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ABSTRACT. Objective. Osteoarthritis (OA) is a highly prevalent and often disabling disease. Data on the incidence
of OA in the general population are limited. Our objectives were (1) to estimate OA prevalence and incidence rates by age and sex in a geographically defined population of 4 million people [British Columbia
(BC), Canada] using an administrative database; and (2) to determine the effects of different administrative definitions of OA and observation (run-in) time on such estimates.
Methods. We used data on all visits to health professionals and hospital admissions covered by the
Medical Services Plan (MSP) of BC for the fiscal years 1991-92 through 2000-01. OA was defined
based on International Classification of Diseases, 9th Revision, diagnostic codes required for administrative purposes.
Results. The overall prevalence of OA in 2001 was 10.8%: 8.9% in men and 12.6% in women.
Prevalence was higher in women in all age groups. By age 70–74 years, about one-third of men and
40% of women had OA. Incidence rates in 2000-01 were 11.7 per 1000 person-years in the total population, 10.0 in men and 13.4 in women. Rates increased linearly with age between 50 and 80 years. Both
prevalence and incidence depended strongly on the definition of OA and the run-in period.
Conclusion. Prevalence of physician-diagnosed OA in BC was slightly lower than self-reported prevalence of arthritis in population surveys. Routinely collected administrative data could be a valuable
source of information for OA surveillance, but more research is needed on the validity of OA diagnosis in administrative databases. (First Release Dec 15 2006; J Rheumatol 2007;34:386–93)
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Osteoarthritis (OA) is the most common form of arthritis and
is recognized as one of the most important health problems in
modern industrial societies1-4. However, the frequency of OA
in the general population is not well established. In a review
of 29 studies in 14 countries by Sun, et al5 prevalence ranged
from 0.5% to 36%, presumably due to differences in OA definitions and methodology. Lawrence, et al reviewed data on
the prevalence of radiographic, symptomatic, and clinical OA
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ies carried out in the 1960s and 1970s, and large differences
were found between their report and studies in other countries.
Self-reported prevalence of arthritis, rheumatism, and chronic
joint problems has been estimated in many national surveys in
North America, Europe, and elsewhere, and such surveys are
the main source of data for describing the population burden
of arthritis. However, OA-specific self-reported data have
rarely been reported.
There is relatively little information on the incidence of
OA. In Sun, et al’s international review, incidence rates
ranged from 0.1 to 22.3 per 1000 person-years5. Wilson, et al6
studied hip and knee OA incidence among residents of
Rochester, Minnesota. Oliveria, et al7 estimated the incidence
of OA of the knee, hip, and hand among members of the
Fallon Community Health Plan, a health maintenance organization in Massachusetts. Both studies required symptoms and
radiographic changes to define OA, but estimates of OA incidence by age and sex from these 2 studies differed substantially. Several prospective cohort studies in the USA and
Europe provided data on the incidence of radiographic OA of
specific joints8-11. However, such studies do not estimate total
OA incidence, are not representative of the general population, and are restricted to certain age groups. Also, the definition of OA varied between studies. Wilkins12 reported the
incidence of self-reported “arthritis or rheumatism” in Canada
from the National Population Health Survey.
OA surveillance could potentially be facilitated by the use
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of large population-based administrative databases. Harrold,
et al estimated the prevalence of OA by age and sex in a health
maintenance organization in Massachusetts and compared
administrative diagnosis with that based on medical records13.
There are no published data on the incidence of administratively diagnosed OA. The objectives of our study were (1) to
estimate the prevalence and incidence of OA by age and sex
in a large geographically defined population using an administrative database; and (2) to perform a sensitivity analysis to
investigate the effects of OA definition and observation (runin) time on these estimates.
MATERIALS AND METHODS
Database. We used data on all visits to health professionals and hospital
admissions covered by the Medical Services Plan (MSP) of British Columbia
(BC) for the fiscal years 1991-92 through 2000-01. This database is maintained by the BC Ministry of Health. The database included International
Classification of Diseases, 9th Revision (ICD-9) diagnostic codes (one 3-digit
code per visit), date and type of service, provider’s specialty code, birth and
death dates, sex, postal codes, and MSP registration start and exit dates. We
also obtained information about hospital admission and separation dates and
up to 16 diagnoses coded on hospital discharge summaries. We defined OA
diagnosis (Definition 1) as either the first visit to a health professional or the
first hospital separation with a 3-digit ICD-9 code 715 (osteoarthrosis and
allied disorders). An alternative definition (Definition 2) was used in a sensitivity analysis. A visit was defined as any service covered by the MSP with
the exclusion of diagnostic procedures and certain other procedures, for
example, dialysis/transfusion, anesthesia, obstetrics, or therapeutic radiation.
Visits to all types of health professionals were included.
Calculation of prevalence and incidence. Prevalence rate (proportion) was
defined as the number of affected persons in the population at a specified time
divided by the number of persons in the population at that time14. The numerator of prevalence rate was the number of persons, within 5-year age-sex
groups, who met the definition of OA between April 1, 1991, and March 31,
2001, and were alive and registered with the MSP on March 31, 2001. The
denominator was the number of BC residents covered by the MSP. Population
estimates for July 1, 2000, and July 1, 2001, by age and sex were obtained
from the BC Vital Statistics Agency, and the population on March 31, 2001,
was estimated by linear interpolation. The MSP coverage rate was estimated
at 98.8% using information from the BC Ministry of Health. All cases in the
numerator were also part of the denominator, as required. We had no data on
persons diagnosed before the 10-year run-in period who had no subsequent
visits for OA or persons with OA who came to BC during that period and had
no OA-related visits.
Incidence rates by age and sex were obtained for the 1-year period
between April 1, 2000, and March 31, 2001. The number of new cases
(numerator of incidence rate) in a given age-sex category was calculated as
those who met a given definition of OA for the first time during this period.
Persons diagnosed with OA during the 9-year run-in period from April 1,
1991, until March 31, 2000, were not eligible to become incident cases.
Person-time (PT) was estimated by the following formula: PT = N × (1 – P)
× C, where N is the BC census population, P is prevalence rate (both on
October 1, 2000), and C = 0.988 is the MSP coverage rate. In this formula,
mid-year prevalence is used to exclude PT contributed by prevalent cases
from the denominator of incidence rate. Prevalence on October 1, 2000, was
calculated as the average of prevalence on March 31, 2000, and March 31,
2001. Since BC census estimates take into account death and migration, we
did not adjust for those demographic events.
Data were obtained for all age-sex groups. However, age-specific prevalence and incidence rates of OA in persons under the age of 20 years are not
reported due to concerns about coding accuracy. Since clinical observations
suggest that OA in this age group is very rare, we assumed these rates to be 0

in the calculation of overall rates for the population. This assumption has a
negligible effect on the overall rates.
Sensitivity analysis. We performed sensitivity analyses to assess the effect of
alternative administrative definitions of OA and different run-in periods on
the estimates of prevalence and incidence. Our alternative definition
(Definition 2) required at least 2 visits within 2 years separated by at least 1
day or a hospital diagnosis (this definition is similar to the definition of diabetes used in the National Diabetes Surveillance System in Canada). We
applied maximum run-in periods (observation period for identifying cases)
from 1–10 years for estimating prevalence and 0–9 years to eliminate prevalent cases when estimating incidence.

RESULTS
Prevalence. On March 31, 2001, there were 433,439 persons
in our database who had been diagnosed with OA (Definition
1). The BC population covered by the MSP was approximately 4,020,000. Overall prevalence for all age groups combined
was 10.8%, 8.9% in men and 12.6% in women (male-tofemale prevalence ratio = 0.7). Prevalence was higher for
women in all age groups studied (Table 1). In the age group
45–49, about 10% of the population had OA. After age 50, the
estimates increased approximately linearly with age. By age
70–74, about one-third of men and 40% of women had OA.
The largest absolute number of prevalent cases was in the age
group 70–74 for men and 75–79 for women. The average age
of male prevalent cases was 61 years and the average age of
female prevalent cases was 64 years.
Incidence. A total of 42,114 new cases of OA were diagnosed
between April 1, 2000 and March 31, 2001. The incidence rate
for all age-sex groups combined was 11.7 per 1000 personyears, 10.0 in men and 13.4 in women (male-to-female incidence rate ratio = 0.75). Rates were higher in women in all age
groups studied (Table 2) and increased linearly with age
between 50 and 80 years in both sexes. By age 70–74, the
rates were 39.0 and 51.9 per 1000 in men and women, respectively. The largest number of new cases occurred in the age
group 50–54 for both sexes. The average age at diagnosis was
57 years for men and 59 for women.
Sensitivity analysis. Both prevalence and incidence depended
strongly on the definition of OA and the run-in period. Using
Definition 2 (2 visits in 2 years) reduced prevalence to 4.8%
in men and 6.9% in women, i.e., by 46% and 45%, respectively (Figure 1). The effect of definition on the incidence of
OA was similar, with rates for Definition 2 reduced to 5.5 per
1000 for men and 7.7 for women, i.e., by 45% and 43%,
respectively (Figure 1). With a shorter run-in, prevalence was
underestimated as cases with long periods without OA-related
visits were missed (Figure 2). For example, using a 5-year
run-in, prevalence for Definition 1 (both sexes combined) was
7.7%, compared with 10.8% using a 10-year run-in (29%
reduction). Using Definition 2, the combined prevalence proportions were 4.2% versus 5.9% for a 5-year versus 10-year
run-in (29% reduction). Extrapolating the curves beyond 10
years would result in a higher estimated prevalence. Incidence
rates were overestimated when a shorter run-in was used due
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Table 1. Prevalence of osteoarthritis (OA) in British Columbia on March 31, 2001 by age and sex.

Age Group

Men
With OA Population Prevalence
at risk
per 1000

Women
With OA Population Prevalence
at risk
per 1000

0–19b
20–24
25–29
30–34
35–39
40–44
45–49
50–54
55–59
60–64
65–69
70–74
75–79
80–84
85–90
90+
Totalc

—
511,994
1,819
134,443
2,589
134,636
4,405
149,167
7,427
168,923
11,271
170,019
14,361
157,477
17,678
142,601
17,938
105,942
18,573
83,860
20,308
75,089
20,977
64,797
18,212
48,436
12,369
28,670
6,881
14,365
2,692
5,180
177,500 1,995,380

—
2,080
2,986
4,799
8,132
12,565
17,232
23,260
25,290
25,800
27,379
28,987
29,510
23,285
14,866
7,968
254,139

a

—
13.5
19.2
29.5
44.0
66.3
91.2
124.0
169.3
221.5
270.5
323.7
376.0
431.4
479.0
519.7
89.0

Including 1800 persons with OA whose sex is unknown.
0 cases in the age group 0–19.

b

482,370
129,496
133,197
149,968
169,793
173,705
159,842
141,925
105,420
84,824
75,442
70,682
63,057
44,805
26,681
13,222
2,024,431

—
16.1
22.4
32.0
47.9
72.3
107.8
163.9
239.9
304.2
362.9
410.1
468.0
519.7
557.2
602.6
125.5

Totala
Prevalence
per 1000
—
14.8
20.8
30.8
45.9
69.3
99.6
143.9
204.8
263.7
317.8
370.4
430.1
489.6
537.7
599.6
107.8

Not given due to possible coding inaccuracy.

c Assuming

Table 2. Incidence rates of osteoarthritis in British Columbia in 2000–2001 by age and sex. Person-years have
been estimated as mid-year population at risk times duration of the observation period (1 year). Incidence rates
have been estimated for the period from April 1, 2000 to March 31, 2001.

Age Group

0–19b
20–24
25–29
30–34
35–39
40–44
45–49
50–54
55–59
60–64
65–69
70–74
75–79
80–84
85–90
90+
Totalc

Number
of Cases

Men
Personyears

—
293
400
672
1,109
1,506
1,804
2,247
1,978
1,858
1,846
1,719
1,350
851
409
151
18,193

509,623
131,449
133,609
145,170
163,881
158,533
142,638
123,190
87,037
65,238
55,657
44,094
30,818
16,384
7,662
2,584
1,817,567

Incidence
Rate per
1000

Number
of Cases

Women
Personyears

—
2.2
3.0
4.6
6.8
9.5
12.6
18.2
22.7
28.5
33.2
39.0
43.8
51.9
53.4
58.4
10.0

—
283
433
664
1,210
1,749
2,427
2,958
2,741
2,436
2,297
2,214
2,010
1,333
715
344
23,814

480,489
126,412
131,810
145,074
163,593
160,862
141,510
116,847
79,730
59,212
49,334
42,677
34,874
21,914
12,226
5,435
1,771,998

Incidence
Rate per
1000

Totala
Incidence
Rate per
1000

—
2.2
3.3
4.6
7.4
10.9
17.2
25.3
34.4
41.1
46.6
51.9
57.6
60.8
58.5
63.3
13.4

—
2.2
3.1
4.6
7.1
10.2
14.9
21.7
28.4
34.6
39.6
45.6
51.7
57.7
58.4
66.2
11.7

a

Including 107 cases whose sex is unknown. b Not given due to possible coding inaccuracy. c Assuming 0 cases
in the age group 0–19.

to misclassifcation of prevalent cases as new cases (Figure 2).
For Definition 1, using a 4-year run-in would increase the
overall rate to 14.3 per 1000, compared with 11.7 with a 9year run-in (22% increase). The effect was slighltly smaller
for Definition 2, with the rate increasing from 6.6 to 7.7 per
1000 person-years (17% increase). Extending the run-in peri-

od beyond 9 years would have a relatively small effect on the
incidence rates.
DISCUSSION
This study used administrative data to estimate the prevalence
and incidence of OA in a large, geographically defined popu-
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Figure 1. Sensitivity analysis of the effect of OA definition on age/sex-specific prevalence and incidence rates of OA
in BC. Definition 1: At least one visit to a health professional or one hospital separation with a 3-digit ICD-9 code
715 (Osteoarthrosis and allied disorders). Definition 2: At least 2 visits to a health professional within 2 years, separated by at least one day, or one hospital separation with a 3-digit ICD-9 code 715.

lation. To our knowledge, this is the first study to provide incidence rates from a population-based administrative database
for all types of OA combined. To facilitate comparisons with
published studies we have calculated prevalence and incidence rates in our data for different values of the lower age
cutoff (Table 3).
Prevalence studies have often applied an OA definition
based on radiographs of specific joints. However, prevalence

estimates in such studies depend on which joints are evaluated and the radiographic technique used15. Further, many people with radiographic changes are asymptomatic16. For example, Hannan, et al16 found that only 11% of persons age 25–74
in the National Health and Nutrition Examination Survey I
who reported physician-diagnosed arthritis had radiographic
knee OA, and 61% of those with radiographic knee OA were
told by a physician they had arthritis. Therefore, comparing
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Figure 2. Sensitivity analysis of the effect of run-in period on prevalence and incidence of OA in BC. For incidence (lower panel), the initial run-in period (year 2000) is 0 years, indicating no exclusion of prevalent cases.
The run-in period used in the primary analyses is marked by asterisks. For OA definitions please see the note to
Figure 1.

our data with estimates based on radiographic diagnosis
would not be appropriate. In epidemiological studies, a common definition of OA is one that combines radiographic
changes and symptoms. No such studies have been carried out
in Canada. In the US, Felson and Zhang4 estimated that symptomatic knee OA with radiographic changes is present in
about 6% of the population 30 years of age and older, and hip
OA is present in about 3%. In our database, prevalence of OA

in this age group was 17%, i.e., much higher. This is to be
expected, as our definition included all joints and did not
require radiographic confirmation.
Prevalence of OA in an administrative database in
Massachusetts has been studied by Harrold, et al13. They
observed a prevalence of 8.7% for all forms of OA combined
in persons 18 years of age and older, 6.8% in men and 10.3%
in women, i.e., significantly lower than our estimate of about
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Table 3. Prevalence of osteoarthritis on March 31, 2001 and incidence in
2000–2001 in British Columbia according to lower age cutoff.
Population

All ages
10 years of age and older
15 years of age and older
20 years of age and older
25 years of age and older
30 years of age and older
35 years of age and older
40 years of age and older
45 years of age and older
50 years of age and older

Prevalence (%)

Incidence per 1000
person-yrs

10.8
12.2
13.1
14.3
15.6
17.0
18.9
21.5
24.8
28.8

11.7
13.5
14.7
16.2
17.8
19.6
22.1
25.4
29.7
34.6

Prevalence and incidence in persons aged 0–19 is assumed to be 0.

14% in the same age group. It should be noted that the run-in
period in their study was only 3 years. Our data indicate that
this could result in underestimating prevalence by more than
40%. Harrold, et al performed a validation study that suggested a higher prevalence of OA based on medical records, compared with administratively coded OA.
Prevalence of OA in an administrative database could be
compared to self-reported prevalence. However, most surveys
report only the prevalence of arthritis or rheumatism. In the
2000-01 Canadian Community Health Survey, 14.5% of
respondents 12 years of age and older in BC reported any
“arthritis or rheumatism” diagnosed by a health professional,
and 7.4% reported OA (CCHS public use file, unpublished
data). The 1989/91 National Health Interview Survey in the
USA reported a 15% prevalence of any arthritis in the general adult population2. Surveys in Australia, UK, and other
European countries reported similar prevalence17-19. In a
recent US study, 23% of adult respondents were told by a
physician they had arthritis and an additional 10% had chronic joint symptoms20.
In contrast to prevalence, data on the incidence of OA are
limited. Comparing our data with the incidence of radiographic OA in cohort studies would not be meaningful due to
differences in OA definitions. The most representative study
of OA incidence in the US is the study by Oliveria, et al in
Fallon County, Massachusetts7. Their definition of OA
required an administrative diagnosis verified by radiograph
plus symptoms recorded in the patient’s chart. The incidence
rates were lower than reported here, as one would expect, and
were 0.9 per 1000 person-years for hip OA, 2.4 for knee OA,
and 1.0 for hand OA. The authors did not report how many
subjects diagnosed with OA in the database lacked radiographic confirmation.
In Canada, incidence rates of self-reported arthritis/
rheumatism in the household population aged 40 or older were
estimated at 31 and 48 per 1000 person-years for men and
women, respectively12. In our data, the estimates of OA inci-

dence for the same age cutoff were 21 per 1000 person-years
for men and 29 for women.
The estimated overall prevalence of OA in our study is
somewhat lower than self-reported prevalence of arthritis/
rheumatism from several population surveys in Canada, US,
and other countries. However, it is higher than self-reported
prevalence of OA in the CCHS. Our estimate of OA incidence
is lower than survey-based incidence of arthritis/rheumatism
in Canada. These observations are epidemiologically plausible. We would expect lower estimates for OA compared to
arthritis/rheumatism. We would also expect that a large proportion of persons reporting arthritis have OA. The accuracy
of self-report for OA is unknown. It is possible that a significant number of those diagnosed with OA would report other
types of arthritis.
The relationships of OA with age and sex in our study are
similar to those observed in the majority of other studies. The
relationship with age is characterized by an approximately
exponential increase between ages 20 and 50 and a linear
increase between ages 50 and 80. The rates are higher in
women in general, and there is an interaction between age and
sex, with a clear separation of the curves for men and women
around the time of menopause. There is no evidence in our
data that prevalence of OA stabilizes after age 80. Incidence
rates among persons 85 years of age and older tend to flatten
and display significant fluctuations. A similar finding was
reported by Oliveria, et al7. This may be due to a relatively
small number of cases, inaccuracy in estimating population
denominators, coding issues in persons with multiple comorbidities (competing diagnoses), or fewer symptoms due to less
physical activity7. Therefore, estimates of OA incidence in the
very old should be treated with caution.
In our study, the male-to-female prevalence ratio was 0.70.
Harrold, et al found a ratio of 0.6713. A recent metaanalysis
reported a male-to-female ratio of 0.69 for clinically defined
OA21. Radiographic studies, on the other hand, generally
showed a smaller difference between men and women for all
types of OA combined but a greater difference for knee and
hand OA21.
The most important limitation of our study is that the accuracy of the diagnosis and coding of OA in our database are
unknown. False negatives may occur because a person with
OA does not see a doctor, is not properly diagnosed, or is
given a wrong diagnostic code by mistake. In addition, in a
patient who has a comorbid condition requiring monitoring,
that condition may be coded as the main reason for the visit.
False positives may occur because of misdiagnosis or coding
errors. In particular, a preliminary diagnosis of OA may later
turn out to be incorrect. The only study to provide an estimate
of positive predictive value (PPV) of administratively coded
OA in the general population is that by Harrold, et al, which
estimated PPV at 62%13. The authors did not report sensitivity, but their data suggested a low sensitivity of about 40%.
This may be due to a short run-in time in their study. More
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research on the accuracy of OA definition in administrative
data is needed.
It may be noted that the estimate of prevalence is unbiased
if sensitivity = PPV; prevalence is overestimated if sensitivity
> PPV and underestimated if sensitivity < PPV. Unfortunately,
we do not have data on the sensitivity/PPV ratio in our database. Since PPV depends on prevalence as well as sensitivity
and specificity, the sensitivity/PPV ratio is likely to vary
across age-sex groups. In groups with very low prevalence,
such as children and young adults, PPV tends to be low and
estimates of prevalence from administrative data would be
inflated due to a relatively large proportion of false positives.
For this reason we do not report age-specific rates for persons
under the age of 20 years.
Using an alternative definition (Definition 2) that required
2 visits for OA within 2 years resulted in a dramatic, almost 2fold decrease in both prevalence and incidence. It seems likely that this alternative definition has a higher specificity and
PPV, but lower sensitivity. For some epidemiological studies,
a more specific definition may be desirable to reduce the
effect of measurement error22. However, for studies aimed at
estimating overall population incidence and prevalence of
OA, the best definition is one that balances false positives and
false negatives. Comparisons with other studies suggest that
our Definition 1 may be more appropriate for this purpose,
although more validation studies are needed.
There is some additional inaccuracy in our estimates of
both prevalence and incidence resulting from the duration of
the run-in period, as demonstrated by the sensitivity analysis.
Prevalence estimates based on a 10-year run-in are underestimated and incidence rates based on a 9-year run-in are slightly overestimated. In addition, the run-in period was shorter for
people who immigrated to BC during the observation period.
Between 1991 and 2001, net immigration to BC has been estimated at about 440,00023. Analyses of the MSP registration
time showed that 61% of the population were observed for 10
years and 87% were observed for 5 years or longer. The effect
of immigration was roughly equivalent to reducing the run-in
time for the whole population by 1–2 years.
Accurate estimates of the number of persons with OA,
especially those seeking treatment, are important for health
services planning. Information about incidence is critical from
a public health point of view because incidence rates change
faster than prevalence in response to changes in the distribution of risk factors in the population, and are not influenced by
disease duration. Our study provided detailed estimates of the
prevalence and incidence of OA by age and sex in a large geographically defined population. As one would expect, prevalence estimates were significantly higher than previously
reported prevalence of symptomatic plus radiographic OA,
and slightly lower than self-reported prevalence of
arthritis/rheumatism. The relationships with age and sex were
similar to those previously found. Our study also demonstrated a strong effect of disease definition and run-in period on

both incidence and prevalence of OA. These results underscore the importance of the chosen definition of OA in any
study that uses data collected for administrative purposes.
More validation studies of different definitions of OA are
needed. Ideally, such studies would link administrative data
with self-reports and with information from medical records.
Nevertheless, our data are epidemiologically plausible and
suggest that administrative databases represent a useful potential source of information for OA surveillance.
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