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Summary

BACKGROUND: In Switzerland, as in various other coun-
tries throughout the world, elderly drivers have to pass a
medical screening assessment every two years to keep
their driver’s licence. The scientific literature shows no
clear evidence that these policies improve road safety.
This study evaluated the effects of the Swiss screening
policy by comparing the accident and injury rates of elderly
road users in Switzerland with those in Austria and Ger-
many, two neighbouring countries without systematic age-
based screening policies. The aims of this study were to
examine if the screening policy is associated with a re-
duced risk of elderly car drivers causing serious accidents
(research question 1) or with an increased risk of elderly
pedestrians or (e-)cyclists being seriously or fatally injured
(research question 2).

METHODS: In all three countries, data on accidents were
taken from official statistics based on police reports and
mileage data from national mobility surveys. An accident
was defined as serious if at least one person is seriously
or fatally injured in it. Accident and injury rates were calcu-
lated using distances driven and population size as mea-
surement of exposure. Multiple Poisson regression mod-
els were used to examine the association between the
Swiss policy and the accident or injury risk of elderly per-
sons.

RESULTS: We found no association between the screen-
ing policy for elderly drivers in Switzerland and their risk of
causing a serious accident (incidence rate ratio [IRR] 1.24,
95% confidence interval [Cl] 0.79-1.94). Contrary to other
studies, however, the Swiss policy was not associated with
an increased risk of elderly pedestrians (IRR 1.16, 95% CI
0.80-1.68) and (e-)cyclists (IRR 0.79, 95% CI 0.56-1.12)
being seriously or fatally injured.

CONCLUSIONS: The intended positive effect of the Swiss
screening policy on accident rates of elderly drivers could
not be demonstrated in this study. These findings serve as
a basis for discussion on how to proceed with the policy in
the future.

Introduction

With increasing age, drivers may experience difficulties
when driving a motor vehicle due to limitations in cogni-
tive, sensory and motor skills, but also due to the higher
prevalence of many diseases in elderly people and associ-
ated drug therapies [1]. For this reason, in many countries,
various screening policies for elderly drivers have been in-
troduced [1, 2]. The aim of such policies is to maintain and
improve traffic safety, for example by revoking the driver's
licenses of individuals who are no longer fit to drive. The
measures vary widely between countries or states. Exam-
ples of such measures are in-person licence renewals or
comprehensive medical examinations.

Most reviews and individual studies looking into the ef-
fects of age-based screening procedures have failed to pro-
vide clear evidence of a benefit for the safety of elderly dri-
vers [e.g., 2—7]. On the contrary, there are some studies that
found negative safety effects for elderly road users [8—10].
A possible explanation is that the screening process might
have led to a modal shift among some older persons from
being car drivers to being unprotected road users (e. g.,
pedestrians, cyclists). These unprotected modes of trans-
port are, however, significantly less safe for them [2]. Even
though several studies have investigated the effects of such
age-based screening procedures, drawing general conclu-
sions on this subject is in our view only possible to a lim-
ited extent. The screening procedures applied and the con-
textual factors they are embedded in are heterogeneous,
thus limiting the comparability of these studies.

In Switzerland, elderly drivers must undergo a mandatory
medical examination every two years to keep their driver's
licence. This measure was introduced in the 1970s. Until 1
January 2019, the age limit was 70 years, since then it has
been 75 years. In these examinations, approved physicians
assess whether the person still meets the minimum medical
requirements for driver's licence holders (e.g., regarding
vision). If the requirements are no longer met, the driver's
licence is usually revoked. Based on the registers of dri-
ver’s licence holders and of administrative measures (AD-
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MAS), only a small proportion of driver’s licence holders
have their licence revoked due to reduced fitness to drive
[11] The effects of the Swiss system on traffic safety have
been evaluated in a previous study, comparing Swiss ac-
cident rates with those in Germany, where elderly drivers
are not systematically screened [12]. Due to the use of non-
comparable mileage data for the two countries [13], how-
ever, the results of this study are of limited value.

The aim of the present study was to analyse whether there
is an association between the screening policy for elderly
driver's licence holders in Switzerland and their distance-
related risk of causing serious accidents as car drivers (re-
search question 1). Furthermore, we investigated if the
screening policy is associated with the population-related
risk of serious or fatal injuries among elderly pedestrians
and (e-)cyclists (research question 2). To address these two
research questions, accident and injury rates in Switzer-
land were compared with those in Austria and Germany,
two neighbouring countries without systematic age-based

screening policies.

Materials and methods

Data sources and definitions

Table 1 provides an overview of the data sources and defi-
nitions used for the current analysis. In all three countries,
accident data were taken from official statistics based on
police reports, and mileage data were taken from national
mobility surveys. While the definitions of traffic fatalities
are identical in the three countries, those of serious injuries
differ somewhat. In Switzerland and Germany, a person is
seriously injured if she or he is hospitalised for at least 24
hours. In Austria, an injury is considered serious if it caus-
es a health problem or occupation disability longer than 24
days, or if it "causes personal difficulty" (table 1).

Statistical methods

To address the two research questions, we calculated the
accident rates of car drivers (research question 1) and in-

Table 1:
Data sources and definitions in the three countries.

jury rates of pedestrians and (e-)cyclists (research question
2) for 15 age groups (table 2) in each country and used
them as dependent variables in regression models. The
rates of the younger age groups were included to take into
account general differences in accident and injury levels
between the countries (e.g., resulting from different speed
limits). "(E-)cyclists" are riders of conventional bicycles
and of e-bikes with a pedal support up to 25 km/h. The lat-
ter are also called pedelecs in Austria and Germany.

Calculation of accident and injury rates

Accident/injury data: years included: The years from
which the accident and injury numbers were taken for the
present study were determined by the period in which the
most recent mobility survey was conducted in each coun-
try (see table 1). We used the average accident and in-
jury numbers of three consecutive years, with the middle
year approximately corresponding to the period in which
the mobility survey was conducted. This was done to com-
pensate for yearly random variation in the number of acci-
dents.

Serious accidents caused by car drivers (research question
1): We calculated per-distance accident rates for each age
group of car drivers 7 and country j. Only serious accidents
were included, i.e., accidents in which at least one person
was seriously or fatally injured (table 1). Moreover, only
accidents in which the car causing the accident had a do-
mestic licence plate were considered. This was done to
mainly include drivers who are subject to the system (age-
based screening or not) in the country where the accident
took place. The rates were calculated using the following
formula:

Accident rate;; = [number of serious accidents (3 year av-
erage)];; / [mean daily mileage (km), extrapolated to popu-
lation size (3 year average) x 365];; < 100,000,000

In Austria and Switzerland, the denominator was calculat-
ed by multiplying the mean daily mileage reported by the
participants of the mobility survey with the population size
in the respective age group. In Germany, an extrapolation
factor was used to calculate the absolute values extrapo-
lated to the total population. This extrapolation factor con-

| Switzerland

| Germany

Data sources for:

Accidents (years included)

Federal Roads Office FEDRO
(2014-2016)

Statistics Austria (2013-2015) Federal Statistical Office (2016-2018)

Mileage (sample size)'

Mobility and transport microcensus
2015 (n = 57,090 persons) [33]

Osterreich unterwegs 2013/2014 (n = | Mobility in Germany 2017 (n = 156,420 households;

17,070 households; 38,220 persons) |316,361 persons) [35]
[34]

Definitions of:

Serious injury

Up to 2014: Hospitalised for 224 hours
or preventing the person from doing
his/her daily activity for 24 hours. Since
2015: Hospitalised for 224 hours.
Severity scale was linked to NACA?
scores used by Swiss emergency ser-
vices.?

An injury that causes a health problem or occupation disability longer than 24 Hospitalised
days, or one that "causes personal difficulty". for 224
hours.

Traffic fatality

Person killed immediately or dying within 30 days because of a traffic accident

" The most recent survey was used for all countries.

2 The NACA scoring system is used to describe the severity of a patient’s condition in medical emergencies and was developed by the National Advisory Committee for Aeronau-

tics.

3 Changing the definition in Switzerland in the year 2015 did not result in any significant changes in the number of serious injuries.
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sisted of a weighting factor (to compensate for different se-
lection probabilities in sampling as well as to equalise the
distribution of relevant characteristics with that of the total
population) multiplied by a factor to get from the number
of cases in the sample to the number of cases in the popu-
lation.

Seriously or fatally injured pedestrians and (e-)cyclists (re-
search question 2): Rates of seriously and fatally injured
pedestrians and (e-)cyclists per 100,000 inhabitants were
calculated. We used per-population instead of per-distance
rates. This was done because a potential modal shift from
driving to these unprotected modes of transport due to the
screening policy would lead to an increase in the distances
travelled as pedestrians and (e-)cyclists, resulting in more
injuries in relation to the population size. For pedestrians
and (e-)cyclists, the following formula was used for each
age group 7 and country j:

Injury rate;; = [number of seriously or fatally injured per-
sons (3 year average)l;; / [population size (3 year aver-
age)]J;; x 100,000

Regression analyses

Using Poisson regression models, we examined the associ-
ation between the Swiss screening policy and the accident
or injury risk of elderly persons. We also tested negative
binomial models, which are more flexible in terms of the
distribution of the outcome variable. Since in those models
a Poisson distribution was assumed, the results were virtu-
ally the same. Therefore, we decided to proceed with the
less complex Poisson models. Regarding research question
1, two dependent variables were used: firstly, serious ac-
cidents caused by a car driver (analysis 1) and secondly,
serious accidents in which the car driver causing the acci-
dent was seriously or fatally injured (analysis 1a), both per
distance driven. The latter subgroup was chosen because
of the high comparability between the countries: A car dri-
ver is always present in those accidents, whereas injuries of
car passengers or collision opponents depend on their pres-
ence and on their age (higher frailty at higher age [14]).
The dependent variables used to address research question
2 were the per-population rates of seriously or fatally in-
jured pedestrians (analysis 2) and (e-)cyclists (analysis 3).

In all regression models, we included the following inde-
pendent variables: driver age group (see table 2), country
(Switzerland, Austria, Germany), and age-based screening
policy. The latter variable represents the variable of interest
in this study, coded as "yes" for the age groups above 70
years in Switzerland, and coded as "no" for the younger
age groups in Switzerland and all age groups in Austria
and Germany. The incidence rate ratios (IRRs) obtained
for this variable therefore indicate whether the accident or
injury risk differs for elderly persons in Switzerland com-
pared to those in Austria and Germany.

Model selection

For each dependent variable, a basic regression model in-
cluding the independent variables listed in the previous
paragraph was calculated. Due to the nonlinear relation-
ship between age group and accident or injury rate, the ba-
sic model (model 1) included an additional quadratic age
term (age group”2). Using the Akaike information crite-
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rion (AIC), we tested for each regression model whether
it significantly improved with an additional cubic (age
group”3; model 2) and biquadratic age term (age group”4;
model 3).

Regarding analyses 1 and la (research question 1), two
more independent variables were tested in the regression
model: the proportion of drivers with a low mileage (model
4), and the proportion of distance driven by men (model 5),
both per age group and country. The proportion of drivers
with a low mileage was included because of the so-called
"low-mileage bias", corresponding to an increased acci-
dent risk of occasional drivers compared to frequent dri-
vers. The cut-off between low and high mileage was set at
an annual mileage of 3000 km, as in other studies [15—19].
The proportion of mileage by men was tested in the model
because gender might be a potentially confounding factor
[20]. There is for example evidence that mainly elderly
women decide for driving cessation if they are subject to
a screening procedure [21]. We tested whether the inclu-
sion of these variables improved the model fit (based on
the AIC) or whether it changed the statistical significance
(p-value) of the IRRs of the variable "age-based screening
policy".

Sensitivity analyses

We conducted several sensitivity analyses to examine how
the results changed using slightly different assumptions or
with a somewhat different database. The models were re-
calculated under the assumptions described below, and we
checked whether this had an impact on the statistical sig-
nificance (p-value) of the IRRs of the variable "age-based
screening policy".

For all analyses, we examined if the effect of the screening
policy was different for specific subgroups of elderly dri-
vers. By coding the variable "age-based screening policy"
binary (1 = yes/0 = no) in the regular analyses, the effect is
assumed to be the same for all age groups above 70 years.
However, since an effect might only become apparent, for
example, from the age of 85 [2, 22], the original variable
was further subdivided by age (70-74 years = 1, 75-79
years = 2, 80-84 years = 3, 85+ years = 4). This new vari-
able was included and tested both linearly and categorical-
ly in the regression models (sensitivity analysis 1).

Regarding the analyses addressing research question 1, we
performed two additional sensitivity analyses. Firstly, dri-
vers younger than 25 years were excluded because of dif-
ferent regulations in the three countries (accompanied dri-
ving of under 18-year-olds in Austria and Germany, but
not in Switzerland in the years considered in this study)
(sensitivity analysis 2). Secondly, we calculated the acci-
dent rates in Austria with weighted instead of unweighted
mileage data (sensitivity analysis 3). In the regular analy-
ses, the unweighted data were used because of the very
large range of the weighting factors.

Data were analysed using IBM SPSS 24.0 (IBM Corp, Ar-
monk, NY, USA) and STATA version 14.0 (StataCorp.,
College Station, TX, USA).

Results

For each country, population sizes as well as accident and
injury numbers by adult age group are presented in table
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2. The adult population size is similar in Switzerland and
Austria, and about 10 times smaller than in Germany. The
proportions of people aged 70 years and older in the adult
population lie between 15% (Switzerland) and 19% (Ger-
many). Similarly, the proportions of elderly car drivers
(aged 70 years or older) causing serious accidents and
of elderly pedestrians who are seriously or fatally injured
within the adult population are similarly high in the three
countries (between 14% in Austria and 17% in Switzerland
and between 36% in Austria and 38% in Germany, respec-
tively). In contrast, the proportion of seriously or fatally
injured (e-)cyclists who are 70 years or older among all
injured (e-)cyclists is higher in Germany (23%) than in
Austria (20%) and Switzerland (15%).

Car drivers causing serious accidents (research ques-
tion 1)

Mileage

Figure 1 shows the average daily distances travelled as car
drivers for all age groups in the three countries. The three
curves are similarly shaped, with the lowest mileages in
the oldest age groups and the highest for those aged be-
tween 25 and 59 years. Across the entire age spectrum
(18 years and older), the average daily distances driven
by car are somewhat shorter in Switzerland (20 km/day)
than in Austria and Germany (both 22 km/day). This is
also true when the individual age groups between 70 years
and 84 years are considered. For drivers aged 85 years and
older, however, the distances driven by car are longest in
Switzerland (2.5 km/day vs 2.3 km/day in Austria and 2.0

Swiss Med WKkly. 2022;152:40005

accident was seriously or fatally injured, both by country
and age group. The curves show a well-known U-shape
[23], with the highest rates for the youngest and oldest age
groups and lower rates for the age groups in between.

Model selection and results of the regression analyses

Model 1 turned out to be the best fitting model for the
two analyses. Neither the inclusion of a cubic or biqua-
dratic age term (models 2 and 3) nor the proportion of dri-
vers with a low mileage (model 4) nor the proportion of
distances driven by men (model 5) improved the models
(AIC) or considerably changed the p-value of the IRRs of
the variable "age-based screening policy". Table 3 shows
the IRRs of the variable of interest and all other inde-
pendent variables resulting from the Poisson regression
analyses. We found no statistically significant association
between the screening policy for elderly drivers in Switzer-

Figure 1: Mean daily distances (km) travelled as car drivers on the
day(s) of reference by country and age group, based on national
mobility survey data (see table 1). When calculating the mean val-
ues, persons with no driving exposure on the reporting date were
also considered.
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Table 2:
Population sizes, numbers of accidents and injuries per age group and country.
Switzerland (9 2014-2016) Austria (J 2013-2015) Germany (& 2016-2018)
Age group Population Car dri- Seriously |Seriously |Population Car dri- Seriously | Seriously |Population Car dri- Seriously | Seriously
size (n) vers caus- |or fatally in-| or fatally |size (n) vers caus- |or fatally in-| or fatally |size (n) vers caus- | or fatally in- | or fatally
ing seri-  |jured injured (e- ing seri-  |jured injured (e- ing seri- |jured injured (e-
ous pedestrians | )cyclists ous pedestrians | )cyclists ous pedestrians | )cyclists
accidents |(n) (n) accidents |(n) (n) accidents |(n) (n)
(n) (n) (n)
18-20 275,027 125 22 28 302,546 305 39 33 2,630,220 3309 282 458
21-24 404,262 163 29 34 439,171 320 42 48 3,694,844 3169 306 547
25-29 551,746 152 34 59 560,849 256 40 78 5,350,839 3337 316 763
30-34 580,822 123 25 66 571,094 225 39 84 5,226,396 2661 269 735
35-39 568,500 108 27 68 546,595 194 34 87 5,057,664 2355 255 741
40-44 597,746 120 23 81 631,031 216 39 122 4,866,810 2116 223 747
45-49 661,533 136 28 95 710,267 239 54 163 6,242,301 2472 330 1M1
50-54 640,621 136 37 118 671,798 226 65 192 6,969,039 2781 394 1448
55-59 543,629 131 42 95 559,104 175 71 176 6,221,094 2550 432 1420
60-64 463,726 102 26 76 472,242 136 55 129 5,286,130 2016 432 1183
65-69 430,525 98 37 81 419,269 123 73 118 4,535,626 1566 411 1051
70-74 356,349 95 34 60 434,067 149 88 129 3,745,346 1425 428 920
75-79 269,484 82 49 39 276,494 116 79 92 4,284,959 1914 681 1214
80-84 208,186 63 49 28 216,948 71 78 56 2,701,531 1267 616 693
85+ 199,911 41 55 11 209,169 56 63 25 2,239,068 650 514 305
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Table 3:

land and their risk of causing a serious accident: for analy-
sis 1, the IRR of the variable “age-based screening policy”
is 1.24 (95% confidence interval [CI] 0.79—1.94) and for
analysis 1a, it is 1.38 (95% CI 0.64-3.01).

Seriously or fatally injured pedestrians and (e-)cyclists
(research question 2)

Injury rates

The population-related injury rates by age group and coun-
try per 100,000 inhabitants are shown in figure 4 for pedes-
trians and in figure 5 for (e-)cyclists. The rates of seriously
or fatally injured pedestrians increase with age, especially
from the age of 70 years. The corresponding rates for (e-
)eyclists increase with age as well but decline again in the
oldest age groups. This can be mainly explained by the de-
creasing exposures in these age groups.

Model selection and results of the regression analyses

Model 2 (with an additional cubic age term) was the best
fitting model for the two analyses. The results of the re-
gression analyses are shown in table 4. There were no
statistically significant associations between the age-based
screening policy in Switzerland and the risk of elderly
pedestrians (IRR 1.16, 95% CI 0.80-1.68) or elderly (e-
)eyclists (IRR 0.79, 95% CI 0.56—1.12) being seriously or
fatally injured.

Sensitivity analyses

The results did not change fundamentally in any of the sen-
sitivity analyses (the results are presented in table S2 of
the appendix). There was no indication of a linear trend or
of an association only for specific age groups of elderly
drivers, pedestrians or (e-)cyclists. Excluding young dri-
vers from analysis 1 and 1a did not yield different results,
except of wider confidence intervals due to the smaller
number of age groups included. When using the weighted
mileage data for Austria, the IRRs of the variable "age-

Results of the Poisson regression analyses related to research question 1: IRRs for the independent variables with corresponding 95% confidence intervals and p-values. The

variable of interest is written in bold.

Analysis Nr: dependent vari- Independent variable IRR 95% CI p-value IRR p-value model
able
Analysis 1: serious accidents Age-based screening policy 1.24 (0.79-1.94) 0.35 <0.001
caused by car drivers, per Mio. | Age group 0.54 (0.49-0.59) <0.001
person kilometres

Age group”2 1.04 (1.04-1.05) <0.001

Country: Switzerland 1 - -

Country: Austria 1.48 (1.03-2.12) <0.05

Country: Germany 1.78 (1.25-2.53) <0.01
Analysis 1a: accidents in which | Age-based screening policy 1.38 (0.64-3.01) 0.41 <0.001
the car drlver. causing the acci- Age group 048 (0.41-0.56) <0.001
dent was seriously or fatally in- "
jured, per Mio. person kilometres |Age group”2 1.05 (1.04-1.06) <0.001

Country: Switzerland 1 - -

Country: Austria 1.86 (0.98-3.52) 0.06

Country: Germany 2.71 (1.46-5.04) <0.01

Cl: confidence interval; IRR: inciden

Table 4:

ce rate ratio

Results of the Poisson regression analyses relating to research question 2: IRRs for the independent variables with corresponding 95% confidence intervals and p-values. The

variable of interest is written in bold.

Analysis Nr: dependent vari- Independent variable IRR 95% CI p-value IRR p-value model
able
Analysis 2: Seriously or fatally in- | Age-based screening policy 1.16 (0.8-1.68) 0.43 <0.001
jured pedestrians per 100,000 in- Age group 0.60 (0.46-0.77) <0.001
habitants

Age group”2 1.07 (1.03-1.11) <0.001

Age group”3 0.998 (0.997-1) <0.01

Country: Switzerland 1 - -

Country: Austria 1.66 (1.24 - 2.22) <0.001

Country: Germany 1.10 (0.81-1.49) 0.53
Analysis 3: Seriously or fatally in- | Age-based screening policy 0.79 (0.56-1.12) 0.19 <0.001
jured (e-)cyclists per 100,000 in- Age group 083 (0.68-1.03) 0.09
habitants

Age group”2 1.05 (1.02-1.08) <0.01

Age group”3 0.998 (0.997-0.999) <0.001

Country: Switzerland 1 - -

Country: Austria 1.51 (1.24-1.84) <0.001

Country: Germany 1.34 (1.1-1.64) <0.01

Cl: confidence interval; IRR: inciden

ce rate ratio
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based screening policy" approached the value of 1, corre-
sponding to no association. The IRRs remained statistical-
ly non-significant.

Discussion

In the present study, we found no effect of the screening
policy for elderly drivers in Switzerland on their risk of
causing a serious accident. Moreover, the Swiss screening
policy was not associated with higher serious or fatal in-
jury rates of elderly pedestrians and (e-)cyclists.

Elderly car drivers causing serious accidents (research
question 1)

Our results are in line with international reviews and indi-
vidual studies on this subject, in which no clear evidence

Figure 2: Serious accidents (at least one person seriously or fatal-
ly injured) caused by car drivers, per 100 million person kilometres
driven, by age group of car driver and country (analysis 1). The
corresponding numerical values including 95% confidence inter-
vals can be found in the appendix (supplementary table S1).
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Figure 3: Accidents in which the car driver causing the accident
was seriously or fatally injured, per 100 million person kilometres
driven, by age group of car driver and country (analysis 1a). The
corresponding numerical values including 95% confidence inter-
vals can be found in the appendix (table S1).
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of a benefit of mandatory age-based screening policies on
the safety of elderly drivers could be demonstrated [2—7].
Various reasons for the lack of beneficial effects of such
screenings have been discussed in the literature. Some of
them relate to the system in general, others to the proce-
dures used in the screening. One general argument is that it
is difficult or even impossible to reliably predict the risk of
an individual for rare and multicausal events such as road
traffic accidents [2, 3, 24]. It is further discussed that the
instruments used in the screening procedures — e.g., cogni-
tive tests — are not suitable for assessing the accident risk
or the fitness to drive [25]. In addition, studies have shown
that individuals with impairments often drive less or vol-
untarily hand in their driver's licence (e.g. [26, 27]). If peo-
ple with impairments drive less and/or compensate their
impairments by avoiding difficult situations (e.g., driving
during night-time), they cause fewer accidents in absolute
terms. Removing these occasional drivers from the driver
population will therefore have a limited impact on accident

Figure 4: Seriously or fatally injured pedestrians per 100,000 in-
habitants, by age group and country. The corresponding numerical
values including 95% confidence intervals can be found in the ap-
pendix (table S1).
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numbers [2]. Another reason discussed is that passing the
screening test could lead to a false sense of security [7].
According to a recent survey among elderly current and
former car driver's license holders in Switzerland, howev-
er, passing the screening test had at most a small influence
on the self-confidence of elderly drivers [28]. Finally, we
are not aware of traffic safety measures addressing elderly
drivers in Germany or Austria that could have weakened or
even neutralised a potentially positive effect of the Swiss
screening policy on accident risk.

Seriously or fatally injured pedestrians and (e-)cyclists

No association was found in this study between the age-
based screening policy in Switzerland and the population-
related risk of elderly pedestrians or (e-)cyclists being seri-
ously or fatally injured. Only few studies have investigated
this issue so far, with inconclusive results. In one study,
pedestrian fatality rates in several European countries with
and without age-based screening policies were compared
and no negative effects of the screening on pedestrian mor-
tality were found [7]. Other studies, however, have ob-
served negative effects: one study found higher fatality
rates among pedestrians and cyclists in Finland (with age-
based screening policy) compared with Sweden (no such
policy) [10]. Two studies found higher injury and mortality
rates of pedestrians and cyclists, respectively, after a cog-
nitive test was added to the existing licensing renewal pro-
cedure [6, 9]. It is hypothesised that elderly persons who
have had their driver's licence revoked or voluntarily hand-
ed it in due to the screening procedure may switch to
the unprotected modes of transport, which are significant-
ly less safe for them [2, 8]. The switch to the unprotect-
ed modes of transport is possibly less pronounced in the
Swiss context: according to the above-mentioned Swiss
survey, only a small proportion (15%) of the former car
drivers stated that they more frequently rode a two-wheel-
er compared with when they were still driving. Howev-
er, a large proportion of them reported that they travelled
more often as car passengers (60%) and used public trans-
port more frequently (50%) [28]. Owing to the reliable and
dense public transport system in Switzerland and result-
ing short distances to public transport stops in many places
in Switzerland, this might be associated with shorter addi-
tional distances travelled on foot or by bicycle than in oth-
er countries.

Strengths and limitations

The use of per-distance accident rates of car drivers is an
improvement over previous studies, in which rates were
usually calculated in relation to population size or to the
number of driver's licence holders (e.g. [6, 29, 30]). Using
distance-related rates made it possible to take into account
differences in driving performance between the countries.
This is important because the existence of a screening poli-
cy by itself can influence the mobility behaviour of elderly
persons. For example, elderly licence holders who are still
fit to drive might give up driving prematurely and switch
to other modes of transport [2].

Another strength of this study is the high comparability
of the data used for the three countries. Data on accidents
were taken from national statistics based on police reports.
Data on distances travelled as car drivers were taken from

Swiss Med WKkly. 2022;152:40005

surveys in large random national samples. An extensive
non-responder analysis in the German mobility survey,
where the participation rate was quite low (6%), showed
that the willingness to participate did not depend on the
mobility behaviour [31]. Although the mobility surveys
took place in different years in the three countries, leading
to a comparison of accident numbers from different years,
it can be assumed that this fact did not have a significant
effect on the results. Distances travelled by car and acci-
dent occurrence are relatively constant over a period of a
few years (no dependence on weather effects as, for exam-
ple, in the case of cycling). Moreover, any temporal trends
would presumably also affect the younger age groups, thus
leading to different accident levels which were controlled
for in the analyses. Including the younger age groups and
a variable indicating the country in the regression models
made it possible to control for general differences between
the countries, which could lead to different accident or in-
jury rate levels. For instance, accident levels could vary
due to different speed limits, which are, for example, on
rural roads 80 km/h in Switzerland and 100 km/h in Aus-
tria and Germany. To check the plausibility and robustness
of the results, we additionally tested models including oth-
er potentially relevant factors and carried out sensitivity
analyses. These additional analyses did not yield funda-
mentally different results.

A limitation of this study is that (accidents with) serious
and fatal injuries had to be combined. This was done due
to the low rates of fatal accidents (research question 1) and
fatalities (research question 2). Rates of fatal accidents and
fatalities, respectively, would have been most comparable
between the countries due to identical definitions and thus
the corresponding results would have been most informa-
tive. In contrast to fatal injuries, the definitions of a se-
rious injury differ somewhat between countries (table 1).
Particularly the definition in Austria differs from the oth-
er two countries. Despite these differences in definition,
we can assume that the injury severity of seriously injured
persons is reasonably comparable between the countries:
an additional analysis yielded comparable proportions of
fatally injured persons within all seriously and fatally in-
jured persons in the three countries (Switzerland: 6.2%,
Austria: 6.6%, Germany: 4.9%). The definitions have also
been judged to be similar by the European Transport Safety
Council (ETSC) [32]. Nevertheless, we also conducted
separate analyses on fatal accidents and fatalities. This ex-
pectedly resulted in considerably wider confidence inter-
vals. The results, however, did not substantially differ from
the ones reported (they can be found in table S3 of the ap-
pendix). As another limitation, because this study is based
on aggregated data, potentially confounding factors could
not be controlled for at an individual level.

Significance of the results

With regard to the generalisability of the results of this
study, we think that they cannot be simply transferred to
other contexts, as screening methods and contextual fac-
tors differ substantially between countries. Nevertheless,
our study adds a piece to the puzzle regarding the question
on what impact mandatory age-based screening procedures
have on road safety.
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Regarding Switzerland, the findings of this study serve as
a basis for discussion on how to proceed with the policy in
the future. One thing to consider is that because the latest
mobility survey was conducted in 2015, the accident data
used for Switzerland in this analysis cover the time period
from 2014 to 2016. The results therefore only partially rep-
resent the system currently in force. In 2016, for example,
measures to harmonise the examinations were introduced.
On 1 January 2019, the age limit for the medical screen-
ing examination was raised from 70 to 75 years. To inves-
tigate the effect of these measures on accident numbers, we
looked at the development of these numbers (absolute as
well as relative to the population size) over time. We did
not find a tendency for a more favourable development of
accidents caused by the elderly age groups compared with
the other age groups from 2016 on. With regard to the raise
of the age limit in 2019, we found no increase in accidents
for those aged 70—74 years as of 2019. Based on the data
available so far, we therefore assume that these measures
do not have a large effect on the accident rate of elderly
drivers. It must be kept in mind though that the latter analy-
sis is based on data from only three years, during which a
part of the age group of interest (70—74 years) still has been
subject to the screening.

Conclusions

One aim of the present study was to evaluate whether the
mandatory age-based screening policy in Switzerland for
elderly drivers has an effect on their accident risk. In re-
lation to the distances driven, and considering differences
in accident levels between the countries, the risk of elder-
ly drivers in Switzerland causing a serious accident does
not statistically significantly differ from that of elderly dri-
vers in Austria and Germany, two neighbouring countries
without such a system. The intended positive effect of the
Swiss screening system on accident rates of elderly dri-
vers could therefore not be demonstrated in this study. This
finding is supported by the existing literature on various
age-based screening measures. Contrary to other studies,
however, no negative effects of the Swiss system on the
population-related risk of elderly pedestrians and (e-)cy-
clists being seriously or fatally injured were found. The re-
liable and dense public transport system in Switzerland is
one possible explanation for this latter finding.

Since our analysis showed no benefit of the age-based
screening policy in Switzerland on road safety, the ques-
tion arises whether the considerable effort related to the
policy is justified. The findings of this study serve as a ba-
sis for discussion on how to proceed with the policy in the
future. Ultimately, it is a political decision which measures
need to be taken.
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Appendix

Table S1: Numerical values (rates) corresponding to Figures 2-5 including total number of accidents and injuries, respectively.

Switzerland (@ 2014-2016)

Austria (@ 2013-2015)

Germany (@ 2016-2018)

Analysis nr. Age (years) n rate 95%-Cl rate n rate 95%-Cl rate n rate 95%-Cl rate
1 18-20 124.67 12.22 (10.25-14.57) 304.67 18.98 (16.96-21.23) 3308.67 21.70 (20.98-22.46)
21-24 163.33 6.00 (5.14-6.99) 319.67 9.02 (8.08-10.06) 3169.00 13.46 (13-13.94)
25-29 151.67 3.27 (2.79-3.83) 255.67 494 (4.37-5.58) 3337.33 7.32 (7.08-7.57)
30-34 122.67 2.27 (1.9-2.71) 224.67 4.25 (3.73-4.84) 2660.67 5.36 (5.16-5.57)
35-39 107.67 2.10 (1.74-2.53) 194.33 3.72 (3.23-4.28) 2355.33 4.44 (4.26-4.62)
40-44 120.00 2.18 (1.83-2.61) 216.33 3.19 (2.79-3.64) 2116.00 4.06 (3.89-4.24)
45-49 135.67 2.24 (1.9-2.66) 239.33 3.20 (2.82-3.64) 2472.00 3.42 (3.29-3.56)
50-54 135.67 241 (2.04-2.85) 226.00 3.56 (3.13-4.06) 2780.67 3.57 (3.44-3.71)
55-59 131.00 3.08 (2.59-3.65) 175.00 3.59 (3.1-4.17) 2550.33 4.45 (4.28-4.62)
60-64 102.33 2.95 (2.43-3.58) 136.33 4.20 (3.55-4.96) 2016.33 4.81 (4.61-5.03)
65-69 97.67 4.37 (3.58-5.33) 123.33 491 (4.12-5.86) 1566.33 5.62 (5.35-5.91)
70-74 95.33 6.10 (4.99-7.46) 149.00 7.43 (6.33-8.72) 1425.33 7.86 (7.47-8.28)
75-79 82.00 9.55 (7.69-11.86) 115.67 10.06 (8.39-12.07) 1914.33 10.74 (10.27-11.23)
80-84 63.00 16.84 (13.15-21.56) 70.67 17.13 (13.57-21.63) 1267.00 20.29 (19.2-21.44)
85+ 41.33 23.00 (16.95-31.2) 55.67 31.96 (24.57-41.56) 650.33 38.93 (36.05-42.04)
la 18-20 43.33 4.25 (3.15-5.72) 117.33 7.31 (6.1-8.76) 1860.33 12.20 (11.66-12.77)
21-24 50.33 1.85 (1.4-2.44) 124.33 3.51 (2.94-4.18) 1656.00 7.04 (6.7-7.38)
25-29 50.00 1.08 (0.82-1.42) 92.67 1.79 (1.46-2.19) 1547.33 3.39 (3.23-3.57)
30-34 32.67 0.60 (0.43-0.85) 78.67 1.49 (1.19-1.85) 1101.67 2.22 (2.09-2.35)
35-39 28.67 0.56 (0.39-0.81) 60.33 1.16 (0.9-1.49) 911.67 1.72 (1.61-1.83)
40-44 26.67 0.49 (0.33-0.71) 61.00 0.90 (0.7-1.15) 768.33 1.47 (1.37-1.58)
45-49 33.33 0.55 (0.39-0.77) 74.33 1.00 (0.79-1.25) 885.67 1.23 (1.15-1.31)
50-54 30.33 0.54 (0.38-0.77) 72.67 1.15 (0.91-1.44) 1008.67 1.30 (1.22-1.38)
55-59 34.33 0.81 (0.58-1.13) 50.33 1.03 (0.78-1.36) 960.00 1.67 (1.57-1.78)
60-64 30.33 0.88 (0.61-1.25) 39.00 1.20 (0.88-1.64) 763.67 1.82 (1.7-1.96)
65-69 26.67 1.19 (0.82-1.74) 39.33 1.57 (1.15-2.14) 595.67 2.14 (1.97-2.32)
70-74 27.00 1.73 (1.19-2.52) 52.00 2.59 (1.98-3.4) 597.67 3.30 (3.04-3.57)
75-79 29.67 3.46 (2.41-4.95) 50.33 4.38 (3.32-5.77) 854.67 4.79 (4.48-5.13)
80-84 23.33 6.24 (4.16-9.36) 33.00 8.00 (5.69-11.25) 591.33 9.47 (8.74-10.26)
85+ 14.67 8.16 (4.89-13.61) 22.67 13.01 (8.62-19.64) 323.00 19.33 (17.34-21.56)
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2 18-20 22.33 8.12 (6.39-10.32) 38.67 12.78 (9.33-17.52) 281.67 10.71 (9.53-12.04)
21-24 29.00 7.17 (5.81-8.85) 42.33 9.64 (7.13-13.03) 306.33 8.29 (7.41-9.27)
25-29 34.00 6.16 (5.08-7.48) 40.00 7.13 (5.23-9.72) 316.00 5.91 (5.29-6.59)
30-34 24.67 4.25 (3.38-5.33) 39.00 6.83 (4.99-9.35) 268.67 5.14 (4.56-5.79)
35-39 27.00 4.75 (3.82-5.9) 34.00 6.22 (4.44-8.71) 254.67 5.04 (4.45-5.69)
40-44 23.33 3.90 (3.09-4.93) 39.00 6.18 (4.52-8.46) 223.33 4.59 (4.02-5.23)
45-49 28.00 4.23 (3.42-5.24) 53.67 7.56 (5.78-9.87) 330.00 5.29 (4.75-5.89)
50-54 36.67 5.72 (4.75-6.9) 65.33 9.73 (7.63-12.39) 393.67 5.65 (5.12-6.24)
55-59 42.33 7.79 (6.54-9.27) 71.33 12.76 (10.12-16.09) 431.67 6.94 (6.31-7.63)
60-64 26.33 5.68 (4.55-7.08) 54.67 11.58 (8.88-15.09) 432.33 8.18 (7.44-8.99)
65-69 37.00 8.59 (7.14-10.35) 73.33 17.49 (13.91-21.99) 41133 9.07 (8.23-9.99)
70-74 34.33 9.63 (7.94-11.69) 88.33 20.35 (16.52-25.07) 428.00 11.43 (10.39-12.56)
75-79 49.33 18.31 (15.58-21.51) 79.33 28.69 (23.03-35.76) 681.33 15.90 (14.75-17.14)
80-84 48.67 23.38 (19.88-27.49) 78.00 35.95 (28.8-44.89) 616.00 22.80 (21.07-24.68)

85+ 54.67 27.35 (23.46-31.87) 62.67 29.96 (23.39-38.38) 514.33 22.97 (21.07-25.04)

3 18-20 27.67 10.06 (8.11-12.47) 33.00 10.91 (7.75-15.34) 458.00 17.41 (15.89-19.08)
21-24 33.67 8.33 (6.85-10.12) 48.33 11.01 (8.3-14.59) 547.33 14.81 (13.62-16.11)
25-29 59.00 10.69 (9.23-12.39) 78.00 13.91 (11.14-17.36) 763.00 14.26 (13.28-15.31)
30-34 66.33 11.42 (9.94-13.12) 84.33 14.77 (11.93-18.28) 734.67 14.06 (13.08-15.11)
35-39 68.00 11.96 (10.43-13.72) 87.33 15.98 (12.95-19.71) 741.00 14.65 (13.63-15.74)
40-44 80.67 13.50 (11.9-15.31) 121.67 19.28 (16.14-23.03) 746.67 15.34 (14.28-16.48)
45-49 95.33 14.41 (12.83-16.18) 163.33 23.00 (19.73-26.81) 1110.67 17.79 (16.78-18.87)
50-54 118.00 18.42 (16.6-20.44) 192.33 28.63 (24.86-32.98) 1447.67 20.77 (19.73-21.87)
55-59 95.33 17.54 (15.62-19.69) 176.33 31.54 (27.21-36.55) 1420.33 22.83 (21.67-24.05)
60-64 76.33 16.46 (14.46-18.74) 129.33 27.39 (23.05-32.54) 1183.33 22.39 (21.15-23.7)
65-69 81.00 18.81 (16.59-21.33) 117.67 28.06 (23.43-33.62) 1050.67 23.16 (21.81-24.61)
70-74 60.33 16.93 (14.64-19.59) 129.33 29.80 (25.08-35.4) 920.00 24.56 (23.03-26.2)
75-79 39.33 14.60 (12.19-17.48) 91.67 33.15 (27.02-40.68) 1213.67 28.32 (26.77-29.96)
80-84 28.33 13.61 (11-16.83) 56.00 25.81 (19.86-33.54) 692.67 25.64 (23.8-27.62)

85+ 11.33 5.67 (4.05-7.93) 24.67 11.79 (7.95-17.5) 304.67 13.61 (12.16-15.22)
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Table S2: IRRs and corresponding p-values resulting from the sensitivity analyses.

Regular Sensitivity Sensitivity analysis 1 (categorical) Sensitivity | Sensitivity
analysis analysis 1 analysis 2 | analysis 3
(linear)
IRR (p- IRR (p- IRR: 70-74 | IRR: 75-79 | IRR: 80-84 | IRR: 85+ IRR (p- IRR (p-
value) value) yrs (p- yrs (p- yrs (p- yrs (p- value) value)
value) value) value) value)
Analysis1 | 1.24 1.03(0.61) | 1.3(0.55) | 1.33(0.44) | 1.41(0.26) | 1.07 (0.83) | 1.18 (0.54) | 1.01 (0.96)
(0.35)
Analysis 1.38 1.05(0.64) | 1.36(0.71) | 1.68(0.41) | 1.69(0.31) | 1.11(0.83) | 1.28 (0.61) | 1.14(0.74)
1a (0.41)
Analysis2 | 1.16 1.08(0.2) | 0.79(0.5) | 1.21(0.48) | 1.29(0.33) | 1.3(0.32) | - -
(0.43)
Analysis3 | 0.79 0.89(0.13) | 0.86(0.55) | 0.81(0.44) | 0.89(0.69) | 0.48 (0.11) | - -
(0.19)

Table S3: Results of the Poisson regression analyses for fatal accidents or injuries. Incidence rate

ratios (IRR) for the variable "age-based screening policy" (persons aged 70 years or older in

Switzerland) with corresponding 95% confidence intervals (Cl) and p-values.

Dependent variable IRR age-based screening p-value IRR
policy (95%-Cl)

Fatal accidents caused by car drivers, per Mio. person kilometers 1.07 (0.21-5.38) 0.93
Accidents in which the car driver causing the accident was fatally injured, 1.19(0.13-10.87) 0.88

per Mio. person kilometers

Fatally injured pedestrians per 100,000 inhabitants 1.39 (0.38-5.01) 0.62

Fatally injured (e-)cyclists per 100,000 inhabitants 0.99 (0.21-4.63) 0.99
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