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Abstract

Background: Medical conditions may adversely affect driving ability. Many North
American jurisdictions provide restricted driving licences that permit people
with certain medical conditions to drive under limited conditions, but the effec-
tiveness of such programs has not yet been determined. The objectives of this
study were to evaluate the rates of crashes and traffic violations among drivers
with a restricted licence, compared with the rates in the general driving popula-
tion, and to compare the crash and traffic violation rates before and after driving
restrictions were imposed.

Methods: We retrospectively analyzed a cohort of all licensed Saskatchewan drivers
registered from Jan. 1, 1992, to Apr. 19, 1999. The cohort was divided into those
with a restricted licence and those with an unrestricted general licence. We used
multivariate Poisson regression to calculate incidence rate ratios (IRRs) for at-fault
crashes and traffic violations, adjusting for age, sex and residence (urban v. rural).
We used interventional time series analysis to compare rates of crashes and traffic
violations before and after the imposition of driving restrictions.

Results: Of the 703 758 drivers in the study, 23 185 (3.3%) had a restricted licence.
Restricted licence holders had a higher crash rate than drivers without restrictions
(adjusted IRR 1.13, 95% confidence interval [CI] 1.11-1.17). However, this rate
was lower than that among male drivers (adjusted IRR 2.01, 95% CI 1.99-2.02)
and urban drivers (adjusted IRR 1.38, 95% Cl 1.37-1.39). Drivers with restricted
licences had a lower traffic violation rate than those without restrictions (adjusted
IRR 0.93, 95% CI 0.91-0.95). At-fault crash rates decreased by 12.8% (95% ClI
2.4%-23.2%) and adjusted traffic violation rates decreased by 10.0% (95% Cl
4.4%—-15.7%) after restrictions were imposed. During the study period, licence
restrictions likely averted up to 816 crashes and 751 traffic violations.

Interpretation: Province-wide population data suggest that a restricted licensing
program appears to provide a significant decrease in the rates of crashes and
traffic violations.

Driving ability is often essential for independence, especially for those in
9-13

D riving motor vehicles has become almost a basic activity of daily living.!

smaller towns and rural areas. Visual,”* cardiac,” arthritic,”® cognitive,
and neurologic™*" impairments are each associated with increased risks of motor
vehicle accidents. In many jurisdictions, people with these diseases are prohibited
from driving to protect both the public and the patient. Unfortunately for such pa-
tients, this often results in a large loss of independence.

Some jurisdictions provide restricted or conditional licences for people with
medical impairments.”® These restricted licences allow driving under specific or
limited conditions, such as only during daylight hours or within a certain radius of
the person’s home. However, the effectiveness of such programs is unknown.'"
Crancer and McMurray" studied the accident and violation rates of drivers with li-
cence restrictions because of medical impairments in the state of Washington from
1961 to 1967. They found that drivers with diabetes mellitus, epilepsy or fainting
had a significantly higher number of crashes than the control subjects. Drivers with
diabetes, epilepsy and other conditions also had higher violation rates than control
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subjects. In a subsequent study Crancer and O’Neall® de-
termined that drivers in Washington with licence restric-
tions for heart disease had an accident rate similar to that of
a control population. These studies are limited by not con-
trolling for changes in driver licence status or driver resi-
dence. Also, the studies may be outdated since population
demographic characteristics, motor vehicles and road con-
ditions have changed considerably since the 1960s.*

More recently, the National Highway Traffic Safety As-
sociation, US Department of Transportation, evaluated dri-
vers with medical conditions who were licensed in Utah be-
tween 1992 and 1996.” T'wo groups of drivers were studied:
those with licence restrictions and a comparison group with
a similar demographic profile with regard to age, sex and
county of residence who did not have licence restrictions.
When all disease groups were combined, drivers with re-
stricted licences had higher crash rates than unrestricted
drivers (relative risk 1.74, 95% confidence interval [CI] 1.49—
2.04). For some medical conditions, such as diabetes,
epilepsy, and cardiovascular, psychiatric and visual problems,
drivers with no restrictions had lower crash rates than those
with restrictions. Although these results suggest that re-
stricted licensing is ineffective, the study was limited because
crash rates and rate differences could not be calculated.
These data are essential for physicians and policy-makers to
determine whether the results are clinically significant.

Since most jurisdictions in North America endorse re-
stricted licensing to one degree or another,” studies sug-
gesting that drivers with licence restrictions may have
higher at-fault crash rates than control subjects are of con-
cern. Accurately determining the effectiveness of restricted
licensing is important for physicians who must identify
medically unfit drivers,” government policy-makers and so-
ciety at large. If restricted licensing is ineffective, many
North American jurisdictions should reconsider their poli-
cies of providing restricted licences. However, if restricted
licensing decreases crash and traffic violation rates to ac-
ceptable levels, jurisdictions whose only current option is
an unrestricted licence might introduce restricted licensing.

Saskatchewan Government Insurance (SGI) provides in-
surance coverage to all drivers in the province. SGI delivers
a program that issues restricted licences to people with
medical impairments that may affect driving ability. Re-
strictions include both driving restrictions (e.g., driving
during daylight hours only or driving within a certain num-
ber of kilometres from home only) and licensing restric-
tions (e.g., physical examination or periodic eye examina-
tions are required for licensing). Restrictions are based on a
combination of a driving ability assessment, an on-road
evaluation and the expected progression of the person’s
medical condition. Driving and licensing restrictions may
be imposed simultaneously. The SGI database contains the
driving history of all drivers in the province as well as
demographic information, including date of birth, sex, and
urban or rural residence (as defined by postal code).

Our objectives were to compare drivers with and with-

748 JAMC ¢ 1¢" OCT. 2002; 167 (7)

out licence restrictions with regard to crash rates and traffic
violation rates while controlling for sex, age and residence,
and to determine whether crash and violation rates change
after licence restrictions are imposed.

Methods

We included all drivers who held a valid driver’s licence be-
tween Jan. 1, 1992, and Apr. 19, 1999. Driving record data before
Jan. 1, 1992, were incomplete. We excluded drivers with a licence
higher than class 5 (general) because these drivers would be more
likely to be commercial drivers and to have higher levels of expe-
rience and driver training.”* We excluded drivers born before Jan.
1, 1900, because their birth date was unreliable, and those with a
restriction solely for alcohol or substance abuse since these condi-
tions are known to be associated with higher crash and traffic vio-
lation rates.”*** We identified the date that all driving or licensing
restrictions were imposed. The dates of all crashes that resulted in
an insurance claim and all traffic violations were recorded, as were
crash fault status and violation type. In the event of a crash, a dri-
ver was classified as being “at fault” if he or she was considered, by
the insurance adjuster, to be at least 50% responsible for the
crash. Throughout this paper, involvement in a crash is used in-
terchangeably with at-fault crash. All moving violations resulting
in noncriminal or criminal convictions were classified as violations
in this study. Criminal and noncriminal traffic violations were
combined. The dates of licence suspension or cancellation, which
we considered in calculating crash and traffic violation rates, were
also recorded. Since Saskatchewan drivers must renew their li-
cence annually, we considered unrenewed licences as inactive and
did not include them in calculating person-years of driving time.

We classified drivers as having a restricted or unrestricted li-
cence. For the base analysis, drivers with a driving restriction and
those with a licensing restriction were grouped together. For dri-
vers with restrictions, their driving records before the restriction
was imposed were included in the cohort of drivers without restric-
tions, after a sensitivity analysis demonstrated no difference in the
rates for the unrestricted cohort when these records were censored.

We used Poisson regression analysis to determine crash and
traffic violation rates among drivers with and without licence re-
strictions after adjusting for age, sex and residence (urban v. rural).
We examined the effect of a licence restriction on driving perfor-
mance by calculating crude incidence rates of crashes and traffic
violation rates among drivers with restrictions before and after the
restrictions were imposed. We then used interventional auto-
regressive, integrated, moving average (ARIMA) time series mod-
elling to determine whether the rates before and after the restric-
tions were imposed differed significantly.” We used time series
analysis because data with a temporal sequence are often autocor-
related (i.e., the value at time x is affected by the value at time
x — 1). Therefore, the error terms of these observations are not
independent, which makes simple regression and standard infer-
ential testing inappropriate. Time series analysis models autocor-
relation in temporally sequenced data, thereby permitting tradi-
tional regression and inferential testing. In each model, licence
restriction was represented by a dummy series (0 representing be-
fore restriction, and 1 representing after restriction) that was
cross-correlated with the crash or violation series. We reviewed
the autocorrelation plots and the partial autocorrelation plots to
determine the presence of moving average and autoregressive
processes respectively. If the # ratio for the intervention parameter



in the best-fitting model*® had a 2-sided p value less than 0.05, re-
stricted licensing was considered to be associated with a signifi-
cant change in the crash or traffic violation rates.

The study was approved by the Research Ethics Committee of
The Rehabilitation Centre, Ottawa.

Results

There were 1 176 486 drivers registered in the SGI
database at some time during the study period. A total of
472 728 drivers were excluded: 82 183 because they were
born before 1900, 120 808 because they had an elevated
licence class, and 269 737 because they did not hold a
driver’s licence during the study period. Of the remain-
ing 703 758 drivers, 23 185 had a licence restriction at
some point: 20 074 had a licensing restriction only, 2010
had both a driving and a licensing restriction, and 1101
had a driving restriction only. Restricted licence holders
accounted for 72 410 of the 3 792 479 person-years of
driving.

Compared with unrestricted licence holders, drivers
with restricted licences were older and were more likely to
be male and to live in a rural location (Table 1). Overall,
537 749 drivers (76%) had had no crashes, 115 808 (16%)
had had 1 crash, 34 702 (5%) had had 2 crashes, and 15 499
(2%) had had 3 or more crashes. Restricted licence holders
were significantly less likely than drivers with unrestricted
licences to have been involved in crashes (19 236/23 185
[83%] v. 537 749/703 758 [76%]; p < 0.001). Overall,
438 331 drivers (62 %) had had no traffic violations, 134 463
(19%) had had 1 violation, 56 582 (8%) had had 2 viola-
tions, and 74 382 (11%) had had 3 or more violations. Dri-
vers with licence restrictions had fewer traffic violations
than unrestricted licence holders (19 124/23 185 [82%] v.
438331/703 758 [62%]; p < 0.001).

On multivariate Poisson regression, driver age, sex and

Table 1: Characteristics of Saskatchewan drivers who
had no licence restrictions and those with licence
restrictions between Jan. 1, 1992, and Apr. 19, 1999

Group; no. (and %) of drivers

Restricted driver licensing

residence were all significantly associated with crash and
traffic violation rates (T'able 2). After adjustment for these
factors, drivers with any restriction (incidence rate ratio
(IRR] 1.14, 95% CI 1.11-1.17), those with driving restric-
tions (IRR 1.18, 95% CI 1.10-1.27) and those with licens-
ing restrictions (IRR 1.15, 95% CI 1.12-1.18) had signifi-
cantly higher crash rates than drivers without restrictions.
However, the increases were significantly lower than those
associated with being male (adjusted IRR 2.01, 95% CI
1.99-2.02) or living in an urban area (adjusted IRR 1.38,
95% CI 1.37-1.39). In contrast, restricted licence holders
had significantly lower traffic violation rates than drivers
without restrictions (adjusted IRR 0.93, 95% CI 0.91-
0.95). All models fit the data well.

The crude rates of crashes and traffic violations before
and after driving restrictions were imposed are presented in
Table 3. The rates decreased following imposition of re-
strictions in all instances.

The weekly crash rates during the 4 years before and

Table 2: Adjusted incident rate ratios for crashes and traffic
violations based on Poisson regression

Outcome; adjusted incident rate ratio

(and 95% ClI)
Variable Crash Traffic violation
Any licence restriction 1.14(1.11-1.17) 0.93 (0.91-0.95)
Male sex 2.01 (1.99-2.02) 3.06 (3.05-3.08)
Urban residence 1.38 (1.37-1.39) 1.11 (1.11-1.12)
Age, yr
16-24 1.31(1.29-1.33) 6.60 (6.51-6.69)
25-34 1.10 (1.09-1.12) 3.92 (3.87-3.98)
35-44 1.29 (1.27-1.31) 2.39 (2.36-2.43)
45-54 1.38 (1.36-1.41) 1.72 (1.69-1.75)
55-64 1.00 1.00
65-74 1.04 (1.02-1.06) 0.61 (0.59-0.62)
75-84 1.22 (1.19-1.24) 0.44 (0.42-0.45)
=85 1.27 (1.21-1.33) 0.35(0.33-0.38)

Note: Cl = confidence interval.

Table 3: Crude rates of crashes and traffic violations before

and after the imposition of licence restrictions

No restriction Restriction
Characteristic n=680573 n=23185 Incident rate per 1000 person-years
of driving
Male sex 330 812 (48.6) 14 259 (61.5)
Rural residence 285 386 (41.9) 11031 (47.6) Before restriction  After restriction
Age, yr Outcome imposed imposed
16-24 109 722 (16.1) 1499 (6.5) Crash
25-34 133339 (19.6) 1721 (7.4) All restrictions 92.3 76.5
35-44 145 525 (21.4) 2591 (11.2) Driving restriction 125.2 79.7
45-54 105078 (15.4) 2820(12.2) Licensing restriction 91.4 77.7
55-64 68 152 (10.0) 3243 (14.0) Traffic violation
65-74 60613 (8.9) 4 644 (20.0) All restrictions 117.3 101.8
75-84 43534 (6.4) 4826 (20.8) Driving restriction 145.2 79.7
> 85 14 609 (2.1) 1841 (7.9 Licensing restriction 111.4 94.1
CMAJ » OCT. 1, 2002; 167 (7) 749
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the 4 years after the imposition of licence restrictions are
presented in Fig. 1. With both driving and licensing re-
strictions combined, we observed a significant decrease of
0.2 (95% CI 0.04-0.39) crashes per 1000 drivers per week
after the restrictions were imposed (p < 0.001). This trans-
lated into a relative rate reduction of 12.8% (95% CI
2.4%-23.2%). Similar results were obtained when the se-
ries were fit for driving and licensing restrictions sepa-
rately. Driving restrictions alone were associated with a
significant decrease of 0.7 (95% CI 0.38-1.04) crashes per
1000 drivers per week (p < 0.001) (relative rate reduction
31.8% [95% CI 17.1%—-46.5%]). Licensing restrictions
were associated with a smaller but still significant decrease
(0.2 [95% CI 0.02-0.3] crashes per 1000 drivers per week)
(» =0.03).

The weekly traffic violation rates during the 4 years be-
fore and the 4 years after the imposition of licence restric-
tions are shown in Fig. 1. With both types of restriction
combined, there was a significant decrease of 0.2 (95% CI
0.09-0.31) traffic violations per 1000 drivers per week after
the restrictions were imposed (p < 0.001) (relative rate re-
duction 10.0% [95% CI 4.4%-15.7%]). Driving restric-
tions alone did not change the rates significantly (decrease
of 0.03 violations per 1000 drivers per week) (relative rate
reduction 0.2% [95% CI -0.1% to 0.5%]). However, li-
censing restrictions were associated with a significant re-
duction of 0.2 (95% CI 0.08-0.31) violations per 1000 dri-

3.0 -
3
@ 4
£g 25
g5
S 20
= £
= @
E2 15
53
©S 1.0
=]
=
“35 05
0 .
-4 -3 -2 -1 0 1 2 3 4
Year
3.5 -
<
Eg 25
S »
25 20
E.2
€3S 1.5 I
o
EERTE
5=
28 o5
0 . . . . . . .
-4 -3 -2 -1 0 1 2 3 4
Year

Fig. 1: Time series plot of outcome rates during the 4 years be-
fore and the 4 years after the imposition of driving and licens-
ing restrictions combined. Restrictions were imposed at year 0.
Top: At-fault crash rates. Bottom: Traffic violation rates.
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vers per week (p < 0.001) (relative rate reduction 10.7%
[95% CI 4.6%-16.9%)).

During the study period, restricted licence holders ac-
counted for 72 410 person-years of driving. Assuming
that the rates of at-fault crashes and traffic violations
among these drivers would have remained stable without
the restriction, we estimate that licence restrictions
averted 816 crashes and 751 traffic violations during the
study period.

Interpretation

Compared with the general driving population, drivers
with restricted licences had a lower adjusted risk of traffic
violations but a higher adjusted risk of at-fault crashes.
However, the increased risk of crashes attributable to re-
stricted licences is significantly smaller than that attribut-
able to male sex or urban residence. Imposition of a licence
restriction was associated with significantly decreased rates
of crashes and traffic violations.

Our study demonstrates a statistically and clinically
significant decrease in rates of crashes and traffic viola-
tions following the imposition of licence restrictions.
Like Crancer and McMurray,"” we found a higher crash
rate among restricted licence holders after controlling for
age and sex, but we also found a lower traffic violation
rate among these drivers. A report of the US National
Highway and Traffic Safety Association showed an in-
creased risk of crashes for drivers with licence restric-
tions.” Our findings reflect a similar trend, but to a much
smaller extent.

Despite the differences between our results and those
from the United States,” we are confident that our findings
are valid, for several reasons. First, we used a cohort design,
which is susceptible to fewer biases than a case—control
study. Second, ours was a population-based study, which
averts problems with incorrect or biased sampling. Finally,
our findings were very coherent in showing that licence re-
strictions were associated with decreased traffic violation
rates. Traffic violations are a marker of driving behaviour
associated with increased risk of crashes.”

Licence restrictions may decrease crash and traffic viola-
tion rates for drivers with medical impairments in several
ways. Driving restrictions may limit a driver to an environ-
ment for which he or she has the skills required for safe dri-
ving, thereby reducing exposure to more complex or
higher-risk traffic situations. Driving restrictions may also
change driving behaviour by highlighting limitations to the
restricted driver or his or her family. Restricted licence
holders may self-restrict their driving and drive less fre-
quently or under less demanding conditions, thus decreas-
ing their risk for traffic violations or crashes.

The primary weakness of our study was the inability to
control for driving exposure, which is likely to be less for
drivers with restrictions. We were also unable to measure
driver compliance with restrictions. Since residence was de-



termined as of the date the data sets were created, some
driving time may have been misallocated if the driver
moved during the study period. Information on crash
severity was unavailable. Had these data been available,
they may have influenced our interpretation of the results,
since severity of the crash is the greatest concern for soci-
ety. Finally, we did not explore the influence of specific dri-
ving and licensing restrictions or specific medical diagnoses
on crashes.

Further prospective study is needed to determine what
specific factors lead to decreased rates of crashes and traffic
violations. A prospective study would also assess driving ex-
posure, providing a true, time-based estimate of crash and
violation risk. Specific driving and licensing restrictions
each need to be evaluated, as do specific medical diagnoses
or impairments and their different effects on rates of
crashes and traffic violations. Also, further study of the ap-
propriate timing and methods of identifying who would
benefit from a restricted licence is required.

In conclusion, restricted licensing programs such as
those used in Saskatchewan appear to be effective, but fur-
ther study is needed to determine the most effective restric-
tions and the most appropriate method of implementing
restrictions.
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