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ABSTRACT
Objective: To determine if physician warnings to 
psychiatric patients alter the subsequent frequency 
of a motor vehicle crash. A secondary objective 
was to determine if physician warnings change the 
subsequent frequency of psychiatric hospitalization.

Methods: Exposure crossover design of 23,145 
psychiatric patients diagnosed with ICD-9 
schizophrenia (code 295), mood disorder (296), 
personality disorder (301), or substance use disorder 
(303, 304) and warned by their physician about 
driving safety between April 1, 2006, and March 31, 
2011. Each patient was followed for 4 years before 
the warning and 1 year after the warning. Patients 
living outside the region or lacking a valid health 
card number were excluded.

Results: Patients’ motor vehicle crash frequency 
decreased from 11.78 to 8.17 events per 1,000 
patients per year after a physician warning, which 
corresponded to a relative risk of 0.69 (95% CI, 0.59–
0.81; P < .001). Psychiatric hospitalization frequency 
increased from 147 to 289 events per 1,000 patients 
per year corresponding to a relative risk of 1.97 
(95% CI, 1.91–2.03; P < .001).

Conclusions: Physician warnings are associated 
with a subsequent decreased frequency of motor 
vehicle crashes and increased frequency of 
psychiatric hospitalization. This result suggests that 
physician warnings are an effective intervention 
for reducing road trauma but need to be weighed 
against potential adverse psychiatric health.
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Motor vehicle crashes are a common cause of morbidity, mortality, 
and economic loss all over the world. Motor vehicles are also a 

great benefit to modern society by allowing people and goods to travel 
great distances quickly. The popularity of motor vehicle travel has also 
contributed to an ongoing epidemic of death and disability from crashes. 
During 1999, for example, over one million people died in motor vehicle 
crashes and an additional fifty million were seriously injured.1 Currently, 
global deaths from motor vehicle crashes total to about the same as deaths 
from lung cancer.1

Physicians in Ontario are required to warn and report any patient who 
is “suffering from a condition that may make it dangerous for the person to 
operate a motor vehicle.”2 Both epilepsy and diabetes mellitus are examples of 
medical conditions that increase the risk of motor vehicle crashes and often 
justify a warning.3–5 Intuitively, a person suffering severe psychopathology 
or hallucinations may be at increased risk of crashing a vehicle. The decision 
by a physician to warn a patient about driving risk, however, is complicated 
and not without potential unintended consequences.6 Physicians report 
fewer than 5% of patients who are eligible.7 To date, no evidence is available 
on whether warnings for psychiatric patients reduce the risks of a subsequent 
motor vehicle crash.

Early research suggests that physician warnings to medical patients can 
result in a 45% reduction in the subsequent frequency of crashes.8 The 
decreased rate was observed across medical patients with diverse chronic 
diseases. However, medical warnings can also be associated with an increase 
in subsequent emergency department visits for depression and a decrease in 
return visits to the responsible physician.8 The purpose of this study was to 
examine the health outcomes associated with warning psychiatric patients 
about their driving. We hypothesized that a physician warning would be 
followed by a decrease in the frequency of subsequent motor vehicle crashes 
and an increase in the subsequent rate of psychiatric hospitalization.

METHODS

Community Setting
This study focused on psychiatric patients and their overall frequency 

of a serious motor vehicle crash. In 2008 (the midpoint of the study), 
Ontario had a population of 12,937,297 persons of whom 9,042,286 were 
licensed drivers. That year, a total of 229,196 motor vehicle crashes occurred 
that resulted in death, disability, or property damage.7,9 Of these crashes, 
17,929 involved an emergency department visit by the driver for an overall 
annual frequency of about 1.98 per 1,000 drivers. Patients had free access 
to outpatient, emergency, and hospital care under the universal Ontario 
Health Insurance Plan (OHIP) in Canada.

Data Sources
Data were obtained from the Institute for Clinical Evaluative Sciences 

(ICES) in Ontario, Canada. ICES collects longitudinal population-based 
administrative data on all patients in Ontario. Patients can be tracked 
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Table 1. Characteristics of Psychiatric Patients Who Received 
a Medical Warning During the Study Period

Characteristic

Traditional 
Psychiatric

(N = 10,273),
n (%)

Substance 
Addiction

(N = 12,872),
n (%) P Value

Age at index, y
≤ 29 1,216 (11.8) 1,498 (11.6) < .001
30–49 3,520 (34.3) 5,997 (46.6)
50–69 3,346 (32.6) 4,274 (33.2)
≥ 70 2,191 (21.3) 1,103 (8.6)

Sex
Female 5,243 (51.0) 3,862 (30.0) < .001
Male 5,030 (49.0) 9,010 (70.0)

Social Status
Lower 5,422 (52.8) 6,686 (51.9) .157
Middle 1,719 (16.7) 2,085 (16.2)
Higher 3,047 (29.7) 3,989 (31.0)
Missing 85 (0.8) 112 (0.9)

Home Location
Urban 9,755 (95.0) 12,077 (93.8) .001
Rural 515 (5.0) 790 (6.1)
Missing ≤ 5 (0.0) ≤ 5 (0.0)

Psychiatric hospital admissions
None 7,443 (72.5) 8,626 (67.0) < .001
≥ 1 2,830 (27.5) 4,246 (33.0)

Emergency department visits
None 2,711 (26.4) 2,562 (19.9) < .001
≥ 1 7,562 (73.6) 10,310 (80.1)

Outpatient clinic visits
≤ 6 1,197 (11.7) 2,034 (15.8) < .001
≥ 7 9,076 (88.3) 10,838 (84.2)

Comorbiditya

Mood disorder 5,894 (57.4) 1,949 (15.1) < .001
Schizophrenia 4,808 (46.8) 1,310 (10.2) < .001
Personality disorder 1,820 (17.7) 1,080 (8.4) < .001
Substance use disorder 0 (0.0) 12,872 (100.0) < .001
Emphysema 148 (1.4) 244 (1.9) .008
Diabetes mellitus 1,988 (19.4) 1,553 (12.1) < .001
Hypertension 2,791 (27.2) 2,953 (22.9) < .001

Disability support applicationb 1,092 (10.6) 1,746 (13.6) < .001
Psychiatric detentionb 4,741 (46.2) 4,476 (34.8) < .001
aDouble mention in the 5 years prior to index in Ontario Health Insurance 

Plan (OHIP).
bSingle mention in the 5 years prior to index in OHIP.

forward and backward in time through validated population-
based databases. The study was approved by the research 
ethics board of Sunnybrook Health Sciences Centre, 
including a waived requirement for individual consent. We 
identified patients who had been warned by their physicians 
against driving by using the OHIP database that records 
physician billings in the region. To ascertain outcomes, 
we used the National Ambulatory Care Reporting System 
(NACRS). NACRS connects hospitals and community-based 
organizations with a comprehensive data reporting structure 
for recording emergency department visits.10

Patient Sample
Our study applied a self-matching exposure-crossover 

design of psychiatric patients warned by their physician and 
reported to the transportation agency in Ontario between 
April 1, 2006, and March 31, 2011, excluding those under 
age 21, living outside Ontario, or lacking a valid health card 
number. We excluded younger patients because the design 
required a 4-year interval before the warning. Including 
younger patients may have otherwise created an interval 
when patients would have no motor vehicle crashes as drivers 
because they were younger than the minimum required 
driving age. Patients were eligible for the study if they had an 
ICD-9 diagnosis of schizophrenia (code 295), mood disorder 
(296), substance use disorder (303 or 304), or personality 
disorder (301) diagnosed on at least 2 occasions in the 5 years 
before the warning.11

Patients Characteristics
Data on the patient’s age at the time of the warning were 

obtained from the population registry for Ontario, as were data 
on sex and home location (classified as urban or rural). We 
used validated linked identifiers to ascertain hospitalizations, 
emergency department visits, and outpatient contacts for the 
full year before the warning. Diagnoses were ascertained on 
the basis of physicians’ records in comprehensive billing data. 
The databases did not contain information on driving records, 
distance traveled, functional status, use of medications, driver 
testing, roadway infractions, past suspensions, or subsequent 
licensing decisions.

Crash Outcomes
Our primary outcome variable was a motor vehicle crash as 

a driver resulting in an emergency visit. We identified vehicle 
drivers for analysis using the International Classification of 
Diseases coding system version 10 and included incidents 
coded as V20.0 to V69.9 with the appropriate fourth-character 

subdivisions. For example, code V43 indicates a vehicle 
occupant injured in a collision with a car, pickup truck, or 
van, whereas codes V43.0 and V43.5 indicates specifically 
that the individual was a vehicle driver injured in the 
collision. The ICD-10 codes also include motorcyclists, 
occupants of 3-wheeled motor vehicles, occupants of pickup 
trucks or vans, and occupants of heavy transport vehicles. 
The ICD-10 codes exclude watercraft and aircraft.

Additional Covariates
The patient demographic covariates examined in this 

study were age at time of warning, sex, socioeconomic status, 
and home location (urban vs rural). We also examined 
whether the patient had a history of psychiatric hospital 
admissions in the previous year, emergency department 
visits in the past year, and more than 6 outpatient clinic 
contacts in the past year. We examined specific psychiatric 
diagnosis as an additional covariate and 3 chronic medical 
comorbidities (emphysema, diabetes mellitus, hypertension). 
We examined whether the patient had previously applied 
for Ontario’s public disability financial support program and 
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■■ Warning patients about their driving risk is associated 
with a decrease in subsequent risk of crashing.

■■ Consider warning patients regarding the impact their 
psychiatric illness may have upon their driving.
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whether the patient had been subject to psychiatric detention 
as further indicators of psychiatric stability. We were not able 
to ascertain use of recreational drugs.

Research Design
We defined 3 intervals for each patient. (1) The year 

immediately prior to the physician warning was defined 
as the induction interval. (2) The 3 years preceding the 
induction interval were defined as the baseline interval. 
(3) The remaining year following the physician warning 
was defined as the subsequent interval. Dividing time 
into 3 separate intervals allowed the analysis to establish a 
baseline frequency of motor vehicle crash risk, a frequency 
leading up to the warning, and a frequency following the 
warning. Dividing time before the warning into a baseline 
and induction interval served to distinguish patients who 
were acutely symptomatic, and thus at increased risk of road 
trauma immediately before the warning.

Statistical Analysis
We measured the baseline frequency of patients’ 

involvement in motor vehicle crashes prior to a physician 
warning and compared this to the subsequent frequency of 
involvement after a physician warning. This general approach 
is called the exposure-crossover design and designates the 
individual as the unit of analysis.12 The exposure-crossover 
design identifies time zero as the date of treatment for each 
patient; in this study, the date of the physician warning. The 
exposure-crossover design shares some characteristics of 
the case-control design. In case-control studies the main 
source of bias lies within the difference between the case 
and control group that are not attributable to the exposure.

Self-matching of cases eliminates the threat of control 
selection bias.13 The term crossover is used to describe an 
analysis in which all subjects pass through both a treatment 
and a control phase. In such studies, each subject serves as 

their own matched control. We used a modified McNemar 
test adapted to evaluate departures from a ratio of 3:1 (because 
each patient provided 3 years of baseline observation and 1 
year of subsequent observation).14 The McNemar test is the 
analog of the paired χ2 test.

RESULTS

A total of 23,145 psychiatric patients received a medical 
warning during the study period. The typical patient was a 
40-year-old man with lower socioeconomic status living in 
an urban location with no prior psychiatric hospitalizations 
(Table 1). Overall, 61% were men and 39% were women. 
About 44% of patients had 2 or more psychiatric diagnoses 
of schizophrenia, a mood disorder, or personality disorder 
over the 5-year observation period, whereas the remaining 
56% were diagnosed with a substance use disorder.

As expected, several demographic differences were 
apparent between the primary psychiatric patients and the 
substance use patients. The primary psychiatric patients were 
older on average and split evenly between men and women, 
whereas the patients with substance use disorders were 
skewed toward men. Both groups had a similar distribution 
of socioeconomic status.

The patients in the substance-related group were more 
likely to have been previously hospitalized and to have had 
previous visits to an emergency department than those with 
a primary psychiatric disorder. In contrast, patients with a 
primary psychiatric disorder were more likely to have been 
intensive users of outpatient services prior to their warning. 
The primary psychiatric group also had a significantly higher 
incidence of diabetes and hypertension than the substance 
addiction group (Table 1).

The cohort of 23,145 patients accounted for a total of 818 
motor vehicle crashes (21.0 per month) during the baseline 
interval, 655 crashes (50.4 per month) during the induction 

Figure 1. Patients Who Were Drivers in Motor Vehicle Crashes (N = 23,145)
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interval, and 189 crashes (14.5 per month) during 
the subsequent interval. The baseline frequency of 
crashes was 11.78 crashes per 1,000 patients per 
year before the physician warning and 8.17 per 
1,000 patients per year after the physician warning. 
These data were equivalent to a relative risk of 0.69 
(95% CI, 0.59–0.81; P < .001) following a physician 
warning (Figure 1).

We examined psychiatric hospitalizations to test 
for potential adverse effects related to physician 
warnings. In our entire cohort of 23,145 patients, 
we observed 16,902 psychiatric hospitalizations 
over the course of the study. The baseline event 
rate was 147 hospitalizations per 1,000 patients 
per year before the physician warning and 289 
hospitalizations per 1,000 patients per year after the 
physician warning. These data were equivalent to 
a relative risk of 1.97 (95% CI, 1.91–2.03; P < .001) 
following a physician warning (Figure 2).

We examined diverse subgroups as a test of 
robustness of our primary outcome. The decrease 
was statistically significant in both men and women. 
The decrease in crashes was accentuated in patients 
less than 50 years of age relative to older patients 
(Table 2). The decrease was significant in patients 
of lower and middle social status but not in those 
of higher socioeconomic status. The decrease was 
significant in both patients who had prior hospital 
admissions and those who did not and was also 
significant across all of the psychiatric diagnoses 
except for personality disorders.

Increases in psychiatric hospitalization were 
significant in all age groups, all genders, all social 

Figure 2. Psychiatric Hospitalizations (n = 12,145)

 

To
ta

l N
um

be
r o

f P
sy

ch
ia

tr
ic

 H
os

pi
ta

liz
at

io
ns

Years

0–1–2–3–4
0

200

400

600

800

1,000

1,200

1,400

1,600

1,800

2,000

Baseline Induction Subsequent

1

Mean no. of 
hospitalizations = 261.6

Mean no. of 
hospitalizations = 515.3

Table 2. Risk of a Crash During the Baseline and Subsequent Interval 
According to Patient Characteristics

Characteristic

Total 
No. of 
Events

Relative Risk 
(95% CI)

Event Ratea

Baseline Subsequent
Total Cohort 1,007 11.78 8.17 0.69 (0.59–0.81)

Demographic characteristics
Age, y

≤ 29 187 18.79 12.53 0.67 (0.46–0.97)*
30–49 514 14.71 9.88 0.67 (0.54–0.84)*
50–69 238 8.18 6.69 0.82 (0.60–1.12)
≥ 70 68 5.87 3.04 0.52 (0.26–1.01)

Sex
Female 415 12.78 7.25 0.57 (0.44–0.74)*
Male 592 11.13 8.76 0.79 (0.65–0.96)*

Social Status
Lower 511 11.35 7.48 0.66 (0.53–0.83)*
Middle 182 13.41 7.62 0.57 (0.38–0.85)*
Higher 314 11.65 9.66 0.83 (0.63–1.08)

Psychiatric hospital admissions
0 669 11.31 7.72 0.68 (0.56–0.83)*
≥ 1 338 12.86 9.19 0.71 (0.55–0.94)*

Outpatient clinic visits
≤ 6 86 6.5 7.12 1.10 (0.68–1.77)
≥ 7 921 12.64 8.34 0.66 (0.56–0.78)*

Diagnosis
Mood disorder 358 12.75 7.4 0.58 (0.44–0.77)*
Schizophrenia 166 7.74 3.92 0.51 (0.33–0.78)*
Personality disorder 150 13.91 10 0.72 (0.48–1.08)
Substance use disorder 681 14.45 9.56 0.66 (0.54–0.80)*

Comorbidity
Asthma/emphysema 11 8.5 2.55 0.30 (0.04–2.34)
Hyperlipidemia 58 8.27 5.81 0.70 (0.36–1.35)
Coronary disease 90 9.84 8.44 0.86 (0.52–1.41)
Diabetes mellitus 146 11.2 7.62 0.68 (0.45–1.03)
Hypertension 211 9.75 7.49 0.77 (0.55–1.07)

Disability support application 156 14.21 12.33 0.87 (0.60–1.26)
Psychiatric detention 404 12.01 7.81 0.65 (0.50–0.84)*
aEvent rates were calculated per 1,000 patients annually during the corresponding 

interval.
*P < .05.
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strata, all psychiatric diagnoses, and all medical comorbidities 
(Table 3).

DISCUSSION

We found that psychiatry patients were less likely to have a 
motor vehicle crash during the year after being warned by their 
physician than the years preceding the warning. We also found that 
patients were more likely to require a psychiatric hospital admission 
during the year after being warned. The change in hospitalizations 
exceeded the change in crashes in both absolute and relative terms. 
Together, these findings illustrate complex tradeoffs between safety 
and freedom for patients with major mental illness. The motor 
vehicle crash rate prevailing for all Ontarians in 2010 was about 1.98 
injuries per 1,000 licensed drivers,13 which means that the patients’ 
subsequent risk following a physician’s warning still greatly exceeds 
the population norm.

This observational study does not necessarily indicate that the 
physician warning was the cause of the observed decrease in crash 
risk or increase in psychiatric hospitalizations. One interpretation 
is that a physician warning is only one event along the course of 
psychiatric decompensation and that patients change their driving 
as their illnesses progresses. If so, a physician warning is only a 

temporal marker of decreased crash risk but not a 
causal contributor. This result would also explain the 
higher observed rate of psychiatric hospitalization 
following a physician warning. Correlation does not 
necessarily indicate causation, so that the observed 
difference in crash risk and rehospitalization are 
descriptively valid but do not prove the intervention 
caused the outcome.

An alternative interpretation is that some patients 
stop driving after being warned by a physician 
regarding their risks. Obviously, if patients are not 
driving, they will not be involved in crashes as drivers. 
A related explanation is that some patients may 
continue to drive yet modify their driving behavior to 
reduce their subsequent risk. Such modifications may 
include minimizing night driving, inclement weather 
travel, unrelated distractions, and nonessential trips. 
All these potential explanations remain speculative 
and are a potential direction for future research.

A further explanation is that some patients heed 
their physician’s warning and make changes to their 
illness self-management that indirectly lowers their 
crash risk. For example, patients warned for substance 
use disorders may reduce their consumption or 
decide not to drive while intoxicated. Patients with 
psychiatric illnesses may also increase their resolve 
to manage their illness diligently by improving their 
adherence to prescribed medication or initiating a 
more comprehensive regimen to control symptoms. 
The reduced rate of motor vehicle crashes following 
a physician warning might reflect increased attention 
by the patient, escalation of commitment, altered 
ability to drive, reinforcement of compliance, or a 
direct medication effect.

A less sanguine interpretation is that, in some 
instances, the driving agency suspends the patient’s 
license and creates a deterrent to driving. Moreover, 
driving without a license voids a driver’s insurance 
policy so individuals who drive without a license 
are, by implication, driving without automobile 
insurance. Cessation of driving by individuals who 
have suspended licenses could, in theory, account for 
all of the observed decrease in crashes among patients 
warned by their physicians. The consequences to the 
patient of the physician report vary on a case-by-case 
basis and the idiosyncrasies of the licensing agency 
that are not known to physicians. Most individuals 
do not immediately lose their driving license, though 
almost all individuals lose some peace of mind.

An important limitation of the data is that we 
identified only those motor vehicle crashes that 
resulted in a visit to an emergency department. As 
a consequence, we included crashes of intermediate 
severity and missed the extremes of mild and lethal 
crash severity. Minor crashes that did not involve 
personal injury were not detected, and, similarly, fatal 
crashes resulting in death at the scene would not have 

Table 3. Risk of Psychiatric Hospitalization During the Baseline and 
Subsequent Interval According to Patient Characteristics

Characteristic

Total 
No. of 
Events

Relative Risk (95% 
CI)

Event Ratea

Baseline Subsequent
Total Cohort 16,902 146.94 289.44 1.97 (1.91–2.03)
Demographic characteristics
Age

≤ 29 y 2,694 216.53 442.52 2.04 (1.90–2.20)*
30–49 y 8,308 177.23 341.28 1.93 (1.84–2.01)*
50–69 y 4,717 123.93 247.24 2.00 (1.88–2.11)*
≥ 70 913 55.35 111.11 2.01 (1.76–2.29)*

Sex
Female 7,545 169.94 318.84 1.88 (1.79–1.97)*
Male 9,357 132.03 270.37 2.05 (1.97–2.13)*

Social Status
Lower 9,922 166.6 306.54 1.84 (1.77–1.92)*
Middle 2,487 130.91 261.04 1.99 (1.84–2.16)*
Higher 4,493 121.23 274.87 2.27 (2.14–2.41)*

Psychiatric hospital admission
None 10,894 136.39 268.78 1.97 (1.90–2.05)*
≥ 1 6,008 170.91 336.35 1.97 (1.87–2.07)*

Outpatient clinic
≤ 6 1,591 96.56 202.72 2.10 (1.90–2.32)*
≥ 7 15,311 155.12 303.51 1.96 (1.89–2.02)*

Diagnosis
Mood disorder 9,475 264.57 414.38 1.57 (1.50–1.63)*
Schizophrenia 9,701 338.35 570.61 1.69 (1.62–1.76)*
Personality disorder 4,820 383.22 512.41 1.34 (1.26–1.42)*
Substance use disorder 8,605 134.45 265.15 1.97 (1.89–2.06)*

Comorbidity
Asthma/emphysema 273 147.96 252.55 1.71 (1.33–2.18)*
Hyperlipidemia 1,066 109.64 233.9 2.13 (1.89–2.41)*
Coronary disease 1,272 118.23 181.78 1.54 (1.37–1.73)*
Diabetes mellitus 2,393 140.07 255.58 1.82 (1.68–1.98)*
Hypertension 3,191 112.12 219.19 1.96 (1.82–2.10)*

Disability support application 3,245 243.6 412.61 1.69 (1.58–1.82)*
Psychiatric detention 13,469 308.45 535.97 1.74 (1.68–1.80)*
aEvent rates were calculated per 1,000 patients annually during the corresponding 

interval.
*P < .05.
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been captured in our analysis. It is difficult to know how 
many events were missed due to these limitations. A further 
limitation is that we did not ascertain the distance driven by 
patients. In addition, we did not ascertain compliance with 
medication therapy or use of nonprescription substances. 
We were not able to determine patients’ history of traffic 
violations or their fitness to drive based on health status. We 
were unable to determine the trigger for individual patient’s 
warnings; if they were triggered by a specific event, a near 
miss, or a routine clinical encounter. We were also unable to 
ascertain the crash risk for patients involved as passengers.

The main secondary finding of our study is that physician 
warnings were associated with about a doubling in the 
frequency of subsequent psychiatric hospitalizations. Overall, 
a physician warning might increase the risk of psychiatric 
hospitalization for 3 reasons. First, the act of reporting a 
patient to the Ministry of Transportation may damage the 
physician-patient relationship and lead some patients to 
disengage from clinical care. This may lead to psychiatric 
decompensation and rehospitalization, particularly for 
patients who require ongoing medication to maintain 
stability (eg, individuals with schizophrenia). Second, losing 
driving privileges may disrupt patients’ social networks and 

decrease their access to social supports including friends, 
family, and professional help. Third, driving cessation has 
been associated with an increase in depressive symptoms 
that might directly disturb mental health.15 Fourth, both 
traffic safety warnings and psychiatric hospitalization are 
associated with a worsening psychiatric disorder. Thus, 
the increased hospitalizations might be fully explained by 
unmeasured severity of disease and unrelated to the actual 
medical warning. Monitoring the impact of the warning 
upon the physician-patient relationship is a potential topic 
for future research.

CONCLUSIONS

Patients with psychiatric diagnoses are at risk of being in 
motor vehicle crashes. Ultimately, living life involves taking 
on risks. Final decisions about what, if any, restrictions should 
be placed on drivers with mental illness must carefully weigh 
the risks imposed on the driver and the rest of society by the 
increased risk of crashing against the harms imposed upon 
mentally ill drivers by restricting their freedom to drive. 
Physicians have a role in making such determinations in a 
timely and tactful manner.
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