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Abstract
Background: Osteoarthritis is a common chronic condition that affects many older Canadians and is a considerable cause of disability. Our objective was to describe the epidemiology of osteoarthritis in patients aged 30 years and older using electronic medical
records (EMRs) in a Canadian primary care population.
Methods: In this retrospective cohort study, we analyzed the EMRs of 207 610 patients over 30 years of age (extracted on December 31, 2012) who had at least 1 clinic visit during the preceding 2 years. We calculated the age–sex standardized prevalence of
diagnosed osteoarthritis and its association with comorbidities and covariates available in the Canadian Primary Care Sentinel Surveillance Network database.
Results: The estimated prevalence of diagnosed osteoarthritis was 14.2% (15.6% among women, 12.4% among men). The diagnosis of osteoarthritis was associated with several comorbidities: hypertension (prevalence ratio [PR] 1.17, 95% confidence interval [CI]
1.15–1.18), depression (PR 1.26, 95% CI 1.22–1.3), chronic obstructive pulmonary disease (PR 1.16, 95% CI 1.11–1.21) and epilepsy (PR 1.27, 95% CI 1.13–1.43). In addition, 56.6% of patients had received a prescription for a range of nonsteroidal anti-inflammatory drugs, 45% of which were topical. Opioid medications were prescribed to 33% of patients for pain management.
Conclusion: Osteoarthritis is a common disease in middle-aged and older Canadians. It is more common in women than in men and
is associated with comorbid conditions. Most patients with osteoarthritis received pharmacotherapy for inflammation and pain management. As the Canadian population ages, osteoarthritis will become an increasing burden for individuals and the health care system.

O

steoarthritis is a common chronic condition affecting
many older Canadians and is a considerable cause of
disability.1 It is the most common form of arthritis
and is frequently diagnosed and managed in primary care.2 As
the Canadian population ages, the burden of this condition on
our health care system will increase, and we must look at
trends in risk factors, diagnosis and management.
International reports on the prevalence of osteoarthritis
diagnoses show an increasing number of patients with the
condition.3 This is predominantly due to an increase in the
number of people older than 60 years, as well as to an
increase in obesity, a leading risk factor for osteoarthritis.4–7
Previous studies have provided information about the state
of osteoarthritis in Canada.7–11 In British Columbia, an overall prevalence of 10.8% was found using administrative data
(i.e., physician billing and hospital admissions data); by age
70–74 years, 30% of men and 40% of women had osteoarthritis. In Ontario, linked survey and administrative data
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showed that quality of life was 10%–25% lower among people with osteoarthritis than in the general population, and
health care costs were 2–3 times higher than in the nonosteoarthritis group.10 Therefore there is a high prevalence,
reduction of quality of life and a large economic burden
associated with osteoarthritis in Canada.
These studies of arthritis in Canada come from surveys,
administrative data and reporting systems.8–11 However, their
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results are often inconsistent and difficult to compare owing
to variations in design and methods.12,13 Determining the
prevalence of osteoarthritis can be difficult because estimates
are sensitive to the case definition of osteoarthritis, the
period used to estimate the period prevalence and the
denominator population — specifically, the exclusion of very
young ages. In 2012, a Canadian group (the CANRAD network) collaborating with international experts developed a
consensus statement for using administrative data to study
rheumatic disease to improve its consistency and value for
arthritis research.14 Although this provides some continuity
and comparability of findings from administrative data, primary care electronic medical records (EMRs) can be a complementary source of information for occurrence estimates,
workload, case profile (including comorbidities) and patterns
of osteoarthritis in primary care over time. Direct clinical
information on patient comorbidities, medications, weight,
blood pressure and other risk factors, as well as the longitudinal nature of these data, are all important information that
primary care EMRs can contribute.
For this study, we used a new source of health data from
the Canadian Primary Care Sentinel Surveillance Network
(CPCSSN), which is Canada’s first multidisease EMRbased surveillance system that collects longitudinal data on
more than 500 000 patients from 600 primary care practices
across Canada. We have developed validated case definitions for 8 chronic conditions, including the diagnosis of
osteoarthritis, which takes into account prescribed medications, billing codes, laboratory tests and multiple diagnostic
codes from the International Classification of Diseases, 9th
revision (clinical modification) (ICD-9) to find cases.15,16
CPCSSN is a primary care network comprising 11 practicebased research networks in 7 Canadian provinces and 1 territory. The network extracts patient data from 12 different
EMR vendor products. The details of the data extraction
procedures have been previously described,17,18 and previous
work has shown that the population of patients within the
network is broadly representative of the primary care population in Canada.19
Our objectives were to estimate the prevalence of the diagnosis of osteoarthritis recorded in EMRs among men and
women, to assess the association of the diagnosis of osteoarthritis with comorbidities and potential risk factors and to
describe the pattern of medication prescription for people
with a diagnosis of osteoarthritis in primary care.

Methods
Data sources and study population

We performed a retrospective cohort study to evaluate EMR
data from more than 600 000 patients from 340 primary care
providers participating in CPCSSN. The network received
ethics approval from the research ethics boards of each host
university for all networks and from the Health Canada
Research Ethics Board.
We included all patients 30 years of age and older by
December 31, 2012, who had at least 1 encounter with their

provider’s practice in the preceding 24 months and who did
not opt out of participation in CPCSSN. We excluded
patients younger than 30 years, because osteoarthritis is an
age-related condition with very low rates in this population.
We used a 24-month contact period because most patients
with a chronic condition will visit their primary care provider
at least once in 2 years.20 We included patients identified as
having osteoarthritis, based on CPCSSN case criteria, at any
point in their available EMR record in our analysis and compared their data with those from patients without a diagnosis
of osteoarthritis.14,15
A diagnosis of osteoarthritis in CPCSSN includes osteoarthritis and allied disorders, as well as spondylosis and allied
disorders such as ankylosing vertebral hyperostosis. The
diagnosis excludes intervertebral disc disorders, ankylosing
spondylitis and other inflammatory spondylopathies and spinal stenosis. The algorithm identifies a case of osteoarthritis
as any occurrence of ICD-9 codes 715 (osteoarthritis generalized involving unspecified site) or 721 (spondylosis) in the
billing table or the problem list/encounter table. In a validation study of CPCSSN, this case definition had a sensitivity
of 77.8% (95% confidence interval [CI] 74.5%–81.1%), a
positive predictive value of 87.7% (95% CI 84.9%–90.5%)
and a negative predictive value of 90.2% (95% CI 88.7%–
91.8%) when compared with the reference standard of independent chart abstraction.15,16

Statistical analysis

We calculated the prevalence estimate of the diagnosis of
osteoarthritis in the 2-year contact group by age and sex. In
addition, we made direct age–sex-standardized prevalence
estimates according to the Canadian national age–sex
distribution based on data from the 2011 census. We then
calculated prevalence ratios of 3 risk factors: patient’s rurality
(determined by the middle digit of the first 3 digits of the
patient’s postal code; if the digit is a “0,” it is considered by
Canada Post to be a rural delivery route), body mass index
(BMI) (underweight, < 18; normal, 18–24; overweight, 25–29;
obese, ≥ 30) and smoking (never smoked, past smoker, current
smoker). We performed 3 separate log-binomial regression
analyses to calculate prevalence ratios, each controlling for
age and sex of the study population.21 In addition to prevalence ratios, we report the corresponding 95% CIs and p
values.
We analyzed the presence of comorbid conditions, adjusting for age and sex, using the same log-binomial approach and
expressed the results in terms of prevalence ratios, 95% CIs
and p values. In addition, we looked at the cumulative proportion of patients with a diagnosis of one or more of the other
chronic diseases reported in CPCSSN among those with a
diagnosis of osteoarthritis.
We assessed medication data by analyzing the pattern of
medication use by patients with the diagnosis of osteoarthritis.
We defined medication use as at least 1 prescription for that
medication for the patient at any time in their EMR.
We used descriptive statistics and performed multivariate
modeling using SAS version 9.3.
CMAJ OPEN, 3(3)
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Results
We found 207 610 patients aged 30 years and older who had
at least 1 clinic visit in the 2 year period preceding December 31, 2012. Our case definition identified 29 562 patients
with a diagnosis of osteoarthritis at any time in their records
(Table 1). We found a marked increase in osteoarthritis
prevalence with age, with estimates in women higher than
those in men in each age group. The overall prevalence of
osteoarthritis was 14.2% (95% CI 14.1–14.4), increasing
Table 1: Characteristics of the study population

from 1.6% (95% CI 1.5–1.8) in patients aged 30–39 years to
35.1% (95% CI 34.4–35.8) in those aged 80 years and older
(Table 2 and Figure 1).
In our regression model, the risk of osteoarthritis was comparable for patients in urban and in rural locations (Table 3).
However, we found a significant increase in the risk of the
diagnosis of osteoarthritis for patients who were underweight
or obese compared with those within the normal BMI range.
Although only 41.3% of the study population had any smoking
data in their medical records, we saw a small but significant
decrease in the risk of the diagnosis of osteoarthritis for current smokers compared with patients who had never smoked.

No. (%)*

Characteristic
Age, yr, mean ± SD

45.0

Patients without
osteoarthritis
n = 207 610†

67.4 (13.4)

53.5 (15.7)

Sex
Male

10 807 (36.6)

76 265 (42.8)

Female

18 755 (63.4)

101 783 (57.2)

Male

40.0

Female

35.0

Prevalence, %

Patients with
osteoarthritis
n = 29 562†

30.0
25.0
20.0
15.0
10.0
5.0

Residence

9 549 (32.3)

101 470 (57.0)

1

11 658 (39.4)

54 393 (30.6)

2

6 086 (20.6)

17 802 (10.0)

3

1 840 (6.2)

3 766 (2.1)

≥4

429 (1.5)

617 (0.3)

Note: SD = standard deviation.
*Unless stated otherwise.
†Limited to other conditions for which the Canadian Primary Care Sentinel
Surveillance Network has validated algorithms (i.e., hypertension, chronic
obstructive pulmonary disease, diabetes mellitus, depression, epilepsy,
Parkinson disease and dementia).

Table 2: Prevalence of osteoarthritis by patient age and sex

30–39

Men

0

≥8

-79
70

-69

PR (95% CI)

p value

Location (n = 201 718)
Urban = ref
Rural

1.00

—

0.99 (0.96–1.01)

0.3

1.11 (1.04–1.17)

< 0.001

BMI group (n = 136 765)
Underweight (< 18)

1.00

—

Women

1.04 (1.01–1.07)

0.004

Obese (> = 30)‡

1.14 (1.11–1.17)

< 0.001

(1.5)

Overall

17 508 (4.9)

24 836 (5.1)

42 344 (5.0)

50–59

20 562 (10.8)

26 812 (14.0)

47 374 (12.6)

60–69

17 208 (16.7)

20 798 (23.4)

38 006 (20.4)

70–79

10 446 (24.2)

13 316 (32.7)

23 762 (29.0)

6 832 (30.0)

10 937 (38.2)

17 769 (35.1)

87 072 (12.4)

12 0538 (15.6)

207 610 (14.2)

38 355

(1.6)

*Direct age–sex-standardized prevalence estimates according to the Canadian
national age–sex distribution based on data from the 2011 census.
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Characteristic*

Overweight (25–29)†

40–49

E272

Table 3: Prevalence ratios for osteoarthritis adjusted for age
and sex, by location of residence, BMI and smoking status

Normal (18–24) = ref

23 839

Overall

Figure 1: Prevalence of osteoarthritis diagnoses in electronic medical
records by patient age and sex.

No. (%)*

14 516 (1.9)

80+

60

Age, yr

0

Age
group, yr

-59

39 137 (22.7)

No. of comorbid
conditions†

50

6 979 (24.0)

-49

Rural

0.0
40

133 508 (77.3)

-39

22 094 (76.0)

30

Urban

Smoking (n = 85 705)
Never = ref

1.00

—

Past

0.98 (0.95–1.01)

0.2

Current

0.90 (0.86–0.94)

< 0.001

Note: BMI = body mass index, CI = confidence interval, PR = prevalence ratio.
*Location data missing for 5 892 (2.8%) patients; BMI data missing for 7 388
(25%) patients with osteoarthritis and 64 910 (36.5%) patients without
osteoarthritis; smoking data missing for 15 980 (54%) patients with osteoarthritis
and 105 925 (59.5%) patients without osteoarthritis.
†p < 0.01.
‡p < 0.001.
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We found that patients with the diagnosis of osteoarthritis
had no increased risk of diabetes, dementia or Parkinsonism,
but did have an increased risk of hypertension, depression,
chronic obstructive pulmonary disease (COPD) and epilepsy
(Table 4). Our evaluation of multimorbidity showed that
67.7% of those with osteoarthritis, versus 43% of those without osteoarthritis, have at least one of the other CPCSSN-
defined chronic conditions (Table 5).
More than 50% of patients with osteoarthritis had received
a prescription for a nonsteroidal anti-inflammatory drug
(NSAID), and about one third had received a prescription for
an opioid (Table 6). In addition, we found that 25% of
patients had acetaminophen recorded in their medication list.
However, this latter percentage may be underreported,
because over-the-counter medications are not often captured
in the EMR medication field.

Interpretation

In this retrospective cohort study of osteoarthritis prevalence, its associations with potential risk factors and drug
treatment in primary care , we found 29 562 patients with
an EMR that listed a diagnosis of osteoarthritis and a
prevalence of the condition of 14.2%, which increased
with age. Osteoarthritis was associated with both high and
low BMI, and patients with COPD, depression, epilepsy
and hypertension were at increased risk for this disease.
Table 4: Age- and sex-adjusted prevalence ratios for
comorbidity among patients with osteoarthritis
Comorbidity

PR (95% CI)

p value

Hypertension

1.17 (1.15–1.19)

< 0.001

Diabetes

1.02 (0.99–1.05)

NS

Depression

1.26 (1.22–1.30)

< 0.001

COPD

1.16 (1.11–1.21)

< 0.001

Dementia

1.00 (0.95–1.06)

NS

Epilepsy

1.27 (1.13–1.43)

< 0.001

Parkinsonism

1.08 (0.93–1.24)

Patients with osteoarthritis also showed an increased risk
of multimorbidity.
The prevalence of osteoarthritis reported in previous
research varies widely, because the estimates are dependent
on the population sampled, the case definition of osteoarthritis and the joint involved.13,22,23 Previous Canadian studies focused on quantifying the burden of osteoarthritis and
its association with other conditions, such as obesity and cardiovascular disease. Two studies that used data from the
Canadian Community Health Survey evaluated arthritis and
its association to other conditions: De Angelis and colleagues described arthritis (but did not specify osteoarthritis)
and its association to obesity in patients 18 years of age and
older, and found that obesity and female sex increase the risk
of arthritis;7 Rahman and colleagues assessed osteoarthritis
in patients aged 20 years and older and found that osteoarthritis was significantly associated with heart disease, angina
and congestive heart failure in both men and women.9 In a
study conducted in Manitoba, administrative data were used
to determine the crude cross-sectional prevalence of osteoarthritis, and multiple arthritis algorithms were defined to
determine the estimates.24 Some of the algorithms (physician
billing, hospital billing and prescription data) produced estimates that were similar to those found in this study. In addition, we found prevalence estimates similar to those found in
international studies, where prevalence estimates ranged
from 16.4 to 42.6 per 1000 in the United Kingdom,25 were
Table 6: Use of medications among patients with
osteoarthritis (n = 29 562)

Drug class
Acetaminophen
(alone or in
combination)
NSAIDs

Patients,
no. (%)
7 424 (25.1)

16 732 (56.6)

NS

Note: CI = confidence interval, COPD = chronic obstructive pulmonary disease,
NS = not significant, PR = prevalence ratio.

Table 5: Prevalence of osteoarthritis by number of other
conditions (i.e., multimorbidity)
No. of other
conditions

Osteoarthritis present, % Osteoarthritis absent, %
n = 29 562
n = 178 048

Narcotics

9 761 (33.0)

Agent
Acetaminophen
alone

Patients,
no. (%)
4 725(16.0)

Acetaminophen in
combination

2 699 (9.1)

Celecoxib

5 022 (17.0)

Diclofenac*

8 752(29.6)

Ibuprofen

1 210 (4.1)

Meloxicam

1 963 (6.6)

Naproxen

5 885(19.9)

Other NSAIDs†

3 023(10.2)

Codeine

6 881(23.3)

Hydrocodone
Hydromorphone
Morphine

462 (1.6)
1 164 (3.9)
784 (2.7)

0

32.3

57.0

Oxycodone

1 488 (5.0)

1

39.4

30.6

Tramadol

2 299 (7.8)

2

20.6

10.0

3

6.2

2.1

4 or more
Total

1.5

0.3

100.0

100.0

Note: NSAID = nonsteroidal anti-inflammatory drug.
*There were 4 808 patients with prescriptions for diclofenac, about 45% of which
were in the form of topical gel or cream.
†Diflunisal, etodolac, floctafenine, flurbiprofen, indometacin, ketoprofen,
ketorolac, lumiracoxib, nabumetone, piroxicam, rofecoxib, sulindac, tiaprofenic
acid and valdecoxib.
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23.2 per 1000 in the Netherlands26 and 35.3 per 1000 in an
American study involving populations from England and
Sweden.27
In primary care, osteoarthritis is both underdiagnosed and
overdiagnosed.28,29 Many patients with joint pain who receive
a diagnosis of osteoarthritis have no radiological confirmation
of the condition. Alternatively, patients with osteoarthritis do
not raise it as a concern with their physicians. We found estimates that were higher in both men and women compared
with those found using administrative data.8,10 This result may
be because cases are identified with billing data, which may be
restricted to a single diagnostic code per visit, and osteoarthritis may not be recorded as the main reason for the visit.
Another reason our estimates may be higher than other studies is the use of a case definition restricted to radiologically
confirmed osteoarthritis.13 Finally, differences in osteoarthritis
prevalence in self-report and surveys compared with our prevalence estimates from EMR data may be because patients over
report joint pain as arthritis.
We found significant association of osteoarthritis with
other chronic conditions, such as depression, COPD and epilepsy. However, we found no association with diabetes,
dementia or Parkinson disease. In addition, patients with
osteoarthritis had increased multimorbidity. A study using
primary care data in the UK also found extensive comorbidity with osteoarthritis, even after controlling for age, sex and
socioeconomic status, but stated that propensity to consult
may be a partial explanation for the results.30
Although NSAIDs were often prescribed in our study population, the number of patients with ibuprofen and naproxen
recorded in their medication list was much lower, and the
result was similar for acetaminophen. These drugs are available over the counter in Canada and therefore may not be
recorded in the EMR. We also found that many patients with
osteoarthritis were receiving opioids for pain, which is consistent with findings from UK primary care.31

Limitations

The Canadian Primary Care Sentinel Surveillance Network is
made up of a selected sample of family physicians who use
EMRs. When compared with respondents of the 2010
National Physician Survey (NPS),32 CPCSSN practitioners
were slightly younger and a higher proportion were women,
but the geographic distribution of the practices were similar
to that of the NPS.31,33 Misclassification error is a limitation of
this study both in the diagnosis of osteoarthritis and medication prescription. We evaluated medications recorded at any
time within the EMR, which includes medications prescribed
before or after the diagnosis of osteoarthritis. In many cases,
the EMR records lacked data on risk factors such as obesity
and smoking, both of which were more commonly recorded
among patients with osteoarthritis than among those without.

Conclusion

Osteoarthritis is a common disease in middle-aged and older
Canadians attending primary care practitioners. It is more
common in women than in men and is associated with comorE274
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bid conditions. Most people receive an anti-inflammatory or
analgesic medication for their symptoms. Use of opioids for
pain is common in this population. As the Canadian population ages, osteoarthritis will become an increasing burden for
individuals and the health care system. Use of longitudinal
EMR data is a useful approach for population surveillance of
osteoarthritis.
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