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Through a weekly all-cause mortality surveillance sys-
tem, we observed in France a major all-cause excess
mortality from March to May 2020, concomitant with
the coronavirus disease (COVID-19) epidemic. The
excess mortality was 25,030 deaths, mainly among
elderly people. Five metropolitan regions were the
most affected, particularly Tle-de-France and the
Grand-Est regions. Assessing the excess mortality
related to COVID-19 is complex because of the poten-
tial protective effect of the lockdown period on other
causes of mortality.

Since 9 March 2020 (week 11), a significant excess mor-
tality has been observed at national level in France,
with a sharp increase in mortality from mid-March,
reaching the highest level in week 14 and then decreas-
ing. This dramatic increase in mortality was concomi-
tant with the COVID-19 epidemic.

This paper aims to describe the temporal evolution of
all-cause mortality during the COVID-19 epidemic in
France and to provide an estimate of the excess all-
cause mortality both at national and regional levels.

A reactive all-cause mortality surveillance
Since 2005, the French public health agency (Santé
Publique France) has been following up the all-cause
mortality routinely, based on the administrative
data transmitted by the French National Institute for
Statistic and Economic Studies (INSEE). The mortality
surveillance is based on ca 3,000 civil status offices
of city halls dispatched all over the territory (including
overseas) [1]. For each death, administrative informa-
tion is collected (age, sex, date and place of death,
date of registration). The medical causes of death are
not recorded.

This sample from 3,000 cities represents 77% of the

total French mortality, varying from 42% to 98% in the
100 districts [1]. In order to analyse mortality at the
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level of all cities, the number of deaths recorded from
the sample in each district was divided by the cover-
age rate of the system at the district level. Numbers of
deaths estimated at district level were aggregated to
obtain estimated numbers of deaths at regional and
national levels.

We obtained the excess all-cause mortality from the
difference between the estimated number of deaths
and the expected number of deaths (baseline). The
weekly expected number of deaths was provided by a
statistical model developed by the European monitor-
ing of excess mortality for public health action network
(EuroMOMO, www.euromomo.eu) [2]. This common
model is used weekly by 24 European countries or
regions and uses a time-series Poisson regression to
predict the baseline, adjusted for a linear or nonlinear
trend and seasonal variation.

The excess deaths are expressed in proportion to
the baseline (excess mortality x 100, divided by the
baseline). A standardised indicator around the base-
line (z-score) is also calculated, enabling standard-
ised comparison of mortality variations at different
geographical levels. The analysis is stratified by age
groups (<15, 15-44, 45-64,65-84 and=85 years) and
sex at national and regional levels.

The use of mortality data in the frame of public health
surveillance and epidemiological studies has been
authorised by the French National Commission for Data
Protection and the Liberties (CNIL).

Estimates of excess all-cause mortality

From week 1 to week 10 in 2020, the estimated num-
ber of deaths varied around the expected value within
2 z-scores. The study period covered 2 March to 31
May 2020 (calendar weeks 10—22). Mortality increased
sharply in week 11 in 2020 (crossing 2 z-scores) until
week 14 in 2020. In week 14, the estimated number of
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FIGURE 1

Overall and cumulative excess all-cause and all-age mortality, France, calendar week 40, 2013-22, 2020
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deaths was 7,100 deaths (+60%) above the expected
number of deaths (n=11,800 deaths) (Figure 1). The
mortality then decreased until week 18. The estimated
number of deaths returned to the expected range from
week 18 to week 22 (Figure 1). Overall for the study
period, the estimated number of deaths was 16.6%
above the baseline for the whole of France (n=25,030
excess deaths) (Table).

The cumulative excess mortality from week 40 in 2019
to week 22 in 2020 (30 September 2019—31 May 2020)
exceeded cumulative excess mortality of the five full
previous periods (from week 40 to 39 of the next year)
(Figure 1).

Elderly people (265 years) were the most affected
(Figure 2). From week 10 to week 22 in 2020, 23,400
excess deaths were estimated in this age group
(+18.2%), while persons aged 15—64 years experienced
a moderate excess of deaths (+1,510 deaths, +7% com-
pared with baseline) (Table). In this age group, the
most affected were also the oldest (45-64 years) and
more specifically men (+12% vs+5% in women com-
pared with the baseline) (Figures 2 and 3). The esti-
mated number of deaths in persons aged 15—44 years
was comparable to the expected number, for both men
and women. In elderly people, the proportion of all-
cause excess deaths for men (19.1%) was greater than
for women (16.7%). The estimated number of deaths in
children (<15 years-old) was lower than the expected
value (-14%, n=-170 deaths), particularly for boys
(-20%).

In comparison with the five full previous seasons, the
cumulative all-cause excess mortality was close to
three other seasons (2014/15, 2016/17 and 2017/18)
for adults older than 85 years and to season 2017/18
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for adults aged 45—-64 years, but was much greater for
65—84 year-old (Figure 2).

Major geographical disparities of excess
mortality

Five metropolitan regions were particularly affected,
with very high to exceptional excess mortality (z-scores
value: 11-46.7) (Table). Tle-de-France (Paris area)
was the most impacted region with+12,050 deaths
in excess (+63.7% compared with the baseline), fol-
lowed by the region Grand-Est (+4,810 deaths, +36.9%)
(Table). Excess mortality in the regions Auvergne-
Rhdne-Alpes, Bourgogne-Franche-Comté and Hauts-
de-France ranged from +15% to +20%.

Five other regions experienced a moderate to elevated
excess all-cause mortality with z-scores varying from 2
to 5.4. Eight regions had no observed excess mortal-
ity. Among these last regions, the estimated number
of deaths was significantly lower than the baseline (ca
—4%) in two regions (Nouvelle-Aquitaine and Brittany).

Spatial disparities were noticed within the regions,
with 12 districts experiencing an exceptional excess
mortality, including all Tle-de-France districts (Figure
4). Excess mortality among adults aged 15-64 years
was predominantly observed in Tle-de-France.

Discussion

In the absence of medical information in civil status
data, it cannot be estimated which part of the all-cause
excess mortality is attributable to COVID-19. During this
unusual pandemic, two complementary surveillance
systems were implemented to report COVID-19 deaths
in hospitals and long-term care facilities in France [3],
but no system was able to report the COVID-19 mortal-
ity at home. A total of 29,200 COVID-19 deaths were
reported by these two systems during the study period

www.eurosurveillance.org



TABLE

Estimated number of all-cause deaths, excess mortality, proportion among the expected number of deaths and z-score, by
age group and by region, France, 2 March-31 May 2020 (n=175,801)

15—64 years-old Older than 65 years All ages
Estimated Estimated Estimated
number of Excess % z-score numberof Excess % number of Excess z-score
deaths deaths deaths
France 23,191 +1,513 +7.0° 8.6 151,652 | +23,400 +18.2% | 25.2 175,801 | +25,027 | +16.6° 25.4
Auvergne- R |
Rhéne-Alpes 2,201 -11 -0.5 -0.3 17,271 +2,550 +17.3 12 19,579 +2,559 +15.0 11.2
Bourgogne- a a
Franche.Comté 985 +42 +4.5 1.1 7,807 +1,376 +21.4 13.1 8,820 +1,421 +19.2 13.9
Britanny 1,154 +10 +0.9 0.2 7,535 -353 -4.5° -3.2 8,712 -329 -3.6% -2.9
Egir:tere-Val de 861 +21 +2.5 0.4 6,239 +550 +9.7° 5.4 7,133 +570 +8.7° 5.4
Corsica 100 +6 +6.4 -0.4 717 +82 +12.92 2.8 817 +88 +12.1° 2.6
Grand Est 2,004 +82 +4.3 1.6 15,785 +4,709 +42.5° | 27.6 17,855 +4,812 +36.9° 27
Erzl:cséde- 2,481 +110 +4.6 1.7 13,592 +2,432 | +21.8° | 12.9 | 16,152 | +2,555 | +18.8° 12
ile-de-France 4,515 +1,390 | +44.5° 20.4 26,230 +10,659 +68.5% | 46.3 30,979 | +12,052 | +63.7° | 46.9
Normandy 1,248 +67 +5.7 1.8 7,637 +554 +7.82 5.6 8,928 +640 +7.7° 5.6
Nouvelle- 2 2 B
Aquitaine 2,062 -92 -4.3 -2 13,741 -549 -3.8 -3.2 15,868 -634 -3.8 3.5
Occitanie 1,981 +20 +1.0 0.2 12,673 +249 +2.0 1.4 14,731 +285 +2.0 1.5
Provence-
Alpes-Cote 1,568 -52 -3.2 -1.2 11,758 +752 +6.82 5 13,382 +697 +5.5° 4.2
d’Azur
Egiyrsede la 1,239 -68 -5.2 -1.8 8,050 +307 +4.0° 2.2 9,338 +240 +2.6 1.6
Réunion Island 305 -33 -9.8 -1.9 899 -60 -6.3 -1.8 1,235 -91 -6.9% -2.2
Mayotte 100 +24 +31.62 2.2 142 +58 +70.7° 5.5 268 +83 +44.9° 4.6
Guadeloupe 176 +24 +15.8 1.7 710 +33 +4.9 1 896 +63 +7.6 1.7
Martinique 138 -6 —4.2 -0.8 758 +69 +10.0% 2.3 905 +62 +7.4 1.8
French Guiana 73 -21 -22.32 -2.3 110 -18 -14.1 -1.5 203 -46 -18.5a -2.7

2 The estimated number of deaths is significantly above or below the expected number of deaths (humbers in bold).

[4]. This number of COVID-19-related deaths may be
overestimated, since virological testing (PCR) was not
systematically performed for all deaths reported by
long-term care facilities.

The difference between our estimate of the all-cause
excess mortality and the reported number of COVID-
19 deaths in hospitals and long-term care facilities
reflects the complexity to precisely estimate the epi-
demic impact since COVID-19 induced:

e an increase in deaths directly associated to
severe acute respiratory disease coronavirus 2
(SARS-CoV-2),

e anincrease in deaths due to other severe health con-
ditions left untreated because of the impact of the
epidemic on the health system and the lockdown,

e a decrease in mortality due to the suspension of

business, personal and tourism trips and activities
during the lockdown period,
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e a decrease in mortality following an earlier death
of the most frail persons who could have died from
COVID-19 several days or weeks before they would
have died without the epidemic.

The baseline corresponds to a mortality situation in
absence of events that influence mortality. In the epi-
demic context, the lockdown period may have a pro-
tective effect on mortality and the number of deaths
during the epidemic may be lower than the calculated
baseline. The protective effect may concern exter-
nal causes of deaths (such as traffic or occupational
accidents), deaths related to air pollution or to other
communicable diseases. This hypothesis is consist-
ent with the situation observed in two regions with a
lower mortality than expected that started 3 weeks
after the beginning of the lockdown and remained until
the end of the lockdown period and even longer in one
of the two regions. Such results were also reported in
Portugal, for persons younger than 55 years [5]. Further
analysis using medical causes of deaths will allow dis-
entangling the impact of lockdown on severe illnesses.




FIGURE 2
Overall and cumulative excess all-cause mortality by age group, France, calendar week 40 in 2013 to week 22 in 2020

A. Deaths B. Excess deaths
<15 years ——Estimated number ——Baseline ——Upper 2 z-score limit «asyears 2014/15 2015/16 2016/17
300 7 ——2017/18 ——2018/19 ——2019/20
£
3 200 A
]
° S
& 5 100 -
51 2
o E
‘s 2 oA
5 o
k= g
£ < -100 A
ER b
ER o
2 -200 -
20 =
E]
0 3 et R
§0F 8 ¥ § ¥ 2 % 0§ ¥ 8 ¥ 9 $ 9% %2882 IFRae
T Y 9 ohH ¢ $ & & @ ® & & 9 Ss===z=z=z=z=z:2=2=z=zz=2z:2zz=:=
S & © © © © & © © © © ©o o
« & & & & & & & & & & & 9«
Week
Year-week
15— 44 years 2014/15 2015/16 —2016/17
15 —44 years Estimated number Baseline ——Upper 2 z-score limit 2017/18 2018/19 2019/20
£ 600 7
©
b
<
s
5 400
o
E
S
c
@ 200 A
o
< .
2 I
3
o
K
= o
=
E]
50 5
o
° ~ o el o 0 o 0 o el o 200 -
S ¥ O/ F S ¥ % ¥ 5 0% & % 9 SIFSL2053883 2832233 J8R8823FR%
F 0§ oh o hH g ¢ & & & & & & 3§ SS55s55s5s533355555s5s5s53553535:5%
o S o S o S o S o ) o ) o
a Q « a « I a I & & & « & Week
Year-Week
45-64 years 2014/15 2015/16 —2016/17
45 -64years ~——Estimated number ~——Baseline ——Upper 2 z-score limit 2017/18 2018/19 ——2019/20
2,500 3,300 7
£ 2,800
2,000 g
% 5 2300
8 1,500 T
. £ 1,800
[ =l
o c
2 1,000 4 & 1,300
E o
= %
= o 800
500 K
E 00
s 3
" " " " " " " " " " + n n £
° o © o © o o 3 -200 -
8 O3 % 8 F S8 %Y O§ 0F & 0% 9 °
gggé“g‘ggg%"ggg‘g $ 2% 2288 &y e IR RR
& 8 8§ § 8§ & g g 8 &8 & & g S =553 :s5:2 2555525 25 2 =2
Year- week Week
65— 84 years 2014/15 2015/16 —2016/17
65 -84 years Estimated number Baseline ——Upper 2 z-score limit —2017/18 201819 —2019/20
10,000 15,000 7
@
E=1
8,000 3
" E 10,000
£ S
3 s 5
2 6,000 g
S g 5,000
5 =
o ,000 "3
£ 4 g
= =
= H o
2,000 g
=
E
° o ~ o ~ o o 1 © o o o 0 S S »oco -
S § 7 F SR S s o« s 9 O N TO®MONNITODOon $O®DON TODO N IO D
CAE - - - - SS555555225555555555555¢5
3 3 3 3 3 5 3 3 3 3 3 3 S
< < « « & & < < « « & & < Week
Year -week
285 years 2014/15 2015/16 —2016/17
85 years ——Estimated number ——Baseline —— Upper 2 z-score limit 10,000 2017/18 2018/19 —2019/20
10,000 ’
8,000 PR
£
w =1
£ 3
© <
2 10,000 +
2 6,000 5
E 2
] £
4 4,000 S 5000 4
£ =
S "
= g
2,000 4 5 o 1
@
=
0 + + + + + + + + + + + + + L; 5,000 J
= N ~ 9 o o ° o o 9 ° g >
o < o~ < o N I < o N o N o 5 QN TL QO NN TO® o N FOOO N TOOO N TN 0
g F fF £ % % oS OF % o2 % o2 o8 o SS55s5£s825555s5ss£52s2s£££2%
S S o ) S S o S ) S o S o
B & Q& Q B & Q& Q& B & & Q& B
Week
Year-week

4 www.eurosurveillance.org



FIGURE 3

Proportion of excess all-cause mortality among the expected number of deaths, by age group and sex, France, 2 March—-31

May 2020 (n=175,801)
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Different effects causing increases and decreases
in mortality occur simultaneously during the same
period. Providing an estimate for each effect is a great
challenge. All-cause mortality data are insufficient to
separate COVID-19-related deaths (directly or indirectly
associated with the epidemic) from deaths related to
other causes, but do provide rapid and valid informa-
tion on excess mortality impact.

Spatial disparities in the excess mortality were mainly
related to the spatial spread of the epidemic (data not
shown) [4]. Further studies will be required to exam-
ine other factors that could explain disparities, in par-
ticular in Tle-de-France where an excess mortality in
15—64-year-old adults was observed. Those multifac-
torial effects are mainly related to health status and
socio-demographic and economic characteristics of
the population residing in these territories, as well as
medical and to do with health care geography.

Our results by age group were consistent with previ-
ous studies that have reported a major impact on the
elderly [5-8], but they differ for children. For children,
our study showed a significantly smaller number of
deaths than the baseline, whereas at the European
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65— 84 years 285 years All ages

Women H Men

level and in England, the number of deaths during
the epidemic remained comparable to the baseline
[6,7]. The estimate of excess mortality by sex is rarely
explored. In ltaly, the excess among men was also
higher than among women [8].

Overall, excess all-cause mortality is an essential indi-
cator of disease impact, particularly during unusual
events such as the current pandemic. All-cause mor-
tality monitoring contributes to guide public health
decisions and actions in order to reduce its impact at
national and local level. The French surveillance sys-
tem also contributes to the excess mortality surveil-
lance at the European level through the EuroMOMO
network that is particularly of interest in case of inter-
national threats [7].



FIGURE 4

Level of all-cause excess deaths by county and age, France, 2 March—31 May 2020 (n=175,801)
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