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The economic burden of disabling hip and knee
osteoarthritis (OA) from the perspective of
individuals living with this condition
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Objective. To estimate the direct and indirect arthritis-attributable costs to individuals with disabling hip and/or knee

osteoarthritis (OA).

Methods. An established population cohort with disabling hip and/or knee OA from two regions of Ontario, Canada was

surveyed to determine participant and caregiver costs related to OA, and the predictors of these costs.

Results. The response rate was 87.2%. Of 1378 respondents, 1258 had OA (mean age 73.1 yr, range 59–100). Sixty per cent

(n^ 758) reported OA-related costs. Among these individuals, the average annual cost was $12 200 ($CDN in 2002, where

$1.00 CDN� $0.81 US). Time lost from employment and leisure by participants and their unpaid caregivers accounted for

80% of the total. Men were less likely than women to report costs (adjusted odds ratio 0.54, P_0.0001), but when they did

their expenditures were significantly higher (P^ 0.004). Greater disability was associated with higher costs: compared with

individuals with WOMAC total scores _15, those with scores ¸55 were 15 times more likely to report costs, and their costs

were 3 times greater (both P_0.0001). Both the young (_65 yr) and very old were more likely to incur costs (P_0.0001), and

when they did their costs were higher (P_0.001).

Conclusion. Costs incurred were mainly for time lost from employment and leisure, and for unpaid informal caregivers. Failure

to value such indirect costs significantly underestimates the true burden of OA. Costs increased with worsening health status

and greater OA severity. After adjustment, men were less likely to incur costs, possibly due to greater social resources.
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Osteoarthritis (OA) has a major impact on functioning and
independence and ranks among the top ten causes of disability
worldwide [1, 2]. Symptoms and disability increase in prevalence
with increasing age [3–5] and people with OA use health-care
services at a higher rate than a representative group of all adults
[6–8]. The number of people with OA disability is expected to
double by the year 2020 [9, 10], thereby increasing the already
significant economic burden of OA.

Cost of illness studies for OA have focused on the direct costs
to the health-care system [10, 11] or on the direct, out-of-pocket
expenditures by patients for items such as medications, assistive
devices, transport and home adaptations [10, 12, 13]. Furthermore,
most studies examined clinical populations who have accessed
specialist care for their OA. These are unlikely to be representative
of the costs incurred by those who neither seek nor receive such
treatment. Only one study [14] has assessed the indirect patient
costs of OA attributable to lost or foregone income and leisure
time, and to date no study has evaluated the cost of informal care
(e.g. help with personal care, household and yard chores provided
by unpaid caregivers) necessitated by OA-related disability.

Informal care plays a major role in the total care provided to
people with chronic diseases like OA [15]. With increasing efforts
by governments to contain health-care expenditures by minimiz-
ing lengths of in-hospital stay for joint replacement surgery and

shifting post-operative rehabilitation from an in-patient setting
to home, the need for informal care is expected to increase. Failure
to consider informal care costs not only underestimates the
true burden of OA but also results in invalid comparisons of
care options [15].

In addition to knowledge about the magnitude of costs, an
understanding of the predictors of cost is important. Determining
the cost drivers helps identify the subgroups most affected by
disease. This provides the needed link between demographic
trends and forecasts of future costs, as well as predicting the
impact of policies targeting specific aspects of care.

The objectives of this study were: (i) to estimate the economic
burden to individuals living with OA and their caregivers,
incorporating estimates of both direct and indirect costs, including
costs for informal care; and (ii) to identify factors that predict the
likelihood of incurring OA-related costs and the magnitude of the
economic burden.

Patients and methods

A population cohort of 2411 individuals aged �55 yr with
disabling hip/knee arthritis was established between 1996 and
1998 [3, 16, 17]. In Phase 1, a screening questionnaire was sent to
100% of residents aged �55 yr in two regions (one urban and
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one rural) of Ontario, Canada. Ontarians have comprehensive,
universal public health insurance coverage, thus eliminating
barriers to health-care based on insurance status. Based on
Phase 1 responses, respondents were selected for Phase II
(the prospective cohort) if they reported: (i) difficulty with
stair climbing, arising from a chair, standing and walking; and
(ii) swelling, pain or stiffness in any joint lasting �6 weeks; and
(iii) indication on a diagram of a ‘troublesome’ hip and/or knee.
A validation study confirmed that 96% of Phase II completers
had clinical signs of hip and/or knee arthritis.

In 1999, Phase II participants were invited to participate in a
5-yr prospective study. Of the original 2411, 229 had died and
79 were lost to follow-up; 2103 agreed to participate. Demographic
information collected during Phase II included age, sex, socio-
economic status (annual household income, from all sources),
employment [employed for pay (yes/no); farming (yes/no)],
living circumstances (nursing home/independent with others/
independent alone), self-reported health [Health Survey Short-
Form (SF-36) General Health subscale (range 0–100)] [18–20],
comorbidity (number of health problems for which they were
receiving treatment or had seen a physician in the past year),
whether they had seen a physician for arthritis in the previous year
(yes/no) and/or had undergone hip or knee replacement surgery

(yes/no). Arthritis severity was assessed using the Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC)
total score (sum of scores on the pain, physical function, and stiff-
ness scales, range 0–96) [21, 22]. Individuals with inflammatory
arthritis, such as rheumatoid arthritis, were identified based on
an unprompted self-reported physician diagnosis of any type of
inflammatory arthritis, evidence on joint examination of inflam-
matory arthritis (performed as part of the validation study), and/or
past or current use of disease-modifying anti-rheumatic drugs.

Of the 2103 who entered the prospective study, 179 were
deceased, 185 lost to follow-up, and 159 unable to participate due
to illness, leaving 1580 potential participants in the second year
of the prospective study (May 2000 to March 2001). Telephone
interviewers, using a standardized questionnaire, asked partici-
pants about costs related to their arthritis pain and disability.
Table 1 shows these questions.

Direct costs were calculated as the sum of equipment costs
(e.g. bathroom equipment, wheelchair ramp, splints or canes), out-
of-pocket payment for community services (e.g. transport, home-
care, visiting nurse, meals on wheels), and paid help (e.g. for
cleaning, shovelling snow, shopping) in the previous 3 months due
to their arthritis or joint problems. Costs due to prescription and
non-prescription drugs or other treatments, e.g. physiotherapy,

TABLE 1. Standardized questions used to estimate costs

Cost Value

Direct costs
Did you receive any community services during the past 3 months
(i.e. transportation, homecare, visiting nurse, meals on wheels) because
of your arthritis or joint problems? (If yes, the respondent was asked to
indicate the nature of the service, the number of visits/hours per week,
and the cost, if any.)

Cost reported by the respondent. These community service costs
provide a component of patient direct costs. Patients were asked to
report the actual cost for the service as other payers may have
covered these costs. If costs were covered, this was reported.

During the past 3 months did you need any paid help with chores around
the house because of your arthritis or joint problems? This can include
cleaning, shoveling snow, shopping etc. On average, for how many
hours in the past week did you need paid help with chores? ___ (if last
week was unusual, tell me about a ‘typical’ week)

Average wage of a professional homemakera

Did you purchase any equipment (i.e. aids or devices) such as bathroom
equipment, wheelchair ramp, splints or canes during the past 3 months
because of your arthritis or joint problems?

Cost reported by the respondent

Indirect costs born by the patient

During the past 3 months, were you ever unable to do chores around the
house because of your arthritis or joint problems, i.e. fatigue, pain or
being in bed? On average, for how many hours in the past week were
you unable to do chores ___ (if last week was unusual, tell me about a
‘typical’ week)

Average wage of a professional homemakera

Respondents who were currently not working or able to work were asked
if this was because of arthritis, and were asked to give their occupation
at the time they stopped working.

Average wage of an individual employed in the same occupation as
the respondent’s last occupationa

Respondents who were currently working were asked:

During the past 3 months, how much time did you have to take time off
from your paid employment because of your health problems or to
attend medical appointments?

Average wage of an individual employed in the same occupation as
the respondenta

During the past 3 months how many days have you had difficulty
working at your paid job, because of your health problems? (If no days
enter 0).

How many days ___ on average for how many hours each day ___. Please
estimate by how many percent your work capacity was reduced ___%

Indirect costs born by the caregiver

During the past 3 months did your spouse, children or friends have to
take time off from their paid employment because of your health
problems or to attend medical appointments with you? (List all helpers,
their relationship to subject and total hours off during past 3 months).

Average wage of an Ontario workera

During the past 3 months did you need any unpaid help with chores
around the house because of your arthritis or joint problems? This
includes help from your spouse or family members. On average, for
how many hours in the past week did you need unpaid help with
chores ___ (if last week was unusual, tell me about a ‘typical’ week)

Average wage of a professional homemakera

aFrom reference 26.

1532 S. Gupta et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/article/44/12/1531/1788283 by U
.S. D

epartm
ent of Justice user on 17 August 2022



were not evaluated because it was expected that, due to existing
public insurance, few participants would incur these costs.

There is lack of consensus regarding the valuation of indirect
(time) costs [23–25]. Our approach was consistent with previous
analyses [23]. Indirect (time) costs were calculated as the sum of
respondent and caregiver time lost from employment, respondent
time unable to perform household chores, and unpaid caregiver
time spent on household chores. Respondent time lost from
employment was elicited through questions about time off and
reduced productivity (Table 1). While these questions do not
capture time reallocations due to health problems that occurred
prior to the past 3 months, this is unlikely to be a major concern as
96.3% of respondents were retired.

Caregiver time lost from employment was estimated by asking
about respondent disability and the amount of help received
(Table 1). To ensure more stable estimates, all lost labour or pro-
ductivity cost questions asked respondents to report costs over
the previous 3 months; to reduce recall bias, leisure time costs were
reported over the last week.

Respondent time lost from employment was valued using
occupation-specific average wages for Ontario obtained from
the 2001 Canadian census [26], adjusted by the average cost of
employment benefits. Time where the respondent was unable to
perform usual household work, which also reflects lost produc-
tivity, was valued using the human capital method: lost time was
valued with a replacement cost approach using the average wage
rate of an Ontario worker employed full-time in the ‘visiting
homemakers, housekeepers, and related occupations’ industry
[26]. Since we did not have information on caregivers’ occupations,
caregiver time lost from employment was valued using the
average Ontario wage rate. Caregiver time taken from leisure
was valued using the proxy good method [15, 24], in which the
time required for informal care is valued at the wage rate of a
market substitute, that of a professional homemaker. All costs
were annualized and adjusted for inflation and are expressed in
2002 Canadian dollars ($1.00 CDN� $0.81 US).

Logistic regression was used to predict the likelihood that an
individual would report any OA-related costs. For those who
reported costs, ordinary least-squares regression was used to
predict the magnitude of the (log-transformed) total costs. Age
and WOMAC total score were entered into the models as con-
tinuous variables; quadratic terms were included to assess the
shape of their relationship with costs. For presentation purposes,
these variables have been categorized. Interaction effects between
age and sex and region, WOMAC score, and income permitted the
possibility of age and/or sex-specific effects. Interactions involving
region allowed effects to differ by region. Three subcategories of
total costs were examined further: direct costs; costs of informal
care; and employment-related costs.

Regression diagnostics (Hosmer-Lemeshow goodness of fit test
for logistic regression [27]; residual analysis and tests for influential
observations for ordinary least-squares regression [28]) were
conducted. Model fit is presented using adjustedR2 and C-statistics
[29] for logistic regression, and R2 values for ordinary least-squares
regression. Continuous variables were compared using two-sample
t-tests; proportions were compared using Fisher’s exact test;
ordinal variables were compared using Cochran–Armitage tests
for trend. Tests of significance were two-tailed at the 0.05 level.

This research received ethical approval from our institutional
ethics review board. Written consent was obtained from all
participants.

Results

Cohort characteristics

Of 1580 potential year-2 participants, 1378 completed the inter-
view (adjusted response rate 87.2%). The 1378 differed from the

original cohort of 2411 in being slightly older (73.0 vs 70.5 yr,
P50.0001), more likely to be female (75.3 vs 72.6%, P¼ 0.0005),
to reside in the rural region (57.3 vs 54.8%, P¼ 0.004) and to
have level of education below high school (84.2 vs 80.9%,
P50.0001), but slightly less likely to have an annual income
below $20 000 (59.3 vs 63.5%, P50.0001). Those with
inflammatory arthritis (n¼ 120) were excluded, leaving 1258
individuals with OA in the final analyses.

Among year-2 follow-up respondents, mean age was 73.1 yr
(range 59–100), 74.2% were female and 33.2% reported a house-
hold income greater than $20 000. Urban participants were more
likely to be living alone than rural participants (38.8% vs 23.0%,
P50.0001); in both regions, females were more likely to be living
alone than were males (P50.0001 for both). Most participants
were retired (96.3%); half reported at least one comorbidity
in addition to their OA. Mean total WOMAC score was 35.7
(S.D. 17.1). Mean SF-36 General Health score was 50.5 (S.D. 23.6)
(Table 2). In the previous year, 91.4% had seen a physician for
arthritis, mainly their primary care physician, 10.6% had seen a
rheumatologist (urban 16.9% vs rural 6.3%), 15.2% had seen an
orthopaedic surgeon (urban 14.4% vs rural 15.8%) and 24 (1.9%)
had undergone hip/knee replacement surgery.

Direct and indirect costs incurred by people with OA

Of 1258 respondents, 758 (60.3%) reported OA-related costs.
Average total annual costs, for those who reported costs, were
$12 200 (Table 3). Direct costs were reported by 283 (22.5%)
respondents, and were relatively low, averaging $2300 for those
who had any direct costs. In contrast, half the respondents
specified indirect costs (n¼ 662, 52.6%), and the average annual
value, for those who incurred such costs, was $12 990. For those
who reported OA-related costs, indirect costs accounted for, on
average, 81% of their total economic burden. For respondents
with indirect costs, informal care-giving contributed an average
of 40% of the total.

Multivariable analysis of the likelihood of reporting costs

The likelihood of incurring OA-related costs (yes/no) was
relatively constant up to age 75, after which it increased sharply
(P50.0001) (Table 4). Men were less likely than women to
report costs but the sex difference depended on region
(P¼ 0.006). The likelihood of incurring costs fell with improved
health (SF-36 General Health subscale), and rose sharply with
increasing OA severity (WOMAC total score) (P50.0001 for
both). Even after adjusting for general health status, increasing
number of comorbidities was associated with greater likelihood
of incurring costs (P¼ 0.02). Farming was associated with a
lower likelihood of reporting costs (P¼ 0.006). Adjusting for
these factors, neither income nor living arrangements was a
significant independent correlate of having incurred costs
(P¼ 0.49 and 0.24, respectively).

Multivariable analysis of the magnitude of costs

Total costs (directþ indirect costs) were skewed and therefore
log-transformed before being modelled. The parameters obtained
from least-squares regression are therefore interpreted as multi-
pliers [e.g. the parameter estimate of 0.095 for sex (Table 5)
indicates that men, on average, reported costs which were
100.095¼ 1.24 times higher than women, after adjusting for the
other variables in the model (P¼ 0.004)]. Unlike the probability
of incurring costs, the magnitude of the costs increased steadily
with increasing age (P50.0001). Increased OA severity
(WOMAC total score) was also associated with increased costs
(P50.0001). After adjusting for age, sex and arthritis severity,
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individuals with higher annual household income reported lower
costs (P¼ 0.006) (Table 5). Region, general health status,
number of comorbidities, living arrangements and farming
were not significantly associated with total costs.

Subcomponents of total cost

Direct costs to the individual. The probability of incurring
direct costs (paid household help and the cost of assistive
devices) increased with increasing age (P50.0001) and as the
WOMAC score increased from 0 to 40, falling for very high
WOMAC total score values. Adjusting for age and arthritis
severity, rural women were significantly more likely to incur
direct costs than was any other sex/region group (P-value for
sex/region interaction¼ 0.017). Compared with rural women,
both rural men and urban women were significantly less likely
to incur direct costs [odds ratio (OR)¼ 0.41, P¼ 0.0001, 95%
confidence interval (CI)¼ 0.26–0.64, and OR 0.51, P50.0001,
95% CI¼ 0.37–0.71, respectively]. Among urban respondents,
however, men and women did not differ significantly (P¼ 0.68).

Ever having farmed was also a significant predictor of incurring
direct costs; current/past farmers had a lower probability of
incurring direct costs (OR¼ 0.48, P¼ 0.0001) (Table 4).

Indirect costs: informal care (unpaid help). The prob-
ability of receiving unpaid help with chores increased with age,
worsening WOMAC scores (P50.0001 for both), and poorer
general health (SF-36 General Health subscale; P50.0001).
Females were more likely to receive informal help than males
(P¼ 0.008, OR 1.54, 95% CI 1.12–2.12). Rural residents were
more likely than urban residents to report receipt of informal
care (P¼ 0.0004, OR¼ 1.66, 95% CI¼ 1.25–2.12). Participants
who lived alone, compared with those who lived with others or
in a nursing home, were less likely to report unpaid help with
chores (P50.0001, OR¼ 0.49, 95% CI¼ 0.35–0.68).

Indirect costs: employment-related costs. Age was the only
predictor of employment-related costs. These costs (days missed,
reduced productivity, and unemployment due to OA) accounted
for 32.9% of the total economic burden for participants 565 yr.

TABLE 2. Cohort characteristics (n¼ 1258)

Overall (n¼ 1258) Rural (n¼ 732) Urban (n¼ 526) P-valuea

Age (yr): mean (S.D.) 73.1 (8.3) 72.3 (7.9) 74.2 (8.8) 50.0001
Sex (% female) 74.2% 72.5% 76.4% 0.13
Gross annual household income: n (%) n¼ 1032 n¼ 615 n¼ 417 0.17
�$20 000 59.6% 60.6% 58.0%
$20 001–$40 000 30.3% 30.6% 30.0%
>$40 000/yr 10.1% 8.8% 12.0%

Living arrangements n¼ 1233 n¼ 717 n¼ 516 50.0001
Nursing home 0.5% 0.7% 0.2%
Lives alone 29.6% 23.0% 38.8%
Lives with others 69.9% 76.3% 61.1%

Lives alone, by sex
Females 35.2% 28.3% 44.3% 50.0001
Males 11.4% 7.5% 17.7% 0.005

Employed for pay (%) 3.8% 4.6% 2.8% 0.067
Farmer 14.1% 21.3% 0.0%
Professional 10.9% 3.3% 25.8%
Labourer 7.6% 8.2% 6.5%
Other 67.4% 67.2% 67.7%

Full-time 64.1% 60.7% 71.0%
Ever farmed (%) 14.7% 24.5% 1.1% 50.0001
Not working due to OA 2.5% 2.9% 1.9% 0.36
Comorbidities 0.88
None 45.9% 46.6% 44.9%
1 30.0% 28.8% 31.6%
>1 24.2% 24.6% 23.6%

WOMAC scores: mean (S.D.) (min–max)
WOMAC total scoreb (0–96) 35.7 (17.1) (0–79) 33.9 (16.3) (0–69) 38.2 (17.8) (0–79) 50.0001
WOMAC pain score (0–10) 7.4 (3.7) (0–17) 7.0 (3.6) (0–15) 7.9 (3.8) (0–17) 50.0001
WOMAC function score (0–68) 26.1 (12.7) (0–57) 24.7 (12.2) (0–54) 28.0 (13.1) (0–57) 50.0001

SF-36 General Health subscale scorec (0–100): mean (S.D.) 50.5 (23.6) 52.8 (23.3) 49.3 (23.8) 50.0001

aP-value comparing the two regions.
bHigher WOMAC scores indicate greater hip/knee pain and disability.
cHigher scores indicate better general health status.

TABLE 3. Direct and indirect costs of OA (n¼ 1258)

Costs n (%) with non-zero costs Mean (S.D.) Median Range 25th, 75th percentiles

Total 758 (60.3%) $12 200 (12 060) $9580 $30 to $152 660 $3990, $15 970
Direct costs (i.e. purchase of
assistive devices and/or paid help)

283 (22.5%) $2300 (2200) $1630 $20 to $22 360 $1000, $3190

Indirect costs (i.e. formal and informal lost
labour/productivity, caregiver time losses)

662 (52.6%) $12 990 (12 240) $11 180 $110 to $149 470 $6390, $15 970

Percentages
% of total cost due to indirect costs Based on 758 who had costs 81.2% (34.1) 100% 0–100% 79.1%, 100%
% of indirect costs due to caregiver costs Based on 662 who had indirect costs 52.1% (39.5) 50.0% 0–100% 13.3%, 100%
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Discussion

Summary of findings

Arthritis and rheumatism affect an estimated 51.2% of Ontario’s
population aged �75 yr [4]; the majority of this burden is
attributable to OA. For health policy makers and care providers
to make evidence-based decisions about the most cost-effective
ways to deal with the substantial economic burden attributable
to OA, valid estimates of these costs are needed. While several
cost of illness studies have been performed in OA, none to date
has considered the economic burden to individuals with OA and
their caregivers, incorporating estimates of both the direct and

indirect costs, including costs for informal care. This study
examined the OA-attributable costs from the perspective of a
population cohort of individuals living with disabling hip/knee
OA. As expected, greater OA pain and disability were associated
with both greater likelihood of incurring costs and higher
costs among those who reported costs. After adjusting for
OA severity, individuals �75 yr were more likely to incur costs,
but costs, for those who incurred them, were highest for
individuals of working age (565 yr). Although men were less
likely than woman to report having costs, when they did, their
expenditures were almost 25% higher. Other significant
correlates of incurring costs (poorer general health status and
comorbidities) did not predict the size of the costs, given that
costs were incurred.

Comparisons with previous OA cost estimates

The cost estimates from our survey are substantially higher than
previous macrodiagnosis-based estimates, where global popula-
tion costs have been assessed through linkage of data from
a variety of sources (e.g. general population health surveys,
administrative databases), not necessarily related temporally nor
by diagnosis or disease severity [8, 30–34]. For example, in
Canada the cost of arthritis and rheumatism was estimated at
$5.9 billion (Canadian) in 1994 [30], or approximately $700 per
patient per annum. Almost two-thirds (63.4%) of this amount
($3.7 billion) was attributed to lost productivity at work and
home due to disability. In the present study, for those who
reported costs the average economic cost ascribed to lost
productivity was more than $3000 per person. The disparity in
these cost estimates suggest that surveys designed explicitly to
collect information on arthritis-related costs may produce a more
accurate picture of OA costs than that obtained from general
population health surveys. Furthermore, this demonstrates the
importance of sample selection (incorporation of individuals
with a wide range of OA severity) and underscores the need for
standardized methods of assessing costs [15].

Two previous studies have examined OA costs from the
perspective of the individual [8, 14] using self-report question-
naires. Both studies assessed direct costs to the individual,
including prescription drug costs and expenditures for assistive
devices and paid help. However, only the study by Gabriel et al. [8]
assessed indirect costs due to lost wages and reduced productivity,
and neither study considered informal care costs. Despite these

TABLE 5. Correlates of total (log-transformed) OA costs for individuals who reported costs: ordinary least-squares regression results (n¼ 758)

Predictor variable Parametera (s.e.) Multiplier ¼10parameter 95% CI for multiplier P-value

Age (yr) 50.0001
565 (reference group) 0 1.000 – –
65–69 �0.255 (0.047) 0.556 (0.422, 0.732) 50.0001
70–74 �0.244 (0.045) 0.555 (0.449, 0.687) 50.0001
75–79 �0.319 (0.042) 0.479 (0.391, 0.588) 50.0001
80–84 �0.192 (0.045) 0.643 (0.532, 0.778) 50.0001
85þ �0.205 (0.046) 0.624 (0.509, 0.764) 50.0001

Sex (reference is female) 0.095 (0.033) 1.244 (1.012, 1.529) 0.004
WOMAC total score (0–96) 50.0001
515 (reference group) 0 1.000 (0.890, 1.230) 0.771
15–24 0.020 (0.067) 1.046 (0.885, 1.619) 0.210
25–34 0.078 (0.062) 1.197 (1.346, 2.300) 50.0001
35–44 0.245 (0.059) 1.759 (1.664, 2.822) 50.0001
45–54 0.336 (0.058) 2.167 (2.621, 4.452) 50.0001
�55 0.534 (0.059) 3.416

Income (baseline is 5$20 000) 0.006
�$20 000/yr �0.085 (0.031) 0.823 (0.709, 0.954)

R2 for the model was 29.0%.
aParameter estimates are adjusted for the other variables in the model.

TABLE 4. Predictors of reporting non-zero OA costs: logistic regression
results (n¼ 1258)

Predictor Odds ratioa 95% CI P-value

Age (yr) 50.0001
565 1.13 0.75, 1.71 0.564
65–69 1.03 0.68, 1.57 0.876
70–74 (reference group) 1.00 – –
75–79 1.43 0.94, 2.16 0.095
80–84 1.95 1.20, 3.18 0.007
85þ 9.07 4.14, 19.9 50.0001

Sex� region interaction 0.031
Rural females (reference group) 1.00 0.28, 0.61 50.0001
Rural males 0.41 0.36, 0.71 50.0001
Urban females 0.51 0.26, 0.70 0.0007
Urban males 0.42
SF-36 General Health subscale
score (per unit increase)

0.84 0.78, 0.90 50.0001

WOMAC total score 50.0001
0–14 (reference group) 1.00 0.69, 1.78 0.686
15–24 1.10 1.11, 2.82 0.017
25–34 1.77 1.47, 3.83 0.0004
35–44 2.37 3.20, 9.43 50.0001
45–54 5.50 6.99, 32.2 50.0001
55þ 15.0

Number of comorbidities (per each
additional condition)

1.22 1.05, 1.41 0.009

Ever farmed (baseline is ‘never’) 0.056 0.37, 0.84 0.006

The model had an adjusted R2 of 38.6%. C-statistic¼ 0.82. There was
no evidence of lack of fit (Hosmer-Lemeshow lack of fit test, P¼ 0.93).

aOdds ratios are adjusted for the other variables in the model.
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differences from our study, both studies documented substantial
costs to the individual due to OA. Lapsley et al. [14] reported that
the annual direct costs to the individual were, on average, $258
and $537 (Australian) per person for men and women, respectively.
In Gabriel et al. [8], the average indirect non-medical expendi-
tures (costs for home care, child care, lost wages and reduced
productivity) were $281 (US), excluding wage losses.

These studies confirm the high personal economic burden to
those who suffer from OA. Equally, if not more important, our
study is the first to show that the economic burden borne by
informal caregivers—costs that were not included in previous
studies—is similar in magnitude to the economic burden for those
living with OA.

Regional and individual differences in OA costs

Because the costs associated with OA are so high, it is important
to understand them in more detail, paying attention to regional
and individual differences. We found significant regional
differences in the economic burden of OA. Individuals living in
the rural region reported higher total costs and were more likely
to incur both direct costs and costs associated with unpaid help.
Possible explanations include greater availability of community
services (which may be less expensive to provide in a densely
populated urban region), less need for help due to differences in
housing (e.g. urban apartment buildings), the greater propensity
to report receipt of informal care (P¼ 0.0004, OR¼ 1.66, 95%
CI¼ 1.25–2.12), and the availability of public transport, or other
aspects of neighborhood culture and demographics in the urban
vs rural region. It is important to understand the factors that
contribute to these regional differences in unmet need.

Of note, past or current farmers (the majority of whom were
rural men) were less likely than ‘never farmers’ to incur costs
after adjusting for other factors. Whether this finding reflects dif-
ferences in personality traits that influence care-seeking behaviour
is unclear and warrants further attention.

Gender was related to economic burden in the rural but not the
urban region. This result points to the importance of distinguishing
between global results (e.g. on average, women incur more eco-
nomic burden associated with OA than do men [14]) and regional
results. In as much as differences in burden vary by region, the
results also suggest that care programmes should be tailored to
local requirements.

In addition to significant differences based on region, differences
found were based on individual circumstances. Total costs
included a component for the amount of time the participant
was unable to perform household chores. If the participant
received help from others, the amount of time spent unable to
perform chores was reduced accordingly, thereby avoiding double
counting. Living arrangements was not a significant predictor,
overall, of incurring costs, nor did it predict the magnitude of costs,
if there were any. However, living alone was associated with a
significantly lower probability of receiving help. This suggests that
the amount of help required is independent of living arrangements,
once age, health, and disability are taken into consideration, but
that the amount of help received depends on living arrangements.
It appears that for people living alone, help was not available,
rather than not needed. This finding, too, warrants further study.
If confirmed, it may be particularly important, since older women
are more likely than older men to live alone, and the number
of elderly individuals living alone is likely to increase as the
population ages.

We also found that the direct costs increased with increasing
WOMAC score, as have others [14]. However, this was true only
up to a point, and then decreased with further increases in
WOMAC score. Possible explanations are that people with less
disability do not qualify for provincially funded home care
and so are paying directly for their care, or that individuals

with severe disability have already purchased assistive devices
(or are disabled to the extent that they no longer use devices
to compensate). We need to understand not only total costs
but also the components in order to predict the effect of
various social programmes and to design programs meant to
defray high costs.

Strengths and weaknesses of the study

The strengths of our study include its population-based design
(representative of community-dwelling individuals with disabling
hip and knee OA), large sample size, high survey response rate,
and inclusion, for the first time, of costs of informal care.
However, there are some limitations. Costs were self-reported
and were based on recall (Table 1). To improve accuracy,
respondents were asked to recall events only for the previous
3 months. Since all of the participants were at least 61 yr old at
the time of this survey, the use of average wages may have
underestimated lost productivity. Lack of information about the
occupation of caregivers may have biased the evaluation of the
lost caregiver time, although it is hard to determine the direction
of this potential bias, which depends on whether low-income
earners are more likely to act as caregivers than high-income
earners. However, few of the participants were still working or
unemployed due to arthritis, and very little of the caregivers’
time was time spent away from employment, which may reflect
the nature of chronic (as opposed to acute) disease situations.
In unpublished data that examined caregiver time in more
detail, time away from employment represented a small fraction
of caregiver time. Even in a working-age population, most
caregiving occurred after work and at weekends. Consequently,
such time was drawn from time that might have otherwise
been applied to either household work or leisure. Such time
reallocations entail a significant opportunity cost even though
they are not related to time lost from labour market work.
Therefore, the inclusion of lost caregiver time is an important
consideration when valuing the burden of chronic illnesses
such as OA.

In Ontario, the cost of prescription drugs for people aged 65
and older is covered by a provincial insurance plan, subject to a
modest co-payment and annual deductible. Our data, however, did
not capture the cost of prescription drugs for those respondents
who were younger than 65 or the cost of non-prescription
drugs. Likewise, while the provincial health insurance plan
covers all medically necessary care, including some chiropractic
care and physiotherapy, our study did not include the direct
costs of non-insured visits, such as massage therapy, acupuncture,
which individuals with OA may use. Therefore, the direct
costs estimated in our study underestimates the total amount
spent on care.

Conclusion

From the perspective of individuals living with OA, this study
demonstrated that the costs of OA are substantial and are due
mainly to indirect costs. Further, we showed that indirect costs
are split between those attributable to the individual with OA
and those attributable to their caregivers, the value of caregiver
time accounting, on average, for 40% of total indirect cost.
Failure to incorporate caregiver costs undervalues the cost of
illness and, more importantly, prevents an honest evaluation of
the tradeoffs in choosing between various delivery and treatment
options. Only by taking a broad perspective when examining the
cost of illness can we recognize treatments that reduce costs, as
opposed to shifting them from one party to another. An open
dialogue on health-care policy requires knowledge of the full
costs of care.

1536 S. Gupta et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/article/44/12/1531/1788283 by U
.S. D

epartm
ent of Justice user on 17 August 2022



Acknowledgements

The authors wish to thank Ms Annette Wilkins for her support
and assistance as Manager of the Study of Arthritis in Your
Community. This work was supported by the Canadian
Institutes of Health Research (CIHR), grant number MT15468.
G.A.H. receives salary support as a CIHR Scientist and as the
FM Hill Chair in Academic Women’s Medicine at the University
of Toronto. P.C.C. holds the CHSRF/CIHR Health Services
Chair in the Department of Health Policy, Management, and
Evaluation at the University of Toronto.

The authors have no competing interests to declare.

References

1. Murray CJL, Lopez AD, eds. The global burden of disease: a

comprehensive assessment of the mortality and disability from

diseases, injuries and risk factors in 1990 and projected to 2020.

Boston: Harvard School of Public Health on behalf of the World

Health Organization, and the World Bank, 1996.

2. Badley EM, Rasooly I, Webster G. The impact of musculoskeletal

disorders in the population: are they aches and pains? Findings from

the 1990 Ontario Health Survey. J Rheumatol 1995;22:733–9.

3. Hawker GA, Wright JG, Coyte PC et al. Determining the need for

hip and knee arthroplasty: the role of clinical severity and patients’

preferences. Med Care 2001;39:206–16.

4. Badley EM, Williams JI, eds. Patterns of health care in Ontario:

Arthritis and related conditions: An ICES Practice Atlas. Toronto:

Institute for Clinical Evaluative Sciences, 1998.

5. Reynolds DL, Chambers LW, Badley EM et al. Physical disability

among Canadians reporting musculoskeletal diseases. J Rheumatol

1992;19:1020–30.

6. Bridges-Webb C, Britt H, Miles DA, Neary S, Charles J, Traynor V.

Morbidity and treatment in general practice in Australia. Aust Fam

Physician 1993;22:336–9,342–6.

7. Felts W, Yelin E. The economic impact of rheumatic diseases in the

United States. J Rheumatol 1989;16:867–84.

8. Gabriel SE, CrowsonCS, CampionME,O’FallonWM.Direct medical

costs unique to people with arthritis. J Rheumatol 1997;24:719–25.

9. Badley EM. Population projections and the effect on rheumatology.

Ann Rheum Dis 1991;50:3–6.

10. Elders MJ. The increasing impact of arthritis on public health.

J Rheumatol 2000;27(Suppl.)60:6–8.

11. Lanes SF, Lanza LL, Radensky PW et al. Resource utilization and

cost of care for rheumatoid arthritis and osteoarthritis in a managed

care setting. Arthritis Rheum 1997;40:1475–81.

12. MacLean CH, Knight K, Paulus H, Brook RH, Shekelle PG.

Costs attributable to osteoarthritis. J Rheumatol 1998;25:2213–8.

13. Maetzel A, Li LC, Pencharz J, Tomlinson G, Bombardier C, and the

Community Hypertension and Arthritis Project Study Team. The

economic burden associated with osteoarthritis, rheumatoid arthritis,

and hypertension: a comparative study. Ann Rheum Dis 2004;63:

395–401.

14. Lapsley H, March LM, Tribe KL, Cross MJ, Brooks PM. Living

with osteoarthritis: patient expenditures, health status, and social

impact. Arthritis Care Res 2001;45:301–6.

15. van den Berg B, Brouwer WBF, Koopmanschap MA. Economic

valuation of informal care. An overview of methods and applications.

Eur J Health Econ 2004;5:36–45.

16. Hawker GA, Wright JG, Coyte PC et al. Differences between men

and women in the rate of use of hip and knee arthroplasty. N Engl J

Med 2000;342:1016–22.

17. Hawker GA, Wright JG, Glazier RH et al. The effect of education

and income on total joint arthroplasty need and willingness. Arthritis

Rheum 2002;46:3331–9.

18. McHorney CA, Ware JE, Raczek AE. The MOS 36-Item Short-Form

Survey (SF-36): II. Psychometric and clinical tests of validity in

measuring physical and mental health constructs. Med Care 1993;

31:247–63.

19. Stewart AL, Hays RD, Ware JE Jr. The MOS Short-Form General

Health Survey: reliability and validity in a patient population.

Med Care 1988;26:724–35.

20. Ware JE, Sherbourne CE. The MOS 36-item short-form health survey

(SF-36): I. Conceptual framework and item selection. Med Care

1992;30:473–83.

21. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW.

Validation study of WOMAC: a health status instrument for

measuring clinically important patient relevant outcomes to anti-

rheumatic drug therapy in patients with osteoarthritis of the hip or

knee. J Rheumatol 1988;5:1833–40.

22. Bellamy N. WOMAC: a 20-year experiential review of a patient-

centered self-reported health status questionnaire. J Rheumatol 2002;

29:2473–6.

23. Tranmer JE, Guerriere DN, Ungar WJ, Coyte PC. Valuing patient

and caregiver time: a review of the literature. Pharmacoeconomics

2005;23:449–59.

24. Drummond MF, O’Brien BJ, Stoddart GL, Torrance GW. Methods

for the economic evaluation of health care programmes, 2nd edn.

Oxford: Oxford University Press, 1997.

25. Gold MR, Siegel JE, Russell LB, Weinstein MC. Cost-effectiveness

in health and medicine. Oxford: Oxford University Press, 1997.

26. Statistics Canada 2000 Census. number and average employment

income (2) in constant (2000) dollars, sex (3), work activity (3) and

occupation – 1991 standard occupational classification (historical)

(707a) for population 15 yr and over with employment income, for

Canada, provinces, territories and census metropolitan areas, 1995

and 2000–20% Sample Data. Database: 97F0019XCB01003.

Available from: http://www12.statcan.ca/english/census01/products/

standard/themes/RetrieveProductTable.cfm?Temporal¼2001&PID¼

56052&APATH¼3&GID¼517770&METH¼1&PTYPE¼55440&

THEME¼53&FOCUS¼0&AID¼0&PLACENAME¼0&

PROVINCE¼0&SEARCH¼0&GC¼99&GK¼NA&VID¼0&FL¼0

&RL¼0&FREE¼0.

27. Hosmer DW, Lemeshow S, eds. Applied logistic regression. New

York: John Wiley and Sons, 1989;140.

28. Fox J. Regression diagnostics: An introduction. Sage University

Paper series on Quantitative Applications in the Social Sciences Series

no. 07-079. Newbury Park, CA: Sage, 1991.

29. Allison PD. Logistic regression using the SAS� system: theory and

application. Cary, NC: SAS Institute, 1999.

30. Coyte PC, Asche CV, Croxford R, Chan B. The economic cost of

musculoskeletal disorders in Canada. Arthritis Care Res 1998;11:

315–25.

31. Coyte P, Asche C, Croxford R, Chan B. The economic cost of arthritis

and rheumatism in Canada. In: Williams JI, Badley EM, eds. Patterns

of health care in Ontario: arthritis and related conditions. Toronto,

ON: Institute for Clinical Evaluative Sciences, 1998:27–34.

32. Liang MH, Larson M, Thompson M et al. Costs and outcomes in

rheumatoid arthritis and osteoarthritis. Arthritis Rheum 1984;27:

522–9.

33. Yelin EH, Callahan LF. The economic cost and social and

psychological impact of musculoskeletal conditions. Arthritis

Rheum 1995;38:1351–62.

34. Yelin E, Cisternas MG, Pasta DJ, Trupin L, Murphy L, Helmick CG.

Medical care expenditures and earning losses of persons with arthritis

and other rheumatic conditions in the United States in 1997 – total

and incremental estimates. Arthritis Rheum 2004;7:2317–26.

R
h
eu
m
a
to
lo
g
y

Key messages

� Failure to take indirect costs into
account significantly underestimates the
cost of OA borne by people with this
condition and their caregivers, and
prevents honest comparisons of dif-
ferent care options.
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