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ABSTRACT
Objectives: Our objective was to determine the
relationship between osteoarthritis (OA) and heart
diseases (myocardial infarction (MI), angina,
congestive heart failure (CHF)) and stroke using
population-based survey data.
Design: Cross-sectional study.
Setting: Canadian Community Health Survey (CCHS).
Participants: Adult participants in the CCHS cycles
1.1, 2.1 and 3.1 were included. CCHS provides
nationally representative data on health determinants,
health status and health system utilisation. We have
identified 40 817 self-reported OA subjects and
selected 1:1 matched non-OA respondents by age, sex
and CCHS cycles.
Main outcome measures: Self-reported heart
disease was the primary outcome and MI, angina, CHF
and stroke were considered as secondary outcomes.
Multivariable logistic regression models were used to
estimate the ORs after adjusting for sociodemographic
status, obesity, physical activity, smoking status, fruit
and vegetable consumption, medication use, diabetes,
hypertension and chronic obstructive pulmonary
disease.
Results: The mean age of OA cases was 66 years and
71.6% were women. OA exhibited increased odds of
prevalent heart disease, and adjusted overall OR (95% CI)
was 1.45 (1.36 to 1.54), 1.35 (1.21 to 1.50) among
men and 1.51 (1.39 to 1.64) among women with OA.
OA showed increased ORs for angina and CHF in both
men and women, and for MI in women. ORs (95% CI)
for men and women, respectively, were 1.08 (0.91 to
1.28) and 1.49 (1.28 to 1.75) for MI, 1.76 (1.43 to
2.17) and 1.84 (1.59 to 2.14) for angina, 1.50 (1.13 to
1.97) and 1.81 (1.49 to 2.21) for CHF, and 1.08 (0.83 to
1.40) and 1.13 (0.93 to 1.37) for stroke.
Conclusions: Prevalent OA was associated with selfreported heart disease, particularly angina, and CHF in
both men and women, after controlling for established
risk factors for these conditions. This study provides a
rationale for further investigation of the association
between OA and heart disease in longitudinal studies for
investigating possible biological and behavioural
mechanisms.

ARTICLE SUMMARY
Article focus
▪ The purpose of this study was to determine the
association between osteoarthritis (OA) and cardiovascular disease (CVD) using data from a
large population survey in Canada.
▪ We analysed the association between OA and
CVD, myocardial infarction (MI), angina, congestive heart failure (CHF) and stroke.
▪ All analyses were carried out for the entire population and separately for men and women.

Key messages
▪ OA was significantly associated with any heart
disease, angina and CHF in both men and
women
after
controlling
for
potential
confounders.
▪ We observed that OA was significantly associated
with MI among women only and was not associated with stroke.
▪ The odds of heart disease were 45% higher in
persons with OA, compared with age-matched
persons without OA and most associations
appeared stronger in women than in men.

Strengths and limitations of this study
▪ We used a large and representative sample from
the Canadian population.
▪ The results were adjusted for age, body mass
index, income, education, physical activity,
smoking status, fruit and vegetable consumption, pain medication use, diabetes, hypertension
and chronic obstructive pulmonary disease.
▪ The cross-sectional data prevented us from
assessing the temporal exposure–outcome
sequence between OA and CVD.
▪ Self-reported data tend to contain both falsepositive and false-negative values, and therefore
may introduce bias in the estimates.

INTRODUCTION
Osteoarthritis (OA) is a highly prevalent
chronic disorder and a leading cause of disability among the elderly.1–3 Although the
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consulters in England and Wales, Kadam et al28 observed
increased ORs of ischaemic heart disease (IHD), angina
and heart failure among OA cases relative to non-OA
controls. There is also some evidence that OA patients
are at an increased risk of cardiovascular mortality. In a
cohort study in England, patients with OA had increased
mortality compared with the general population due to
CVD, diabetes, dementia and cancer.29 After reviewing
the literature on mortality and OA, Hochberg30 found
higher mortality among OA patients compared with the
general population.
The large sample size of the Canadian Community
Health Survey (CCHS) provides an ideal opportunity to
examine the possible association between OA and heart
disease and other cardiovascular outcomes. The main
objective of this study was to examine the association
between OA and CVD using CCHS data. We examined
the association of OA with self-reported heart disease,
MI, angina, CHF and stroke. We hypothesised that OA is
strongly associated with CVD and the association is due,
at least partially, to immobility, chronic inﬂammation,
muscle weakness, NSAID use and other lifestyle changes
due to OA. Given that OA is a common condition
among the elderly, a better understanding of the relationship between OA and CVD could help further investigation of potential biological and behavioural
mechanisms underlying this association and also inform
future OA management strategies.

METHODOLOGY
Data source and study population
This study used data from the CCHS cycles 1.1, 2.1 and
3.1 conducted in years 2000/2001, 2002/2003 and
2004/2005, respectively. Performed by Statistics Canada,
CCHS contains nationally representative data on health
determinants, health status and health system utilisation.
This cross-sectional survey used a multistage stratiﬁed
cluster probability sampling in which a dwelling was the
ﬁnal sampling unit. The survey sample was stratiﬁed by
province/territory and urban versus rural regions within
each province/territory. Three sampling frames were
used to select the sample of households: 48–49% of the
sample came from an area frame, 50% came from a list
frame of telephone numbers and 1–2% came from a
Random Digit Dialling sampling frame. Persons in the
households selected from the telephone list frame were
interviewed from centralised call centres. Those selected
from the area frame were interviewed face-to-face by
decentralised ﬁeld interviewers. In some situations, ﬁeld
interviewers completed some interviews or part of an
interview by telephone. Sampling was designed to represent 98% of the Canadian population aged 12 years or
more who lived in private dwellings in the 10 provinces
and the three territories. A detailed description of the
survey design, sample frame and interviewing procedures may be found elsewhere.31 In all three CCHS
cycles, Statistics Canada included the type of arthritis as
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prevalence estimates for OA show wide variability
depending on the age and sex of the studied population, the case identiﬁcation used, and the joint sites
included, in British Columbia (BC), Canada, overall
prevalence of OA was 10.8 per cent,4 and in the USA
about 10–12% of the population have OA.5–7 OA is associated with increasing age, female sex, obesity, injury in
the joints, occupation and physical activity.1 4–8 Coronary
heart diseases (CHDs) including myocardial infarction
(MI) and angina and other types of cardiovascular diseases (CVDs) such as congestive heart failure (CHF)
and stroke are the leading causes of morbidity and mortality in the general population.9 10 Well-known factors
that are associated with CVD include age, sex, obesity,
hypertension, cholesterol, income, ethnicity, exercise,
smoking and diets.9–12 Studies have shown that systemic
inﬂammation can increase the risk of CVD.13 14
Rheumatic diseases other than OA are characterised by
acute or chronic inﬂammation and they have been
linked to an increased risk of CVD.15 Muscle weakness
was also observed as a risk factor and comorbidity
among individuals with CVD.16 Another risk factor is
physical inactivity. There is substantial evidence to
indicate that physically active individuals have lower rates
of CVD.17 18
Although OA is the most common rheumatic disease,
very little is known about the relationship between OA
and CVD. OA may be associated with CVD for a number
of reasons. The ﬁrst is physical inactivity. With OA progression, severe pain in the joints makes patients less
physically active compared to individuals without arthritis.19 Recent studies have shown that immobility resulting from arthritis may increase CVD risk among elderly
patients and thus shorten the lifespan.20 The second is
chronic inﬂammation. Although OA is often referred to
as a degenerative disease, recent studies have shown that
synovial inﬂammation plays a role in the development of
early stages of OA.21 The third is muscle weakness.
Muscle weakness is more common among individuals
with OA than healthy controls22 23 and muscle weakness
has been observed as a risk factor and comorbid condition among individuals with CVD.16 Furthermore, nonsteroidal anti-inﬂammatory drugs (NSAIDs), commonly
used to treat OA-related pain, are associated with
increased risk of CVD.24 25 To sum up, the reasons why
OA may be associated with CVD include physical inactivity, chronic inﬂammation, muscle weakness and NSAID
use among individuals with OA.
The relationship between OA and CVD has not been
studied extensively in population-based studies. However,
there is some evidence that OA patients have higher
rates of CVD and its risk factors than individuals without
OA. Using the US National Health and Nutrition
Examination Survey data, Singh et al26 found that adults
with OA had a high prevalence of cardiovascular risk
factors. Recently, Ong et al27 observed higher odds of
CVD among OA cases compared with non-arthritis controls. In a case-control study of general practice
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Concepts and measures
OA and CVD
The main independent variable in this study was OA
and the primary outcome was heart disease. Speciﬁc cardiovascular conditions such as MI, angina, CHF or
stroke were secondary outcomes in this study. In CCHS
data, OA was assessed by asking two questions. The ﬁrst
question was “Now I’d like to ask about certain chronic
health conditions that have lasted 6 months or more
and have been diagnosed by a health professional. Do
you have arthritis or rheumatism?” The second question
was “What type of arthritis?” and the four response
options were Rheumatoid arthritis, OA, other, and do
not know”. Since the second question is restricted to
only arthritis patients, over-reporting of OA is minimised. In the sample, we observed that out of the total
arthritis cases, 81% reported that they had OA. The
prevalence of heart disease was assessed by the following
question “Now I’d like to ask about certain chronic
health conditions that have lasted 6 months or more
and have been diagnosed by a health professional. Do
you have heart disease?” In CCHS cycles 1.1 and 2.1,
persons reporting heart disease were asked speciﬁc questions about MI, angina, CHF and stroke: “Have you ever
had a heart attack (damage to the heart muscle)?”, “Do
you currently have angina (chest pain, chest tightness)?”,
and “Do you currently have CHF (inadequate heartbeat,
ﬂuid build-up in the lungs or legs)?”. In addition, CCHS
includes the question of “Do you suffer from the effects
of a stroke?” These speciﬁc questions provide the data to
perform disease-speciﬁc analyses using each of these
four health conditions as outcomes using CCHS cycles
1.1 and 2.1.
Covariates and confounders
We have included demographic, socioeconomic and
health behaviour variables to serve as control variables
in regression modelling. Selection of these variables was
based on previous research.12 The sociodemographic
variables were age, sex, body mass index (BMI), education and household income. Health behaviours included
physical activity, smoking status, fruits and vegetable consumption and pain medication use. Chronic health conditions such as chronic obstructive pulmonary disease
(COPD), diabetes and hypertension were included as
covariates. Cigarette smoking was a derived variable
which was measured using 18 different questions regarding the frequency and length of time of smoking. We
categorised the smoking variable as current smoker,

former smoker and non-smoker. BMI was expressed in
kg/m2 and was calculated from self-reported heights
and weights. The classiﬁcation was made based on the
four following BMI subgroups: underweight (BMI<18.5),
normal (18.5≤BMI<24.9), overweight (25.0≤BMI<29.9)
and obese (BMI≥30.0). Physical activity was derived
from the self-reported level of activity and the amount of
time spent on physical activities for 3 months prior to
the survey. These responses were categorised as being
active, moderately active or inactive. The level of education with four categories, such as less than secondary
school, secondary school graduate, some postsecondary
education, postsecondary graduate and household
income level, were considered as socioeconomic status
(SES) characteristics. Daily consumption of fruits and
vegetables was divided into three categories such as less
than 3 servings/day, 4–6 servings/day and more than 6
servings per day. Pain medication use was assessed by
asking two questions: (1) “In the past month, did you
take pain relievers such as aspirin or Tylenol (including
arthritis medicine and anti-inﬂammatories)?” and (2)
“In the past month, did you take codeine, Demerol or
morphine?” Among all participants, BMI was missing for
13%, education status was missing for 2.5%, income was
missing for 21%, and fruit and vegetable consumption
was missing for 17.5% of the respondents. We imputed
missing BMI values using linear regression on age and
sex for complete cases, and the missing values for other
categorical variables were imputed by taking the mode
values after adjusting for age and sex.32
Statistical analysis
In this cross-sectional study, to control for age and sex in
the OA and non-OA individuals in the sample, we
selected one non-OA individual for each OA patient by
matching age category, sex and CCHS cycles.
Initially, we attempted to select three non-OA individuals for each OA case by matching for age, sex and
CCHS cycles. However, we observed a high prevalence of
OA in the older age groups (ie, more than 40% among
individuals aged >70 have OA), and therefore it was not
possible to match exactly three non-OA individuals in
the older age groups. With the 1:3 approximately
matched samples, we repeated the entire analyses as
part of a sensitivity analysis. Frequency and percentages
were calculated for all variables prior to modelling the
associations between OA and CVD. Unadjusted effects
of OA on CVD were calculated using logistic regression
where age and sex were included in the models.
Multivariable logistic regression models were used to
assess the association between OA and heart disease, MI,
angina, CHF and stroke after controlling for the potential confounding variables. All statistical analyses were
performed using SAS V.9.3 (SAS Institute, Cary, North
Carolina, USA). Statistics Canada produced sampling
weights for each of the study participants of CCHS. All
estimates were weighted to approximate the distribution
of demographic variables in the overall Canadian
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a separate question in all jurisdictions. Owing to very
low prevalence of OA and CVD among individuals aged
12–19 years, we decided to exclude them from the study.
The three cycles of CCHS used different and nonoverlapping samples. There were 113 323 respondents
in the 2000/2001 survey, 115 548 respondents in the
2002/2003 survey and 115 915 respondents in the 2004/
2005 survey, respectively, aged 20 years and older.

Cardiovascular disease among osteoarthritis patients

RESULTS
The sample characteristics of the OA and non-OA
respondents who were included in the analyses are presented in table 1. The demographic characteristics,
social status and health conditions were compared
between 40 817 OA cases and matched non-OA

respondents. All these comparisons were statistically signiﬁcant with p<0.01. The mean age of OA cases was
66 years and 71.6% were women. In the 1:1 matched
samples, we observed that OA patients were signiﬁcantly
more overweight and obese, had more diabetes, hypertension and were more diagnosed with COPD, compared to non-OA respondents. The percentage of
participants who reported being physically active was
16.9% in OA vs 18.6% in non-OA and the percentage
moderately active was similar in both groups. OA cases
used more pain medications than non-OA individuals.

Table 1 Sample characteristics (per cent) of osteoarthritis (OA) and non-OA individuals by exposure status
Characteristics
Age
20–39
40–49
50–59
60–69
70–79
≥80
Women
Body mass index
<18.4
18.5–24.9
25–29.9
≥30
Missing
COPD
Diabetes
Hypertension
Physical activity
Active
Moderately active
Inactive
Pain medication use
Smoking
Currently smoke
Former smoker
Non-smoker
Fruits and vegetables
0–3 serving daily
4–6 serving daily
6+ serving daily
Not stated
Income
<29999
30000–49999
50000–79999
≥80000
Not stated
Education
Less than secondary
Secondary graduate
Some postsecondary
Postsecondary graduation
Not stated

OA cases (n=40817)

1:1 matched non-OA (n=40817)

1:3 matched non-OA (n=109450)

4.6
9.1
19.4
25.4
24.7
16.9
71.6

4.5
9.0
19.6
25.3
25.0
16.6
71.6

5.1
10.1
21.8
26.3
22.0
14.8
68.2

1.7
30.7
30.5
20.5
16.6
3.0
11.5
37.6

1.9
35.9
29.7
14.3
18.2
2.0
9.9
32.1

1.8
36.4
30.8
14.6
16.4
2.0
9.4
30.4

16.9
22.4
60.6
12.9

18.6
22.9
58.5
10.5

19.0
23.3
57.7
10.5

19.7
49.6
30.7

19.0
46.6
34.4

19.8
47.2
33.0

16.1
43.1
23.7
17.1

15.6
43.7
22.3
18.5

15.3
43.6
22.6
18.5

32.4
21.7
17.1
11.8
17.0

29.1
20.6
16.9
13.3
20.2

27.4
20.6
17.7
14.4
19.9

35.4
15.4
6.1
41.4
1.8

36.4
15.9
5.3
40.0
2.4

34.6
16.2
5.5
41.3
2.4

The distribution of all variables listed was significantly different between OA and non-OA subjects (p<0.01). COPD stands for chronic
obstructive pulmonary disease.
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population. Since CCHS uses a complex sampling
design, the CIs of the estimates were adjusted using a
design effect of 2.31 33

Cardiovascular disease among osteoarthritis patients
COPD, hypertension and diabetes were associated with
heart disease as expected.
Multivariable logistic regression models were ﬁtted to
estimate the effects of OA on the prevalence of MI,
angina, CHF and stroke for the total sample, and separately for men and women, and are presented in table 3.
OA was signiﬁcantly associated with MI, angina and CHF
(OR (95% CI), 1.28 (1.15 to 1.44), 1.83 (1.62 to 2.06)
and 1.72 (1.46 to 2.01), respectively) compared with subjects without OA. In sex-speciﬁc analyses, OR was
highest for angina (OR (95% CI), 1.76 (1.43 to 2.17)
and 1.85 (1.59 to 2.14) for men and women, respectively), followed by CHF. OA showed signiﬁcantly
increased OR for MI among women only but did not
show a signiﬁcant association with stroke. In the 1:3
matched OA versus non-OA samples, we observed
similar ORs, but with narrower CIs. OR (95% CI) of
overall heart disease was 1.44 (1.36 to 1.51) among men,
and 1.46 (1.37 to 1.56) among women in 1:3 matched
samples (data not shown).

Table 2 ORs and 95% CIs of heart diseases for osteoarthritis and non-osteoarthritis 1:1 matched samples by age and sex
Variables

Levels

Overall OR (95% CI)

Men OR (95% CI)

Women OR (95% CI)

Osteoarthritis unadjusted
Osteoarthritis adjusted
Age

Yes
Yes
20–39
40–49
50–59
60–69
70–79
≥80
<30000
30000–50000
50000–80000
≥80000
Elementary
Secondary
Some postsecondary
Graduation
<18.4
18.5–24.9
25–29.9
≥30
Active
Moderate
Inactive
Non-smoker
Currently
Former
0–3 Servings daily
4–6 Servings daily
6+ Servings daily
Yes
Yes
Yes
Yes

1.54 (1.45 to 1.64)
1.45 (1.36 to 1.54)
Reference
2.24 (1.50 to 3.33)
4.28 (2.95 to 6.21)
7.19 (4.97 to 10.41)
11.87 (8.19 to 17.20)
19.33 (13.30 to 28.11)
Reference
0.93 (0.85 to 1.01)
0.82 (0.74 to 0.90)
0.69 (0.62 to 0.78)
Reference
0.87 (0.79 to 0.96)
0.91 (0.78 to 1.06)
0.96 (0.89 to 1.03)
1.05 (0.82 to 1.35)
Reference
0.99 (0.92 to 1.08)
1.14 (1.03 to 1.26)
Reference
1.11 (0.99 to 1.24)
1.33 (1.21 to 1.47)
Reference
1.16 (1.04 to 1.29)
1.19 (1.11 to 1.29)
Reference
1.03 (0.96 to 1.10)
1.15 (1.07 to 1.25)
1.13 (1.03 to 1.24)
1.98 (1.86 to 2.12)
2.79 (2.39 to 3.26)
1.90 (1.75 to 2.07)

1.47 (1.33 to 1.63)
1.35 (1.21 to 1.50)
Reference
1.67 (0.93 to 3.02)
5.58 (3.27 to 9.52)
8.47 (4.98 to 14.41)
13.29 (7.79 to 22.69)
18.10 (10.51 to 31.18)
Reference
0.90 (0.78 to 1.04)
0.89 (0.76 to 1.04)
0.65 (0.55 to 0.78)
Reference
0.97 (0.81 to 1.15)
0.98 (0.77 to 1.26)
1.05 (0.92 to 1.19)
0.85 (0.45 to 1.58)
Reference
1.09 (0.95 to 1.24)
1.23 (1.04 to 1.45)
Reference
1.19 (1.01 to 1.41)
1.28 (1.11 to 1.48)
Reference
1.40 (1.16 to 1.69)
1.39 (1.20 to 1.61)
Reference
1.10 (0.99 to 1.23)
1.48 (1.31 to 1.68)
1.22 (1.04 to 1.43)
1.92 (1.72 to 2.14)
2.98 (2.35 to 3.78)
1.80 (1.57 to 2.06)

1.59 (1.47 to 1.72)
1.51 (1.39 to 1.64)
Reference
2.62 (1.52 to 4.52)
3.41 (2.03 to 5.72)
6.09 (3.64 to 10.19)
10.28 (6.14 to 17.21)
18.35 (10.92 to 30.82)
Reference
0.94 (0.85 to 1.04)
0.77 (0.68 to 0.87)
0.69 (0.59 to 0.81)
Reference
0.84 (0.74 to 0.94)
0.88 (0.73 to 1.07)
0.92 (0.83 to 1.01)
1.06 (0.81 to 1.39)
Reference
0.94 (0.84 to 1.04)
1.09 (0.96 to 1.23)
Reference
1.07 (0.91 to 1.25)
1.37 (1.20 to 1.57)
Reference
1.09 (0.96 to 1.25)
1.16 (1.06 to 1.26)
Reference
0.98 (0.89 to 1.07)
1.01 (0.91 to 1.11)
1.08 (0.96 to 1.21)
2.01 (1.84 to 2.18)
2.70 (2.19 to 3.31)
1.96 (1.76 to 2.19)

Income

Education

Body mass index

Physical activity

Smoking

Fruits and vegetables

Pain medication use
Hypertension
COPD
Diabetes

COPD, chronic obstructive pulmonary disease.
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The proportion of non-smokers was lower in the OA
group. Percentages in the income, education and fruit
and vegetable categories were slightly but signiﬁcantly
different among OA and non-OA respondents.
Both the unadjusted and adjusted effects of OA on
the prevalence of heart disease for men, women and
total are presented in table 2. In the multivariable
model, those who had OA exhibited increased odds of
prevalent heart disease (OR 1.45, 95% CI 1.36 to 1.54)
compared to non-OA individuals after controlling for
age, sex, income, education, BMI, physical activity,
smoking, fruit and vegetable consumption, pain medication use, COPD, hypertension and diabetes. We
observed a borderline signiﬁcant interaction between
sex and OA ( p value=0.058) in the multivariable model,
and therefore we decided to perform separate analyses
for men and women. ORs (95% CI) for heart disease
were 1.35 (1.21 to 1.50) and 1.50 (1.39 to 1.64) among
men and women with OA, respectively. Income, education, BMI, physical activity, smoking, medication use,

Cardiovascular disease among osteoarthritis patients

Outcome

Model

Overall OR (95% CI)

Men OR (95% CI)

Women OR (95% CI)

Myocardial infarction (n=3197)

OA
OA
OA
OA
OA
OA
OA
OA

1.28
1.38
1.83
1.94
1.72
1.84
1.11
1.20

1.08 (0.91
1.19 (1.01
1.76 (1.43
1.94 (1.58
1.50 (1.13
1.71 (1.31
1.08 (0.83
1.14 (0.89

1.49 (1.28
1.56 (1.34
1.85 (1.59
1.94 (1.68
1.81 (1.49
1.91 (1.57
1.13 (0.93
1.23 (1.01

Angina (n=3143)
Congestive heart failure (n=1586)
Stroke (n=1112)

adjusted
unadjusted
adjusted
unadjusted
adjusted
unadjusted
adjusted
unadjusted

(1.15 to 1.44)
(1.23 to 1.54)
(1.62 to 2.06)
(1.73 to 2.18)
(1.46 to 2.01)
(1.57 to 2.15)
(0.95 to 1.29)
(1.03 to 1.39)

to 1.28)
to 1.40)
to 2.17)
to 2.38)
to 1.97)
to 2.23)
to 1.40)
to 1.48)

to 1.75)
to 1.82)
to 2.14)
to 2.24)
to 2.21)
to 2.31)
to 1.37)
to 1.48)

Adjusted ORs were obtained after controlling for age, sex, income, education, body mass index, physical activity, smoking, fruit and vegetable
consumptions, pain medication use, chronic obstructive pulmonary disease, hypertension and diabetes.

DISCUSSION
This study sought to describe the association between
OA and the prevalence of heart disease, MI, angina,
CHF and stroke using CCHS data. In this populationbased study, adjusted for age, BMI, income, education,
physical activity, smoking status, fruit and vegetable consumption, medication use, diabetes, hypertension and
COPD, we found statistically signiﬁcant positive associations of OA with heart disease, angina and CHF among
both men and women. These associations were higher
among women than men. OA was positively associated
with MI among women only and there was no signiﬁcant
association between OA and stroke.
There is some evidence that OA patients have higher
rates of CVD and its risk factors. Singh et al26 found that
adults with OA have a high prevalence of cardiovascular
risk factors. Kadam et al28 observed 73%, 36% and 28%
higher odds for IHD, angina and heart failure, respectively, among OA cases compared to non-OA controls in
a case–control study of consultations in general practices
in England and Wales. Recently, Ong et al27 observed signiﬁcantly higher odds for self-reported CVD, CHD and
angina among OA cases compared to their non-OA
counterparts in a cross-sectional study using US National
Health and Nutrition Examination Survey data. Our
cross-sectional study results of statistically signiﬁcant associations between OA and prevalent heart disease, MI,
angina and CHF are consistent with the previous ﬁndings. Similar to our data, stroke was not associated with
OA in Ong et al’s27 study. This study included confounding and mediating variables such as physical activity, fruit
and vegetable consumption and pain medication use,
which were not adjusted for in the previous studies. In
addition, our present study is generalisable to Canada
because the surveys were conducted in a representative
sample of the Canadian population. Other published
data have shown that OA patients had increased mortality due to CVD.29 30 Nuesch et al29 performed a
population-based cohort study to examine all-cause and
disease-speciﬁc mortality in patients with OA of the hip
and knee, and concluded that OA patients had excess
all-cause mortality compared with the general
6

population and 71% excess standard mortality ratio of
CVD. Hochberg30 reviewed the literature on mortality in
OA and found several studies, suggesting an increased
risk of death.34–37 These studies had small sample sizes
and other limitations. One study recruited patients from
hospitals or medical practices; another study investigated
patients after total knee replacement, but not all relevant factors were adjusted for in the multivariable analyses. We observed a signiﬁcant positive association
between OA and the prevalence of heart disease after
controlling for several covariates that were not included
in previous studies of OA and mortality.
Among the covariates, BMI, income, education, physical activity, smoking status, medication use, diabetes,
hypertension and COPD were associated with heart
disease, MI, angina and CHF in both men and women as
expected. We observed that higher income and higher
education groups had lower ORs, providing support for
previous studies showing that people with low SES are at
high risk of CVD.38 BMI was statistically signiﬁcant in the
multivariable models for all four health outcomes in our
study, which shows agreement with previous results.39 40
The physically inactive and moderately active groups had
signiﬁcantly higher ORs than the active group in the multivariable models of heart disease and for all speciﬁc outcomes, which supports the ﬁndings of previous studies
that show physical activity to be inversely associated with
heart disease prevalence, controlling for covariates and
confounders.17 18 Smoking is a well-known risk factor for
heart disease and we observed a signiﬁcantly higher risk
in current and former smokers in the multivariable
models.
The cross-sectional nature of the CCHS data prevented us from assessing the temporal exposure
-outcome sequence between OA and heart disease. Until
the relationship between OA and CVD is measured prospectively in longitudinal studies any association suggested by cross-sectional analysis remain hypothesisgenerating. Self-reported data tend to contain both falsepositive and false-negative values and therefore may
result in bias in the estimates. Obesity was determined
from self-reported height and weight. Comparisons of
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Table 3 Adjusted and unadjusted OR and 95% CI of specific cardiovascular outcomes for osteoarthritis (OA) in the
age-matched and sex-matched sample
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measured and self-reported BMI have suggested that
self-reported values may underestimate the true prevalence of obesity by 9% for men and 6% for women.41
However, this small underreporting alone would not
change the OA and heart disease relationships. Missing
values for BMI, education, income and fruit and vegetable consumption were imputed. Although the imputed
values may not reﬂect the true distribution of these variables in the sample, the effect on the results is probably
small given the relatively small proportion of missing
values in our data.
The observed small differences between the unadjusted
and adjusted ORs suggest that the confounding variables
had minimal effects on the relationship between OA and
CVD. In the present analysis, we were unable to study the
possible mediating role of muscle weakness and chronic
inﬂammation. Examining the effect of OA after adjusting
for these factors in future cohort studies might help elucidate the causal mechanisms for the observed associations.
Other potential intermediate variables, such as physical
activity and pain medication use, were included in this
study. However, the differences in the distribution of these
variables among OA and non-OA respondents in our data
were small. As a result, there was no notable difference in
the ORs with and without these variables included in the
models (data not shown). Although these data do not
support the mediating role of physical activity and pain
medication use in the association between OA and CVD, it
is important to note that our analysis was limited by the
cross-sectional nature of the data and possible errors in
reporting.
The exploration of the relationship of OA with heart
disease, MI, CHF and angina remains a promising and
important area of research. Since OA is a very common
health condition, an association between OA and CVD
would be important from a public health perspective.
This study identiﬁed possible causal associations and
raised further questions for subsequent research.
However, the results are preliminary, and therefore conclusions should be clearly conditional on conﬁrmation
in future studies. More prospective studies are needed to
understand the temporal ordering of the relationship
between exposure to OA and the incidence of CVD.
In conclusion, our study ﬁndings suggest that OA may
be associated with an increased risk of heart disease in a
broadly representative population-based context. Our
data demonstrate positive associations between OA and
angina, CHF and MI. Although these conclusions are
conditional on further conﬁrmation, there is an
increased potential for more CVD among adults with OA.
This study provides a rationale for further investigation of
the association between OA and heart disease in longitudinal studies for possible biological and behavioural
mechanisms that may be responsible for this association.
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