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Abstract
Objective To examine whether total joint arthroplasty of the hip and
knee reduces the risk for serious cardiovascular events in patients with
moderate-severe osteoarthritis.

Design Propensity score matched landmark analysis.

Setting Ontario, Canada.

Participants 2200 adults with hip or knee osteoarthritis aged 55 or more
at recruitment (1996-98) and followed prospectively until death or 2011.

Main outcome measure Rates of serious cardiovascular events for
those who received a primary total joint arthroplasty compared with those
did not within an exposure period of three years after baseline
assessment.

Results The propensity score matched cohort consisted of 153 matched
pairs of participants with moderate-severe arthritis. Over a median
follow-up period of seven years after the landmark date (start of the
study), matched participants who underwent a total joint arthroplasty
during the exposure period were significantly less likely than those who
did not to experience a cardiovascular event (hazards ratio 0.56, 95%
confidence interval 0.43 to 0.74, P<0.001). Within seven years of the
exposure period the absolute risk reduction was 12.4% (95% confidence
interval 1.7% to 23.1%) and number needed to treat was 8 (95%
confidence interval 4 to 57 patients).

Conclusions Using a propensity matched landmark analysis in a
population cohort with advanced hip or knee osteoarthritis, this study
found a cardioprotective benefit of primary elective total joint arthroplasty.

Introduction
Cardiovascular disease is the leading cause of death worldwide.1
An estimated 17.3 million people died from cardiovascular
disease in 2008, representing 30% of all global deaths that
year.1-3 Several factors that exacerbate the risk of cardiovascular
disease have been identified, including raised blood pressure,4 5

poorly controlled diabetes,6-9 smoking,10 11 high body mass
index,12 13 increased stress,14-16 use of non-steroidal inflammatory
drugs (NSAIDs),17 18 and underlying inflammation,19 20 and
recently also physical inactivity.21-23

It is estimated that at least 40% of adults aged 65 or more are
physically inactive.24 25 A frequently cited reason for restricted
activity in older adults is osteoarthritis.26 Osteoarthritis is the
most common arthritis, affecting 15-18% of north American
adults.27 28 Functional limitations due to osteoarthritis have been
recently shown to increase all cause mortality, mainly from
cardiovascular causes.29NSAID use30 and increased psychosocial
stress31-36may exacerbate this risk. Thus interventions designed
to reduce the symptoms associated with hip and knee
osteoarthritis may also lower the risk of cardiovascular disease.
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Total joint arthroplasty is the surgical treatment recommended
for moderate-severe hip or knee osteoarthritis when lifestyle
changes and drug management fail to control symptoms. Total
joint arthroplasty has a proved benefit for improving patients’
pain, mobility, gait, quality of life, and overall function.37 38

However, the impact of primary elective total joint arthroplasty
on the occurrence of cardiovascular events in people with
moderate-severe osteoarthritis is unknown. We conducted a
propensity score matched landmark analysis in a prospective,
population based cohort with hip or knee osteoarthritis39 to
compare rates of serious cardiovascular events between those
who underwent primary total joint arthroplasty and those who
did not within three years of their initial assessment.

Methods
Study sample
In this propensity score matched cohort study we used baseline
questionnaire data from theOntario Hip/Knee Study (1996-98),39
a population based cohort of 2411 adults aged 55 or more with
disabling hip or knee arthritis and living in Ontario, Canada.
Details of recruitment have been described previously.39-42 In
brief, 100% of the population aged 55 or more in two areas of
Ontario, Canada (n=48 218) were screened to identify those
with hip or knee problems, irrespective of whether they were
receiving care for these conditions. Participants reported the
presence of symptomatic joints on a diagram (homunculus), the
presence (or absence) of specific functional disabilities, and
whether they had undergone previous arthroplasty. Respondents
were selected for the baseline questionnaire if they had at least
moderately severe hip or knee problems as defined by: difficulty
in the past three months with each of stair climbing, rising from
a chair, standing and walking; swelling, pain, or stiffness in any
joint lasting more than six weeks in the past three months; and
indication on the homunculus that a hip or knee, or both was
“troublesome.” For the current study we excluded participants
with inflammatory arthritis (n=186), those who moved out of
the province (n=4), and those we could not link to provincial
databases (n=21), resulting in a cohort of 2200 people (fig 1⇓).
The presence of hip or knee osteoarthritis in these people was
confirmed both clinically and radiographically.39

Residents of Ontario have universal public health insurance
under the Ontario Health Insurance Plan, the single payer for
all medically necessary services. With participants’ consent, we
linked baseline questionnaire data with the following provincial
health administrative databases to assess additional
characteristics of the cohort, outcomes of interest, and receipt
of total joint arthroplasty: physician services from Ontario
Health Insurance Plan billing records, and admissions to hospital
(inpatient and same day) from the Canadian Institute for Health
Information discharge abstract database and National
Ambulatory Care Reporting System database (which, fromApril
2002, records same day surgeries). To identify emergency
department visits before 2002 we used the Ontario Health
Insurance Plan and for visits from 2002 onwards we used the
National Ambulatory Care Reporting System database. We
identified inhospital deaths and causes of death from hospital
discharge abstracts and deaths out of hospital from the
Registered Persons Database. These datasets were held securely
in a linked, deidentified form and analysed at the Institute for
Clinical Evaluative Sciences. Wherever possible we used
accepted, published, and validated outcome definitions,
incorporating the transition from ICD-9 to ICD-10 coding
(international classification of diseases, ninth and 10th revisions,
respectively).43

Study design
As the date of receipt of total joint arthroplasty in this population
was not related to the date of cohort entry, we utilised a
landmark analysis44 to examine the effect of a primary, elective
total joint arthroplasty on the occurrence of serious
cardiovascular events. In a landmark analysis, a period of time
between a baseline date (cohort entry) and a study start date
(the landmark date) is designated the exposure period and chosen
a priori. All exposures are classified during this time period;
only outcomes that occur after the landmark date are counted
in the analysis. Participants who experience the outcome of
interest during the exposure window are excluded from
subsequent analyses to avoid reverse causality and immortal
time bias (which would tend to overestimate the benefit of the
exposure).45 46 Exposures that occur after the landmark date do
not affect group assignment.
For our study, cohort entry occurred at the time of completion
of the baseline questionnaire. We chose a priori a landmark date
of three years after completion of the questionnaire to ensure
an adequate sample size of people who undergo total joint
arthroplasty. Those who experienced a primary elective hip
(ICD-9 codes 93.51 and 93.59) or knee replacement (ICD-9
code 93.41) during this period were considered exposed and
those who did not were considered unexposed (regardless of
whether they underwent a total joint arthroplasty after the
landmark date). We excluded participants who had a
cardiovascular event or died during the exposure period.
All included participants were then eligible for matching at the
landmark date, and followed forward from the landmark date
to the occurrence of the event of interest, or 1 April 2011,
whichever came first.

Covariates
The baseline questionnaire assessed age, sex, height and weight
(to calculate body mass index), annual household income,
education, smoking status, self reported NSAID use (yes/no
irrespective of dosage), living arrangements, severity of arthritis
symptoms, health related quality of life (SF-36),47 and
comorbidity (number of doctor diagnosed health problems for
which they were receiving treatment or had seen a doctor in the
past year). To assess the severity of symptoms we used the
Western Ontario andMcMaster Universities osteoarthritis index,
using the total score (range 0-96).39 We used two methods to
identify the presence of pre-existing cardiovascular disease,
hypertension, and diabetes: participant self report or based on
validated algorithms48-50 utilising the Canadian Institute for
Health Information discharge abstract and Ontario Health
Insurance Plan databases (see supplementary appendix 1). We
also used twomethods to determine the presence of depression:
participant self report or a score on the mental health subscale
of the SF-36 consistent with depression (<60/100).51

Outcomes
Our primary outcome was the occurrence of a serious
cardiovascular event, which was defined as the occurrence of
a visit to an emergency department or admission to hospital for
acute myocardial infarction, stroke or transient ischaemic attack,
congestive heart failure, coronary revascularisation (coronary
artery bypass surgery or percutaneous coronary intervention),
or inhospital deaths where the cause of death was a
cardiovascular event (see supplementary appendix 1).
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Statistical analysis
We calculated baseline characteristics of the cohort using
proportions andmedians as appropriate, and we compared these
before matching for exposed and unexposed participants using
Wilcoxon rank sum tests for continuous variables and χ2 tests
for categorical variables. Using a logistic regression model we
determined a propensity score for undergoing a total joint
arthroplasty within the exposure period.52 53 The covariates
entered into the propensity score were sociodemographic (age,
sex, body mass index, living arrangements, education, annual
household income), health status (number of comorbidities,
SF-36 general health score, pre-existing cardiovascular disease,
pre-existing depression, smoking status, use of NSAIDs), and
severity of arthritis (Western Ontario andMcMaster Universities
arthritis index summary score, presence of troublesome hips
and knees). We matched the exposed participants to unexposed
participants on the logit of the propensity score using calipers
of width equal to 0.2 of the standard deviation of the logit of
the propensity score and on the presence or absence of
pre-existing cardiovascular disease.54 A matching ratio of 1:1
was used.55

We estimated standardised differences for all covariates before
and after matching, with a standardised difference of 10% or
more considered indicative of imbalance.56 All subsequent
analyses were performed in the matched sample, using methods
appropriate for the analysis of matched data in estimating the
treatment effect and its statistical significance. Kaplan-Meier
survival curves were estimated in both groups, and we compared
time to outcome using a stratified log-rank test.57 The hazard
ratio for occurrence of a cardiovascular event was determined
using Cox proportional hazards, after taking pair matching into
account and using robust variance estimation.58 We estimated
the absolute risk reduction and the number needed to treat for
a seven year follow-up period.
We performed two subgroup analyses: an analysis stratified by
the joint replaced (hip or knee), and an analysis limited to people
with at least one of pre-existing cardiovascular disease, diabetes,
or hypertension.We also performed sensitivity analyses, where
we examined the effects of total joint arthroplasty using
exposure windows of two years and four years.44 Finally, to
ascertain the rate ratio and imbalance that a potential
unmeasured confounder would have to have had to account for
our findings we used an array approach.59 Analyses were
performed using SAS version 9.3 for UNIX (SAS Institute,
Cary, NC).

Results
Cohort characteristics
Of the 2200 cohort participants with validated osteoarthritis,
445 (20.2%) experienced a serious cardiovascular event or died
in the exposure period and were excluded from further analyses
(table 1⇓). Those excluded were on average older, more likely
to live in a long term care facility, and more likely to have
pre-existing cardiovascular disease but were similar for the
prevalence of a pre-baseline total joint arthroplasty. Only 17
(3.8%) excluded participants underwent a primary total joint
arthroplasty during the exposure period. Of the 1755 remaining
participants, 173 (9.9%) had a primary total joint arthroplasty
within the exposure period.

Matching
One hundred and fifty three participants (88.4%, 91 total knee
arthroplasty, 62 total hip arthroplasty) who underwent a primary,

elective total joint arthroplasty during the exposure period were
successfully matched to a participant who did not (table 2⇓).
After matching, the absolute standardised differences were less
than 10% for all variables entered into the propensity score,
indicating an adequate match (table 2). Twenty participants who
underwent a total joint arthroplasty could not be matched to a
suitable control. Compared with those who were matched, the
unmatched participants who had undergone a total joint
arthroplasty were older (median age: non-matched 71 years,
matched 70 years), had a higher mean body mass index
(non-matched 31.4, matched 30.7), and had worse mean
summary scores on the Western Ontario and McMaster
Universities arthritis index (non-matched 52.3, matched 44.6).
Fewer unmatched participants who had undergone a total joint
arthroplasty had a cardiovascular event during the first seven
years of follow-up (non-matched 25.0%, matched 30.1%).

Outcomes after matching
Overall, 111 (36.3%) cardiovascular events occurred in the
matched cohort (153 pairs) over a median follow-up period of
seven years. Participants who underwent a total joint arthroplasty
were less likely than those who did not to experience a
cardiovascular event during follow-up (hazard ratio 0.56, 95%
confidence interval 0.43 to 0.74, P<0.001) (table 3⇓ and fig 2⇓).
In a seven year follow-up period the absolute risk reduction was
12.4% (95% confidence interval 1.7% to 23.1%) and number
needed to treat was 8 (95% confidence interval 4 to 57 patients).

Stratified analyses for total knee arthroplasty
and total hip arthroplasty separately
After excluding people who received a total hip arthroplasty,
we were able to match 94 participants who underwent total knee
arthroplasty to 94 people with moderate-severe knee
osteoarthritis. Participants who underwent total knee arthroplasty
were less likely than those who did not to experience a serious
cardiovascular event during follow-up (hazard ratio 0.46, 95%
confidence interval 0.29 to 0.75, P=0.0017). However, the
groups were not adequately balanced, with the total knee
arthroplasty group having a higher proportion of men (26.6%
v 19.1%, standardised difference 18%).
After excluding people who had undergone a total knee
arthroplasty, we were able to successfully match 49 participants
who had undergone a total hip arthroplasty to 49 people with
moderate-severe hip osteoarthritis. Participants who had
undergone a total hip arthroplasty were less likely than those
who did not to experience serious cardiovascular events (hazard
ratio 0.61, 95% confidence interval 0.38 to 0.99, P=0.0442).
However, the groups were not adequately balanced, with those
who had undergone a total hip arthroplasty having a higher
median age (70 v 68 years, standardised difference 16%) and a
higher mean body mass index (32.8 v 29.2, standardised
difference 32%).

Subgroup analysis—people with at least one
risk factor for cardiovascular disease
There were 1153 participants with at least one risk factor for
cardiovascular disease who were event free at the end of the
three year exposure period and therefore eligible for matching.
Of these, 144 (12.5%) underwent a primary total joint
arthroplasty during the exposure period, of whom 121 (84%)
were successfully matched to a participant who did not. After
matching, undergoing total joint arthroplasty was associated
with a significant decrease in the risk for a cardiovascular event
(hazard ratio 0.71, P=0.0273). However, the groups were not
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satisfactorily balanced, with the total joint arthroplasty group
having a higher prevalence of participants living in an urban
area (no total joint arthroplasty 27.3%, total joint arthroplasty
34.7%, standardised difference 16%).

Sensitivity analyses
Similar results to our main analysis were obtained when we
used exposure windows of different lengths. When a two year
window was used, total joint arthroplasty was associated with
a significant decrease in the risk for cardiovascular events
(hazard ratio 0.67, P=0.0078), but the groups were not well
balanced, with the median age of the total joint arthroplasty
group being slightly lower than that of the group that had not
undergone total joint arthroplasty (70 v 71 years, standardised
difference 18%). Using an exposure window of four years, the
groups were balanced (standardised difference under 10% for
all assessed covariates) and the results similar (hazard ratio 0.57,
P<0.001).
A theoretical unmeasured confounder, if not collinear with other
covariates, would have to have had a prevalence of at least 75%
in one group, and be completely absent from the other group,
with a relative risk ratio of at least 0.65 (if found only among
those who underwent total joint arthroplasty) or 1.50 (if found
only among those who had not undergone total joint
arthroplasty) to account for the observed effect with total joint
arthroplasty.

Discussion
This population based study of people with moderate-severe
osteoarthritis shows that undergoing an elective primary total
joint arthroplasty within three years of initial assessment was
associated with a significant 40% reduction in subsequent risk
of serious cardiovascular events in patients who survived until
the landmark date (three years from the baseline questionnaire).
This translated into an absolute risk reduction of 12.4% and a
number needed to treat of 8 over a seven year follow-up period.
Although our study was observational, we were able to show
this effect after accounting for a large number of cardiovascular
risk factors and potential confounders using propensity
matching. To our knowledge, this is the first study to
demonstrate a possible cardioprotective benefit of total joint
arthroplasty.
There are several potential explanations for our findings. Total
joint arthroplasty may improve capability for physical activity.
It has been shown to improve walking distance and physical
capability in people with moderate to severe osteoarthritis.60-70
Moderate intensity physical activity (for example, a brisk walk)
a few days a week has direct benefits for hypertension,71-73
obesity,74-76 and diabetes,77 78which are highly prevalent in people
with osteoarthritis,79-81 and in people with established risk factors
for cardiovascular disease.4-6 8 9 13 In our study population, 66%
of the participants who were eligible for matching had one or
more of these risk factors. Total joint arthroplasty may also
reduce the risk for serious cardiovascular events by relieving
pain, and thus psychosocial stress, which is also an established
risk factor for a cardiovascular event.14-18 31-36 While we did not
directly measure participants’ levels of stress, 34.0% (747/2200)
of our participants who had undergone total joint arthroplasty
had probable depression at the baseline assessment. Total joint
arthroplasty is highly effective in reducing pain and improving
mood in people with moderate-severe osteoarthritis.60 62 Finally,
improvement in pain after total joint arthroplasty may be
associated with reduced use of non-steroidal anti-inflammatory
drugs (NSAIDs), which in turn are associated with an increased

risk for cardiovascular events.82-85At baseline, 37.4% (822/2200)
of the participants who had undergone total joint arthroplasty
self reported use of NSAIDs. We have previously shown that
use of prescription drugs for pain management decreased after
total joint arthroplasty42; whether NSAID use in particular
declines is unclear owing to the widespread availability of over
the counter NSAIDs. Further research is warranted to examine
the role of physical activity, pain relief, improvement in mood
and stress, and reduction in use of NSAIDs on the observed
relation between total joint arthroplasty and subsequent serious
cardiovascular events.
We studied a well defined population cohort of people with
moderate-severe osteoarthritis to determine if total joint
arthroplasty impacted the rates of subsequent cardiovascular
events. As the date of undergoing total joint arthroplasty in this
population was not related to the date of cohort entry, we utilised
a landmark analysis. Owing to the relatively small sample of
participants who underwent total joint arthroplasty in the cohort,
we determined a priori that we would require an exposure
window of three years for an adequate sample size. As a result,
we excluded 445 participants who had a cardiovascular event
or died during the exposure window from subsequent analysis.
Excluded participants were older, sicker, and more likely to
have had a prebaseline cardiovascular event. Therefore, it might
be argued that these people would be less likely to be offered
total joint arthroplasty; if so, their inclusion in our analyses
would have biased our results in favour of total joint
arthroplasty. We also performed sensitivity analyses with
exposure windows of varying length,44 and the cardioprotective
effect of total joint arthroplasty remained consistent. This
suggests that our findings are not the result of our chosen
exposure window.
The cardioprotective benefit of total joint arthroplasty was still
observed after stratifying by the joint being replaced (hip or
knee). The groups were not adequately balanced, with the total
knee arthroplasty group having a higher proportion of men than
the non-total knee arthroplasty group, and the total hip
arthroplasty group having a higher median age than the non-total
hip arthroplasty group. However, as older age and male sex are
risk factors for cardiovascular disease,86 the unbalanced nature
of these matched groups would tend to bias against total knee
arthroplasty and total hip arthroplasty, respectively. Knee
osteoarthritis is strongly associated with metabolic syndrome,87-89
and this analysis suggested that total knee arthroplasty had a
greater cardioprotective benefit than total hip arthroplasty.
Further studies, with larger sample sizes, are required to confirm
if any cardioprotective benefit of total joint arthroplasty varies
by the joint being replaced.
The main analysis suggested that the cardioprotective benefit
of total joint arthroplasty was most pronounced in the first four
years of follow-up, after which the survival curves were
essentially parallel. This is partly due to our use of baseline
factors to predict long term outcome—the effects of any
exposure will lessen over time. Should the benefits be confirmed
in larger studies, this would support consideration of total joint
arthroplasty not only as an elective procedure to improve quality
of life. Instead, the careful weighing of health benefits, including
a reduction in cardiovascular disease risk, with both short and
longer term risks may be warranted.

Strengths and limitations of this study
Strengths of our study include its use of a well defined
population cohort that yielded rich patient level information not
readily available in administrative databases (for example,
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arthritis severity), and allowed us to compare those who had
undergone a total joint arthroplasty with others who had
moderate-severe arthritis of the hip or knee. Our use of a
propensity score helped mitigate bias due to confounding by
indication, as well as to balance a wide range of cardiovascular
risk factors between groups, including pre-existing
cardiovascular disease,4 diabetes,6-8 hypertension,4 5 smoking
status,10 body mass index,12 13 and living arrangements.90 Finally,
linkage with administrative databases allowed for the follow-up
of each patient regardless of further participation, allowing us
to avoid attrition over time.
However, there are also limitations in addition to those already
discussed. Foremost, use of a landmark analysis with a three
year exposure window means that our findings around the
cardioprotective benefit of total joint arthroplasty only apply to
patients who are event free at three years after initial cohort
assessment. Our study participants were aged 55 or more and
had osteoarthritis. While this reflects most people who undergo
a total joint arthroplasty, our findings may not be generalisable
to younger people or those with inflammatory arthritis. Although
we controlled for several confounders, we were unable to
account for factors such as motivation for lifestyle
modification,91 which increases someone’s likelihood of
undergoing a total joint arthroplasty and their level of physical
activity. We also did not have any information on levels of
physical activity, use of cardioprotective drugs at any point
during the study, use of NSAIDs after surgery, the presence of
hyperlipidaemia, or the presence of renal insufficiency.
However, as we have shown, any unmeasured confounder would
have to be unrelated to the variables balanced by the propensity
score and would need to have a large prevalence and be strongly
associated with the outcome to explain our results.

Conclusions
A propensity score matched landmark analysis of a population
cohort with moderate-severe hip or knee osteoarthritis,
undergoing total joint arthroplasty within three years of baseline
assessment reduced the subsequent risk of cardiovascular
disease. While these findings require confirmation in larger
studies, they provide further justification for increased attention
to the impact of treatments directed towards osteoarthritis related
disability in the prevention and management of other common
chronic conditions such as cardiovascular disease.
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Tables

Table 1| Characteristics of cohort at baseline assessment. Values are numbers (percentages) unless stated otherwise

P value*Included participants (n=1755)Excluded participants (n=445)Entire cohort (n=2200)Characteristics

<0.00170 (63-76)77 (71-83)71 (64-78)Median (interquartile range) age (years)

<0.0011299 (74.0)286 (64.3)1585 (72.0)Women

0.146289 (64.9)1074 (61.2)1363 (62.8)Median (interquartile range) hip pain

0.436382 (85.8)1531 (87.2)1913 (87.0)Median (interquartile range) knee pain

<0.00128 (25-32)27 (23-30)28 (24-31)Median (interquartile range) body mass
index

0.091754 (43.0)211 (47.4)965 (43.9)Urban dwelling

Living conditions:

<0.001560 (31.9)160 (36.0)720 (32.7)Lives alone

1178 (67.1)261 (58.7)1439 (58.7)Lives with others

17 (1.0)24 (5.4)41 (1.9)Lives in long term care facility

Income ($C):

0.477528 (30.1)126 (28.3)654 (29.7)>20 000

906 (51.6)244 (54.8)1150 (52.3)≤20 000

321 (18.3)75 (16.9)396 (18.0)Missing

Smoker:

0.406835 (48.9)195 (45.7)1030 (48.2)Never

622 (36.4)170 (39.8)792 (37.1)Former

251 (14.7)62 (14.5)313 (14.7)Current

0.309665 (37.9)157 (35.3)822 (37.4)NSAID use

No of comorbidities:

<0.00180 (4.6)15 (3.4)95 (4.3)0

336 (19.1)62 (13.9)398 (18.1)1

555 (31.6)131 (29.4)686 (31.2)2

464 (26.4)120 (27.0)584 (26.5)3

320 (18.2)117 (26.3)437 (19.9)≥4

<0.001145 (8.3)129 (29.0)274 (12.5)Pre-existing cardiovascular disease

<0.001273 (15.6)127 (28.5)400 (18.2)Diabetes

0.058579 (33.0)168 (37.8)747 (34.0)Depression

<0.0011073 (61.1)321 (72.1)1394 (63.4)Hypertension

<0.00140 (25-57)50 (35-67)47 (30-67)Median (interquartile range) SF-36

<0.00141 (26-53)46 (31-56)42 (27-54)Median (interquartile range) WOMAC
score

0.544191 (10.9)44 (9.9)235 (10.7)Pre-baseline total joint arthroplasty

$C1.00 (£0.60; $0.96; €0.71).
NSAID=non-steroidal anti-inflammatory drug; SF-36=short-form-36 general health survey; WOMAC=Western Ontario and McMaster Universities arthritis index.
*Comparison of included and excluded groups; excluded participants had a cardiovascular event or died within the exposure period (three years after baseline
questionnaire).
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Table 2| Comparison of patients with and without a primary total joint arthroplasty within three years of baseline questionnaire before and
after matching. Values are numbers (percentages) unless stated otherwise

Exposure groups after matchingExposure groups before matching

Characteristics
Standardised
difference

Arthroplasty
(n=153)

No arthroplasty
(n=153)

Standardised
differenceArthoplasty (n=173)

No arthroplasty
(n=1582)

0.0870 (63-75)69 (62-76)0.0870 (64-75)69 (63-77)Median (interquartile range)
age (years)

0109 (71.2)109 (71.2)0.04125 (72.3)1174 (74.2)Women

0.0928 (25-33)28 (26-33)0.1428 (25-32)28 (25-32)Median (interquartile range)
body mass index

0.0486 (56.2)89 (58.2)0.08100 (57.8)974 (61.6)Median (interquartile range)
hip pain

0.08134 (87.6)138 (90.2)0.04153 (88.4)1378 (87.1)Median (interquartile range)
knee pain

Living conditions:

0.0942 (27.5)49 (32.0)0.0750 (28.9)510 (32.2)Lives alone

0.09111 (72.5)102 (66.7)0.09123 (71.1)1055 (66.7)Lives with others

0.110 (0)17 (1.1)Lives in long term care
facility

Income ($C):

0.0748 (31.4)43 (28.1)0.0151 (29.5)477 (30.2)>20 000

0.0178 (51.0)79 (51.6)0.0486 (49.7)820 (51.8)≤20 000

0.0727 (17.6)31 (20.3)0.0736 (20.8)285 (18.0)Missing

Education:

0.02124 (81.0)125 (81.7)0.13140 (80.9)1351 (85.4)High school or less

0.0229 (19.0)28 (18.3)0.1333 (19.1)231 (14.6)Post-secondary

Smoker:

0.0175 (49.0)75 (49.0)0.1083 (49.4)752 (48.8)Never

0.0163 (41.2)62 (40.5)0.1070 (41.7)552 (35.8)Former

0.0115 (9.8)16 (10.5)0.1015 (8.9)236 (15.3)Current

0.0580 (52.3)84 (54.9)0.3189 (51.4)576 (36.4)NSAID use

No of comorbidities:

0.057 (4.6)≤5 (2.0)0.078 (4.6)72 (4.6)0

0.0538 (24.8)33 (21.6)0.0742 (24.3)294 (18.6)1

0.0547 (30.7)67 (43.8)0.0753 (30.6)502 (31.7)2

0.0532 (20.9)31 (20.3)0.0737 (21.4)427 (27.0)3

0.0529 (19.0)19 (12.4)0.0933 (19.1)287 (18.1)≥4

040 (26.1)40 (26.1)0.1547 (27.2)541 (34.2)Pre-existing cardiovascular
disease

0.0422 (14.4)20 (13.1)0.0524 (13.9)249 (15.7)Diabetes

0.0945 (29.4)53 (34.6)0.1050 (28.9)529 (33.4)Depression

0.07102 (66.7)97 (63.4)0.16118 (68.2)955 (60.4)Hypertension

0.0155 (40-72)55 (37-67)0.2255 (40-72)50 (32-67)Median (interquartile range)
SF-36

0.0148 (32-56)45 (35-53)0.3148 (33-56)41 (25-53)Median (interquartile range)
WOMAC

0.0235 (22.9)36 (23.5)0.4641 (23.7)150 (9.5)Pre-baseline total joint
arthroplasty

$C1.00 (£0.60; $0.96; €0.71).
NSAID=non-steroidal anti-inflammatory drug; SF-36=short form-36 general health survey; WOMAC=Western Ontario and McMaster Universities arthritis index.
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Table 3| Outcomes after propensity score matched landmark analyses

Cardiovascular event

No in groupExposure period (years)Analysis P valueHazard ratio (95% CI)

<0.0010.56 (0.43 to 0.74)1533Primary

0.00170.46 (0.29 to 0.75)943Knee only*

0.04420.61 (0.38 to 0.99)493Hip only†

0.02730.71 (0.53 to 0.96)1223Subgroup‡

0.00780.67 (0.50 to 0.90)1262Sensitivity§

<0.0010.57 (0.44 to 0.74)1794Sensitivity¶

*Excluded people who underwent total hip arthroplasty.
†Excluded people who underwent total knee arthroplasty.
‡Analysis done in patients with at least one risk factor for cardiovascular disease (diabetes, hypertension, or pre-existing cardiovascular disease), with an exposure
window of three years.
§Analysis with exposure window of two years.
¶Analysis with exposure window of four years.
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Figures

Fig 1 Details of study population and timeline

Fig 2 Survival probability for matched groups
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