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Background: Use of opioids may predispose drivers to
road trauma, yet the effect of opioid dose on this asso-
ciation is unknown.

Methods: We conducted a population-based nested case-
control study of patients aged 18 to 64 years who re-
ceived at least 1 publicly funded prescription for an opi-
oid from April 1, 2003, through March 31, 2011. Cases
were defined as having an emergency department visit
related to road trauma. Patients without road trauma
served as a control group matched to cases by age, sex,
index year, prior road trauma, and a disease risk index.
We compared the risk of road trauma among patients
treated with doses of opioids ranging from very low to
very high (�20 to �200 morphine equivalents daily).
In a subgroup analysis, we stratified our analysis by driver
status.

Results: Among 549 878 eligible adults, we identified
5300 cases with road trauma and matched an equal num-
ber of controls. Multivariate adjustment yielded no sig-
nificant association between escalating opioid dose and

odds of road trauma (adjusted odds ratio ranged be-
tween 1.00 and 1.09). However, a significant associa-
tion between opioid dose and road trauma was ob-
served among drivers. Compared with very low opioid
doses, drivers prescribed low doses had a 21% increased
odds of road trauma (adjusted odds ratio, 1.21 [95% CI,
1.02-1.42]); those prescribed moderate doses, 29% in-
creased odds (1.29 [1.06-1.57]); those prescribed high
doses, 42% increased odds (1.42 [1.15-1.76]); and those
prescribed very high doses, 23% increased odds (1.23
[1.02-1.49]).

Conclusions: Among drivers prescribed opioids, a sig-
nificant relationship exists between drug dose and risk
of road trauma. This association is distinct and does not
appear with passengers, pedestrians, and others injured
in road trauma.
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R OAD TRAUMA AND THE TOXIC

effects of prescription drugs
represent 2 leading causes
of accidental death in North
America,1,2 resulting in sub-

stantial avoidable public health and eco-
nomic losses. In 2009, 2.3 million adults
in the United States attended the emer-
gency department (ED) for a motor ve-
hicle crash, and 475 000 visited the ED for
reasons related to misuse and abuse of pre-
scription painkillers.3,4 During the past 2
decades, several studies investigating the
effects of prescription medications on driv-
ing performance have highlighted how
these drugs can influence reaction time,
cognition, and concentration in simu-
lated driving situations.5-7 Although the po-
tential effects of opioids on driving abil-
ity are of particular concern given their
increasing use and misuse, major gaps per-
sist in understanding the impact of opi-
oid dose, concomitant medication use, and
opioid formulation.8

Opioid-related drug overdoses are be-
coming increasingly prevalent, amounting
to more than 40% of deaths due to drug
overdoses in the United States.1 Opioids can
interfere with attention and impair reac-
tion time,9,10 leading to concerns regarding
impaired driving performance. However,
2 small randomized controlled trials of driv-
ing simulations found no significant effect

of opioids on driving performance, reaction
time, or cognition,5,6 although 1 study sug-
gested that patients receiving opioids ex-
perienced reduced alertness and increased
sedation while driving.5 Furthermore, sev-
eral small observational studies indicate a
moderate but significant increased risk of
road trauma among drivers prescribed opi-
oids compared with controls,11-13 whereas
other studies show no such associa-
tion.14-16 How these divergent observa-
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tions translate to driver performance outside of a con-
trolled experimental setting, at a population level, remains
unknown.

Although the association between opioid use and risk
of road trauma is disputed, no studies have investigated
whether the opioid dose may explain these inconsisten-
cies. This distinction is particularly timely given recent
evidence indicating that opioids are being prescribed at
increasingly high doses.17 For example, more than one-
quarter of patients prescribed publicly funded long-
acting opioids in Ontario in 2008 received doses exceed-
ing 200 mg of morphine (or the equivalent),17 a threshold
identified as important in clinical guidelines.18,19 There-
fore, we sought to characterize the relationship between
opioid dose and risk of road trauma among patients re-
ceiving public drug coverage in Ontario, Canada.

METHODS

SETTING

We conducted a population-based nested case-control study
of Ontario adults aged 18 to 64 years who were eligible for pre-
scription drug coverage under the Ontario Provincial Public
Drug Program and who were prescribed opioid analgesics from
April 1, 2003, through March 31, 2011. All residents of On-
tario receive publicly funded physician and hospital care. The
study protocol was approved by the research ethics board of
Sunnybrook Health Sciences Centre, Toronto, Ontario, Canada.

DATA SOURCES

We used the Ontario Drug Benefit database to identify all pre-
scription medications dispensed to eligible residents of Ontario.
Eligibility criteria for drug coverage among adults aged 18 to 64
years included unemployment, disability, high prescription drug
costs relative to net household income, or receipt of home care
services. We used the Discharge Abstract Database of the Cana-
dian Institute for Health Information to identify inpatient hospi-
talizations and the National Ambulatory Care Reporting System
to identify ED visits. Claims for physicians’ services (including
palliative care services) were obtained from the Ontario Health
Insurance Plan database. Finally, we used the Institute for Clini-
cal Evaluative Sciences Physician Database to determine physi-
cian specialty and the Registered Persons Database to define pa-
tient demographic information.

IDENTIFICATION OF PATIENTS
AND OUTCOMES

Opioids included in the exposure definition in this study were
oral formulations of codeine, morphine sulfate, oxycodone or
hydromorphone hydrochloride, and transdermal fentanyl
patches. We did not include prescriptions for injectable opi-
oids and rarely used drugs such as anileridine, levorphanol tar-
trate, meperidine hydrochloride, oxymorphone hydrochlo-
ride, pentazocine, propoxyphene, or methadone in our
calculation of opioid dose. Methadone was not included be-
cause it is most often prescribed in Ontario for opioid addic-
tion rather than pain, and hydrocodone was not included be-
cause its oral formulation is not covered by the public drug plan
in Ontario.

Cases were defined as patients who visited an ED with an
external cause of injury related to road trauma (codes V00 to
V89 from the International Statistical Classification of Diseases,
10th Revision) during the study period. This definition in-
cludes drivers, passengers, pedestrians, and patients in miscel-
laneous positions (eg, bicyclists or unknown location). De-
tails of these codes and the stratification by patient position can
be found in eTable 1 (http://www.jamainternalmed.com). The
date of the ED visit served as the index date for cases. If these
patients had multiple incidents of road trauma during the study
period, only the first event was considered in the analyses. Po-
tential controls were selected as those individuals who did not
attend an ED with road trauma during our study period. The
temporal distribution of the index dates for all cases was de-
termined. To ensure that cases and controls were similarly dis-
persed over time, each potential control was assigned an in-
dex date at random such that the temporal distribution of index
dates among controls mirrored that of the cases.

Cases and controls were eligible for inclusion only if they
had at least 6 months of continuous eligibility for public drug
coverage before their index date and at least 1 opioid prescrip-
tion with a duration that overlapped their index date. Cases and
controls were excluded if they had invalid patient identifiers,
had missing information about age or sex, received palliative
care services in the 6 months before their index date, lived in
a long-term care home at the index date, or had a prescription
for a nonstudy opioid with a duration that overlapped the in-
dex date.

We developed a disease risk index for all cases and poten-
tial controls to generate predicted probabilities of road trauma.
This index was based on measured demographic characteris-
tics, medical disorders, and psychiatric conditions (eTable 2).
The components of this risk score have been published previ-
ously.20 We selected 1 control for each case using incidence den-
sity sampling.21 Cases were matched to controls by sex, age
(within 3 years), index year (within 1 year), ED visit for road
trauma in the past year, and disease risk index (within 0.2 SD).
Cases with no matched controls were excluded from analyses.

EXPOSURE DEFINITION

Computerized medication records were used to identify all pre-
scriptions for study opioids with a duration that overlapped the
patient’s index date (Figure 1). The daily dose for each pre-
scription was defined as the total number of pills dispensed mul-
tiplied by the strength of the pill in milligrams and divided by
the total days’ supply of the prescription. The daily dose was
converted to morphine equivalents (MEQ) using the mor-
phine equivalence ratios defined by the Canadian National Opi-
oid Use Guideline Group,19 and each patient’s total opioid ex-
posure was defined as the sum of all opioid prescriptions
overlapping the index date. The primary analysis stratified the

ODB eligibility

Outcome
(index) date

Overlapping
prescriptions

Figure 1. Study design. The definition of opioid dose was based on all
prescriptions dispensed to cases and control subjects with a prescribed
treatment duration that overlapped their index date. For each study subject,
the total daily dose (converted into morphine equivalents) for each
overlapping prescription was summed to generate a total prescribed daily
dose. Eligibility in the Ontario Drug Benefit (ODB) database was defined as a
minimum of 180 days before the index date.
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average daily dose at the index date into the following 5 cat-
egories: very low (�20 MEQ), low (20-49 MEQ), moderate
(50-99 MEQ), high (100-199 MEQ), and very high (�200
MEQ). In a secondary analysis, we defined new users of opi-
oids as those whose first prescription for an opioid during the
study period occurred in the 14 days before their index date.

STATISTICAL ANALYSIS

We summarized patient characteristics using descriptive sta-
tistics and compared cases and controls using standardized dif-
ferences. A standardized difference greater than 0.10 was de-
fined as a meaningful difference.22 We used conditional logistic
regression to examine the relationship between opioid dose and
the odds of an ED visit for road trauma. The category of very
low dose was used as the reference group. In a subgroup analy-
sis, we stratified cases into drivers and nondrivers visiting the
ED for road trauma, assuming that drivers might have the stron-
gest association with road trauma risk. In a sensitivity analysis
to test the robustness of our findings, we used logistic regres-
sion to examine the relationship between dose and road trauma
in our entire cohort of cases and controls before matching.

We adjusted all models for a variety of potential confound-
ers, including age, past hospitalization or physician visit for al-
coholism, past ED visits for alcoholism, past medication use
(selective serotonin reuptake inhibitors, other antidepres-
sants, antipsychotics, benzodiazepines, and other depressants
of the central nervous system, separately), total number of drugs
dispensed in the past 180 days, and numbers of physician and
ED visits in the past year. Furthermore, duration of publicly
funded opioid use was included in all models and was defined
as the period from the patient’s first opioid prescription in our
records (starting April 1, 1990) and the index date. This du-
ration does not include any prior use of opioids that was not
covered by the provincial public drug program. All analyses were
performed using commercially available statistical software (SAS,
version 9.2; SAS Institute Inc) and used a type I error rate of
.05 as the threshold for statistical significance.

RESULTS

A total of 549 878 patients aged 18 to 64 years were dis-
pensed at least 1 opioid during the 8-year study period.
Among these patients, we identified 85 441 ED visits for
road trauma. After applying exclusion criteria, 6006 cases
were eligible for our study (Figure 2); of these, 5300
(88.25%) were matched with a control. Among eligible
cases, 2428 (45.81%) were drivers, 840 (15.85%) were
passengers, 579 (10.92%) were pedestrians, and 1453
(27.42%) were in unknown or miscellaneous positions.

Overall, cases were similar to controls with respect to
several important demographic and comorbid charac-
teristics (Table). However, cases included patients who,
in the preceding year, visited the ED more frequently and
were more likely to have visited an ED for alcohol-
related reasons. Furthermore, most of the patients in each
group had averaged at least 1 visit to a physician monthly
during the year before the index date.

In our primary analysis, we found no association be-
tween escalating opioid dose and odds of road trauma
(Figure 3), with adjusted odds ratios ranging from 1.00
to 1.09 for each dose category compared with patients
prescribed very low doses of opioids. However, in a sub-
group analysis of drivers, we found significantly in-

creased odds of road trauma among patients prescribed
low, moderate, high, and very high opioid doses. Com-
pared with patients prescribed very low opioid doses, those
prescribed low and moderate doses had a 21% and 29%
increased odds of road trauma, respectively (adjusted odds
ratios, 1.21 [95% CI, 1.02-1.42] and 1.29 [1.06-1.57],
respectively). Similarly, patients prescribed high and very
high doses of opioids had a 42% and 23% increased odds
of road trauma, respectively, when compared with pa-
tients prescribed very low doses (adjusted odds ratios,
1.42 [95% CI, 1.15-1.76] and 1.23 [1.02-1.49], respec-
tively). As expected, we found no association between
opioid dose and risk of road trauma among nondrivers.
The results of our sensitivity analysis were consistent
with those of our primary matched analysis (eTable 3 and
eFigure for full results).

An analysis of new opioid users found no significant
difference in risk of road trauma between individuals who
initiated opioid therapy in the prior 2 weeks compared
with longer-term users of opioids (adjusted odds ratio,
1.33 [95% CI, 0.84-2.12]).

Potential participants during the study
period among patients aged 18 to 64 
with valid identifiers, age, and sex

549 878

Cases with opioid
prescriptions 
overlapping index date

9757

Excluded when
restricted to 1 event 
per person

2976

Excluded patients 
receiving palliative 
care

33 Excluded patients
receiving palliative 
care

697

Excluded patients 
living in long-term 
care homes

11 Excluded patients 
living in long-term 
care homes

588

Excluded patients 
with prescriptions 
for nonstudy opioids

153 Excluded patients 
with prescriptions 
for nonstudy opioids

590

Total cases remaining6006 Potential controls 
remaining

43 736

Cases matched to 
a control

5300 Controls matched 
to cases

5300

Excluded patients who
were not eligible for 
public drug coverage 
for ≥ 6 mo

578 Excluded patients who 
were not eligible for 
public drug coverage 
for ≥ 6 mo

3707

ED visits for road trauma 
injury during the study period
among patients aged 18 to 
64 with valid identifiers, age, 
and sex

85 441 Potential controls with
opioid prescriptions
overlapping index date

49 318

Figure 2. Exclusion criteria applied to cases and potential control subjects.
ED indicates emergency department.
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COMMENT

In this population-based study spanning 8 years, we did
not find an association between opioid dose and the risk
of road trauma among adults younger than 65 years and
eligible for public drug coverage. However, after restrict-
ing our analysis to drivers, we found that prescribed daily
doses exceeding 20 MEQ were associated with a 21% to
42% increased odds of road trauma. Together, these find-
ings agree with past studies suggesting that increasing
opioid doses can impair drivers and contribute to risk of
road trauma.5,10-13

We found that, compared with patients receiving very
low opioid doses, the odds of road trauma among drivers
in the highest dose category were slightly more attenu-
ated than in the high-dose category. Although this finding
is difficult to explain, risks might be attenuated at the ex-
tremes for several reasons, such as an increased likeli-
hood of medication diversion in this subgroup or physi-
ologic opioid tolerance among patients who undergo long-
term treatment at a fixed dose that may offset the detrimental
effects of these drugs on driver performance.10 Therefore,
our observed attenuation of risk at the extremes may re-
flect behavioral or biological explanations.

Table. Characteristics of Cases and Matched Control Subjectsa

Characteristic
Cases

(n = 5300)
Controls

(n = 5300)
Standard

Difference

Demographics
Age, mean (SD), y 45.76 (9.86) 45.75 (9.85) 0
Male sex 2725 (51.42) 2725 (51.42) 0
Income quintile

1 2280 (43.02) 2292 (43.25) 0.01
2 1286 (24.26) 1305 (24.62) 0.01
3 737 (13.91) 720 (13.58) 0.01
4 560 (10.57) 552 (10.42) 0.01
5 404 (7.62) 399 (7.53) �0.01
Missing 33 (0.62) 32 (0.60) �0.01

Urban residence 4439 (83.75) 4451 (83.98) 0.01
ODB plan coverage
Social assistance 1169 (22.06) 1113 (21.00) 0.03
Disability support 3601 (67.94) 3528 (66.57) 0.03
Other 530 (10.00) 659 (12.43) 0.08

Charlson Comorbidity Index
No hospitalization 3273 (61.75) 3328 (62.79) 0.02
0 1242 (23.43) 1187 (22.40) 0.03
1 363 (6.85) 335 (6.32) 0.02
�2 422 (7.96) 450 (8.49) 0.02

Duration of opioid use, mean (SD), y 7.09 (3.67) 6.84 (3.72) 0.07
Comorbidity measures in past 1 y

ED visit for alcohol abuse 287 (5.42) 147 (2.77) 0.13
ED visit for road trauma 332 (6.26) 332 (6.26) 0
ED visit for drug toxicity 212 (4.00) 155 (2.92) 0.06
Total No. of ED visits, mean (SD) 3.93 (5.40) 2.07 (4.48) 0.38
Total No. of physician visits, median (IQR) 21 (12-36) 21 (12-36) 0.01
Total No. of visits to a family physician, median (IQR) 13 (7-20) 12 (6-19) 0.04
Visit to a psychiatrist 1021 (19.26) 1030 (19.43) �0.01

Medication use in past 180 d
No. of drugs dispensed, median (IQR) 11 (7-16) 11 (7-16) 0.07
SSRIs 1959 (36.96) 1963 (37.04) �0.01
Other antidepressants 1783 (33.64) 1842 (34.75) 0.02
Antipsychotics 898 (16.94) 886 (16.72) 0.01
Benzodiazepines 2764 (52.15) 2649 (49.98) 0.04
Other CNS depressants 344 (6.49) 381 (7.19) 0.03

Comorbidity measures in past 3 y
Hospitalization for poisoning or drug toxicity 991 (18.70) 971 (18.32) 0.01
Alcohol abuse 646 (12.19) 661 (12.47) 0.01
Affective disorder 590 (11.13) 541 (10.21) 0.03
Anxiety or sleep disorder 3694 (69.70) 3700 (69.81) �0.01
Psychosis 406 (7.66) 404 (7.62) �0.01
Other mental disorder 3026 (57.09) 2986 (56.34) 0.02
Injury 291 (5.49) 324 (6.11) 0.03
Osteoarthritis 1951 (36.81) 1912 (36.08) 0.02
Rheumatoid arthritis 334 (6.30) 356 (6.72) 0.02

Abbreviations: CNS, central nervous system; ED, emergency department; IQR, interquartile range; ODB, Ontario Drug Benefit; SSRIs, selective serotonin
reuptake inhibitors.

aUnless otherwise indicated, data are expressed as number (percentage) of patients.
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Several limitations of our study merit discussion. First,
our population was restricted to younger adults eligible for
public drug coverage in Ontario. This constitutes a socio-
economically disadvantaged population, and our findings
may not be generalizable to individuals with higher socio-
economic status, older adults, and other jurisdictions. Sec-
ond, we cannot determine the indication for opioid therapy
and thus cannot elucidate how pain severity influenced our
findings. Third, we have no information regarding access
to motor vehicles or the frequency of driving among pa-
tients in our cohort. Fourth, our definition of road trauma
has not been validated; therefore, we may not have iden-
tified all ED visits related to road trauma during our study
period. Fifth, we defined opioid dose on the basis of pub-
licly funded prescriptions, and we do not know how un-
used prescription drugs, drugs prescribed to be used as
needed, illegal drug diversion, quantities obtained illic-
itly, or drugs paid for privately would influence our cal-
culations. All of these limitations likely serve to attenuate
our findings, particularly among patients receiving the high-
est doses. Finally, it is possible that adverse selection, that
is, the tendency for patients with substance abuse disor-
ders and mental health conditions to receive long-term opi-
oid therapy, might have influenced our findings.23 Al-
though we attempted to address this by adjusting for various
factors in our models, this selection among users of high-
dose opioids may contribute to the dose-response relation-
ship observed in this study.

In summary, although the relationship between the
use of opioids and risk of road trauma has been de-
scribed frequently in small samples, this study is the first,
to our knowledge, to demonstrate the relationship be-
tween opioid dose and this risk among drivers in a popu-
lation-based setting. Our findings have important impli-

cations in clinical practice and suggest that physicians
may want to warn patients about potentially decreased
driving ability when escalating to high opioid doses, par-
ticularly before acclimation to a fixed dose develops. Fur-
thermore, policy makers could improve public educa-
tion surrounding the potential risks of opioid medications
and could consider restricted drivers’ licenses for pa-
tients treated with high-dose opioids.
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Primary Analysis: Any Road Trauma∗
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20-49 MEQ
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Figure 3. Association between opioid dose and road trauma, adjusted for age, past (3 years) hospitalization for alcoholism, past (1 year) emergency department
(ED) visit for alcoholism, duration of opioid treatment, medication use in past 180 days (ie, selective serotonin reuptake inhibitors, other antidepressants,
antipsychotics, benzodiazepines and other depressants of the central nervous system, separately), number of drugs dispensed in the past 180 days, and numbers
of physician and ED visits in the past 1 year. For all comparisons, the reference group includes those who received an opioid dose of 1 to 19 mg of morphine or
equivalent (MEQ). *Includes 5300 cases and controls. †Includes 2428 cases and controls. ‡Includes 840 cases and controls.
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