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ABSTRACT

OBJECTIVES

To revise and expand the 1991 Canadian Diabetes Association’s
(CDA’s) Clinical & Scientific Section (C&SS) Position Statement
on Diabetes and Commercial Driving, create guidelines for
diabetes and private driving, and identify and assess the evi-
dence supporting the recommendations.

OPTIONS

All aspects of drug-inducod hypoglyccmia and driving were

reviewed.

OUTCOMES

General recommendations for diabetes and driving as well as
specific recommendations for private and commercial driv-
ers on various treatment modalities are stated.

EVIDENCE

All recommendations were developed following the same
methodology as the 1998 Clinical Practice Guidelines for the
Management of Diabetes in Canada.

VALUES

All recommendations were subject to an external review
and feedback from the CDA’s Advocacy and Government
Relations Forum, Diabetes Nurse Educators Forum and other
experts in diabetes care.
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OBJECTIFS

Passer en revue et ¢élargir la portée de la déclaration de posi-
tion sur le diabéte et la conduite automobile a des fins com-
merciales rédigée par la Section clinique et scientifique de
I’ Association canadienne du diabé¢te (ACD) en 1991, créer
des lignes directrices concernant le diabete et la conduite
automobile a des fins personnelles, et définir et évaluer les
observations qui appuient les recommandations.

OPTIONS

Tous les aspects de la question entourant I’hypoglycemie
provoquée par les médicaments et la conduite automobile
ont été ¢tudiés.

RESULTATS

Des recommandations géncrales concernant le diabete et la
conduite automobile et des recommandations précises, selon
le traitement administré, pour les personnes qui conduisent
a des fins personnelles ou commerciales, ont été préparées.

OBSERVATIONS

Toutes les recommandations ont été ¢laborées selon la mé-
thode utilis¢e pour la rédaction des Lignes directrices de pra-
tique clinique 1998 pour le traitement du diabéte au Canada.

VALEURS

Toutes les recommandations ont été soumises a un examen
externe et ont été commentées par le forum de I’ACD sur la
défense des intéréts des personnes atteintes de diabete et les
relations gouvernementales, par un groupe d’infirmicres
spécialisées dans le traitement du diabéte et par d’autres
experts en soins diabétologiques.

AVANTAGES, DESAVANTAGES ET cOUTS

L’hypoglycémie peut avoir des effets nefastes sur la conduite
automobile et contribuer a certains des accidents impliquant
des personnes atteintes de diabete. Le risque d’hypoglycémie
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DIABETES AND DRIVING

BENEFITS, HARM, COSTS

Hypoglycemia can affect driving performance adversely and
may contribute to some of the accidents that involve people
with diabetes. The risk of severe hypoglycemia is greatest in
people with type 1 diabetes who are using intensive insulin
therapy (IIT), especially the subgroup with a history of
severe hypoglycemia and hypoglycemia unawareness. The
risk is lower in people with type 2 diabetes because they are
seldom using intensive insulin regimens, infrcqucntly expe-
rience recurrent hypoglycemia and have less risk of develop-
ing hypoglycemia unawareness than people with type 1
diabetes. As the presence and extent of these factors vary
from person to person, people with diabetes have the right
to be assessed for a license to drive a motor vehicle, either
private or commercial, on an individual basis. There is a need
to balance the safety of the public without adversely affecting
the ability of most people with diabetes to drive.

RECOMMENDATIONS AND VALIDATION

All recommendations of the 1991 position statement per-
taining to diabetes and commercial driving were Grade D.
These have been reviewed and new recommendations added.
Recommendations for diabetes and private driving have been
prepared. All recommendations are Grade D.

METHODS

The preparation of the guidelines was based on literature
searches on PubMed”, including MEDLINE®, references from
book chapters and consensus from the C&SS of the CDA.

grave est plus ¢levé chez les personnes atteintes de diabete de
type 1 qui suivent une insulinothérapie intensive, surtout
chez ceux qui ont des antécédents d’hypoglycémie grave et
dans les cas «d’inconscience de I'hypoglycémiex. Ce risque
est moins élevé chez les personnes atteintes de diabete de
type 2 parce que ces personnes n’ont pas souvent recours a
une insulinothérapie intensive, sont rarement victimes d’hy-
poglycémie récidivante et sont moins susceptibles de
développer une inconscience de 'hypoglycémie que les per-
sonnes atteintes de diabete de type 1. Puisque la presence et
I’ampleur de ces facteurs varient d’une personne a I'autre,
les personnes atteintes de diabete ont le droit d’étre ¢valuées
individuellement pour I’obtention d’un permis de conduire,
que ce soit a des fins commerciales ou personnelles. Il con-
vient de veiller a la sécurité du public sans toutefois empé-
cher la plupart des personnes atteintes de diabete de conduire.

RECOMMANDATIONS ET VALIDATION

Les recommandations qui figurent dans la déclaration de
position de 1991 sur le diabete et la conduite automobile a
des fins commerciales étaient de catégorie D. Elles ont toutes
¢té passces en revue, et de nouvelles recommandations ont
¢té ajoutées. Des recommandations concernant le diabete et
la conduite automobile a des fins personnelles ont été pre-
parces. Ces recommandations sont toutes de catégorie D.

METHODES

Les lignes directrices sont fondées sur les resultats de
recherches dans PubMed, y compris MEDLINE, sur des
références bibliographiques et sur le consensus de la Section
clinique et scientifique de I’ACD.

INTRODUCTION

Diabetes may affect driving performance because of chronic
complications, which impair sensory or motor function
(retinopathy, neuropathy, nephropathy, cardiovascular discase
[CVD], peripheral vascular disease and stroke), and because
of transient cognitive dysfunction or loss of consciousness
from drug-induced hypoglycemia (secondary to insulin injec-
tions or the use of insulin secretagogues). As the presence
and extent of these factors vary from person to person, peo-
ple with diabetes have the right to be assessed for a license to
drive a motor vehicle, either private or commercial, on an
individual basis (1). In assessing the suitability of people with
diabetes to drive, medical evaluations are needed to docu-
ment the presence and severity of chronic complications and
assess short- and long-term glycemic control, including the
frequency and severity of hypoglycemia.

The Canadian Diabetes Association’s (CDA’s) Clinical &
Scientific Section (C&SS) Position Statement on Diabetes
and Commercial Driving was published in June 1991 (2), and
was verified to require no revisions in 1994 (3). This article
represents a revision of the 1991 position statement and

includes new guidelines related to diabetes and private driv-
ing following the methodology used in the 1998 Clinical
Practice Guidelines for the Management of Diabetes in
Canada (4) and in the revision and expansion of these guide-
lines for the prevention and management of hypoglycemia (5).

ESTIMATION OF THE NUMBER OF CRASHES
Estimates of the number of crashes attributed to hypo-
glycemia need to account for the following: 1) predicted
number of mild and severe hypoglycemic reactions per year;
2) frequency, time of day, duration of reactions and degree of
warning while driving; 3) severity of cognitive impairment
while driving; 4) effect of hypoglycemic symptoms on driv-
ing performance and the decision to drive; and 5) likelihood
of a crash while having a hypoglycemic reaction.

1) Predicted number of mild and severe
hypoglycemic reactions per year

The incidence of mild hypoglycemia and severe hypo-

glycemia (loss of consciousness) in a cohort of persons with

type 1 diabetes participating in the Pittsburgh Epidemiology
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of Diabetes Complications Study (EDC) was estimated by
Songer and colleagues (1993) to be approximately 24 and
0.31 episodes per person-year, respectively (6). The inci-
dence of severe hypoglycemia in insulin-treated persons in
studies during the past decade is shown in Table 1 (6-11).
After evaluating the populations and definitions used, and the
published results, Songer and colleagues estimated an inci-
dence of severe hypoglycemia in people with type 1 diabetes
of 0.31 episodes per person-year, and in people with insulin-
treated type 2 diabetes, of 0.18 episodes per person-year (6).
In the Diabetes Control and Complications Trial (DCCT),
severe hypoglycemic episodes (defined as requiring assis-
tance from another person) occurred approximately 3 times
more frequently in the group with type 1 diabetes receiving
intensive insulin therapy (IIT) than in the conventionally treat-
ed group (7). In the population-based study in Northrhine,
Germany, the incidence of severe hypoglycemia (defined by
treatment with glucagon or glucose injections) in people with
type 1 diabetes was 0.20 per person-year (8). There is an
increasing trend to prescribe tight blood glucose (BG) control
in persons with type 2 diabetes, whether achieved with insulin
or oral antihyperglycemic agents. Among recent large clinical
trials of optimal control of BG in people with insulin-treated
type 2 diabetes, the incidence of severe hypoglycemia ranged
from 0 to 0.08 per person-year (Table 1) (10,11). In the
United Kingdom Prospective Diabetes Study (UKPDS), each
year 2.3% of insulin-treated patients experienced 21 episode
of severe hypoglycemia (defined by the need for third-party
assistance or medical intervention) (12). The incidence of mild
and moderate hypoglycemic episodes combined was signifi-
cantly higher with IIT in the Veterans Affairs Cooperative
Study in Type II Diabetes (VA CSDM) (IIT: 16.5 per patient-
year; standard: 1.5 per patient-year), whereas in the
Kumamoto Study, episodes of mild hypoglycemia occurred
only 1.6 times more frequently in the IIT group than in the

conventional insulin therapy group (35 vs. 22 events per
100 patient-years) (9,11). The differences between the
3 studies in the incidence of hypoglycemia might be
explained by differences in insulin dose regimens and the fre-
quency with which insulin doses were adjusted in patients
according to their degree of glycemic control (9,11,12). In
the 33 243 people with type 2 diabetes taking sulfonylureas,
identified from 719 clinical practices in the United Kingdom
(UK) General Practice Research Database, the annual risk of
any sclf-reported or physician-diagnosed hypoglycemic
episode in a stratified sample of 500 patients was 1.8% (vary-
ing from 1.5% for continuous users to 4.8% for incidental
users) (13). The annual risk of hypoglycemia was greater in
people 265 years of age (2.0%) than in those <65 years of
age (1.4%). The risk for glibenclamide users was higher than
for users of other types of sulfonylureas, similar to the find-
ings of 3 clinical trials (13). This study included patients
(mean age: 69.2 years) who had experienced episodes of
hypoglycemia severe enough to visit a physician or to report
the symptoms to a physician during a consultation for other
reasons. It is likely that other less severe episodes were not
reported to the physician.

2) Frequency, time of day, duration of reactions
and degree of warning while driving

The frequency of hypoglycemic reactions while driving
depends on the number of hours spent behind the wheel and
the time of day of driving. Partial or complete lack of symp-
toms results in under-reporting of episodes (biochemical
hypoglycemia). In the DCCT, 55% of severe hypoglycemic
episodes occurred during sleep in people with type 1 dia-
betes using IIT or conventional therapy; 43% of all episodes
occurred between midnight and 8:00 am. Of episodes that
occurred while subjects were awake, 36% were not accom-
panied by warning signs (14). The rate of severe hypoglycemia

Table 1. Incidence of severe hypoglycemia in insulin-treated persons

Reference

Number of events per person-year
Type 1 diabetes Type 2 diabetes

EDC, 1991 (T.). Orchard, MBBCh, 0.31
written communication, 1991) (6)
DCCT, 1995 (7) conventional insulin therapy 0.19
I 0.61
Muhlhauser et al, 1998 (8) 0.20
Songer et al, 1993 (6) 0.18
Abraira et al, 1995 (9) conventional therapy 0.01
I 0.03
Saudek et al, 1996 (10) 0.08
Shichiri et al, 2000 (11) 0.00

DCCT = Diabetes Control and Complications Trial
EDC = Pittsburgh Epidemiology of Diabetes Complications Study
IIT = intensive insulin therapy
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in daylight driving hours may therefore be estimated at half the
average incidence (approximately 0.15 episodes per person-
year), at least for a population with similar clinical character-
istics. It may take up to 40 minutes for performance to be
detectably affected by hypoglycemia, as reported in a hyperin-
sulinemic clamp study (BG level maintained at 2.8 mmol/L
for 90 minutes) of 6 patients with well-controlled type 1 dia-
betes that used a euglycemic clamp (BG level: 4.5 mmol/L) as
a control (15). Assessment of patients after 40 minutes, com-
pared with bascline and after 15 minutes, showed a significant
increase in the symptom score (predominantly neurogly-
copenic), deterioration in cognitive function (measured by
reaction time) and subjective feeling of hypoglycemia in
4 patients. Patients were unaware of BG levels. There is usual-
ly a 45- to 90-minute delay in recovery of normal cognitive
function after normoglycemia is restored following moderate

hypoglycemia (BG level: 2.5 mmol/L) (16,17).

3) Severity of cognitive impairment while driving
The healthy individual without diabetes is protected from pro-
gression to severe hypoglycemia because the glycemic thresh-
olds for neuroglycopenic symptoms and the onset of cognitive
dysfunction have been found to coincide at a BG level of
2.0 mmol/L (18). In comparison, in type 1 diabetes, glycemic
thresholds for release of counterregulatory hormones and for
symptoms of hypoglycemia are dynamic, rather than static, and
have been found to vary between individuals and within 1 indi-
vidual over time as the result of previous exposure to hypo-
glycemia or hyperglycemia (19). The glycemic threshold for
cognitive impairment is also dynamic. Although some investi-
gators have reported deterioration of cognitive function in all
subjects at a consistent BG threshold (=2.3 to 2.8 mmol/L),
others have reported relative preservation of cognitive function
at a lower BG threshold in those with blunted counterregulato-
ry responses following recurrent hypoglycemia (20). Recent
studies have confirmed that there was a shift in glycemic thresh-
olds for cognitive dysfunction to lower BG concentrations after
recent antecedent hypoglycemia, similar to that for autonomic
and symptomatic responses to hypoglycemia (21).

Data from the EDC, which investigated the medical his-
tory and automobile accident history of 405 drivers, adjusted

for distance driven, showed no difference in crash risk
between groups treated intensively or less intensively.
Crashes were significantly more frequent in people with a
history of severe hypoglycemia (defined as loss of conscious-
ness) during the previous 2 years than in those without severe
events (20 vs. 15%, p=0.01) (22). In the DCCT, among
119 subjects at a mean follow-up interval of 21 months, auto-
mobile accidents associated with property damage occurred
in 1.5% of 714 severe hypoglycemic events (0.005 accidents
with property damage per person-year) (14). In patients
with type 2 diabetes with an average age of 56 years,
improved glycemic control had no effect on glycemic thresh-
olds for cognitive impairment, as measured by the 4-choice
reaction time test (23). However, in healthy older men 60 to
80 years of age, the glycemic threshold for warning symptoms
of hypoglycemia was lowered (24,25) and coincided with the
threshold for cognitive impairment (24). The elderly are
intrinsically at greater risk for asymptomatic serious hypo-
glycemia at the initiation of insulin or sulfonylurea treatment.

4) Effect of hypoglycemic symptoms on driving
performance and the decision to drive

Studies in patients with type 1 diabetes have shown, using a
driving simulator, that driving performance deteriorated signif-
icantly due to cognitive motor impairment when the BG level
was reduced to between 3.6 and 2.6 mmol/L (26-28) and even
when hypoglycemia was relatively mild (3.4 to 4.0 mmol/L)
(28). At these levels of mild to moderate hypoglycemia,
steering was disrupted, resulting in swerving, spinning and
increased time across the midline and off the road. Decreases
in global driving performance were observed in 35% of the
subjects with type 1 diabetes (26). Fifty percent of these sub-
jects, who were blind to their BG level within this range, stat-
ed that they would drive under similar conditions. Drivers
waited until their BG level fell below 2.8 mmol/L to self-
treat, and only one-third of the drivers treated their hypo-
glycemia or stopped driving (28). While these results reflect
only drivers’ pcrformancc in a simulation environment, sim-
ilar results have been obtained from studies using real-life
situations. Clarke and colleagues provided adult drivers with
type 1 diabetes with handheld computer devices, into which

Table 2. Hypoglycemia-related automobile crashes per miles driven (adapted from

reference 6

Reference n Observation | Related crashes Total distance Crash rate

period driven during per million miles

(years) study (miles) (per million km)
Songer et al, 1988 (32) 127 1 2 1501 648 133
(2 416 602 km) (0.83)
Eadington et al, 1989 (31) 166 8 9 10 465 920 0.86
(16 842 805 km) (053)
Chantelau et al, 1990 (33) 241 2 10 5693 450 176
(9 162 469 km) (1.09)
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Table 3. Studies comparing accident, injury and violation history among drivers with

diabetes and a control group

Reference | Years n | Observation | Type of Accident rate Violation rate Units Weaknesses | Strengths
period diabetes
(vears) Diabetes | Control | Diabetes | Control

Ysander,  [1952-1961| 250 4.7 Types 1 50 7.7 1.7t 15.3 Per 100 Not adjusted | Based on

1966 (40) and 2 drivers per | for driving police and

Sweden 4.7 years | exposure court records
Matched for
sex, age and
driving
license period

Ysander, [1955-1964| 219 6.0 Types 1 37 6.4 11.9¢ 123 Per 100 Not adjusted | Based on

1969 (42) and 2 drivers per | for driving police and

Sweden 6.0 years | exposure court records
Matched for
sex, age and
driving
license period

Waller, 1960-1963| 257 3 Types 1 15.5% 8.7 4.6%* 33 Per million | Controls not | Adjusted for

1965 (36) and 2 miles per | medically age and

Cadlifornia, 3 years validated driving

us exposure
All accidents
reported to
police

Crancer  [1961-1967| 7646 6 Types 1 31.4% 26.5 733% 68.5 Per 100 Not adjusted | Age and sex

et al, 1968 and 2 drivers per | for driving matched

(37) 6 years exposure

Washington, All declared

us drivers with
diabetes vs.
all licensed
drivers in
the city

Davis et al, [ 1970 108 1 Types 1 74 7.1 380 264 Per 100 Not adjusted | Based on

1973 (39) and 2 drivers for driving police

Oklahoma, exposure records

us and court
decisions
Age and sex
matched

de Klerk |1971-1979| 8623 8 Types 1 27.0 178 - - Hospital Missed cases | Hospital

et al, 1983 and 2 crash (2-5%) discharge

(43) admissions reports

Western

Australia Age and
sex matched

*#Significantly different
fIncludes accidents and serious driving offences

Cl = confidence interval
F = female

M = male

OR = odds ratio
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)
Songer 1983-1984| 127 1 Type 1 1417 7.09 - - Per 100 Small sample | Adjusted for
etal drivers size (n), driving
1988 (32) so low exposure
Pennsylvania, power
usS Age and sex
matched
87% response
rate
Sibling
controls
121 1040 391 - - Per 100 - Comment:
drivers per crash rate
57F 32.38* 6.61 million significantly
64 M 17.58 8.08 miles different for
females but
not overall
Eadington [1979-1987| 166 8 Type 1 54 100 - - Per million | Controls Adjusted for
et al, 1989 miles not matched | driving
31 exposure
Edinburgh,
Scotland 89% response
rate
Stevens 1981-1986| 354 5 Insulin- 79 7.8 - - Per 1.5 - Age and sex
et al, 1989 treated million km matched
(39)
Belfast, Adjusted for
Ireland driving
exposure
Hansotia [1985-1988| 484 4 Types 1 68.91%* 52.02 - - Per 1000 | Not adjusted | Age and sex
et al, 1991 and 2 person- for driving | matched
(34) years exposure
Wisconsin, All drivers
us with diabetes
declared in
cities
Koepsell  [1987-1988| 234 2 Type 2 111 4.5 - - Injury per | Surrogate Based on
et al, 1994 100 drivers| responders | police reports
(35)
Puget Matched for
Sound, age (265
Washington, years), sex
us and miles
driven
75% response
rate (69% for
controls)
Gresset 1988-1989 | 121 2 Type 2 OR (95% ClI) - — Per 100 Not adjusted| Area and age
et al, 1994 1.01 (0.80,1.27) drivers for driving | matched
(44) exposure (age: 70
Quebec, years)
Canada 39.9%
18 Type 1 OR (95% Cl) - - response
113 (0.63,2.04) rate
Mathiesen |1991-1994| 7535 3 Types 1 0.71 5.50% - - Accidents | 29% Based on
et al, 1997 and 2 per 1000 | response rate| insurance
(41) person- reports
Denmark years Selection bias
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they recorded severity levels of adrenergic and neurogly-
copenic symptoms, cognitive function, perception of impair-
ment and perceived and actual BG levels prior to driving, as
well as decision to drive (29). Subjects stated that they would
drive 40 to 44% of the time when they estimated their BG
level to be 3.3 to 3.9 mmol/L, and 38 to 47% of the time
when their actual BG level was <2.2 mmol/L. Approximately
50% of subjects decided to drive at least 50% of the time when
their estimated or actual BG level was <3.9 mmol/L (29). In
all of these studies, there was considerable variability between
individuals in both hypoglycemia awareness, perception of
patients’ ability to drive and driving performance at all BG lev-
els. In an examination of the perception of the ability to drive
safely during hypoglycemia (rather than whether they would
drive under the circumstances), the proportion of patients
judging that they could drive safely decreased from 70 to 22%
as BG levels decreased from 6.8 to 2.2 mmol/L (30). Of those
who were cognitively impaired, the majority judged that they
could not drive safely at BG levels of 2.2 to 3.3 mmol/L.

5) Likelihood of a crash while having a
hypoglycemic reaction

In a study conducted by Eadington and Frier, the only study that
recorded by questionnaire (89% response rate) the incidence of
hypoglycemia-related crashes, only 9 of at least 272 (3.3%)
episodes of mild or severe hypoglycemia while driving an auto-
mobile resulted in a crash (31). When expressed by million
miles driven, hypoglycemia-related crashes among automobile
drivers were uniformly low in 3 countries (Table 2) (6,31-33).
Using these data, we calculated an overall rate estimate from
the 3 studies, using a weighted mean, of 0.1248 crashes per
million miles (1 609 300 km) per 100 drivers.

EPIDEMIOLOGY OF DIABETES AND
DRIVING

In population-based studies, estimates of accident risk may
be less precise because the control population contains, in
addition to healthy drivers, drivers who have not self-
declared diabetes to licensing authorities and drivers with
undiagnosed diabetes. Furthermore, the diabetes population
contains a proportion of people with impaired driving per-
formance due to diabetes complications who have voluntari-
ly self-restricted the amount of driving, or have stopped
driving. In both healthy and diabetes populations, there are
subgroups of people who do not drive frequently or never
drive even if they hold a license. Estimates of risk obtained by
questionnaire may be limited in accuracy and reliability when
subject to patient recall and based on self-declared data. Mild
asymptomatic episodes of hypoglycemia are quickly forgot-
ten. The partial or complete lack of symptoms in some per-
sons results in under-reporting of episodes. In an accident
report, it is difficult to prove that hypoglycemia caused a
crash. BG levels prior to a crash may not reflect levels during
or following a crash. Exposure factors change or become

modified over time. For example, the introduction of home
BG monitoring devices in the early 1980s may have helped to
decrease accident risk by allowing measurement of capillary
BG to detect hypoglycemia before and during driving. The
introduction of IIT in the early 1990s may have increased the
risk of hypoglycemia in some individuals. Improved vehicle
safety and road conditions, which occur annually, are factors
that reduce the likelihood of accidents.

Epidemiological studies that investigated the relationship
between diabetes and crashes have yielded conflicting results.
Studies comparing the rates of traffic accidents and moving
violations between a group of drivers with diabetes and a con-
trol group of drivers without diabetes have reported either
an increased frequency (32,34-37), no effect (38,39) or
decreased frequency (31,40-42) of private vehicle crashes
(Table 3) (31,32,34-44). Risk of injury was higher in older
drivers with diabetes (44). Hospital admissions for road trau-
ma were higher in drivers with diabetes (43). Several of these
studies reported statistically significant differences between
samples of healthy subjects and subjects with diabetes in acci-
dent and/or violation rates (Table 3) (32,34-37,41). The
conflicting results between these studies may be explained by
ascertainment bias, case control status and by differing defi-
nitions of accident and injury, units of evaluation and obser-
vation period. In a study conducted by Ysander, the accident
rate and violation rate (per 100 drivers) decreased from
5.9 and 16.9% before the diagnosis of diabetes to 3.7 and
11.9%, respectively, after the diagnosis (42). The role of dia-
betes in accident risk also involves consideration of the
potential influence of coexisting medical conditions and
driving exposure factors for accidents, including teenage and
clderly drivers, male sex, mileage driven, alcohol impairment,
previous accident and infraction history, defective vehicles,
poor roads, weather conditions, inexperience and the time of
day at which one drives, all of which have been shown to be
important (45). There is no strong evidence from studies con-
ducted during the past decade to suggest an increase in traffic
accidents among people with diabetes. There are no epidemi-
ological data on the role of IIT in accident risk.

DIABETES AND COMMERCIAL DRIVING

Truck drivers with diabetes may be at an increased risk for
highway accidents compared to private drivers because, on
average, they spend a greater percentage of their time behind
the wheel and travel longer distances, and because their job
description may require intermittent heavy labour and shift
work. The risk of commercial motor vehicle crashes due to
hypoglycemia was calculated assuming a uniform distribu-
tion of reactions throughout 24 hours and an exposure time
of 1760 hours of driving per year to derive that 20% of
reactions could occur while driving (Table 4) (6,45). Mild
reactions were estimated to last 15 minutes; 67% of severe reac-
tions were estimated to cause sufficient cognitive impairment
to prevent the driver from avoiding a crash. The safety level
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was calculated as the total number of additional crashes that
would result from licensing persons who use insulin to drive
commercial vehicles. Severe hypoglycemia led to 0.0402 and
0.0239 additional crashes per driver per year in subjects with
type 1 and type 2 diabetes using insulin, respectively, resulting
in increases of 510 and 304%, respectively, compared with
drivers without diabetes. The relative risk of a crash decreased
from 6.1 to 3.7 and from 4.1 to 2.7 in insulin-treated people
with type 1 and type 2 diabetes, respectively, and no history of
severe hypoglycemia, whereas in those with a history of severe
hypoglycemia, the relative risk of a crash was approximately 20.
These calculations are subject to uncertainty because of vari-
ability in the estimates of hypoglycemia, assumption about the
uniformity in distribution of hypoglycemia throughout the day
and the unknown percentage of severe reactions that would
lead to a crash. The study authors demonstrated that this level
of risk was well within that currently tolerated by society (45).

The potential for increased risk of a crash when the driv-
er has diabetes has been investigated in retrospective case
control studies and in a cohort study conducted jointly by
Montreal’s Centre for Research and Transportation and the
United States (US) Federal Highway Administration (FHWA).
The results of this 4-year nested case control retrospective

study, which considered medical conditions (including dia-
betes) and a variety of risk exposure variables, concluded that,
after adjustment for age and class of driver’s permit, drivers
with diabetes in class 3 (straight truck) but not class 1 (articu-
lated truck) recorded a higher accident rate than healthy con-
trols (Table 5) (46). However, this conclusion depends greatly
on the degree to which the data are representative of the
intended target population and, as the study authors acknowl-
edged, there is considerable doubt in this regard.

A similarly structured study by the same research group
related the severity of commercial vehicle accidents (measured
by the number of victims) to the commercial vehicle driver’s
medical conditions, including type 2 diabetes (Table 6) (47).
The conclusion was that truck drivers with diabetes were
not involved in more severe crashes than healthy controls.
For unknown reasons, the data set for bus drivers did not
include diabetes.

In a cohort study (1987 to 1990) conducted in Quebec,
Canada, male truck drivers age <66 years, insulin- and not
insulin-treated, and with and without diabetes complications,
were followed to observe their crash rates and compare them
with crash rates in random samples of the same class of permit

holders in good health (48). The key finding was a significantly

Table 4. Risk of commercial motor vehicle crashes due to hypoglycemia (adapted from

references 6 and 45)

Mild hypoglycemia Severe hypoglycemia
Type 1 Type 2 Type 1 Type 2
diabetes diabetes diabetes diabetes
using insulin using insulin
Number of reactions while driving (per person per year) 56 32 0.06 0.036
Hours driving with mild hypoglycemia per year 140 0.80
Crashes per nondiabetic driver per year* 0.00785 0.00785 0.00785 0.00785
Additional crashes per insulin-using driver per year 0.00002 0.00001
due to mild hypoglycemia
RR 1.002 1.001
Additional crashes per insulin-using driver per year 0.0402 0.0239
due to severe hypoglycemia
RR 6.1 4.1
Additional crashes: Driver with no history of
severe hypoglycemia 0.021 0.013
RR 3.7 27
Additional crashes: Driver with history of severe
hypoglycemia 0.147 0.149
RR 19.7 19.9

*FHWA estimate of average number of crashes

FHWA = Federal Highway Administration
RR = relative risk
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increased crash risk for all truck drivers with diabetes and for
professional drivers (single unit truck permit) with diabetes
who were not taking insulin and did not have complications
(Table 7). That this finding was related to hypoglycemia
induced by oral antihyperglycemic agents was not well sup-
ported. There was a lack of significance in the group of non-
insulin-treated people with diabetes and complications despite
oral antihyperglycemic agents being used in a similar propor-
tion of people. Furthermore, the lack of significant findings
among drivers using insulin was not explained.

DUTY TO REPORT

The safety of drivers of vehicles and the protection of the
public who are exposed to vehicular traffic are of major con-
cern to physicians and regulatory authorities. Physicians
should be aware of medical conditions that make it danger-
ous to the patient or public to drive (49,50). They should dis-
cuss with their patients any limitations or potential
limitations on driving activity imposed by the medical condi-
tion. Provincial and territorial legislation can require the
attending physician to report the patient’s condition to the
appropriate licensing body (50). When physicians are making
a report, they should inform their patients in advance that
they have a duty to the public and a legal obligation to do so,
and should advise them of the reason for the report (49-51).

Information about a patient’s medical qualification for fitness
to drive is 1 of the current statutory exceptions to the prin-
ciple of confidentiality (51).

In Canada, the regulations in provincial and territorial
legislation regarding the physician’s duty to report fitness to
drive vary. Reporting is mandatory for physicians in
Manitoba, New Brunswick, Newfoundland, Ontario, Prince
Edward Island, Saskatchewan, the Northwest Territories and
Nunavut. In British Columbia, it is mandatory for the physi-
cian to report if the unfit driver has been warned of the dan-
ger but continues to drive and does not self-report. In the
Yukon, it is mandatory for both the physician and the patient
to report. In Alberta, it is discretionary for the physician and
mandatory for the patient to report, whereas it is discre-
tionary for the physician in Nova Scotia and Quebec (50).

RECOMMENDATIONS

All drivers with diabetes

1. Fitness of persons with diabetes to drive must be assessed
on a case-by-case basis. [Grade D, consensus]

2. Persons with diabetes should take an active role in assess-
ing their ability to drive by maintaining medical records,
accurate BG monitoring logs and a well-calibrated BG
meter. [Grade D, consensus|

Table 5. Estimated accident rate among truck drivers in Quebec, Canada’ (adapted from

reference 46)

Reference | Years |Observation | Type of |License |Coefficient| t |Units Weaknesses| Strengths
period diabetes | class
(years)
Dionne et al, | 1987-1990 4 Insulin and 1 0.12 0.51 | Accidents | Control and | Age and
1995 (46) non-insulin per driver |sample size | driving
Quebec, treated year not stated exposure
Canada adjusted
3 0.84 242% Control
selection Mathematical
unclear model and
analyses
Case selection
bias
Not
representative
of entire
population
Merging of
files unclear

64% response
rate

*Significant at 5%

fCount data regression models (Poisson and negative binomial). Total driver years: 5124
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3. Drivers should take an active role in obtaining current infor-
mation concerning avoidance, recognition and appropriate
therapeutic intervention for hypoglycemia. Their long-
term goal should be to maintain optimal diabetes control
without the development of hypoglycemia unawareness.
[Grade D, consensus]

4. Drivers should measure their BG level immediately before
and at least every 4 hours (more often in cases of hypo-
glycemia unawareness) during long drives. They should
always carry BG monitoring equipment and supplies of rap-
idly absorbable carbohydrate within casy reach (e.g. attached
to the visor). [Grade D, consensus]

5. Persons should not drive when their BG level is
<4.0 mmol/L. They should not begin to drive without
prophylactic carbohydrate treatment when their BG level
is in the 4.0 to 5.0 mmol/L range. [Grade D, consensus]

6. Drivers should stop and treat themselves as soon as hypogly-
cemia and/or impaired driving is suspected. [Grade D, consensus]

7. Persons should not drive until at least 45 to 60 minutes
after effective treatment of mild to moderate hypoglycemia
(BG level 2.5 to 4.0 mmol/L). [Grade D, consensus]

8. Drivers with a history of severe hypoglycemia during the
past year, hypoglycemia unawareness, recurrent previous
hypoglycemic reactions, a recent marked reduction in HbA
or HbA,, within the normal range should be informed that
they are at high risk of experiencing severe hypoglycemia
when driving, They should make efforts to minimize the risk,
including by measuring BG levels before and periodically
during every driving exposure. [Grade D, consensus]

Private and commercial drivers with type 2

diabetes treated with diet or oral

antihyperglycemic agents

9. The annual medical examination of a driver with diabetes
should always include an assessment of the severity of

retinopathy, neuropathy, nephropathy and CVD, and a
decision on whether or not the severity of any of these
complications could increase the risk of an accident.
[Grade D, consensus]|

10. Persons with diabetes who are well controlled by diet
alone or by a combination of diet and oral antihyper-
glycemic medication are at minimal risk of a severe hypo-
glycemic reaction and can usually drive all types of motor
vehicles with relative safety provided they remain under
regular medical supervision (minimum of 2 clinic visits
during the last year). [Grade D, consensus]

Insulin-treated private drivers

11. Persons who require insulin to control BG can drive pri-
vate vehicles if they are under regular medical supervi-
sion (minimum of 2 clinic visits during the last year).
[Grade D, consensus]

Initial application for a commercial license

12. Questionnaire (sample questionnaire available from the
CDA upon request) to be completed by the person with
diabetes, with emphasis on the risk (work schedule,
insulin regimen, symptoms of hypoglycemia) and occur-
rence of hypoglycemia (frequency of mild and severe
hypoglycemia in last 6 months). [Grade D, consensus]

13. An internist or Cndocrinologist, or a family physician
trained in diabetes care, must perform an initial com-
plete assessment. [Grade D, consensus]

14. The applicant must supply evidence of attendance at a
diabetes education program. [Grade D, consensus]

15.The applicant should present medical records for the
preceding 24 months and an HbA | . measurement within
the past 3 months. [Grade D, consensus]

16. The applicant should have a full eye examination performed
by an ophthalmologist or optometrist. [Grade D, consensus]

Table 6. Estimated crash severity among truck drivers in Quebec, Canada' (adapted from

reference 47)

Reference Year |Observation | Type of |License|Coefficient| t |Units Weaknesses| Strengths
period diabetes | class
(years)
Laberge- 1985-1990 5 Type 2 1,23 043 1.13 |Number of |Control and | Based on
Nadeau et al, victims sample size | police reports
1996 (47) not stated
Quebec, Age and
Canada Case selection| driving
bias exposure
adjusted
Permit class a
proxy for
medical
condition

fCount data regression models (Poisson and negative binomial). Number of crashes: 93
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17. The applicant must have a log of BG measurements per-
formed at least twice daily during the last 6 months or
since the diagnosis of diabetes if onset occurred within
the last 6 months. A downloaded log from a memory-
equipped BG meter is preferred. [Grade D, consensus]

Exclusion criteria for maintenance of a

commercial license

18. Hypoglycemia within the previous 6 months of sufficient
severity to require corrective intervention by an outsider
or producing loss of consciousness even if spontancous
recovery occurred. [Grade D, consensus]

19. Hypoglycemia appearing in the absence of warning
symptoms (hypoglycemia unawareness) unless there is
documentation of recovery of warning symptoms at a
later date. [Grade D, consensus]

20. Uncontrolled diabetes:

(a) HbA,, 212%; or
(b) 210% of BG levels <4.0 mmol/L. [Grade D, consensus]

21. A significant change in insulin regimen (i.e. a change in the
type of insulin, number of insulin injections or the intro-
duction of insulin). In these circumstances, persons should
be assessed frequently by daily or weekly telephone consults
or visits with respect to the occurrence of any hypoglycemic
episodes, and be permitted to drive provided the variation
in BG levels indicates minimal risk. [Grade D, consensus]

22.Visual impairment. The minimum standard for visual acu-
ity is 20/40 in the better secing eye (20/50 in Quebec).
[Grade D, consensus]

23. High-risk proliferative retinopathy. [Grade D, consensus]

24. Peripheral neuropathy or CVD with the potential to
affect driving. [Grade D, consensus]

25. Inadequate record of self-monitoring of blood glucose
(SMBG) (i.e. unreliable or absent capillary BG measure-
ments). [Grade D, consensus]

26. Inadequate knowledge of the causes, symptoms and
treatment of hypoglycemic reactions. [Grade D, consensus]

Annual medical recertification of insulin-treated

commercial drivers

27. All insulin-treated commercial drivers are required to
have an annual medical examination and recertification.

The following should be obtained:

(a) medical records for the last 12 months; questionnaire
to be completed by the person with diabetes (see rec-
ommendation 12);

(b) complete physical examination;

(c) complete eye examination by an ophthalmologist or
optometrist;

(d) 1 HbA, value during the last 3 to 4 months; and

(e) log of BG measurements during the last 6 months from
a memory-equipped BG meter. [Grade D, consensus/

Prevention of hypoglycemia for insulin-treated

commercial drivers

28.The supplies required to be carried at all times while
driving include:
(a) SMBG equipment; and
(b) source of rapidly absorbable carbohydrate within easy

reach in the vehicle. [Grade D, consensus|

29. BG level must be tested within 1 hour before driving
and approximately every 4 hours while driving.
Driving should be stopped if the BG level falls below
6.0 mmol/L and not resumed until the BG level has
risen to 26.0 mmol/L after food ingestion. [Grade D,

consensus|
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Variable Mean RR 95% CI
Good health 3145 0.12 1.00
Non-insulin-treated diabetes without complications 472 0.19 1.68% 127-2.24
Non-insulin-treated diabetes with complications 435 0.1 1.03 0.73-1.46
Insulin-treated diabetes 468 0.12 1.07 0.77-147

*#Significantly different from 1.00 at 5%
162% treated with oral antihyperglycemic agents

n = permit holder years
Complications = hypertension, cardiovascular or visual

Cl = confidence interval
RR = relative risk
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Statistics, University of British Columbia, Vancouver, British

Columbia, in reviewing references 46 to 48.
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