
Am J Transl Res 2020;12(11):7430-7438
www.ajtr.org /ISSN:1943-8141/AJTR0116905

Original Article
State heterogeneity in the associations of human  
mobility with COVID-19 epidemics in the European Union

Xiaoling Yuan1*, Kun Hu2*, Jie Xu1, Xuchen Zhang3, Wei Bao4, Charles F Lynch4, Lanjing Zhang5,6,7,8

1Department of Infectious Disease, Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University School 
of Medicine, Shanghai, China; 2Department of Pathology, University at Buffalo, Buffalo, NY, USA; 3Department 
of Pathology, Yale University School of Medicine, New Haven, CT, USA; 4Department of Epidemiology, College 
of Public Health, University of Iowa, Iowa City, IA, USA; 5Department of Biological Sciences, Rutgers University 
Newark, NJ, USA; 6Department of Pathology, Princeton Medical Center, Plainsboro, NJ, USA; 7Rutgers New Jersey 
Institute of Cancer, New Brunswick, NJ, USA; 8Department of Chemical Biology, Rutgers Ernest Mario School of 
Pharmacy, Piscataway, NJ, USA. *Equal contributors.

Received June 24, 2020; Accepted July 20, 2020; Epub November 15, 2020; Published November 30, 2020

Abstract: Background: Human mobility was associated with epidemic changes of coronavirus disease 2019 
(COVID-19) in the countries, where strict public health interventions reduced human mobility and COVID-19 epi-
demics. But its association with COVID-19 epidemics in the European Union (EU) is unclear. Methods: In this quasi-
experimental interrupted time-series study, we modelled trends in human mobility and epidemics of COVID-19 in 27 
EU states between January 15 and May 9, 2020. The associations of lockdown-date, and turning points of these 
trends were assessed. Results: There were 982,332 laboratory-confirmed COVID-19 cases in the EU states (median 
7,896, interquartile 1,689 to 25,702 for individual states) during the study-period. COVID-19 and human mobility 
had 3 trend-segments, including an upward trend in COVID-19 daily incidence and a downward trend in most hu-
man mobilities in the middle segment. Compared with the states farther from Italy, the state-wide lockdown dates 
were more likely linked to turning points of human mobilities in the states closer to Italy, which were also more 
likely linked to second turning points of COVID-19 epidemics. Among the examined human mobilities, the second 
turning points in driving mobility and the first turning points in parks mobility were the best factors that connected 
lockdown dates and COVID-19 epidemics in the EU states closer to Italy. Conclusions: We show state- and mobility-
heterogeneity in the associations of public health interventions and human mobility with the changes of COVID-19 
epidemics in the EU. These findings may help inform policymakers on the best timing and monitoring-parameters of 
state-level interventions in the EU.

Keywords: Coronavirus 2019, epidemics, geographic, trends, public health intervention

Introduction

As of July 16, 2020, the coronavirus disease 
2019 (COVID-19) affected more than 13.4 mil-
lion people in the world and 3.0 million people 
in the Europe according to the WHO (https://
www.who.int/emergencies/diseases/novel-
coronavirus-2019/situation-reports/). Strict pu- 
blic health interventions, including cordon sani-
taire, have reduced human mobility in China [1, 
2], which was shown to link to a reduction of 
COVID-19 epidemics. Recent studies also show 
public health intervention effectively reduced 
COVID-19 epidemics in 11 European Union (EU) 
states [3], the USA [4] and 7 representative 

countries in the world [5, 6]. However, the ch- 
anges of human mobility in the EU states dur- 
ing COVID-19 pandemic have been largely un- 
known as their associated factors and links to 
COVID-19 have not yet been explored. We the- 
refore conducted a quasi-experimental inter-
rupted time-series study to assess these as- 
sociated factors and their associations with 
human mobility.

Methods

In this quasi-experimental interrupted time-
series study, we extracted the data of laborato-
ry-confirmed COVID-19 cases from the Europe- 
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an Centre for Disease Prevention and Control 
(https://ourworldindata.org/coronavirus-source- 
data), which were reported by the respective 
member states of the EU during January 1, 
2020 to May 9, 2020. The daily incidence was 
calculated using the denominator of states’ 
populations, which were sourced from Eurostat. 
The 26 non-Italy EU states were classified into 
3 groups based their neighboring relationship 
to Italy, including group 1 (Austria [AT], Croatia 
[HR], France [FR] and Slovenia [SI]), group 2 
(Belgium [BE], Bulgaria [BG], Czechia [CZ], Ger- 
many [DE], Greece [GR], Luxembourg [LU], Ne- 
therlands [NL] and Spain [ES]) and group 3  
(the rest). 

We extracted the Google mobility (https://www.
google.com/covid19/mobility/) and Apple mo- 
bility (https://www.apple.com/covid19/mobili-
ty) data from their respective websites. Both 
Google mobility and Apple mobility data were 
based on aggregated global position system 
(GPS) data, and represented the percentage 
change relative to the human mobility at a pre-
set baseline date. Specifically, the Google mo- 
bility data were derived from the human mobil-
ity at locations including parks, grocery store 
and pharmacy, retail and recreation business, 
workplace and transit station. It has been used 
in predicting COVID-19 trends [7]. The Apple 
mobility data were derived from individuals’ mo- 
bility of driving, walking and transit. Therefore, 
the Google mobility data are more focused on 
the aggregated human mobility in a given loca-
tion, while the Apple mobility data are more 
focused on individual mobility activities. They 
represented different approaches to human 
mobility. All data were de-identified and public- 
ly available. A review by the institutional review 
board is thus exempt (category 4).

The dates of implementing state-wide lock-
down and social distancing, and lifting lock-
down-bans in a state were extracted from the 
Wikipedia page (https://en.wikipedia.org/wiki/
COVID-19_pandemic_lockdowns), and Institute 
for Health Metrics and Evaluation, if needed 
(https://covid19.healthdata.org/). The simula-
tion study was conducted based on the coeffi-
cients computed using log-linear modelling of 
daily incidence. Specifically, the percentage ch- 
anges equaled the exponential of the days of 
moving earlier (-d) multiplied by the coefficient 
(β) (i.e. change = e^(-d x β)). 

Statistical analyses were conducted using 
Stata (version 15). We used piecewise log-lin-
ear or ordinal least square regression models 
to identify the turning points of the daily new 
cases or human mobility according to the rec-
ommendations from the National Center for 
Health Statistics and others [8-11]. Two turning 
points (i.e. 3 segments) were assumed in each 
modelling. The locally weighted scatter smooth-
ing (LOWESS) algorithm was used to smooth 
daily incidence and mobility trajectories [12, 
13]. It is noteworthy that the daily incidence 
and its changes are proportional to those of 
daily new cases since the population of a given 
state remained relatively constant during the 
study period. Pearson’s correlation and ordinal 
least square analyses were conducted to as- 
sess the potential link to turning points. All p 
values were 2-sided. A P<0.05 was considered 
statistically significant. 

Results

There were 982,332 laboratory-confirmed CO- 
VID-19 cases in the 27 EU states (median 
7,896, interquartile 1,689 to 25,702 for indi-
vidual states) from Jan. 1 to May 9, 2020 
(Figures 1 and S1). Nearly all of the EU states 
had 3 segments of trends in COVID-19 inci-
dence (Table S1). The piecewise log-linear mod-
els show that the COVID-19 daily growth rate in 
the first segment of Italy was 7.8%, and statisti-
cally indifferent from those in the second seg-
ments of all other state groups (Table S2), sug-
gesting a delayed growth in non-Italy EU states. 
Interestingly, only the states in group 1 had a 
much faster decreasing rate than Italy (Table 
S2). Among the 27 states, 21 implemented a 
state-wide lockdown policy, and 25 implement-
ed social distance restrictions. The daily new 
cases overall had a median increase rate of 
8.8% per day (interquartile 5.7-10.5%), which 
peaked at 67 per million (interquartile 27-118), 
and then decreased at a median rate of 1.9% 
(interquartile 3.0-0.0%). The median duration 
of the second (increasing) segment was 27 
days (interquartile 24-35). 

Among Google human mobility trends in 26 
states (all EU states except Cyprus), residential 
mobility increased and the mobility of retail and 
recreation, parks, grocery and pharmacy, work-
place, and transit station decreased during 
their second segments and increased after-
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ward (Table S3). Among Apple mobility trends in 
25 states (all EU states except Cyprus and 
Malta), the mobilities of walking, driving and 
transit also decreased during their second seg-
ments that were followed by an upward trend 
(Table S2).

The associations of second turning points in 
some mobilities with those in daily new cases 
and incidence were stronger in the states clos-
er to Italy (Figure 2A and 2B), with group 1 hav-

Interestingly, the associations of lockdown 
dates (in 2020) with first turning points in  
the mobilities of grocery and pharmacy, retail 
and recreation, and parks appeared to be 
stronger in the states closer to Italy (P=0.004 
for grocery and pharmacy mobility in group 1). 
The dates of implementing social distancing 
were not associated with the second turning 
points of human mobilities (Figure S2). How- 
ever, their associations with the mobilities of 
grocery and pharmacy, retail and recreation 

Figure 1. A. The daily incidence trends of COVID-19 in the 27 European Union 
states. B, C. The percentage changes of grocery and pharmacy mobility and those 
of parks mobility in the 27 European Union states. The state groups were classi-
fied according to their neighboring relationship to Italy.

ing the strongest associa-
tion. The second turning 
points in most of the test-
ed human mobilities were 
linked to those in COVID-
19 epidemics in the sta- 
tes immediately next to 
Italy (group 1), while the 
associations were less st- 
rong in the states farther 
from Italy. The associa-
tions of first turning po- 
ints in parks mobility with 
those in daily new cases 
and incidence were stron-
ger in the states closer to 
Italy (Figure 2C and 2D). 
The R-squared (R2), as a 
measure of likelihood of 
association, were the lar- 
gest in group 1 and small-
est in group 3 in some 
human mobilities. It sug-
gests the likelihood of su- 
ch an association was hi- 
gher in the states that 
were closer to Italy. 

We then explored the po- 
tential factors that might 
be linked to the turning 
points of human mobili-
ties. The lockdown dates 
seemed associated with 
second turning points in 
walking mobility (R2=0.91, 
P=0.09) in state group 1 
(Figure 3), while they were 
strongly associated with 
second turning points in 
the mobilities of residen-
tial (P=0.02), transit (P= 
0.005) and driving (P= 
0.01) in state group 2. 
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Figure 2. A, B. The associations of second turning points in mobility with second turning points in daily new cases were stronger in the states closer to Italy (the p-
value for grocery and pharmacy mobility was 0.012 in group 1). C, D. The associations of first turning points in mobility with second turning points in daily new cases 
showed a similar pattern (the p-value for parks mobility were 0.121 in Group 1 and 0.106 in Group 2). The larger R-squared values indicate stronger associations. 
The state groups were classified according to their neighboring relationship to Italy. #, also included pharmacy mobility; *, also included recreation mobility.
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and transit were stronger in the states closer to 
Italy. 

According to the R2 values, the second turning 
points in driving mobility and the first turning 
points in parks mobility were the best media-
tors among the second and first turning points 
in various mobilities, respectively, for connect-
ing public health intervention (lockdown) date 
and COVID-19 daily incidence in group 1 states. 
Specifically, the lockdown dates were linked to 
the second turning points of driving mobility  
in group 1 states (R2=0.59), which was in turn 
linked to the daily new cases of COVID-19 
(R2=0.98). The lockdown dates were also link- 
ed to the first turning points of parks mobility  
in group 1 states (R2=0.67), which was then 
linked to the daily new cases of COVID-19 
(R2=0.70).

The simulation study shows that the peak daily 
incidence of COVID-19 would have been greatly 
decreased had the peak/turning points been 

was also modality heterogeneity of human 
mobility in these associations. The second 
turning points in driving mobility and the first 
turning points in parks mobility were the best 
mediators that connected public health inter-
vention (lockdown) date and COVID-19 daily 
incidence in group 1 states.

The lockdown dates and turning points of some 
human mobilities were associated with turning 
points of COVID-19 epidemics in the EU states 
in the group 1, but much less likely in other 
groups. Thus, the neighboring relationship to 
the COVID-19 epicenter may determine or influ-
ence the associations of the lockdown dates 
with turning points in human mobility in EU 
states, and subsequently those with COVID-19 
epidemics. In other words, there was consider-
able state heterogeneity in the COVID-19 epi-
demics of EU states, which seemed linked to 
human mobility and indirectly to the lockdown 
dates. Therefore, these associations may not 
be significant in all states combined due to the 

Figure 3. A, B. The associations of lockdown dates (in 2020) with second turning points in the mobilities of retail and 
recreation, and walking were stronger in the states closer to Italy (the p-value for walking was 0.09 in group 1), while 
those with second turning points in the mobilities of residential (P=0.02), transit (P=0.005) and driving (P=0.01) 
were strongest among the states in group 2. C, D. The associations of lockdown dates (in 2020) with first turning 
points in mobility were stronger in the states closer to Italy (the p-value for grocery and pharmacy mobility was 0.004 
in group 1). The larger R-squared values indicate stronger associations. The state groups were classified according 
to their neighboring relationship to Italy. #, also included pharmacy mobility; *, also included recreation mobility.

Figure 4. Simulated changes of COVID-19 daily incidence in the European 
Union states. The scattered dots show the simulated percentage changes 
of daily incidence by states under the scenarios when the peaks of daily 
COVID-19 incidence were reached 3 days (3 d), 1 week (1 w) and 2 weeks 
(2 w) earlier. The daily incidence (empty bar, laboratory-confirmed COVID-19 
cases per million) is also shown. 

reached days earlier (Figure 
4). For example, if the peak-in- 
cidence date had been moved 
to 7 days earlier, there would 
have been a 20-80% reduction 
in peak daily incidence. Such a 
reduction would have translat-
ed to 66 cases/million in Lu- 
xembourg (from 374 cases/
million).

Discussion

This quasi-experimental inter-
rupted time-series study sho- 
ws state heterogeneity in the 
association of human mobili-
ties with COVID-19 epidemics 
in the EU states, and in that of 
lockdown dates with human 
mobilities. These associations 
appear to be stronger in the 
states closer to the COVID-19 
epicenter (Italy at the time) 
than the states farther. There 
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“dilution” from the non-group 1 states. Indeed, 
a previous report using susceptible-infected-
recovered and machine learning (gradient-
boosted trees) models showed that changes of 
social distancing explained 46% of the varianc-
es in COVID-19 transmission rate [14]. Despite 
the difference in study design and time-frame 
of interest, the state heterogeneity shown by 
this study may in part explain their findings. 
Furthermore, the state heterogeneity should be 
considered when implementing public health 
interventions. Perhaps the states closer to the 
epicenter state should have considered imple-
menting public health interventions earlier and 
stricter than other states in the affected conti-
nent. However, when and how the states far-
ther away from the epicenter should implement 
these interventions are not clear and warrant 
further evaluation. Finally, consistent with our 
findings, lockdown is recently shown to be the 
most effective public health intervention for 
COVID-19 in the 11 European states, while 
social distancing appeared much less effective 
[3].

The modality difference of human mobility in 
the COVID-19 were rarely examined in previous 
studies. Most of the previous studies on human 
mobility and COVID-19 used migration mobility 
data [1, 15, 16]. One study described the tem-
poral trends of mobile device-based mobility 
(Safegraph) in 4 U.S. metropolitan cities, but 
did not model any turning points of mobility 
trends [17]. Indeed, GPS-based individual mo- 
bility data were provided by Google and Apple 
only after April 2020. The Google and Apple 
mobility data were based on observations at 
locations (e.g. residential and work places) and 
moving modes (i.e. walking, driving and transit), 
respectively. Such a difference may partially 
explain why the best interlink factors between 
lockdown dates and COVID-19 daily incidence 
were the second turning points in driving mobil-
ity (Apple), but the first turning points in parks 
mobility (Google). The reason for this may be 
that state-wide lockdown was associated with 
the bottom in the trends of individual-based 
driving mobility (Apple data), and with the first 
turning points in the trends of location-based 
parks mobility (Google data), while both turning 
points were linked to the changes in daily inci-
dence. Therefore, policy makers may consider 
using the first turning point of parks mobility 
and the bottom/second turning point of driving 
mobility to monitor the effects of state-wide 

lockdowns and predict the peak points of 
COVID-19 daily incidence. A possible cutoff of 
the lowest driving mobility would be approxi-
mately 25% of the baseline mobility, which was 
the one observed in this study.

Some of this study’s strengths are noteworthy. 
First, this study was focused on the state het-
erogeneity in COVID-19 epidemics and their 
associated factors in EU where less strict pub-
lic health interventions were implemented for 
COVID-19 than those in China. We show that 
the EU states closer to the epicenter (Italy in 
the EU) were more likely to observe the links 
between lockdown and human mobility chang-
es, and subsequently the changes in COVID-19 
epidemic. This finding is consistent with the 
recent report on the link between state’s geo-
graphic relationship with epicenter and COVID-
19 epidemics in the USA [4]. Second, we com-
prehensively analyzed the associations of the 
GPS-based mobilities with COVID-19 epidemics 
in the EU states, including location-based Goo- 
gle and individual activity-based Apple mobility 
data. The previous reports on COVID-19 have 
used Google and Apple mobilities [14], or hu- 
man migration mobility in Europe, the USA or 
China [1, 17, 18]. However, to our knowledge 
they have not examined the association of  
turning points of these mobilities with the ch- 
anges in both public health intervention and 
COVID-19 epidemics. Third, this study provides 
early evidence on whether and how human 
mobilities were associated with COVID-19 epi-
demics under less strict state-wide lockdown. 
Similarly, the association of human migration 
mobility with COVID-19 differed by the distance 
to its epicenter (Wuhan at the time) in China  
[1], where the public health interventions were 
much stricter than the rest of the world and 
may not be applicable to other states.

A limitation of this study is that some non-EU 
states in Europe were not analyzed, including 
the United Kingdom and Switzerland, while th- 
eir human mobility might also be associated 
with COVID-19 epidemics. Moreover, the state 
heterogeneity among the EU states may not be 
generalizable to other continents because of 
the unique cultures and geopolitical systems  
in the EU. China, for example, implemented 
very strict public health interventions and may 
not experience significant providence-hetero-
geneity in the associations of public health in- 
terventions with COVID-19 epidemics. Further- 



State heterogeneity in associations of human mobility with EU COVID-19 epidemics

7437	 Am J Transl Res 2020;12(11):7430-7438

more, the mobility data of Cyprus were not 
available, and could not be reliably analyzed. 
Finally, the sensitivity and specificity of COVID-
19 tests used in each state might differ, and 
lead to some variances in the (daily) incidence 
of COVID-19. However, all clinical tests on the 
EU markets must have gone through regulatory 
reviews by the European Medicine Agency, and 
should have considerably similar sensitivity 
and specificity. The single-market policy in the 
EU also reduced differences in the tests’ avail-
ability among all EU states (https://web.archive.
org/web/20190527230316/https://europa.
eu/european-union/topics/single-market_en). 
The variances in COVID-19 test performance 
thus were minimal in the EU states.

In summary, we showed the heterogeneity of 
state and modality of human-mobility in COVID-
19 epidemics and their associated factors in 
the EU states. We also characterized the trends 
in COVID-19 epidemics and human mobilities 
across the EU states. These findings may help 
choose the best timing and strategy for public 
health interventions during the COVID-19 pan-
demic, likely based on the state’s neighboring 
relationship with the epicenter. Future works 
should be focused on the factors linked to the 
trends of COVID-19 epidemics in the states  
farther from the epicenter. 
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Figure S1. The percentage changes of human mobilities in the 27 European Union states. The mobility data of retails and recreation (A), transit station (B), work 
places (C) and residential (D) were extracted from the Google mobility website with 0 as the baseline. The mobility data of driving (E), walking (F) and transit (G) were 
extracted from the Apple mobility website, with 100 as the baseline. The state groups were classified according to their neighboring relationship to Italy, with the 
immediate neighboring states in the group 1.
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Table S1. The epidemics of laboratory-confirmed coronavirus disease 2019 (COVID-19) cases in the European Union by states between Jan. 15 
and May 9, 2020

State Neighboring 
Group

Segment 
1 Beta

Segment 
2 Beta

Segment 
3 Beta

TP 1 
date

TP 2 
date

Difference 
in TP (day)

Peak daily inci-
dence (per mil)

Peak daily 
new case

Total 
cases

Social distance 
date

Lock-down 
date

Lift 
date

Austria 1 0.013 0.113 -0.037 3/1 3/24 23 126.688 1141 15586 3/17 3/16 5/1
Belgium 2 -0.771 0.092 -0.014 2/7 3/30 52 211.741 2454 50509 3/18 3/17 4/19
Bulgaria 2 0.136 0.044 0.008 3/14 3/23 9 13.096 91 1689 3/13 3/17 8/4
Croatia 1 -0.005 0.100 -0.030 3/9 3/29 20 23.385 96 2112 3/9 3/17 5/11
Cyprus 3 -0.384 0.039 -0.030 3/10 4/5 26 66.218 58 878 3/13 3/24 5/4
Czechia 2 -0.447 0.088 -0.023 3/1 3/28 27 38.099 408 7896 3/10 3/16 4/12
Denmark 3 0.160 0.027 -0.011 3/13 4/6 24 67.332 390 9821 3/16 3/11 4/13
Estonia 3 -0.460 0.057 -0.030 2/28 3/30 30 101.015 134 1711 3/13 NA NA
Finland 3 -0.016 0.078 0.000 2/23 3/24 30 48.189 267 5412 3/12 3/27 4/16
France 1 -0.001 0.098 -0.021 2/19 3/26 37 116.096 7578 132967 3/4 3/17 5/11
Germany 2 -0.001 0.111 -0.019 2/20 3/25 34 75.122 6294 164897 3/14 3/23 5/10
Greece 2 -0.012 0.063 -0.022 2/16 3/26 39 14.967 156 2642 3/8 3/23 5/4
Hungary 3 -0.456 0.075 0.002 3/1 3/29 28 21.738 210 3111 3/12 3/28 4/10
Ireland 3 -0.452 0.102 0.000 3/1 3/28 27 236.745 1169 21983 3/12 3/12 5/18
Italy 0 0.078 0.016 -0.014 3/18 3/28 10 108.449 6557 213013 3/17 3/9 5/4
Latvia 3 -0.458 0.080 -0.015 3/1 3/25 24 37.642 71 896 3/12 NA NA
Lithuania 3 -0.458 0.089 -0.027 3/1 3/30 29 44.815 122 1423 3/14 3/16 4/27
Luxembourg 2 -0.457 0.112 -0.033 3/1 3/26 25 373.816 234 3840 3/13 3/18 5/25
Malta 2 -0.445 0.021 -0.033 3/1 4/9 39 117.77 52 482 NA NA NA
Netherlands 2 -0.027 0.105 -0.012 2/18 3/25 36 77.911 1335 41087 3/10 3/16 4/28
Poland 3 -0.454 0.100 0.002 3/1 3/28 27 14.4 545 14431 3/10 3/13 4/11
Portugal 3 -0.453 0.117 -0.014 3/1 3/28 27 148.675 1516 25702 3/16 3/19 4/2
Romania 3 0.151 0.084 0.001 2/24 3/31 36 27.186 523 13837 3/6 3/23 5/15
Slovakia 3 -0.446 0.038 -0.041 3/1 4/10 40 20.88 114 1421 3/12 3/16 4/22
Slovenia 1 -0.445 0.059 -0.027 3/1 3/26 25 28.38 59 1445 3/12 NA NA
Spain 2 0.000 0.123 -0.024 2/21 3/25 33 197.242 9222 220325 3/14 3/14 5/9
Sweden 3 -0.023 0.149 0.013 2/25 3/14 18 80.402 812 23216 3/17 NA NA
Median* -0.236 0.089 -0.017 3/1 3/28 28 67.332 390 7896
Q1* -0.455 0.058 -0.028 2/23 3/25 24 27.186 114 1689
Q3* -0.001 0.107 0.000 3/1 3/30 36 117.77 1335 25702
Note: TP, Turning point; Beta1, Beta2 and Beta3 were the coefficients of segments 1, 2 and 3, respectively; NA, not applicable; Q1, 25% quartile; Q3, 75% quartile; *, summary of all 
states. The neighboring groups were classified according to their neighboring relationship to Italy, with the immediate neighboring states in the group 1.
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Table S2. The P values for the trend difference in the laboratory-confirmed coronavirus disease 2019 (COVID-19) in the European Union by 
states between Jan. 15 and May 6, 2020

Segment 1 Beta, median 
(interquartile)

Segment 2 Beta,  
median (interquartile)

Segment 3 Beta,  
median (interquartile)

P value for Segment 2 Beta 
vs Italy Segment 1 Beta

P value for Segment 2 Beta 
vs Italy Segment 2 Beta

P value for Segment 3 Beta 
vs Italy Segment 3 Beta

Group 1 -0.003 (-0.335 to 0.009) 0.099 (0.069 to 0.110) -0.028 (-0.035 to -0.023) 0.302 0.007 0.020
Group 2 -0.027 (-0.452 to -0.001) 0.092 (0.053 to 0.112) -0.022 (-0.028 to -0.013) 0.598 <0.001 0.239
Group 3 -0.452 (-0.457 to -0.019) 0.080 (0.048 to 0.101) -0.011 (-0.028 to 0.001) 0.858 <0.001 0.584
Note: The 26 non-Italy European Union states were classified into 3 groups based the neighboring relationship to Italy, including Group 1 (Austria, Croatia, France and Slovenia), Group 2 (Belgium, Bulgaria, 
Czechia, Germany, Greece, Luxembourg, Malta, Netherlands and Spain) and Group 3 (the rest).

Table S3. Summary of the human mobility in the European Union during February to May, 2020

Segment 1 Beta Segment 2 Beta Segment 3 Beta Segment 2 
Length (day) Lowest mobility Highest mobility

Google mobility (Feb. 15 to May 9, 2020)
    Retail and recreation -0.11 (-0.26 to 0.07) -7.43 (-12.71 to -6.01) 0.25 (0.16 to 0.37) 10 (6 to 11) -86.0 (-91.3 to -71.0) 14.0 (8.0 to 18.8)
    Parks -0.35 (-1.05 to 0.97) -3.92 (-11.29 to 0.04) 0.69 (0.29 to 1.33) 14 (5 to 29) -64.0 (-71.5 to -38.3) 66.0 (44.8 to 112.5)
    Residential 0.02 (-0.02 to 0.05) 1.70 (1.26 to 2.86) -0.11 (-0.18 to -0.07) 12 (9 to 15) -2.0 (-3.0 to -1.0) 32.5 (27.0 to 37.0)
    Grocery and pharmacy 0.38 (0.28 to 0.53) -7.52 (-11.98 to -4.28) 0.23 (0.11 to 0.30) 5 (4 to 8) -88.0 (-93.0 to -51.0) 27.5 (22.8 to 37.8)
    Workplace 0.17 (0.08 to 0.36) -4.24 (-8.19 to -3.48) 0.13 (0.07 to 0.22) 12 (8 to 14) -86.0 (-88.0 to -84.0) 3.5 (2.5 to 6.0)
    Transit station -0.14 (-0.24 to 0.20) -6.24 (-8.02 to -4.80) 0.24 (0.16 to 0.38) 10 (9 to 13) -77.0 (-85.0 to -71.5) 14.0 (10.0 to 16.0)
Apple mobility (Jan. 15 to May 7, 2020)
    Walking 0.34 (0.19 to 0.70) -8.26 (-10.39 to -6.18) 0.48 (0.31 to 0.61) 11 (10 to 14) 19.2 (16.1 to 33.8) 166.4 (147.9 to 196.4)
    Driving 0.19 (0.08 to 0.30) -5.76 (-7.05 to -5.30) 0.58 (0.49 to 0.79) 13 (11 to 15) 25.6 (18.8 to 37.9) 140.2 (130.4 to 146.7)
    Transita 0.37 (0.17 to 0.55) -8.78 (-9.63 to -5.95) 0.25 (0.19 to 0.43) 12 (11 to 13) 18.2 (10.3 to 26.4) 131.9 (121.4 to 146.8)
Note: All data shown in median (interquartile); aData of transit mobility by Apple, Inc were available in 16 of the 27 European Union states.
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Figure S2. Associations of the social-distance starting dates with the turning points in human mobility during Feb. to May, 2020. The association of dates in imple-
menting social distancing with second turning points in human mobility (A) and that with first turning points (B) in human mobility by state groups. Despite moder-
ately high R-squared values in the three state groups, dates in implementing social distancing were inversely associated with the residential, driving and walking 
mobilities, except the positive association of driving mobility with first turning points in group 3 and that of residential mobility with first turning points in group 2 
(B). However, the association of dates in implementing social distancing with first turning points in human mobility appeared stronger in the states closer to Italy 
(group 1, blue bars). The larger R-squared values indicate stronger inverse or positive associations. The state groups were classified according to their neighboring 
relationship to Italy. #, also included pharmacy mobility; *, also included recreation mobility.


