIDs (e.g., influenza, 
RSV, other coronaviruses, TB etc.) 

• Secondary outcomes 

− Reducing COVID-19 or other RID hospitalizations 
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− Reducing ICU admission 

− Reducing need of ventilation  

− Reducing COVID-19 or other RID deaths 

• Negative outcomes 

− Mental health (e.g., anxiety, depression, PTSD, isolation, concerns and worries) – for adults and 
children 

− Personal finance/employment status/school attendance 

− Incidence of family violence, intimate partner violence 

− Health behaviours (i.e., physical activity, food intake, substance use patterns) 

− Inequitable and disproportionate effects on certain populations (e.g., persons with disabilities, 
racialized communities, Indigenous Peoples in Canada, women. essential workers, people with low job 
security, etc.) 

− Functioning of workforce/essential services (e.g., high levels of absenteeism related to isolation 
requirement/recommendation) 

• Description of findings for primary outcomes 

• Description of findings for secondary outcomes 

• Description of findings for negative outcomes 
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Appendix 9: Approach to critical appraisal 
 
For all observational studies reporting on effectiveness of combination and application of PHSMs over time 
and across countries for reducing transmission of COVID-19 and other respiratory infections in non-health 
care community-based settings we used the ROBINS-I tool. 
 
ROBINS-I domains assessed 
 

Domain 1: Bias due to confounding 

Signaling questions Response options 

1.1 Is there potential for confounding of the effect of intervention in this study? 
If N/PN to 1.1: the study can be considered to be at low risk of bias due to 
confounding and no further signaling questions need be considered 

Y / PY / PN / N 

If Y/PY to 1.1: determine whether there is a need to assess time-varying 
confounding: 
1.2. Was the analysis based on splitting participants’ follow up time according to 
intervention received? If N/PN, answer questions relating to baseline confounding 
(1.4 to 1.6) If Y/PY, go to question 1.3. 

NA / Y / PY / PN / N / NI 

1.3. Were intervention discontinuations or switches likely to be related to factors 
that are prognostic for the outcome? 
If N/PN, answer questions relating to baseline confounding (1.4 to 1.6) 
If Y/PY, answer questions relating to both baseline and time-varying confounding 
(1.7 and 1.8) 

NA / Y / PY / PN / N / NI 

Questions relating to baseline confounding only 
1.4. Did the authors use an appropriate analysis method that controlled for all the 
important confounding domains? 

NA / Y / PY / PN / N / NI 

1.5. If Y/PY to 1.4: Were confounding domains that were controlled for measured 
validly and reliably by the variables available in this study? 

NA / Y / PY / PN / N / NI 

1.6. Did the authors control for any post-intervention variables that could have 
been affected by the intervention? 

NA / Y / PY / PN / N / NI 

Questions relating to baseline and time-varying confounding 
1.7. Did the authors use an appropriate analysis method that controlled for all the 
important confounding domains and for time-varying confounding? 

NA / Y / PY / PN / N / NI 

1.8. If Y/PY to 1.7: Were confounding domains that were controlled for measured 
validly and reliably by the variables available in this study? 

NA / Y / PY / PN / N / NI 

Domain 2: Bias in selection of participants into the study 

Signaling questions Response options 

2.1. Was selection of participants into the study (or into the analysis) based on 
participant characteristics observed after the start of intervention? 

Y / PY / PN / N / NI 
 

If N/PN to 2.1: go to 2.4 
2.2. If Y/PY to 2.1: Were the post-intervention variables that influenced selection 
likely to be associated with intervention? 

NA / Y / PY / PN / N / NI 

2.3 If Y/PY to 2.2: Were the post-intervention variables that influenced selection 
likely to be influenced by the outcome or a cause of the outcome? 

NA / Y / PY / PN / N / NI 

2.4. Do start of follow-up and start of intervention coincide for most participants? Y / PY / PN / N / NI 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were adjustment techniques used that 
are likely to correct for the presence of selection biases? 

NA / Y / PY / PN / N / NI 

Domain 3: Bias in classifications of intervention 

Signaling questions Response options 

3.1 Were intervention groups clearly defined? Y / PY / PN / N / NI 

3.2 Was the information used to define intervention groups recorded at the start of 
the intervention? 

Y / PY / PN / N / NI 

3.3 Could classification of intervention status have been affected by knowledge of 
the outcome or risk of the outcome? 

Y / PY / PN / N / NI 

Domain 4: Bias due to deviations from intended interventions 
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Signaling questions Response options 

4.1. Were there deviations from the intended intervention beyond what would be 
expected in usual practice? 

Y / PY / PN / N / NI 

4.2. If Y/PY to 4.1: Were these deviations from intended intervention unbalanced 
between groups and likely to have affected the outcome? 

NA / Y / PY / PN / N / NI 

4.3. Were important co-interventions balanced across intervention groups? Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully for most participants? Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned intervention regimen? Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate analysis used to estimate the 
effect of starting and adhering to the intervention? 

NA / Y / PY / PN / N / NI 

Domain 5: Bias due to missing data 

Signaling questions Response options 

5.1 Were outcome data available for all, or nearly all, participants? Y / PY / PN / N / NI 

5.2 Were participants excluded due to missing data on intervention status? Y / PY / PN / N / NI 

5.3 Were participants excluded due to missing data on other variables needed for 
the analysis? 

Y / PY / PN / N / NI 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the proportion of participants and 
reasons for missing data similar across interventions? 

NA / Y / PY / PN / N / NI 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there evidence that results were robust 
to the presence of missing data? 

NA / Y / PY / PN / N / NI 

Domain 6: Bias in measurement of outcomes 

Signaling questions Response options 

6.1 Could the outcome measure have been influenced by knowledge of the 
intervention received? 

Y / PY / PN / N / NI 

6.2 Were outcome assessors aware of the intervention received by study 
participants? 

Y / PY / PN / N / NI 

6.3 Were the methods of outcome assessment comparable across intervention 
groups? 

Y / PY / PN / N / NI 

6.4 Were any systematic errors in measurement of the outcome related to 
intervention received? 

Y / PY / PN / N / NI 

Domain 7: Bias in selection of the reported results 

Signaling questions Response options 

Is the reported effect estimate likely to be selected, on the basis of the results, 
from... 
7.1. ... multiple outcome measurements within the outcome domain? 

Y / PY / PN / N / NI 

7.2 ... multiple analyses of the intervention-outcome relationship? Y / PY / PN / N / NI 

7.3 ... different subgroups? Y / PY / PN / N / NI 
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