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Cardiovascular disease is associated 
with activity limitations in 
osteoarthritis patients 

Background: To investigate the associations between Cardiovascular Disease (CVD) and Cardiovascular 
(CV) risk factors with activity limitations in patients with knee or hip Osteoarthritis (OA).

Methods and Findings: Consecutive patients were included from the Amsterdam Osteoarthritis cohort. 
A questionnaire assessed CVD and its risk factors and subsequently were confirmed by medical file 
review. The WOMAC-physical functioning subscale (PF), stair-climb tests and the Get Up and Go 
(GUG) were used to assess activity limitations. The associations of CVD and CV risk factors with activity 
limitations, adjusted for sex, age and disease severity were calculated using regression analyses. CVD 
was reported by 64 out of 447 patients (14%); 32 out of 148 men (22%) and 32 out of 299 women (11%). 
CV risk factors were reported in 9% (smoking) to 82 % (overweight) of the patients. CVD and the CV risk 
factors hypertension, hypercholesterolemia, diabetes mellitus and obesity were associated with a worse 
performance score on the GUG and stair-climb test. Women with CVD took 51% longer on the Get up 
and Go test (16.0 vs. 10.6 seconds). Both men and women with CVD performed significantly worse on the 
stair climb descent test (6.8 vs. 5.3 for men, and 11.3 vs. 7.1 for women).

Conclusions: Patients with knee or hip OA show more activity limitations in association with CVD or CV 
risk factors. An intervention approach to improve daily functioning in the subgroup of patients with 
knee or hip osteoarthritis tailored to these patients’ CVD and CV risk factors is warranted.
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account both the OA characteristics and the CV 
risk factors in improving daily functioning.

The aim of this study was to investigate the 
associations of CVD and CV risk factors 
with activity limitations among OA patients, 
achieved by multivariable regression analyses 
with WOMAC-PF, stair-climb test and GUG 
as the dependent variables, and CVD as the 
independent variable, controlled for sex, age 
and disease severity (Kellgren/Lawrence score 
2 or higher), making it possible to assess daily 
activity limitations for patients with knee or hip 
osteoarthritis.

Materials and methods

Study population

Data from consecutive patients enrolled in the 
Amsterdam Osteoarthritis (AMS-OA) cohort 
were used for this study. All patients were 
diagnosed with knee or hip OA in accordance 
with the American College of Rheumatology 
criteria [11,12] and referred to Reade, Centre for 
Rehabilitation and Rheumatology, Amsterdam, 
the Netherlands, an outpatient rehabilitation 
centre. Patients with other disease diagnostics, 
including inflammatory arthritis (e.g. gout, 

Introduction

Osteoarthritis (OA) of the knee or hip is 
associated with Cardiovascular Diseases (CVDs) 
such as coronary heart diseases, cerebrovascular 
diseases, congestive heart failure and peripheral 
arterial diseases [1]. Patients with OA are 
also more likely to have the CV risk factors 
hypertension, hypercholesterolemia, Diabetes 
Mellitus (DM) and obesity with obesity as 
one of the most characteristic factors [1-5]. 
Obesity is a substantial component of the 
metabolic syndrome and associated with low 
cardiorespiratory fitness and activity limitations 
[6,7]. Knee or hip OA itself is also characterized 
by activity limitations [8,9]. However, reports 
on the relationship between CVD (and its risk 
factors) and activity limitations for patients with 
knee or hip OA are lacking.

Physical activity is recommended to reduce 
CVD risk factors and their consequences for the 
limitations of daily activities [10]. However, to 
improve physical activity, it is necessary to first 
understand the relationship between CVD and 
CV risk factors and activity limitations in OA 
patients. As a consequence, a more targeted 
intervention can be applied that takes into 
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on the basis of standardized criteria. Coronary 
heart diseases consisted of myocardial infarction, 
Coronary Artery By-pass surgery (CABG), 
Percutaneous Coronary Intervention (PCI), 
or angina pectoris. Stroke, transient ischaemic 
attack or carotid endarterectomy were included 
in cerebrovascular diseases. A peripheral arterial 
reconstruction or a history of peripheral arterial 
insufficiency were classified as Peripheral Arterial 
Diseases (PAD). In contrast, pericarditis, rhythm 
disorders, myocarditis or heart valve insufficiency 
were documented as other heart diseases but 
were not categorized as CVD.

Recorded (objectively confirmed) CV risk 
factors were BMI >25 kg/m2 (i.e., overweight 
and obesity), hypertension (systolic blood 
pressure ≥140, diastolic blood pressure ≥90, 
use of antihypertensive drugs or diagnosis), 
hypercholesterolemia (use of statins or diagnosis), 
Diabetes Mellitus (DM) and smoking (current 
smoker or not).

Statistical analysis

Variable distributions were tested for normality. 
Continuous, normally distributed and ordered 
data are presented as mean with Standard 
Deviation (SD). Median and Interquartile Range 
(IQR) were used for non-normally distributed 
data. Numbers and percentages were used for 
categorical data.

Unpaired t-tests or, its non-parametric 
equivalent, the Mann-Whitney U test or (for 
binary data) the Chi-square test, were used, when 
appropriate, to determine significant differences 
between patients with and without CVD. This 
was done for both the groups as a whole and for 
women and men separately.

Second, univariable regression analyses were 
utilized to assess the associations of CVD and 
CV risk factors (e.g. smoking, hypertension, 
hypercholesterolemia, BMI, and diabetes) with 
WOMAC-PF, stair-climb test or GUG test.

Thereafter, multivariable regression analyses were 
used with CVD as the independent variable, 
controlled for sex, age and disease severity 
(indicated as Kellgren/Lawrence score ≥ 2) and 
WOMAC-PF, stair-climb test and GUG as the 
dependent variables.

P-values <0.05 were considered statistically 
significant and SPSS version 24.0 was used for 
all analyses. 

Results

Patient characteristics

In total, 447 consecutive patients with OA were 

Psoriatic Arthritis (PsA), Rheumatoid Arthritis 
(RA), or Ankylosing Spondylitis (AS)) were 
excluded. All patients provided written informed 
consent prior to inclusion according to the 
Declaration of Helsinki. This study was approved 
by the ethics committee of the Slotervaart 
Hospital/Reade (nr. U/2782/0851).

Clinical and demographic characteristics

Physical examinations were performed by 
rehabilitation physicians or rheumatologists 
and the medical history was taken for each 
patient. A questionnaire about disease history, 
clinical and psychosocial factors related to 
OA, demographics, and medication use was 
completed by the patients. The Kellgren and 
Lawrence (K/L) grade was determined according 
to the Buckland-Wright protocol [13,14] by 
analysing weight-bearing, anteroposterior 
radiographs of the knees. The K/L grade was 
subsequently dichotomized as a score of less 
than <2 or 2 and higher. Physical examination 
included blood pressure, body height and weight. 
BMI was calculated (weight divided by squared 
height in kg/m2). Co-morbidities were assessed 
with the Cumulative Illness Rating Scale [15]. 

Activity limitations

The Dutch version of the Western Ontario 
and McMaster University Osteoarthritis Index 
physical function subscale questionnaire 
(WOMAC-PF) [16,17], the stair-climb test and 
the Get Up and Go (GUG) were used to assess 
activity limitations. The WOMAC-PF uses a 
5-point scale answer to assess 17 items, with 
scores ranging between 0-68and lower scores 
indicate less activity limitations. The GUG 
test assesses the patient’s ability to rise from a 
seated position, walk, and maintain balance 
by measuring the time (in seconds) a person 
requires to rise from a chair and walk fast as 
possible for 15.2 m [18,19]. With the stair-climb 
test, patients were timed separately in seconds as 
they ascended and descended, as fast as possible, 
a 12 step staircase with 16 cm high steps [20].

Cardiovascular disease and CV risk factors

Self-reported CVD included coronary heart 
diseases, cerebrovascular diseases, congestive heart 
failure and peripheral arterial disease. Patients 
reported history of CVD, were confirmed by 
medical chart review of the cardiologist, vascular 
specialist, neurologist or general practitioner. 
This was done by the first two authors, who 
contacted the general practitioner or specialist 
to send information that confirmed the CVD 
diagnosis. ICD-9 codes were used to assign CVD 
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enrolled in this study. Of 64 patients with CVD 
three patients (5%) were unable to perform the 
stair climb test. In contrast, only one patient 
did not perform the get up and go test in the 
group of patients without CVD (n=383). Table 
1 presents, per measurement, the number of 
included patients and their characteristics.

Presence of cardiovascular diseases and CV 
risk factors

CVDs were reported by 64 out of 447 patients 
(14%), 32 out of 148 men (22%) and 32 out 
of 299 women (11%). A number of conditions 
were present in patients with CVD: coronary 

Table 1. Study group characteristics.

Total 
population 
n=447

men with 
CVD n=32

men without 
CVD n=116

women with 
CVD n=32

women without 
CVD n=267

Age, years (n=447) 61 ± 9 66 ± 8 61 ± 10* 66 ± 9 60 ± 9**
Cardiovascular risk factors (n=447)
Body mass index, kg/m2 30 ± 6 30 ± 6 29 ± 5 34 ± 6 30 ± 6**
Systolic blood pressure, mm/Hg 144 ± 21 134 ± 19 144 ± 18* 141 ± 14 145 ± 25
Diastolic blood pressure, mm/Hg 85 ± 10 79 ± 10 86 ± 8** 82 ± 11 85 ± 12
Overweight (body mass index 
>25), No (%) 366 (82) 28 (88) 94 (81) 32 (100) 212 (79)**

Diagnosis hypertension, No (%) 166 (37) 18 (56) 36 (31)* 19 (59) 93 (35)*
Diagnosis hypercholesterolemia, 
No (%) 72 (16) 10 (31) 14 (12)* 9 (28) 39 (15)

Diagnosis diabetes mellitus type 
1 or 2, No (%) 50 (10) 7 (22) 13 (11) 6 (19) 23 (9)

Smoking, No (%) 42 (9) 1 (3) 17 (15) 1 (3) 23 (9)
Medication use (n=447)
NSAIDs, No (%) 150 (34) 10 (31) 29 (25) 10 (31) 101 (38)
Gastroprotective drugs, No (%) 96 (22) 15 (47) 21 (18)** 14 (44) 46 (17)**
Antihypertensive drugs, No (%) 170 (38) 25 (78) 37 (32)** 26 (81) 82 (31)**
Cholesterol lowering drugs, No 
(%) 96 (22) 22 (69) 19 (16)** 16 (50) 42 (16)**

Anticoagulant drugs, No (%) 74 (17) 20 (63) 13 (11)** 27 (84) 14 (5)**
Oral antidiabetic drugs, No (%) 39 (9) 4 (13) 12 (10) 5 (16) 18 (7)
Insulin, No (%) 13 (3) 2 (6) 7 (6) 0 4 (2)
Disease characteristics
Duration of complaints < 1 year, 
No (%) (n=446) 59 (13) 2 (6) 12 (10) 5 (16) 40 (15)

Duration of complaints > 5 
years, No (%) (n=446) 231 (52) 16 (50) 65 (56) 15 (47) 135 (51)

Radiographic Kellgren/Lawrence 
score ≥ 2, No (%) (n=405) 282 (70) 22 (73) 90 (82) 9 (43) 161 (66)

Activity limitations 
Get up and go test, seconds 
(n=446) 10.4 (9.1-13.2) 10.4 (9.6-

13.2) 9.7 (8.4-11.1) 16.0 (12.0-20.1) 10.6 (9.1-13.2)**

Stair-climb time ascent, seconds 
(n=444) 6.5 (5.0-8.5) 6.6 (5.3-7.5) 5.4 (4.3-6.7) 9.9 (7.4-16.4) 6.8 (5.3-8.7)**

Stair-climb time descent, 
seconds (n=444) 6.8 (5.2-9.4) 6.8 (5.3-9.9) 5.3 (4.3-7.2)* 11.3 (7.6-23.0) 7.1 (5.6-9.7)**

WOMAC-questionnaire (n=434)
WOMAC physical function (0-68) 27.3 ± 13.0 25.2 ± 12.7 23.4 ± 12.8 29.8 ± 12.6 28.9 ± 12.8
WOMAC stiffness (0-8) 4.0 ± 1.9 3.9 ± 1.5 3.4 ± 1.9 4.2 ± 1.8 4.2 ± 1.9
WOMAC pain (0-20) 8.4 ± 3.9 7.4 ± 3.5 7.2 ± 3.7 8.9 ± 3.8 8.9 ± 3.9
WOMAC total (0-96) 39.6 ± 17.5 36.6 ± 16.1 34.0 ± 17.5 42.9 ± 16.7 41.9 ± 17.2
Results are presented as mean, standard deviation (SD), median and Interquartile Range (IQR) or number and 
percentage (%) 
*p<0.05, **p<0.01=Significant differences between men with and without CVD and women with and without CVD.
List of abbreviations: CRP=C-reactive protein, CVD=Cardiovascular disease, ESR= erythrocyte sedimentation rate, 
NSAIDs=Non-steroidal anti-inflammatory drugs, OA=Osteoarthritis, WOMAC=Western Ontario and McMaster 
Universities Osteoarthritis Index.
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heart disease (n=36, 8%), cerebrovascular 
accident (n=21, 5%), congestive heart failure 
(n=8, 2%), and peripheral arterial disease 
(n=4, 1%). Patients with confirmed CVD were 
significantly older. Patients with CVD had more 
diagnosis of hypertension, exhibited more anti-
hypertensive drugs use and showed on average 
a significantly lower blood pressure (both mean 
systolic and mean diastolic) than non-CVD 
patients. These findings were more pronounced 
in men (Table 1). CVD patients had more 
diagnoses of hypercholesterolemia (30% vs. . 
14%), overweight BMI (>25) (94% vs. . 80%), 
and DM (20% vs. . 10%). Patients with CVD 
used more gastro-protective drugs (45% vs. 
18%), more statins (59% vs. 16%) and more 
anticoagulants (73% vs. 7%). Furthermore, a 
KL≥2 grade was observed in 61% of the CVD 
patients and in 71% of the non CVD patients.

Associations between activity limitations and 
cardiovascular disease (and cardiovascular 
risk factors)

CVD was positively associated with a longer 
stair-climb test time and a longer GUG-test 
time. The CV-risk factors hypercholesterolemia, 
hypertension, and DM were positively associated 
with activity limitations (as measured by the 
WOMAC-PF, stair climb test and GUG test). 
Smoking (despite being a known CV-risk factor) 
showed no association with activity limitations 
(data not shown). The presence of CVD was 
not significantly associated with a more severe 
Kellgren/Lawrence score overall, although for 
women a trend was seen (p=0.055) towards less 
severe OA.

Table 2, shows the results of the various 
multivariable regression analyses with CVD. 
CVD was positively associated with a longer stair-

climb test time (B=1.18, p<0.01 (ascending) and 
B=1.22, p<0.01(descending)) and a longer GUG 
test time (B=1.23, p<0.01), even after controlling 
for sex, age and Kellgren/Lawrence score.

Discussion

The focus of this study with knee or hip OA 
patients was the association of CVD (and CV 
risk factors) and activity limitations. CVD was 
diagnosed in 14 % of patients. As expected, more 
men than women had CVD. CVD and most 
CV risk factors were associated with both self-
reported and performance-based tested activity 
limitations. This may be due to lower aerobic 
fitness capacity for the patients with CVD, as a 
consequence of both CVD and its risk factors.

For patients with OA the cornerstone of treatment 
is exercise [21]. The results of this study imply 
that taking into account the presence of CVD in 
patients with OA is important, because patients 
with both OA and CVD perform less well on 
physical tasks. As a result, patients may be at risk 
of being under treated [1,22]. This cannot only 
be explained by worse cardiorespiratory fitness, 
but obesity or muscle weakness can also be more 
prevalent and can be associated with both OA 
and CVD. Moreover, patients with both CVD 
and knee or hip OA are often less suitable 
candidates for orthopaedic surgery, because the 
mortality and morbidity risk of CVD patients is 
considerably higher than in non-CVD patients 
with OA [23]. In addition, physicians may be 
more reluctant to prescribe pain medication, such 
as NSAIDs and glucocorticoids to patients with 
knee or hip OA and CVD. These medications 
are somewhat contra-indicated in patients with 
CVD, as these patients have an increased risk 
of hypertension, diabetes mellitus or kidney 
failure [24]. However, if these OA patients are 

Table 2. Uni and multivariable linear regression analyses of Cardiovascular Disease (CVD) on activity 
limitations in knee/hip OA patients, adjusted for sex, age and KL grade.

WOMAC-PF Get up and go test Stair-climb test 
ascend

Stair-climb test 
descend

B (95%CI) p B (95% CI) p B (95% CI) P B (95% CI) P
Cardiovascular 
disease

0.27 (-3.23- 
3.78)

0.88 1.23 (1.12- 1.34) <0.01 1.18 (1.03-
1.35)

0.01 1.22 (1.05- 
1.41)

0.01

Model I 1.27 (1.16- 1.39) <0.01 1.28 (1.13-
1.46)

<0.01 1.34 (1.15- 
1.55)

<0.01

Model II 1.23 (1.12- 1.34) <0.01 1.22 (1.07-
1.39)

<0.01 1.24 (1.09-1.41) <0.01

Model III 1.23 (1.12- 1.35) <0.01 1.24 (1.09-
1.41)

<0.01 1.28 (1.11-1.48) <0.01

Results are shown as unstandardized regression coefficients B and 95% Confidence Intervals (CI).
WOMAC-PF=Western Ontario and McMaster University questionnaire physical function score (0-68), Get up and go 
and stair-climb tests in seconds.
Model I: Adjusted for sex; Model II: Adjusted for sex and age; Model III: Adjusted for sex, age and Kellgren/Lawrence 
score (≥2).
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insufficiently treated with respect to their pain 
and activity limitations, it will be more difficult 
to improve physical activity and thus will remain 
at a higher CV risk. Physical inactivity is a 
known risk factor for CVD and the patients in 
our study with CVD experienced more activity 
limitations. The experience of more limitations 
in daily life can lead to more inactivity, creating 
a vicious circle process. This process may again 
facilitate the chance of CVD.

Some limitations as well as strong points in 
this study merit attention. A limitation of this 
study is that causal conclusions cannot be drawn 
due to the cross-sectional design of the study. 
Secondly, willingness to participate in the study 
of the patients with knee or hip OA included 
in the study might have influenced the results. 
Patients who were unable to complete the 
physical assessments were excluded in the AMS-
OA cohort (as this was an exclusion criterion). 
This might result in an underrepresentation of 
patients with more severe activity limitations, 
weakening the strength of the associations found. 
In addition, a number of women with CVD 
were in too much pain or too weak to complete 
the physical fitness tests at all. This may lead to 
an underestimation of the association of CVD 
and its risk factors with activity limitations.

The relatively low number of patients with 
CVD might have been another reason for 
underestimation of the results. The patients 
with knee or hip OA in our sample were 
referred primarily due to their pain and activity 
limitations as a result of knee or hip OA and not 
due to the presence of CVD: many patients had 
high BMI, diabetes mellitus or heart disease. As a 
consequence, our findings reflect a representative 
clinical sample of patients with knee or hip OA 
in secondary care. Larger studies, however, with a 
focus on CVD and other comorbidities and their 
association with activity limitations are needed. 
The gathering of reliable data on comorbidities 
and clinically relevant limitations in daily 
activities is a strong point of our study. All CV 
events in our study were verified by general 
practitioners or specialists, as opposed to relying 
solely on self-reported CVD in questionnaires 
and this led to a more accurate identification of 
patients with CVD.

Conclusion

Knee or hip OA patients show more observed 
activity limitations in the presence of CVD and 
CV risk factors. A patient tailored intervention 

approach for OA patients with CVD and CV 
risk factors is supported by these findings. This 
will help patients with OA and CVD to reach the 
same effects on daily functioning as knee and/or 
hip osteoarthritis patients without CVD and CV 
risk factors. Therefore, longitudinal intervention 
studies to examine the effects of specific exercise 
programs and cardiovascular risk management 
in OA patients are warranted, as are studies that 
include more females with CVD and CV risk 
factors to detect more subtle effects in women.

Key messages

• Patients with a history of CVD and knee or 
hip osteoarthritis (OA) have more activity 
limitations and do not perform as well in 
the stair-climb test and get up and go test 
compared to OA patients without a history 
of CVD.

• Our findings support the need for more 
longitudinal studies in patients with 
knee or hip osteoarthritis to examine the 
effects of exercise and cardiovascular risk 
management on daily functioning, CVD 
and CV risk factors. 
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