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Fibromyalgia and the Risk of a Subsequent Motor
Vehicle Crash
Donald A. Redelmeier, Jeremy D. Zung, Deva Thiruchelvam, and Robert J. Tibshirani

ABSTRACT. Objective.Motor vehicle crashes are a widespread contributor to mortality and morbidity, sometimes
related to medically unfit motorists. We tested whether patients diagnosed with fibromyalgia (FM)
have an increased risk of a subsequent serious motor vehicle crash. 
Methods.We conducted a population-based self-matched longitudinal cohort analysis to estimate the
incidence rate ratio of crashes among patients diagnosed with FM relative to the population norm in
Ontario, Canada. We included adults diagnosed from April 1, 2006, to March 31, 2012, excluding
individuals younger than 18 years, living outside Ontario, lacking valid identifiers, or having only a
single visit for the diagnosis. The primary outcome was an emergency department visit as a driver
involved in a motor vehicle crash.
Results. The patients (n = 137,631) accounted for 738 crashes during the first year of followup after
diagnosis, equal to an incidence rate ratio of 2.44 compared with the population norm (95% CI
2.27–2.63, p < 0.001). The crash rate was more than twice the population norm for those with a new
or a persistent diagnosis. The increased risk included patients with diverse characteristics, approached
the rate observed among other patients diagnosed with alcoholism, and was mitigated among those
who received dedicated FM care or a physician warning for driving safety.
Conclusion. A diagnosis of FM is associated with an increased risk of a subsequent motor vehicle
crash that might justify medical interventions for traffic safety. (J Rheumatol First Release May 15
2015; doi:10.3899/jrheum.141315)
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pain, and other symptoms that might interfere with the safe
driving of a motor vehicle2. Treatment may include exercise,
behavioral therapy, analgesia, antidepressants, diet change,
sedatives, and anticonvulsants3. No blood test or imaging
scan can routinely diagnose the condition, gauge case
severity, or monitor a patient’s course4. FM is an example of
an imperfectly understood condition associated with
substantial patient suffering and medical uncertainty5.

Motor vehicle crashes can be common complications for
patients with chronic medical conditions. The blatant damage
of a serious crash provides the rationale for health prevention,
including warnings by physicians to patients regarding motor
vehicle safety6. Specific diseases can contribute to crash risk
by causing sudden unconsciousness (e.g., narcolepsy),
temporary impairment (e.g., chemotherapy), or chronic
disability (e.g., dementia). In turn, medical authorities in the
United States and elsewhere have developed guidelines for
assessing a patient’s fitness to drive7,8. No guidelines,
however, address patients with FM although some cautions
appear for patients with pain or impaired functional status.

Prior research has investigated whether FM can be a
consequence of a past motor vehicle crash; however, the liter-
ature contains no data on whether FM could be a contributor
to a future motor vehicle crash9. We hypothesized that FM
might be associated with limitations that compromise a
patient’s driving. Neck pain or opioid medications, for

Fibromyalgia (FM) affects more than 1 million Americans
and is characterized by chronic pain, tender points, and
fluctuating severity1. The condition is associated with fatigue,
nonrestorative sleep, cognitive dysfunction, headaches,
anxiety, depression, joint stiffness, dizziness, atypical chest
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example, may interfere with a motorist’s ability to check
blind spots or react quickly10,11. Moreover, the chronic
subjective varying nature of FM might provide insufficient
objective feedback for self-regulation of driving12. Our study
question was: “Are drivers diagnosed with FM more prone
to motor vehicle crashes than the population norm?”

MATERIALS AND METHODS
Population setting. Ontario in 2006 had a population of about 9,949,480
adults, of whom 8,867,965 were licensed drivers involved in a total of
216,247 police-reported crashes13,14. We defined a serious motor vehicle
crash as an incident resulting in the driver going to a hospital emergency
department, thereby excluding crashes that resulted in minor injury or
vehicle damage only. This definition also excluded cases where the patient
was a passenger or a pedestrian. For the population of Ontario in 2006, these
criteria amounted to 19,507 crashes that sent the driver to a hospital
emergency department, equal to an annual event rate of 2.20 serious motor
vehicle crashes per 1000 drivers in the general population (19,507 ÷
8,867,965 × 1000).

Ontario on April 1, 2006, was distinctive in introducing an additional
physician fee (code K037) for dedicated special care of patients diagnosed
with FM15,16,17. This was a comprehensive fee code encompassing all
common and specific elements of medical care ($51.70) for this diagnosis18.
The intent was to provide priority attention for special situations, analogous
to physician fee K039 for dedicated smoking cessation counseling19,20.
Regardless of dedicated special care for FM, patients had free access to
emergency care under universal health insurance and could be tracked over
time through validated population-based databases covering all 174
full-service emergency departments in the region21.
Patient selection and diagnosis date. We identified adults diagnosed with
FM between April 1, 2006, and March 31, 2012, and excluded individuals
younger than age 18 years, living outside Ontario, or lacking valid identifiers
under universal health insurance. The 6-year interval was selected to provide
all data following the introduction of the dedicated care program and to
ensure a minimum 1-year followup for all patients. FM was defined as a
physician diagnosis coded by the International Classification of Disease 9th
Revision (integer code: 729)22. To reduce false-positive errors, we excluded
patients with only a single physician visit for the diagnosis, in accord with
past research23. These codes had a sensitivity of 62% to 85% and a speci-
ficity of 94% to 99% when validated for other disorders24,25,26,27. The
diagnosis of FM, therefore, is prone to false positives, false negatives, and
inconsistencies over time28.

FM often has a gradual onset and delayed diagnosis so that the onset is
also uncertain. We defined the start of followup for each patient (time-zero)
according to the date of a second (confirmed) diagnosis of FM following
April 1, 2006. Patients who had 2 or more visits for FM during the prior 5
years were defined as having an ongoing persistent diagnosis (prevalent
cases). The remaining patients who had no other visits for FM during earlier
years were defined as having an initial new diagnosis (incident cases). The
distinction between a persistent and a new diagnosis served as our pre -
specified subgroup analysis to examine patients with differing disease
durations. The available databases lacked data on diagnostic certainty and
severity.
Patient characteristics. Additional diagnoses that are often considered and
sometimes misdiagnosed as FM were ascertained from physician billing data
for the full year prior to diagnosis29. Psychiatric conditions included
depression, anxiety, alcoholism, substance abuse, and posttraumatic stress
disorder (codes 296, 300, 303, 304, 305, 308, 309). Rheumatic disorders
included systemic lupus erythematosus, rheumatoid arthritis, ankylosing
spondylitis, and polymyalgia rheumatica (codes 710, 712, 714, 720, 725,
737). General medical comorbidities included migraine headaches, irritable
bowel disorder, hypothyroidism, multiple sclerosis, breast cancer, and
endometriosis (codes 042, 043, 044, 070, 174, 244, 340, 346, 564, 617).

Acute injuries included fractures, dislocations, sprains, concussions, open
wounds, lacerations, contusions, abrasions, and burns (codes 800 through
859).

Patient age was obtained from the population registry, as were data on
sex and home location (rural, urban). Prior hospitalizations, emergency
visits, and outpatient encounters for any reason were ascertained for the year
prior to diagnosis based on validated identifiers. We also identified a clinical
intervention likely to change subsequent traffic risks; namely, a medical
warning by a physician for fitness to drive (code K035)30. Similarly, we
identified a diagnostic procedure unlikely to change subsequent traffic risks;
namely, an electrocardiogram (EKG; code G313). The databases did not
contain information on driving record, distance traveled, traffic infractions,
vehicle ownership, use of medications, or functional status.
Motor vehicle crashes. We identified motor vehicle crashes resulting in an
emergency visit to any hospital in the region, representing all data available
for 1 year of observation before and after the diagnosis date for each patient.
We focused on emergencies characterized as a crash using the International
Classification of Diseases diagnostic codes (codes V20 to V69)31. These
included individuals involved as a driver in a motor vehicle crash and
excluded emergencies where the patient was a passenger, pedestrian, or other
road user. These codes were an exact match with medical records (3
character precision) in about 94% of cases when validated in a past study of
diagnostic accuracy32. These methods have been further validated in prior
research focusing on specific subgroups of motorists33,34.
Primary and secondary comparisons. The high frequency of motor vehicle
crashes allowed for several comparison analyses. Our primary comparison
evaluated the risk of a crash among patients with FM relative to the entire
driving population of the region. In secondary analyses, we also repeated
the primary analysis by selecting patients diagnosed with alcoholism (code
303) instead of patients diagnosed with FM. Similarly, we also repeated the
analysis by selecting patients diagnosed with an arm fracture (code 812)
instead of patients diagnosed with FM. The intent of these 2 secondary
analyses was to assess crash risks for patients in whom a major increase in
risk was anticipated (alcoholism) and for patients where no major increase
was anticipated (arm fracture)35.
Statistical analysis. The primary analysis evaluated emergency department
visits for drivers in motor vehicle crashes and focused on the year following
diagnosis. The absolute risks following diagnosis were summarized using
incidence rate ratios relative to the general population of drivers in Ontario,
along with 95% CI36. Graphical displays of the distribution of motor vehicle
crashes were computed for the full year preceding and following diagnosis.
The entire analysis was then replicated for patients diagnosed with
alcoholism (positive control) and patients diagnosed with an arm fracture
(negative control). Together, these analyses assessed the patients’ driving
risk compared with population norms, their own baselines, and positive or
negative controls.

Prespecified subgroup analyses examined patients with an incident
diagnosis of FM separately from patients with a persistent diagnosis of FM.
An additional prespecified subgroup analysis evaluated patients accrued
during the first 2 years of the study (to allow an extended 5-yr followup
interval after diagnosis). All other patient characteristics were tested by
subgroup analyses to check robustness. The estimated effectiveness of each
of the 3 clinical interventions (dedicated special care for FM, physician
warning about fitness to drive, diagnostic EKG) were each evaluated using
nested exposure-crossover analyses37. The study protocol was approved by
the Sunnybrook Research Ethics Board, including a waiver for individual
consent.

RESULTS
Descriptive overview. A total of 137,631 patients were
identified, of whom about two-thirds were new cases and
one-third were persistent cases. Patients in both groups
spanned a broad range of ages and socioeconomic status
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(Table 1). The median patient was a 52-year-old woman (a
demographic profile that would otherwise predict crash risks
below the population norm). Few patients had a history of an
additional rheumatic, psychiatric, or general medical comor-
bidity (yet more than the population norm)38. Patients with
persistent FM tended to be older, more likely to have a
psychiatric diagnosis, and less likely to have an acute injury
than patients with a new diagnosis of FM.
Motor vehicle crashes. The patients accounted for 1566
serious motor vehicle crashes during the year before
diagnosis. This was equal to 11.38 events per 1000
individuals annually and demonstrated a strong reciprocal
association where many crashes preceded the diagnosis of
FM (Figure 1). The patients also accounted for an additional
738 serious motor vehicle crashes during the subsequent year
following diagnosis. This subsequent rate was equal to 5.36
events per 1000 patients annually and was more than twice
the population norm. The observed risk during followup
equaled an incidence rate ratio of 2.44 (95% CI 2.27–2.63, 
p < 0.001) and a net increase of 438 crashes compared with
the population norm.
Control patients. During the same interval, 75,617 other
patients were diagnosed with alcoholism and 40,753 other
patients were diagnosed with an arm fracture. Those with
alcoholism accounted for 395 crashes during the first year
following their diagnosis (5.22 events per 1000 patients

annually). The observed risk with alcoholism equaled an
incidence rate ratio of 2.38 (95% CI 2.15–2.63) and a net
increase of 229 crashes compared with the population norm.
Those with an arm fracture accounted for 98 crashes during
the first year following their diagnosis (2.40 events per 1000
patients annually). The observed risk with an arm fracture
equaled an incidence rate ratio of 1.10 (95% CI 0.90–1.34)
and no net increase compared with the population norm.
Individual characteristics. The increased risk associated with
FM was consistent for patients with different characteristics.
Each subgroup had a risk more than twice the population
norm, except for those who were older than age 60 years, free
of comorbid diagnoses, having few outpatient clinic visits,
or devoid of prior emergency visits (Table 2). No subgroup
had a risk within the population norm. Patients with an
emergency visit in the prior year had risks exceeding 3 times
the population norm. The increased risk was observed
regardless of whether FM was a new or a persistent diagnosis,
was sustained for 5 years in the subgroup of patients with
extended followup (Figure 2), and was broadly relevant with
fewer than 6 patients contributing more than 1 crash in 1 year.
Dedicated FM care. A large subgroup (n = 29,007) received
dedicated special care for FM. These patients had a high
baseline risk amounting to 854 crashes during the 3-year
interval preceding special care (9.81 events per 1000 patients
annually). Similarly, the patients accounted for 198 crashes
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Table 1. Patient characteristics (n = 137,631). Values are n (%).

Characteristics New Diagnosis, Persistent Diagnosis, 
n = 89,349 n = 48,282

Age, yrs ≤ 39 19,435 (22) 6375 (13)
40–49 21,847 (24) 11,382 (24)
50–59 21,516 (24) 14,155 (29)
≥ 60 26,551 (30) 16,370 (34)

Sex Female 60,405 (68) 35,541 (74)
Male 28,944 (32) 12,741 (26)

Home location Urban 77,878 (87) 43,145 (89)
Rural 11,441 (13) 5110 (11)

Missing 30 (0) 27 (0)
Socioeconomic status Highest 15,579 (17) 8509 (18)

Next to highest 17,367 (19) 9694 (20)
Middle 17,228 (19) 9491 (20)

Next to lowest 18,740 (21) 10,092 (21)
Lowest 20,102 (22) 10,377 (21)
Missing 333 (0) 119 (0)

Comorbidity* Rheumatic 5614 (6) 2819 (6)
Psychiatric 28,182 (32) 16,811 (35)

General medical 11,824 (13) 7096 (15)
Acute trauma 27,805 (31) 12,885 (27)

Total care* Outpatient clinic ≥ 7 71,753 (80) 39,913 (83)
Emergency department ≥ 1 34,971 (39) 16,742 (35)

Hospital admission ≥ 1 9712 (11) 4054 (8)
Cohort entry** Initial yrs 22,755 (25) 24,923 (52)

Subsequent yrs 66,594 (75) 23,359 (48)

* Physician diagnosis during prior year. ** Initial years for patients identified 2006–2007, subsequent years for
patients identified 2008–2012.
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during the subsequent 1 year following dedicated special care
(6.83 events per 1000 patients annually). The observed risk
after dedicated care equaled about a one-third relative
reduction compared with baseline (Figure 3). This subsequent
rate, however, was still substantial, equal to an incidence rate
ratio of 3.11 (95% CI 2.70–3.58), and amounted to a net
increase of 134 crashes compared with the population norm.
Other clinical interventions. Relatively few patients (n =
3691) received a physician warning about fitness to drive. As
expected, these patients had a high baseline risk of a crash
and a reduction in the year after the warning (Figure 4). This
subsequent rate after a physician warning was equal to an
incidence rate ratio of 3.26 (95% CI 2.26–4.78) and a net
increase of 18 crashes compared with the population norm.
Conversely, most patients (n = 108,089) received an EKG.
As expected, these patients had a high baseline risk of a crash,
a high risk during the year after the EKG, and no significant
reduction when comparing baseline to subsequent intervals
(Appendix).

DISCUSSION
We studied over 100,000 patients diagnosed with FM for a
minimum 1 year of followup. We found that the risks of a
subsequent serious motor vehicle crash were substantial,
sustained, potentially modifiable, and twice the population
norm. The risks were distinct from the observed reciprocal
pattern (Figure 1) in which an earlier motor vehicle crash was

followed by a subsequent FM diagnosis (perhaps explained
by reverse causality or regression to the mean)39. The risks
were unlikely to reflect solely an adverse consequence of
treatment because dedicated special care was followed by a
reduction in subsequent crashes. Together, the findings
suggest that persons diagnosed with FM are at ongoing risk
of a subsequent serious motor vehicle crash.

We caution that the data do not indicate that FM caused
motor vehicle crashes because patients may differ in multiple
ways from the population norm. Potential unmeasured
confounders could include ethnicity, comorbidities,
care-seeking propensity, psychiatric comorbidity, and use of
psychotropic drugs (all not determined in our study). Such
confounders might be imbalanced and powerful among
patients with FM; hence, the disease might not create the risk
and modifying the disease might not mitigate the risk.
Collectively, these limitations imply that the observed associ-
ation between FM and subsequent crashes is a prognostic
marker, but not necessarily a causal mechanism. Such limita-
tions are unavoidable because diseases cannot be randomly
assigned to patients.

A second possible misinterpretation involves the
distinction between relative risk, absolute risk, and modifi -
able risk. In this setting, for example, a driver’s annual risk
of a police-reported crash was about 2.4% for the population
norm (216,247 ÷ 8,867,965). A doubling of risk that extended
across the full spectrum of severity would equate to an annual
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Figure 1. Motor vehicle crashes. Bar graph of count of motor vehicle crashes for each patient as a driver during the year
before and after diagnosis of fibromyalgia (FM). X axis shows time divided into segments of 28 days’ duration with time-
zero defined as the day of FM diagnosis. Y axis shows total count of crashes involving the patient as a driver that result
in an emergency department visit. Rate for general population shown by horizontal line. Analysis includes all data, so 1
patient might have more than 1 crash over the 2-year timespan. Results show substantial counts that exceed population
norm before and after diagnosis. High crash counts in preceding year may be explained by a propensity to diagnose FM
in the aftermath of recent trauma (regression to the mean with posthoc fallacy). Such potential reciprocal associations do
not explain the increased crash counts following diagnosis.
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Table 2. Risk of a crash according to patient characteristics. Missing demographic data coded as rural home
location and lowest socioeconomic status. Expected counts calculated relative to general population average. 95%
CI assumes Poisson distribution of independent events. Values are n unless otherwise specified.

Characteristics Total Observed Expected Incident 95% CI
Patients Crashes Crashes Rate Ratio

Full cohort 137,631 738 303 2.44 2.27–2.63
Age, yrs ≤ 39 25,810 233 57 4.10 3.61–4.68

40–49 33,229 196 73 2.68 2.33–3.10
50–59 35,671 168 78 2.14 1.84–2.50
≥ 60 42,921 141 94 1.49 1.27–1.77

Sex Female 95,946 521 211 2.47 2.26–2.70
Male 41,685 217 92 2.37 2.07–2.71

Home location Urban 121,023 635 266 2.39 2.21–2.58
Rural 16,608 103 37 2.82 2.33–3.44

Socioeconomic Higher 51,146 244 113 2.17 1.92–2.47
status Middle 26,719 132 59 2.25 1.90–2.68

Lower 59,763 362 131 2.75 2.48–3.06
Comorbidity Rheumatic 8433 43 19 2.32 1.74–3.16

Psychiatric 44,993 321 99 3.24 2.91–3.63
General medical 18,920 131 42 3.15 2.66–3.75
Acute trauma 40,690 297 90 3.32 2.96–3.73
Any combination of 

the above 80,713 530 178 2.99 2.74–3.26
None of above 56,918 208 125 1.66 1.45–1.91

Total care Outpatient clinic ≥ 7 111,666 648 246 2.64 2.44–2.86
Outpatient clinic ≤ 6 25,965 90 57 1.58 1.29–1.95
Emergency department ≥ 1 51,713 395 114 3.47 3.15–3.84
Emergency department = 0 85,918 343 189 1.81 1.63–2.02
Hospital admission ≥ 1 13,766 78 30 2.58 2.08–3.24
Hospital admission = 0 123,865 660 272 2.42 2.24–2.62

Cohort entry Initial yrs 47,678 265 105 2.53 2.24–2.86
Subsequent yrs 89,953 473 198 2.39 2.18–2.62

Fibromyalgia New diagnosis 89,349 473 197 2.41 2.20–2.64
Persistent diagnosis 48,282 265 106 2.50 2.21–2.82

Figure 2. Count of motor vehicle
crashes for each patient as a driver
during 6 years for subgroup with 5
years of observation after diagnosis
(n = 47,678). X axis shows time
divided into segments of 28 days’
duration with time-zero defined as
the day of fibromyalgia (FM)
diagnosis. Y axis shows total count
of crashes involving the patient as a
driver that result in an emergency
department visit. Rate for general
population shown by horizontal line.
Analysis includes all data, so 1
patient might have more than 1 crash
over the 6-year timespan. Results
show substantial counts that exceed
population norm for extended
followup interval. Reciprocal associ-
ation again evident, showing many
crashes leading up to diagnosis of
fibromyalgia.
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Figure 3. Crashes before and after dedicated care. Bar graph shows count of motor vehicle crashes as a driver for each
patient over 5 years for subgroup who received dedicated special care following fibromyalgia diagnosis (n = 29,007). X
axis shows time divided into segments of 28 days with time-zero defined as the day of first dedicated special care
treatment (K037). Y axis shows total count of crashes involving the patient as a driver that result in an emergency
department visit. Rate for general population shown by horizontal line. Time line grouped as baseline interval (3 yrs)
and subsequent interval (1 yr). Analysis includes all data so 1 patient might have more than 1 crash over the 5-year
timespan. Results show relative reduction in motor vehicle crash counts comparing baseline to subsequent interval
following dedicated special care.

Figure 4. Crashes before and after physician warning. Bar graph shows count of motor vehicle crashes as a driver for
each patient over 5 years for subgroup who received a medical warning about fitness to drive following fibromyalgia
diagnosis (n = 3691). X axis shows time divided into segments of 28 days with time-zero defined as the day of first
medical warning about fitness to drive by a physician (K035). Y axis shows total count of crashes involving the patient
as a driver that result in an emergency department visit. Rate for general population shown by horizontal line. Time
line grouped as baseline interval (3 yrs) and subsequent interval (1 yr). Analysis includes all data so 1 patient might
have more than 1 crash over the 5-year timespan. Results show reduction in motor vehicle crash counts comparing
baseline to subsequent interval following warning.
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risk of about 4.8% among drivers with FM (2.4 × 2). A
one-third relative risk reduction following dedicated special
care, therefore, might reduce this absolute annual risk to
about 3.2% (4.8 × two-thirds), mathematically equal to a
num ber-needed-to-treat of about 63 to prevent 1 police-
reported crash within 1 year. These estimates of net benefit
are based on testable assumptions that could be explored in
future research.

Several other limitations also remain as sources of uncer-
tainty. We relied on ICD-9 codes (that are imprecise and
overlap other muscular rheumatism disorders), included only
patients with a physician diagnosis (which is fallible), and
could not ascertain cases that were never diagnosed. Our
study did not include passengers or pedestrians involved in
the crash. We lacked data on odometers, destinations, diaries,
and other indicators of the amount of active driving40. The
diagnosis of FM is often unclear, diagnostic definitions
change over time, and health services data tend to add further
vagaries in coding comorbid diagnoses41,42. We lacked data
for at-fault analyses and cannot distinguish whether FM
might compromise a patient’s ability to avoid a crash caused
by someone else.

One strength of our study is to demonstrate a method that
has advantages beyond traditional ways for estimating traffic
risks. The most widely cited study on the dangers of drunk
driving43, for example, would fail current standards of
evidence-based medicine44. Simulator studies tend to yield
ambiguous results based on healthy volunteers engaged in
artificial tasks with hypothetical risks. Randomized trials are
rarely attempted in traffic because of methodological and
ethical obstacles45. Here we provide a methodological design
that is feasible, reasonable, and relevant to an array of
diseases that might predispose patients to a motor vehicle
crash. Further, we illustrate the methods with a novel finding
(linking FM with fitness to drive) that was not previously
discovered.

Patients with FM commonly report frustration with physi-
cians, dissatisfaction with care, and exasperation with stand -
ard biomedical paradigms for their situation46. An overly
patronizing approach to motor vehicle traffic safety, there -
fore, might further compromise a doctor-patient relationship
and lessen patient well-being47. At present, physician
warnings for medically unfit motorists can be effective for
improving driving safety in older patients and are mandatory
in several regions of North America48,49. Clinical judgment
is needed in the remaining locations when deciding whether
the crash risks associated with FM merit a tactful warning in
a compassionate manner to improve driving safety and
maintain patient health. 

ACKNOWLEDGMENT
We thank the following for helpful comments: David Alter, Mary Bell,
Gregory Choy, Edward Etchells, Leonard Evans, David Juurlink, Sharon
May, Harvey Moldofsky, Jay Moss, Mark Rapoport, Matthew Schlenker,
Steven Shumak, John Staples, and Christopher Yarnell.

REFERENCES
   1.    Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombardier C,

Goldenberg DL, et al. The American College of Rheumatology
1990 criteria for the classification of fibromyalgia. Report of the
Multicenter Criteria Committee. Arthritis Rheum 1990;33:160-72.

   2.    Fan A, Wilson KG, Acharya M, Cranney A, Buenger U, Marshall S.
Self-reported issues with driving in patients with chronic pain. PM
R 2012;4:87-95.

   3.    Fitzcharles MA, Ste-Marie PA, Goldenberg DL, Pereira JX, Abbey
S, Choinière M, et al. Canadian Pain Society and Canadian
Rheumatology Association recommendations for rational care of
persons with fibromyalgia: a summary report. J Rheumatol
2013;40:1388-93.

   4.    Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Katz RS,
Mease P, et al. The American College of Rheumatology preliminary
diagnostic criteria for fibromyalgia and measurement of symptom
severity. Arthritis Care Res 2010;62:600–10.

   5.    Abeles AM, Pillinger MH, Solitar BM, Abeles M. Narrative review:
the pathophysiology of fibromyalgia. Ann Intern Med
2007;146:726–34.

   6.    Redelmeier DA, Tien HC. Medical interventions to reduce motor
vehicle collisions. CMAJ 2014;186:118-24.

   7.    Carr DB, Schwartzberg JG, Manning L, Sempek J. Physician’s
guide to assessing and counseling older drivers, 2nd ed. Chicago:
American Medical Association; 2010. 

   8.    Canadian Medical Association. CMA driver’s guide: determining
medical fitness to operate motor vehicles, 8th ed. Ottawa: Canadian
Medical Association; 2012.

   9.    Wolfe F, Häuser W, Walitt BT, Katz RS, Rasker JJ, Russell AS.
Fibromyalgia and physical trauma: the concepts we invent. J
Rheumatol 2014;41:1737-45.

 10.    Veldhuijzen DS, van Wijck AJ, Wille F, Verster JC, Kenemans JL,
Kalkman CJ, et al. Effect of chronic nonmalignant pain on highway
driving performance. Pain 2006;122:28–35.

 11.    Nilsen H, Landrø NI, Kaasa S, Jenssen GD, Fayers P, Borchgrevink
PC. Driving functions in a video simulator in chronic non-malignant
pain patients using and not using codeine. Eur J Pain 2011;
15:409–15.

 12.    Horswill MS, Sullivan K, Lurie-Beck JK, Smith S. How realistic are
older drivers’ ratings of their driving ability? Accid Anal Prev
2013;50:130–7.

 13.    Statistics Canada. Canada year book 2010. [Internet. Accessed April
17, 2015.] Available from: www.statcan.gc.ca/pub/11-402-x/2010000/
pdf/population-eng.pdf

 14.    Ontario Ministry of Transportation. Ontario road safety annual
reports (ORSAR). [Internet. Accessed April 20, 2015.] Available
from: www.mto.gov.on.ca/english/publications/
ontario-road-safety-annual-report.shtml

 15.    Ministry of Health and Long-Term Care. Schedule of benefits and
fees. [Internet. Accessed April 17, 2015.] Available from:
www.health.gov.on.ca/english/providers/program/ohip/sob/
physserv/physserv_mn.html

 16.    Ontario Medical Association. Explaining: individual counseling
(K013/K033). Education and Prevention Committee interpretive
bulletin. [Internet. Accessed April 17, 2015.] Available from:
www.oma.org/Resources/Documents/0301EPC_bulletin.pdf

 17.    Ontario Medical Association. Questions and answers relevant to
recent EPC bulletins. Education and Prevention Committee 
interpretive bulletin. [Internet. Accessed April 17, 2015.] Available
from: www.oma.org/Resources/Documents/0807EPC_Bulletin.pdf

 18.    Ontario Ministry of Health and Long-Term Care. Schedule of
benefits for physician services amendments – April 1, 2006.
[Internet. Accessed April 17, 2015.] Available from:
www.health.gov.on.ca/en/pro/programs/ohip/bulletins/4000/bul4435.pdf

 19.    Ontario Medical Association. Specific neurocognitive assessment

7Redelmeier, et al: FM and vehicle crashes

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2015. All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


(K032) and smoking cessation services (E079 and K039). Education
and Prevention Committee interpretive bulletin. [Internet. Accessed
April 17, 2015.] Available from:
www.oma.org/Resources/Documents/0802EPC_Bulletin.pdf

 20.    Ontario Medical Association. Billing for time-based services.
Education and Prevention Committee interpretive bulletin. [Internet.
Accessed April 17, 2015.] Available from: www.oma.org/Resources/
Documents/0905EPC_Bulletin.pdf

 21.    Chan BT, Schull MJ, Schultz SE. Atlas Report: Emergency
department services in Ontario 1993 – 2000. Toronto: Institute for
Clinical Evaluative Sciences; 2001.

 22.    Centers for Disease Control and Prevention. Fibromyalgia. [Internet.
Accessed April 17, 2015.] Available from:
www.cdc.gov/arthritis/basics/fibromyalgia.htm

 23.    Muggah E, Graves E, Bennett C, Manuel DG. Ascertainment of
chronic diseases using population health data: a comparison of
health administrative data and patient self-report. BMC Public
Health 2013;13:16.

 24.    Hux JE, Ivis F, Flintoft V, Bica A. Diabetes in Ontario: 
determination of prevalence and incidence using a validated 
administrative data algorithm. Diabetes Care 2002;25:512-6.

 25.    Tu K, Mitiku T, Lee DS, Guo H, Tu JV. Validation of physician
billing and hospitalization data to identify patients with ischemic
heart disease using data from the Electronic Medical Record
Administrative data Linked Database (EMRALD). Can J Cardiol
2010;26:e225-8.

 26.    Tu K, Wang M, Young J, Green D, Ivers NM, Butt D, et al. Validity
of administrative data for identifying patients who have had a stroke
or transient ischemic attack using EMRALD as a reference
standard. Can J Cardiol 2013;29:1388-94.

 27.    Schultz SE, Rothwell DM, Chen Z, Tu K. Identifying cases of
congestive heart failure from administrative data: a validation study
using primary care patient records. Chronic Dis Inj Can
2013;33:160-6.

 28.    Masters ET, Mardekian J, Emir B, Clair A, Kuhn M, Silverman SL.
Electronic medical record data to identify variables associated with
a fibromyalgia diagnosis: importance of health care resource
utilization. J Pain Res 2015;8:131-8.

 29.    Fitzcharles MA, Ste-Marie PA, Goldenberg DL, Pereira JX, Abbey
S, Choinière M, et al; the National Fibromyalgia Guideline
Advisory Panel. 2012 Canadian guidelines for the diagnosis and
management of fibromyalgia syndrome: executive summary. Pain
Res Manag 2013;18:119-26.

 30.    Redelmeier DA, Yarnell CJ, Thiruchelvam D, Tibshirani RJ.
Physicians’ warnings for unfit drivers and the risk of trauma from
road crashes. N Engl J Med 2012;367:1228-36.

 31.    World Health Organization. International statistical classification of
diseases and related health problems, 10th revision. [Internet.
Accessed April 20, 2015.] Available from: apps.who.int/
classifications/icd10/browse/2015/en

 32.    Schull MJ, Hatcher CM, Guttmann A, Leaver CA, Vermeulen M,
Rowe BH, et al. Development of a consensus on evidence-based
quality of care indicators for Canadian emergency departments.
Toronto: Institute for Clinical Evaluative Sciences; 2010. 

 33.    Macpherson A, Schull M, Manuel D, Cernat G, Redelmeier D,
Laupacis A. Injuries in Ontario. Toronto: Institute for Clinical
Evaluative Sciences; 2005.

 34.    Redelmeier DA, Katz D, Lu H, Saposnik G. Roadway crash risks in
recent immigrants. Accid Anal Prev 2011;43:2128-33. 

 35.    Gregory JJ, Stephens AN, Steele NA, Groeger JA. Effects of 
upper-limb immobilisation on driving safety. Injury 2009;40:253-6.

 36.    Sedgwick P. Incidence rate ratio. BMJ 2010;341:c4804.
 37.    Redelmeier DA. The exposure-crossover design is a new method for

studying sustained changes in recurrent events. J Clin Epidemiol
2013;66:955-63.

 38.    Jaakkimainen L, Upshur R, Klein-Geltink JE, Leong A, Maaten S,
Schultz SE, et al, editors. Primary care in Ontario: ICES Atlas.
Toronto: Institute for Clinical Evaluative Sciences; 2006.

 39.    McLean SA, Williams DA, Clauw DJ. Fibromyalgia after motor
vehicle collision: evidence and implications. Traffic Inj Prev
2005;6:97-104.

 40.    Braitman KA, Williams AF. Changes in self-regulatory driving
among older drivers over time. Traffic Inj Prev 2011;12:568-75.

 41.    Ferrari R, Russell AS. A questionnaire using the modified 2010
American College of Rheumatology criteria for fibromyalgia: 
specificity and sensitivity in clinical practice. J Rheumatol
2013;40:1590-5.

 42.    Ratnasingham S, Cairney J, Rehm J, Manson H, Kurdyak PA.
Opening eyes, opening minds: the Ontario burden of mental illness
and addictions report. Toronto: Institute for Clinical Evaluative
Sciences and Public Health Ontario; 2012.

 43.    Borkenstein RF, Crowther RF, Shumate RP, Ziel WB, Zylman R.
The role of the drinking driver in traffic accidents. Bloomington,
Indiana: Department of Police Administration, Indiana University;
1964.

 44.    von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,
Vandenbroucke JP; STROBE Initiative. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. J Clin
Epidemiol 2008;61:344–9.

 45.    Redelmeier DA, Yarnell CJ. Lethal misconceptions: interpretation
and bias in studies of traffic deaths. J Clin Epidemiol 2012;
65:467-73.

 46.    Kool MB, van Middendorp H, Boeije HR, Geenen R.
Understanding the lack of understanding: invalidation from the
perspective of the patient with fibromyalgia. Arthritis Rheum
2009;61:1650-6.

 47.    Betz ME, Jones J, Petroff E, Schwartz R. “I wish we could
normalize driving health:” a qualitative study of clinician 
discussions with older drivers. J Gen Intern Med 2013;28:1573-80.

 48.    Redelmeier DA, Vinkatesh V, Stanbrook MB. Mandatory reporting
by physicians of patients potentially unfit to drive. Open Med
2008;2:e8-e17.

 49.    Wang CC, Kosinski CJ, Schwartzberg JG, Shanklin AV. Physician’s
guide to assessing and counseling older drivers. Washington, DC:
National Highway Traffic Safety Administration; 2003.

8 The Journal of Rheumatology 2015; 42:7; doi:10.3899/jrheum.141315

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2015. All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


9Redelmeier, et al: FM and vehicle crashes

APPENDIX 1. Crashes before and after electrocardiogram (EKG). Bar graph of count of motor vehicle crashes as a
driver for each patient over 5 years for subgroup who received an EKG following fibromyalgia diagnosis (n = 108,089).
X axis shows time divided into segments of 28 days with time-zero defined as the day of first EKG (G313). Y axis
shows total count of crashes involving the patient as a driver that result in an emergency department visit. Rate for
general population shown by horizontal grey line. Timeline grouped as baseline interval (3 yrs) and subsequent interval
(1 yr). Analysis includes all data, so 1 patient might have more than 1 crash over the 5-year timespan. Results show
no reduction in motor vehicle crash counts comparing baseline with subsequent interval following EKG.
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