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Summary
Background This study aims to investigate the impact
of the lockdowns during the COVID-19 (Corona-Virus-
Disease 19) pandemic in Austria on work-related ac-
cidents in the year 2020. Apart from the lockdowns,
multiple work-related measures were introduced in
2020, such as the new law on short-termwork and reg-
ulation on accidents during home-office. Their com-
bined effects on work-related accidents are unknown
and a secondary parameter of this study.
Methods Daily data on the number of accepted and
rejected cases of work-related accidents from the All-
gemeine Unfallversicherungsanstalt were obtained for
the years 2019 and 2020. Based on data provided by
the World Health Organization and government publi-
cations, the beginning and end dates of national hard
and soft lockdown periods were derived. From this
database, a difference-in-differences regression anal-
ysis on the absolute number of daily work-related ac-
cidents was conducted.
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Results On average 272.3 work-related accidents per
day were registered in 2019 and 199.4 in 2020, a statis-
tically significant reduction of 72.9 accidents per day
and total decrease of 26,164 less accidents compared
to 2019. Both lockdowns had a statistically highly sig-
nificant effect on work-related accidents: The hard
lockdown reduced the average number of daily regis-
tered work-related accidents by 40%. The light lock-
down phases reduced this number by an average of
51%. Weekends and holidays had the greatest impact
on work-related accidents with a reduction of 69% and
73%, respectively.
Conclusion Both lockdown qualities during the
COVID-19 pandemic in Austria led to a significant
reduction in work-related accidents for their dura-
tion. These findings merit further investigation with
more detailed data on sectors and injury-quality.

Keywords SarsCov2 · Occupational injuries ·
Accidents · Stay at home orders · Teleworking · Social
control

Background

Austria provides an interesting case in studying the
impact of lockdowns in 2020 on public life, in partic-
ular work-related accidents due to a few unique fea-
tures.

At first glance, restrictions to social contacts, both
private and at work, were similar to other developed
countries in terms of timing and scope. Between 29th
of February and 22nd of March most European [1] and
Asian countries [2] had implemented decisive restric-
tions of movement, social interaction and gatherings.
In Austria, such policies came into place on Monday,
March 16th, 5 days after the WHO declared COVID-
19 (Corona-Virus-Disease 19) a global pandemic and
3 days after Europe was declared the epicenter of this
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pandemic [3, 4]. The first cases in Austria, however,
were detected between 24th and 26th of January 2020
[5]. The last of the initial restrictions was lifted in
Austria on May 29th [6]. The following lockdowns in
the 4th quarter (Q4) of 2020 had two different charac-
ters. Between 3rd and 16th of November 2020 and be-
tween 6th and 25th of December 2020 social distanc-
ing policies similar to the first lockdown period were
implemented, with the exception of retail and ser-
vices staying open [7]. These periods were colloqui-
ally called “lock down light” as opposed to the stricter
measures of the earlier “hard lockdown”. In reaction
to and anticipation of surging cases, another two hard
lockdowns were imposed between and after the lock
down light phases [8]. This is where Austria is differ-
ent from other European countries, where lockdown
measures remained fairly homogeneous and constant
over a longer period of time. This provides the op-
portunity to study a situation similar to a repeated
experiment regarding different lockdown measures in
Austria (Fig. 1).

Due to these lockdown restrictions, approximately
one third of the working population in Austria and
other European countries switched in Q1 2020 to
working from home [10]. For this form of teleworking
the term “home office” was used in German-speaking
countries. Home office was, of course, not possi-
ble in all industries and some sectors had to reduce
operations significantly. Consequently, production
declined in all European countries on average 3.1%
and in Austria about 2.8% in Q1 2020 [11]. In Q1 and
Q3 2020 people worked about 8% less hours com-
pared to the same quarters from 2019 while in the Q2

Fig. 1 Daily new infections with COVID-19 (Corona-Virus-
Disease 19) in Austria as reported by the Federal Interior Min-
istry and documented by Dong et al. (2020) [9]. Superimposed

are in red the hard lockdown periods, in blue the lockdown
light phases and in green the inter-lockdown period with close
to no restrictions work-wise

the decrease in hours worked was 19% and in Q4 11%
[12]. This difference in decline seems to coincide with
lockdown phases but data are not available detailed
enough to draw conclusions. It is clear, however, that
Austrians worked less in total and more often from
home during the pandemic, similar to their European
neighbors. Newly introduced was a Home Office Bill
alongside measures to curb the economic outfall of
the lockdown measures in March 2020. The new law
extended the definition of work-related accident to
all private rooms, including the living room and the
kitchen. Moreover, working time was defined more
flexibly and the range of covered activities broadened
to all activities necessary to satisfy essential needs,
including cooking [13]. The combined effect of the
increase in telework alongside a broader definition of
work accidents at home on the one hand and reduced
hours worked and reduced production on the other
has not been studied before.

Work accidents in Austria are defined as all sud-
den events that influence health from outside the
body and that are related to the activity that is in-
sured under the § 175 Abs (1) ASVG (Arbeits und
Sozialversicherungsgesetz, “Work and Social-Secu-
rity Law”) [14]. This quite unique formulation is
a product of a historically grown distinction between
traumatologic or toxicologic workplace accidents and
chronic, internal diseases that may arise from an
occupation. As a result, the data set used in this
study, which was derived from Allgemeine Unfal-
lversicherungsanstalt (AUVA, General Accident In-
surance Institution), consists of only patients with
acute traumatological needs. This is important, since
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most European countries, including Austria, accepted
a COVID-19 infection as work-related disease in their
insurance catalogue. These cases are, however, not
included in the AUVA database. The following analysis
of the impact of covid-related measures on work-re-
lated accidents only covers classical accidents without
the COVID cases.

Several sequential, intensity-modulated lockdown
periods, novel legislation on and a surge in working
from homeworkplaces, and a unique way of recording
work-related disease make Austria an interesting case
in analyzing the effects of lockdowns on numbers of
work-related accidents.

Material and methods

Data acquisition

The main dataset of work-related accidents on a daily
basis from January 1st 2019–December 28th 2020 was
obtained from the records of the AUVA. The num-
bers are the sum of all cases of patients checking into
one of the several AUVA hospitals in Austria. Before
aggregation on a national level, all cases that were
checked into an AUVA hospital but were then deter-
mined not to satisfy the criteria of a work-related acci-
dent were subtracted from these numbers. The num-
ber of daily work-related accidents used in this data
set therefore only consists of patients that satisfy the
aforementioned definition of such an acute injury at
the workplace.

Additional data on gross domestic product, unem-
ployment, and working hours were gathered from Eu-
rostat on a European level and Statistik Austria on
national level and cited where used. The start and
end dates of the lockdowns were extracted from the
respective laws available on the online Law Informa-
tion System (Rechtsinformationssystem) of the federal
government [15].

Lockdown definition

The aim of this study is to evaluate the impact of
the lockdown phases on the number of work-related
accidents in Austria in 2020 based on the available
data. Here, a year-on-year difference-in-differences
regression analysis was chosen to estimate said im-
pact. A dummy was created for the intervention group
(the year 2020) with 2019 being used as the control or
reference year. The second dummy variable denotes
the intervention date. In this study, the proclamation
of the global COVID-19 pandemic on March 13th
was chosen as the beginning of the intervention pe-
riod. The interaction term of this variable with the
intervention group should capture all pandemic-spe-
cific events, such as legislation, altered risk behavior
of patients and economic developments. Another
two dummy variables account for the two types of
lockdown phases: the hard lockdowns from March

16th–May 29th, November 17th–December 5th and
December 26th–December 31st and the lockdown
light phases from November 3rd–November 16th and
December 6th–December 25th. It is important to note
here that these days are treated as lockdown phases
in both years but are only expected to become sig-
nificant in the intervention year 2020: The lockdown
days in 2019 should not be different from other days
in 2019. Only the interaction term of pandemic year
2020 and lockdown dates should produce a significant
effect.

Data preparation and processing

The model matches each day in 2020 with the cor-
responding day in 2019. Since the data set contains
only data up to 21st of December 2020, both years are
restricted to 362 observations. Since 2020 was a leap
year, observation counts in 2019 ends on December
22nd in order to achieve a matching amount of obser-
vations. This restriction in the database is of entirely
random nature. Nevertheless, it has to be discussed
how these measures affect the outcome of the analy-
sis.

Data were stored and processed for further anal-
ysis in MS Excel (Microsoft Corporation, 2018. Mi-
crosoft Excel, Available at: https://office.microsoft.
com/excel.). Statistical Analysis was carried out in
GraphPad Prism (GraphPad Prism version 9.1.0 for
Windows, GraphPad Software, San Diego, CA, USA,
available at: www.graphpad.com) and Phyton’s stat-
model module [16]. Python’s “statmodel” module was
used for seasonal decomposition [16].

An alpha of 0.05 was assumed to constitute sta-
tistical significance. Where appropriate, confidence
intervals are reported, also using alpha= 0.05. In all
cases, two-sided testing is performed. P-values were
adjusted via a Bonferroni-correction for multiple test-
ing.

For the difference-in-differences estimation to be
valid, three major assumptions must hold. The two
conditions contained in the stable unit treatment
value assumption (SUTVA). Looking at the yearly
number of work-related accidents in Austria over the
past 15 years, numbers have varied only by a few
thousand cases year to year [17]. Therefore, the as-
sumption of parallel trends could hold true. The
effect of the number of daily new COVID-19 infec-
tions in Austria (Fig. 1; [9]) in the model specified
earlier proved to be insignificant, suggesting that if
this number is taken as a proxy for the pandemic’s
intensity, the latter had no significant effect on the
experiment. Using two different years (with the last
week cut off) as intervention and control group, spill
over effects are highly unlikely and therefore, all three
SUTVA prerequisites are assumed to be true. Initial
data analysis reveals non-normally distributed vari-
able values and a simple poisson model displaying
significant overdispersion with a variance-to-mean
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Table 1 Complete list of variables in the final model (left
column) and their composition (right column). Dummy vari-
ables are employed as binary variables that assume the
value 1 if certain conditions are met and 0 else
Variable Variable composition

Intercept Intercept

D_2020 Equals 1 for days in the year 2020, 0 otherwise

D_pandemic Equals 1 for the days after March 13th each year,
0 otherwise

D_2020*D_pandemic Equals 1 for the days within the pandemic,
0 otherwise

D_hard Equals 1 for days falling in hard lockdowns, 0 other-
wise

D_light Equals 1 for days falling in light lockdowns, 0 other-
wise

D_we Equals 1 for weekend days, 0 otherwise

D_holiday Equals 1 for national holidays, 0 otherwise

lag1_wra Number of work-related accidents with lag 1

wra Daily number of work-related accidents

ratio of over 60. The model was estimated as a nega-
tive binomial model with loglink due to the data being
counts of events (work-related accidents registered by
the AUVA) of the dependent variable.

The final statistical model looks as follows (see also
Table 1):

ln_wra =β0+β1∗D_2020+β2 ∗D_pandemic

+β3 ∗D_2020∗D_pandemic

+β4 ∗D_hard +β5 ∗D_light+β6∗D_we

+β7 ∗D_holiday+ ln_l ag1

With the logarithm of the number of work-re-
lated accidents [ln_wra] as the dependent variable,
the effect of the hard and light lockdown periods
are estimated with the coefficients of [D_hard], and
[D_light], respectively. The variables [D_pandemic]
and [D_2020] set up the difference-in-differences

Table 3 Parameter estimates for the final model of the impact of lockdowns on the number of work-related accidents on
a given day. The meaning of each variable name (column 1) is listed in Table 2. Column 2 contains the final estimate of the
impact of a given variable as well as that effect’s standard deviation (column 3) and 95% Wald confidence interval (columns 4
and 5). Column 6 gives an impression of the statistical significance of the finding with values below 0.05 being considered
statistically significant. In column 7, the effect of each variable on work-related accidents calculated from the estimated
coefficient is displayed (e.g. an impact of –0.089 of D_2020 means that compared to 2019, the year 2020 had approximately
9% less work-related accidents)

95% Wald confidence intervalVariable B Standard error

Lower Upper

Sign. Impact on wra

D_2020 –0.093 0.165 –417 –23 0.571 –0.089

D_pandemic 0.046 0.131 –0.211 0.303 0.728 0.047

D_2020*D_pandemic 0.004 0.192 –0.371 0.38 0.981 0.004

D_hard –0.509 0.141 –0.785 –0.232 <0.001 –0.399

D_light –0.716 0.198 –1.104 –0.329 <0.001 –0.511

D_holiday –1.304 0.218 –1.728 –879 <0.001 –0.729

D_weekend –1.165 0.107 –1.375 –0.955 <0.001 –0.688

ln_lag1 –0.39 0.116 –0.617 –0.164 <0.001 –0.323

B estimate of the slope corresponding to a particular variable. Sign. p-value

Table 2 Descriptive statistics of the absolute number of
work-related accidents reported in AUVA hospitals in Aus-
tria in 2019 and 2020. 2019 had a wider range of values. In
2020, however, an extreme minimum of 3 registered work-
related accidents in the entire country on at least 1 day
was observed. The mean in both years had a relatively low
standard error and therefore rather narrow confidence in-
terval. The F-test on the difference in variances in the two
years (p< 0.004) and a t-test on the difference of means
(p< 0.001) showed highly significant differences
Work-related accidents

Statistical parameter/year 2019 2020

Minimum 34 3

Maximum 545 410

Range 511 407

Mean 272.3 199.4

Std. deviation 147.4 126.6

Std. error of mean 7.810 6.711

Lower 95% CI of mean 256.9 186.2

Upper 95% CI of mean 287.7 212.6

Std Standard Deviation, CI Confidence Interval

model. Weekends and holidays are accounted for
by the dummy variables [D_we] and [D_holiday].
[ln_lag1] is the logarithm of the first autocorrelation
of the dependent variable [ln_wra].

Results

The overview over the data in the run-sequence plots
on daily work-related accidents in 2020 and 2019 ex-
hibits a similar range, a seasonality with a frequency of
about 51 per year and a “dent” in the holiday month
August (Fig. 2) during both years. Clearly visible is
a decline in numbers of registered accidents in 2020,
roughly where one would assume the effects of the
lockdowns taking place at the end of Q1 and begin-
ning of Q4.

In total, the number of registered and accepted
work-related accidents in the analyzed time period in
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Fig. 2 Run-sequence plot of the number of daily work-re-
lated accidents registered by all AUVA hospitals in 2019 (a) and
2020 (b). Both years exhibit a seasonal pattern that is best ex-
plained by a drop-in cases on the weekends. The main macro-

scopically visible differences are sharp decreases in registered
cases at the end of March and the beginning of November
2020

Fig. 3 Violin-plot and confidence-interval of the mean differ-
ence in work-related accidents 2019 vs. 2020. (a) Violin-plot of
the daily number of work-related accidents in 2019 (left violin)
and 2020 (right violin). Visualized are the density and distribu-
tion of values in both years. The bottom part of both violins
looks similar and supports the idea of a seasonal component.
The length of the left violin corresponds to a greater range in
values and its more pronounced hour-glass shape supports
the previous finding of a significant difference in variances be-
tween 2019 and 2020. (b) Visualization of a highly significant
difference in means (triangle) with a very narrow 95% confi-
dence interval

2019 amounted to 97,149 and 70,985 cases in 2020,
a minus of 26,164 cases or 26.93%. Clear differences
in the data of 2019 and 2020 become visible in the ini-
tial statistical analysis (Table 2). In 2019, the daily av-
erage of registered work-related accidents amounted
to 272.3 cases. In 2020 this number was significantly
lower with 199.4 cases. The range of registered cases in
2020 was also significantly lower with 407 cases com-
pared to 511 in 2019. An F-test on the difference of
variances suggests a significantly different distribution
of the number of registered cases in both years. These
inferential findings are graphically supported by a vi-
olin plot (Fig. 3).

A procedure called “seasonal decomposition“ [16]
provides a more detailed look at the seasonality of
work-related accidents in the years 2019 and 2020.
The top panel (year 2019) and bottom panel (year
2020) in Fig. 4 show the final estimate of how work
accidents in the respective years would look like if
seasonality is removed. After subtracting the weekly
component from the original data several outliers in
these error values that occur in both years were identi-
fied as national holidays in Austria where also a sharp
drop in work-related accidents is observed.

A test whether the estimated model showed bet-
ter fit compared to intercept-only model (“Omnibus
Test”) suggested a highly significant improvement to
fit of the estimated model (p<0.001). The estimates
of the difference-in-differences model are listed in Ta-
ble 3. Neither the year nor the months correspond-
ing to the pandemic as a whole nor their interaction
variable were estimated to have a significant effect
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Fig. 4 Visualization of the results of a seasonal decomposition of work-related accidents 2019 (a) and 2020 (b)

on work-related accidents. Both lockdowns, however,
had a statistically highly significant effect on work-re-
lated accidents. The hard lockdown is estimated to
have reduced the average number of daily registered
work-related accidents by 39.9%. The light lockdown
phases reduced this number by an average of 51.1%.
Weekends and holidays were estimated to have the
greatest impact on work-related accidents with a re-
duction of 68.8% and 72.9%, respectively.

Discussion

Government measures in reaction to the pandemic
around the world have raised several questions in-
cluding economical [18] and ethical [19] discussions
alongside the medical debate. Accidents at work
touch on all three of these subjects and this study
aims to provide a puzzle piece in the discussion with
its analysis of the development of work-related acci-
dents during the lockdown periods in Austria. The
data analyzed in this study show a significant decline
in registered work-related accidents in Austria in 2020
of 26,164 cases (26.93%) compared to the previous
year. This drop is very evident when comparing the
panels in Fig. 4, where a sharp decline in accident-
numbers can be observed shortly after the first lock-
down was introduced.

When compared to the available data from other
countries, the drop in work-related accidents in Aus-
tria in 2020 is immense. Kwon et al. [20] provided an
excellent overview on workplace accidents during the
pandemic in Korea and elsewhere. They summarized
that the number of patients injured at the workplace
declined in 2020 by 1664 or 1.8% in Korea and by 2429

cases in Singapore. Japan, on the other side, saw an
increase in such cases of 4.4% and in the UK the case
count remained fairly stable. Kwon et al. correctly
stated that with fewer people going to work, the re-
maining employees might face tougher working con-
ditions and are more prone to injuries. In most Euro-
pean countries, these numbers are not available until
a few years after the year in question. In past years,
Austria was with 2.87 injuries per 100,000 persons em-
ployed, well above the EU average of 1.77 [21].

However, due to the unique definition of work-
related accidents in Austria, an international com-
parison is difficult. Another possible reason for the
discrepancy in the dynamics of work-related accidents
during the pandemic could be owed to the difference
in lockdown strategies between the aforementioned
countries. Korea started already on February 4th
with mass testing and implemented a test-and-trace
system with the individual isolation of infected pa-
tients. No lockdown was implemented in 2020 and
the strictest measure was a mandated 2.5m distance
in Q4 2020 [22]. During this time, Austrian authori-
ties were still sceptical about a mass testing strategy
and the scientific background inconclusive [23, 24].
Japan, on the other hand, implemented a rather com-
plex COVID-19 response. In accordance with recent
legislation, there was no nationwide lockdown in 2020
but only regionally restricted mobility. Moreover, au-
thorities could only request businesses to comply
with reduced opening hours and working force but
never imposed a mandatory lockdown [25].

It could be argued that government-imposed lock-
downs are only valid on paper if not strictly enforced
and people still went out, got injured and reported
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that injury as a “home office” accident, potentially dis-
torting the numbers in this study. Moreover, the lock-
downs could have only a delayed effect on people’s be-
havior, rendering the dummy variables for lockdown
phases less significant. A look on Google Mobility
Data in 2020 [26] suggests, however, that workplace,
transit, and retail mobility measures dropped signifi-
cantly during the pandemic and that these drops coin-
cided with the implementation dates of the lockdowns
(Supplementary Fig. 1). These measures come with
several caveats, such as baseline value calculation, se-
lection bias and the fact that many background cal-
culations and definitions by Google remain hidden to
the authors of this study. It can therefore only serve as
a rough indicator of lockdown effectiveness and work
activity.

The effect of lockdowns on the number of regis-
tered work-related accidents in Austria estimated by
the difference-in-differences model is strong and sta-
tistically significant for both lockdown variants. This
effect is apparently independent of the pandemic time
period from mid-March to December 2020 and all ad-
ditional measures that were in place during that time
but did not change as quickly as the lockdown pe-
riods. Such measures could be short-time work (so-
called Kurzarbeit) or working from home schedules.
Interestingly, the light lockdown is estimated to have
had a slightly stronger impact than the hard lockdown.
This is not explained by the examined data and stands
in contrast to the reopening of retail and an increase
in travel times for employees compared to the hard
lockdown, where no commuting was possible. Fur-
ther industry sector and country-specific investigation
is needed to clarify this finding.

A very clear takeaway is the immense overall re-
duction in work-related accidents in Austria in 2020
of 26,164 registered accident patients. According to
the Austrian Labor Inspectorate and the AUVA, each
workplace injury is attributed an average of 12,500
euros of economic costs [27]. In terms of injuries at
the workplace, an estimated 327million euros in eco-
nomic costs have been saved. This might not seem
much compared to other costs the pandemic has
caused and what the rehabilitation of COVID patients
might still cost [28]. It is a sum, however, that can be
used as an incentive to further investigate the lessons
from the pandemic work environment.
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