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Methods: Data comes from Our Word in Data. We included 22 European countries from January 20, 2020, to
May 30, 2021. The time-varying constrained distribution lag model was used in each country to estimate the

Ié‘g\}";gf‘g impact of different intensities and duration of NPIs on COVID-19 control, considering vaccination coverage.
Non-pharmacological interventions Country-specific effects were pooled through meta-analysis.

Vaccine Results: This study found that high-intensity and long-duration of NPIs showed a positive main effect on
Dynamic intervention reducing infection in the absence of vaccines, especially in the intensity above the 80th percentile and
Time series analysis lasted for 7 days (RR = 0.93, 95% CI: 0.89-0.98). However, the adverse effect on excess mortality also in-
Excess mortality creased with the duration and intensity. Specifically, 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 per-
centile and lasted for 21 days). As the vaccine rollouts, the inhibition of the strict intervention on cases
growth rate was increased (RR dropped from 0.95 to 0.87). Simultaneously, vaccination also alleviated the
negative impact of the strict intervention on excess mortality (RR decreased from 1.44 to 1.25).
Besides, maintaining the strict intervention appeared to more reduce the cases, as well as avoids more
overall burden of death compared with weak intervention.
Conclusions: Our study highlights the importance of continued high-intensity NPIs in low vaccine coverage.
Lifting of NPIs in insufficient vaccination coverage may cause increased infections and death burden.
Policymakers should coordinate the intensity and duration of NPIs and allocate medical resources rea-
sonably with widespread vaccination.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences.
CC_BY_4.0

Introduction

As of March 06, 2022, it has been nearly 2 years since WHO
declared the COVID-19 outbreak a pandemic [1]. Over 0.44 billion
confirmed cases and 5.99 million total deaths have been reported in
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pandemic, especially non-pharmaceutical interventions (NPIs) and
vaccination.

As a new and highly contagious disease, NPIs are an essential
component of epidemic prevention and control in the absence of
effective treatment regimens, such as physical distancing and traffic
restriction [3-7]. Most of the previous researches on the effective-
ness of specific NPIs came from modeling studies [8-11] and there
was little research based on real-world research [12-14]. Besides,
these existing evidences only focused on the changes in health
outcomes before and after interventions implementation, which
treated the intervention as a break-point [12,15]. Obviously, in the
context of a prolonged pandemic, due to the insufficient medical
resources, the intensity of interventions changes dynamically, and
they have cumulative and lagging effects on epidemic prevention
and control. Meanwhile, post-introduction vaccines may also vary
the effects of NPIs [16-19]. Therefore, critical questions remain
concerning the need for intensity to continue NPIs as the public was
vaccinated. It is important to explore the effects of the intensity and
duration of NPIs and the interactive impact of the vaccine on epi-
demic prevention and control, which provides guidance for policy-
makers in the allocation of medical resources, specifically in
resource-scarce periods or regions.

In addition, existing studies often adopted indicators that reflect
the status of the epidemic as the outcome, such as effective trans-
mission rate and the number of cases, etc. [12-14,20,21]. However,
the other impacts caused by pandemics were ignored, such as excess
mortality. Excess mortality is a more comprehensive measure of the
total impact of the COVID-19 pandemic on deaths. It refers to the
number of deaths from all causes during pandemic above and be-
yond what we would have expected to see under ‘normal’ condi-
tions, including the deaths from other causes that are attributed to
the transfer and lack of medical resources and negative of strong
restrictive intervention during the pandemic [22-26]. Therefore,
excess mortality also should be considered to comprehensively
identify the impact of the intensity and duration of NPIs and vacci-
nation on the prevention and control of the epidemic.

In this study, we aimed to evaluate the independent and added
effects of intensity and duration of interventions on the prevention
and control of the pandemic in Europe, including on new cases, new
COVID-19 death, and excess mortality. We further assessed the
changes of these effects after the implementation of vaccine policies
and the independent effects of vaccination.

Materials and methods
Data source

Data on non-pharmacological interventions and policy responses
comes from Oxford Coronavirus Government Response Tracker
[27,28]. We analyzed 22 European countries from January 20, 2020,
to May 30, 2021, based on the availability of data, including Austria,
Belgium, Croatia, Czechia, Denmark, Estonia, Finland, France, Ger-
many, Greece, Italy, Latvia, Lithuania, Netherlands, Norway, Portugal,
Romania, Slovenia, Spain, Sweden, Switzerland, United Kingdom.
Specifically, we excluded 12 countries because excess mortality data
were not available, and 11 countries since missing data on excess
mortality (less than 60 records were available). Similarly, three
countries were excluded due to unavailability of Containment and
Health Index (CHI). In addition, we exclude 3 countries with a small
total population (less than 1 million). The details of sampling
countries and flow chart are shown in Fig. 1. The indicators for
evaluating the intensity of NPIs using the CHI, a composite measure
of twelve of the response metrics (0-100). This index was calculated
using these metrics such as school closures; workplace closures;
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cancellation of public events; restrictions on public gatherings;
closures of public transport; stay-at-home requirements; public in-
formation campaigns; restrictions on internal movements; and in-
ternational travel controls; testing policy; the extent of contact
tracing; requirements to wear face coverings. In addition, we also
focus on the vaccinations against COVID-19, which was obtained
from Our World in Data, published by Oxford University [29].

From the COVID-19 Data Repository by the Center for Systems
Science and Engineering (CSSE) at Johns Hopkins University, we
collected data on the number of daily new confirmed cases and
deaths in these countries. Data on excess mortality during the
pandemic was sourced from the Human Mortality Database and the
UK Office for National Statistics. Other populations and demographic
data like population density were from World Bank, and gross do-
mestic product (GDP) per capita was from International Monetary
Fund, and hospital beds per thousand were from Eurostat, World
Bank, national government records, and other sources [30].

Definition of available variables

We adopted different definitions of strong interventions (SI)
based on intensity criterion (60th, 65th, 70th, 75th, and 80th per-
centiles) and duration (5, 7, 10, 14, and 21 days) of CHI in each
country. Besides, we consider the role of vaccination coverage that
people fully vaccinated. According to the current status of people
vaccinated, delay in antibody production, and date availability, we
separately analyzed the association between the NPIs and the three
main outcomes under different vaccine coverage rates (0%, 10%, 20%).

There are three main outcomes of interest in this study. Firstly,
we define the cases growth rate by calculating the percentage dif-
ference between the current number of daily new cases and the
number of daily new cases the day before. Secondly, the death
growth rate has also been calculated by the same method. Thirdly,
we measure excess mortality using the P-score, which is the per-
centage difference between the number of deaths in 2020-2021 and
the average number of deaths in the same week over the years
2015-2019 [23].

Statistical analyses

We applied a two-stage time series model to specify the effects of
NPIs and vaccination to our main outcomes of interest. To subdivide
the effects as for NPIs, we defined the main effect as the independent
impact of daily strong interventions and the added effect as the
added risk due to the duration of NPIs, which was quantified ac-
cording to different definitions of strong interventions.

In the first stage regression model, we adopted a linear regres-
sion with constrained distributed lag model [31] to estimate main
effect, added effect and effect of vaccination policy. For each country,
we specify the linear model as,

P; ~Normal(w;, o2)

W = ao + cb(Gj, lag) + BSI; + yVaccination; ,

for which P; denotes the value of outcomes of interests on day j. G is
the evaluated CHI on day j, which takes values from 0 to 100;
cb(G;, 1ag) is the cross-basis function to fit the accumulative asso-
ciation of non-pharmacological interventions on 0 — lag days. SI; is a
binary indicator of strong interventions on day j; Vaccination; is
another binary variable to represent whether the fully vaccinated
people have covered a predetermined percentage of total population
up to day j. ap is the country-specific intercept which is time in-
variant but varies from the countries. § is the coefficient of SI, cor-
responding to the added effect and y indicates the effect of
vaccination policy. Through a pre-analysis of linear models, we
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[ 51 countries and regions in Europe ]
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Exclude 12 countries without weekly excess mortality data

Albania, Andorra, Bosnia and Herzegovina,
Faeroe Islands, Gibraltar, Guernsey, Ireland,
Isle of Man, Jersey, Kosovo, Monaco, Vatican

and 11 countries weekly excess mortality data less than 60 records

Belarus, Moldova, Russia, San Marino, Serbia, Ukraine
Bulgaria, Cyprus, Hungary, Poland, Slovakia

[ 28 countries and regions in Europe J

Exclude 3 countries without containment index data

Liechtenste, Macedonia, Montenegro ]

[ 25 countries and regions in Europe ]

( Exclude 3 countries with a population of less than 1 million

Luxembourg, Malta, Iceland J

22 countries included in the analysis
Austria, Belgium, Croatia, Czechia, Denmark,
Estonia, Finland, France, Germany, Greece, Italy,
Latvia, Lithuania, Netherlands, Norway, Portugal,
Romania, Slovenia, Spain, Sweden, Switzerland,
United Kingdom

Fig. 1. Flowchart of country and region selection.

observed heteroskedasticity of which ¢ may vary with time, spe-
cified as cr%. We accounted for the heteroskedasticity with a linear
regression between log(c?) and the daily accumulative infections of
COVID-19.

In the linear regression with constrained distributed lag model
above, we left a tuning parameter lag to be determined through a
model selection procedure. Selecting the tuning parameter from 1 to
10, we fitted the model respectively. The optimal tuning parameter
was decided according to the model performance measured by
Akaike information criterion (AIC). The lower estimation of lag
suggested that the outcome depended on a shorter period of cu-
mulative interventions.

For the second stage analysis, we pooled all results of 22
European countries using a random-effect meta-analysis. We con-
sidered the population density, hospital beds per thousand, and GDP
per capita of each country as the moderators to conduct the meta-
analysis. All statistical analyses were conducted using R software
(version 4.1.0). P < 0.05 was considered statistically significant.

Results
Descriptive the days of strong interventions

During the pandemic from January 20, 2020, to May 30, 2021, the
average days of strong intervention in 22 countries have gradually

Table 1

decreased as the definition of strong interventions becomes stricter
(Table 1). Specifically, the average days were more than half of the
days (58.98%) under the definition of low threshold (60th percentile)
and low duration (5 days). Even with the strict intervention (80th
percentile and duration 21 days), the average days that strong in-
terventions lasted accounted for above one-third (35.28%) during the
pandemic.

Impact of NPIs before vaccine policy

Fig. 2 presents the pooled main and additional effects of NPIs on
case growth rates, death growth rates, and excess mortality under
different definitions of strong interventions before the im-
plementation of vaccine policies in 22 European countries. As shown
in Fig. 2a, the average main effect of the intervention on the case
growth rate was similar and not significant under the 60th, 65th, and
70th of intensity criteria. However, the high-intensity (> 80th per-
centile) was associated with the decrease in the case growth rate,
especially 7 days of duration (RR=0.93, 95% Cl: 0.89-0.98) and 21
days of duration (RR=0.95, 95% CI: 0.91-1.00). In addition, strong
interventions had no significant added effect on the case growth
rate, regardless of the intensity and duration of intervention.

Although no significant main effect and added effects of the
strong interventions were identified on the COVID-19 death growth
rate (Fig. 2b). However, the increase in excess mortality was asso-
ciated with long duration and high intensity of intervention (Fig. 2c).

Mean days and percentage of strong interventions in different definition (intensity and duration) for 22 countries during pandemic.

>70th

>75th

>80th

Duration n Intensity threshold
> 60th > 65th
Mean days, mean (SD), day 5 days 22 267.95 (40.83) 24714 (44.48)
7 days 22 267.45 (41.16) 246.64 (44.82)
10 days 22 265.73 (41.21) 244,82 (45.5)
14 days 22 263.68 (41.04) 243.32 (45.01)
21 days 22 259.91 (43.42) 239.32 (46.75)
Percentage, mean (SD), 5 days 22 58.98 (9.77) 54.35 (10.03)
% 7 days 22 58.87 (9.85) 54.24 (10.11)
10 days 22 58.50 (9.88) 53.84 (10.27)
14 days 22 58.05 (9.84) 53.51 (10.17)
21 days 22 57.22 (10.33) 52.64 (10.56)

218.32 (46.65)
217.27 (46.77)
217.27 (46.77)
215.64 (48.45)
209.95 (49.09)
47.96 (10.16)
47.72 (1017)
47.72 (1017)
4736 (10.55)
46.15 (10.86)

190.27 (47.77)
188.95 (48.48)
188.55 (48.2)
186.91 (49.78)
18145 (51.42)
41.86 (10.76)
41,57 (10.90)
41.49 (10.86)
4112 (11.21)
39.96 (11.67)

170.59 (47.28)
169.27 (47.43)
168.86 (46.96)
166.68 (49.04)
160.27 (51.90)
37.52 (10.51)
3723 (10.53)
3714 (10.45)
36.66 (10.92)
35.28 (11.60)
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Fig. 2. Pooled main and added effects (RR) for three outcomes with random effects model across countries under different strong interventions definitions before vaccine policies
impalement. (a) case growth rate, (b) death growth rate, (c) excess mortality.
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Table 2

Pooled main, added, and vaccine effects with tests for heterogeneity (p-value) across countries under the strict and weak intervention and different vaccine coverage (0%, 10%, and 20%) in 22 countries during pandemic.

Excess mortality
RR (95% CI)

Death growth rate

RR (95% CI:)

Case growth rate

Effect
RR (95% CI)

Intensity of intervention

Vaccination coverage rate (%)

Test for heterogeneity Test for heterogeneity

Test for heterogeneity

P < 0.01
P < 0.01
P < 0.01
P < 0.01
P <0.01
P < 0.01
P < 0.01
P < 0.01
P < 0.01
P < 0.01
P < 0.01
P < 0.01
P < 0.01
P < 0.01
P < 0.01
P < 0.01
P < 0.01
P < 0.01

1.28 (1.11-1.47)

P=038

0.93 (0.85-1.02)
0.96 (0.92-1.01)
1.08 (0.96-1.21)

P <0.01
P < 0.01
P < 0.01

P
P

0.94 (0.89-1.01)
1.00 (0.94-1.05)
1.09 (1.03-1.16)

Main effect
Added effect

Weak (> 60th and 7 days)

0.91 (0.83-1.01)

P < 0.01
P < 0.01
P < 0.01

0.85 (0.77-0.94)
1.25 (1.11-141)

Vaccine effect
Main effect

0.75-0.98)
0.97-1.04

0.97 (0.91-1.04)

P=0.18
P < 0.01

0.84 (0.77-0.92)
112 (0.98-127)

0.97-1.19

0.89 (0.80-0.98)
0.95 (0.91-1.01)

1.07 (0.93-1.24)

0.86
1.01

1.07
0.98
0.97
0.98
0.92

0.90
0.05
P < 0.01

P

0.87 (0.83-0.91)
1.02 (1.00-1.05)
1.08 (1.03-1.14)

Strict (> 80th and 21 days)

Added effect

Vaccine effect
Main effect

0.01

0.98 (0.92-1.04) =
1.00 (0.95-1.06)
1.03 (0.98-1.09)

Weak (2 60th and 7 days)

10

P <0.01
P < 0.01

P
P

Added effect

Vaccine effect
Main effect

1.00
0.04
P < 0.01
P <0.01
P <0.01
P < 0.01

P
P

0.90 (0.86-0.95)
1.02 (0.99-1.04)
1.03 (1.00-1.07)

Strict (> 80th and 21 days)

1.00 (0.93-1.08)

P=0.08
P < 0.01

P
P

1.00 (0.97-1.04)
0.98 (0.93-1.03)
0.97 (0.89-1.06)
0.97 (0.93-1.02)

1.00 (0.91-1.11)

Added effect

0.95 (0.90-1.00)
1.05 (0.97-1.13)

Vaccine effect
Main effect

0.49
0.13

0.94 (0.86-1.03)
1.02 (0.96-1.09)
1.04 (0.99-1.10)

Weak (2 60th and 7 days)

20

0.92 (0.81-1.04)
0.99 (0.91-1.07)
1.01 (0.86-1.19)

Added effect

P < 0.01

P
P

Vaccine effect
Main effect

0.45
0.10
P < 0.01

0.93 (0.87-1.00)
1.01 (0.97-1.04)

1.00
0.17
P <0.01

0.92 (0.88-0.97)
1.02 (1.00-1.04)
1,04 (0.99-1.10)

Strict (> 80th and 21 days)

0.99 (0.93-1.06)
0.98 (0.94-1.03)

Added effect

0.99 (0.91-1.09)

Vaccine effect
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This study found that the strong interventions showed a positive
main effect on excess mortality, while there was a negative added
effect under some definition. Specifically, the average main effect
showed an increasing trend with the duration given the intensity
threshold criterion. Such as the RR (risk ratio) raised from 1.28 (95%
Cl: 1.11-1.46) for lasted 5 days to 1.40 (95% CI: 1.23-1.59) for lasted
21 days at the 60th percentile of intensity criterion. However, these
increased trends become small and inconspicuous under high in-
tensity. Furthermore, the intensity also plays an important role in
the main effect on excess mortality. As we can see the average main
effect also showed an increasing trend as the intensity criterion in-
creases under the same duration. Similarly, these trends were also
alleviated as the duration was longer. For example, under the
duration of 5 days, the RR raised from 1.28 (95% CI: 1.11-1.46) using
60th percentile to 1.38 (95% CI: 1.23-1.55) using 80th percentile.
While under 21 days, the RR raised from 1.40 (95% CI: 1.23-1.59)
using 60th percentile to 1.44 (95% CI: 1.27-1.64) using 80th per-
centile. In contrast, we found the added effect decreased with the
duration given the intensity criterion. There was no significant
added effect at a lower threshold criterion and shorter duration.
When intensity above the 70th (75th, 80th) percentile for at least 14
or 21 days provides a significant negative added effect. Specifically,
the RR decreased from 0.96 (95% CI: 0.91-1.02) lasting 5 days to 0.89
(95% CI: 0.85-0.92) lasting 21 days at the 80th percentile of intensity
criterion.

Impact of NPIs and vaccination

Table 2 and Fig. 3a summarized the pooled estimates from 22
countries about the impact of NPIs and vaccination on the above
three outcomes (case growth rate; death growth rate; and excess
mortality). When the vaccine coverage rate was low (0%, 10%, and
20%), the main effect of the strict intervention to control cases was
better than weak intervention (RR=0.94 vs. 0.87; 0.98 vs. 0.90; and
0.94 vs. 0.92, respectively), and the latter was no significant main
effect. Moreover, the average main effect of the NPIs for case growth
rate was gradually decreased with the increase in vaccine coverage
(0%, 10%, 20%), under the strict intervention (RR rose from 0.87 to
0.90 and then to 0.92). While no consistent added effect was found
in any scenarios. Similarly, the independent impact of vaccination on
case growth rate was not significant, except when the vaccine was
just introduced it played an independent role in increasing the case
growth rate.

As we can see in the middle line of Table 2 and Fig. 3b, the strict
intervention had a greater association with COVID-19 death growth
rate than the weak intervention, and this association gradually re-
duced with the increase in vaccine coverage (RR rose from 0.86 to
0.92 and then to 0.93). Moreover, there was no substantial associa-
tion between vaccination and COVID-19 death growth rate. After the
rollout of vaccination, the pooled estimates showed an increase of
25% (RR=1.25; 95% CI: 1.11-1.41) in the excess mortality associated
with the strict intervention. Furthermore, the main effect of the
strict (and weak) intervention on excess deaths has dropped sharply
with the increase in vaccine coverage, from 1.25 to 1.07 and then to
1.01 (1.28-1.12 and then to 1.05). In particular, we found that com-
bated with NPIs, vaccination played an important role in the de-
crease of excess mortality. Even under the weak intervention,
implementation of vaccine policies can effectively reduce 15% of
excess deaths (RR=0.85, 95% CI: 0.77-0.94).

Fig. S1 and Fig. S2 detail the association between the strict and
weak intervention and the three main outcomes after vaccination
rollouts in each country during the pandemic, respectively. As we
can see in Fig. S1a, the decrease in COVID-19 case growth rate as-
sociated with the strict intervention was similar in each country.
While the effect of the vaccine was different in these countries. For
example, the vaccine effectively reduced the cases growth rate in the
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Fig. 3. Pooled main, added, and vaccine effects (RR) under the weak (solid) and strict (hollow) intervention and vaccine coverage above 0%, 10%, and 20%. (a) case growth rate, (b)

death growth rate, (c) excess mortality.

United Kingdom and the Netherlands (RR=0.85 and 0.96), but in
Greece and Spain, the opposite was true (RR=1.22 and 1.50). For
COVID-19 deaths, the main effect and added effect of the strict in-
tervention were not statistically significant and there were small
differences between countries, and only in a few countries the
vaccine has a significant effect (Fig. S1b). For excess mortality, we
found that the main effects of the strict intervention on excess
mortality are mostly positive in most countries. At the same time,
the reduction in excess mortality was related to the implementation
of vaccine policies in most countries (Fig. S1c). In addition, details of
these effects of the weak intervention after vaccination rollouts in
each country see Fig. S2.

Discussion
Our findings suggest that high-intensity and long-duration of

NPIs were associated with a decreased daily new cases growth rate
before the implementation of the vaccine policies. However, it is also

504

associated with an increase in excess mortality without affecting the
COVID-19 death growth rate. Moreover, our study highlights the
importance of continued high-intensity NPIs in low vaccine cov-
erage. After the implementation of the vaccine policies, the inhibi-
tion of strict intervention on cases growth rate was increased (RR
decreased from 0.95 to 0.87), which may be affected by the inter-
action of vaccines. Simultaneously, vaccine policies also alleviated
the negative impact of strict intervention on excess mortality (RR
dropped from 1.44 to 1.25). Furthermore, maintaining strict inter-
vention after vaccination rollouts appeared to more reduce the in-
cidence of new cases, as well as avoids more overall burden of death
compared with the weak intervention. In addition, we found that
vaccines have independent protection in reducing total deaths even
if in the low vaccine coverage rate.

This study not only confirms the previous finding that combined
NPIs were beneficial effects on control the infection [4-6,12,32] such
as physical distancing [8] and traffic restrictions [33,34] etc., but also
highlights the role of intensity and duration of NPIs in absence of
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vaccines. A modeling study from 16 worldwide countries speculated
that dynamic interventions could provide means to reduce the ef-
fective reproduction number and keep ICU demands below the na-
tional capacities [35]. Our retrospective study also verified that
despite the intervention intensity was only more than the 60th
percentile, if it lasted for 21 days, it appeared to achieve a similar
effect as above the 80th percentile intensity for 7 days in reducing
infections. However, this did not mean that long-term continuous
lower-intensity interventions were feasible, because it may result in
some potential adverse effects, such as an increase in excess mor-
tality instead of COVID-19 deaths. Unlike previous model-based
studies, in which NPIs could reduce the COVID-19 deaths [4,32], our
study from real-world did not find this possibly due to the different
periods of analysis. In addition, increased excess mortality could be
partly explained by increased deaths from other causes during long-
term constraints, such as the inability to seek medical attention in
time and weakened healthcare systems [22-25,36]. Thus, our study
suggests that, it is crucial to comprehensively consider the control
infection and death burden in the introduction and implementation
of NPIs.

Further, our study also found, the longer duration of low-in-
tensity interventions indirectly implied the health facilities were
inactive and incapable in responding to the epidemic, which could
result in more excess deaths. Although high-intensity interventions
had also independently caused a considerable increase in excess
deaths. However, in the long run, the cumulative impact on excess
deaths would be reversed, which may be due to the delayed effect of
NPIs and this effect diminishes gradually over time [21]. Under this
situation, we speculated the contribution of added effects of high-
intensity interventions on excess mortality may make up for the
main effects. These findings were not mentioned in previous studies
and it revealed the significance of long-term continuous high-in-
tensity interventions before the vaccination rollouts from a novel
perspective.

Our research confirms that the role of vaccine policies in epi-
demic prevention and control, which were similar to previous stu-
dies conducted in Israel [37] and England [38], and based on
modeling [16,17,19]. Surprisingly, we found that the strict interven-
tion was better than the weak intervention to control case growth in
low vaccine coverage, the latter has no statistical association with
case growth rate. Likewise, our study found the vaccine increased
the protective effect of the strict intervention on new case-control,
illustrating the interaction effects of the NPIs and vaccine strategies.
Even B.1.1.7 and other variants may drive the continued increases in
the case and could negate intervention and vaccination gains in
controlling transmission [39]. Moreover, our analysis also showed
that despite vaccination did not decrease COVID-19 deaths, it sub-
stantially reduced the excess mortality. Inconsistent with previous
research that showed vaccination can protect COVID-19 deaths
[18,19], probably because of the low coverage (only 20%) of vaccines
available in our analyzes. Meanwhile, this may be related to the
natural reduction in deaths caused by other factors (such as old-age-
related diseases) after the first and second waves of the epidemic
[22,40,41]. In addition, the impact of the same intensity and duration
of interventions on excess mortality has been reduced after vacci-
nation rollouts. This may result from that the vaccination makes the
allocation of limited medical resources more reasonable and alle-
viates the lack of medical resources [19], and thus reduced excess
deaths. Notably, the excess mortality caused by the weak interven-
tion was greater than strict intervention, and the latter can effec-
tively control cases than the former. This also insinuates lifting or
removing of NPIs may increase the death burden in the case of in-
sufficient vaccine coverage. These findings provide additional
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evidence for policymakers on the lifting of NPIs after the vaccination
program.

This study focused on the duration and intensity of NPIs on
COVID-19 the prevention and control and we pooled data and
summarized experience from included 22 countries in the past
nearly 15 months. At the same time, we reported the effects of
vaccines from real-world data and gave an inspiration from the
perspective of excess mortality. However, there are some limitations.
First, the association between NPIs and outcome was not a causal
effect in this study, which may be affected by unobserved con-
founding. We have considered as many observable confounding as
possible, such as population size, GDP, and other factors. Second, this
study cannot clarify which intervention was more effective. This has
been researched in many previous studies [5-8,42], and further re-
search is needed to provide answers to this question based on real-
world data using other statistical analysis. Third, our research was
based on the national-level, therefore we were unable to provide a
reasonable explanation regarding the association between NPIs and
health outcomes at the individual-level, such as adherence of in-
dividual behavior. Finally, this study only analyzed 22 European
countries since missing data. This non-random sampling may make
the sample less representative. Therefore, this study cannot gen-
eralize the whole of Europe.

Conclusion

In conclusion, through retrospective analysis of the comprehen-
sive effects of national containment measures on population health
outcomes during the pandemic, this study confirms the positive role
of the high-intensity and long-duration intervention in a decrease of
the incidence of COVID-19 in Europe. However, we should still be
mindful of the excess mortality during the pandemic, which was
ignored by the previous research. Notably, we found that despite
there was no significant direct effect on control transmission when
the low vaccination coverage rate. However, vaccination may have a
positive interaction effect with NPIs on control transmission.
Meanwhile, vaccine policies were associated with a large reduction
of excess mortality and it could indirectly mitigate the negative
impact of NPIs on excess mortality. Even so, we could not relax NPIs
in insufficient vaccination coverage, which may cause even greater
cases and excess deaths. These findings insinuate with the benefit of
high vaccine coverage emerge in the future, and healthcare provi-
ders can choose a coordinated and effective intensity and duration of
intervention.
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