
VU Research Portal

Cardiovascular risk reduction in rheumatic diseases How can it be achieved?

van den Oever, I.A.M.

2016

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
van den Oever, I. A. M. (2016). Cardiovascular risk reduction in rheumatic diseases How can it be achieved?
[PhD-Thesis - Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 24. May. 2023

https://research.vu.nl/en/publications/17c295c1-ee93-40b4-b6ee-5a4c01b6f1c9


 

149 

Chapter 3.2 
Cardiovascular disease is associated with 
muscle strength, proprioceptive accuracy 

and activity limitations in patients with 
knee and/or hip osteoarthritis: results from 

the Amsterdam osteoarthritis cohort 
 

I.A.M. van den Oever 

I.M. Visman 

M. van der Leeden 

M. de Rooij 

L.D. Roorda 

W.F. Lems 

M.T. Nurmohamed 

J. Dekker 

M. van der Esch 

 

Submitted  



Chapter 3.2 
 

150 

Abstract 
Objective To investigate the association of cardiovascular disease (CVD) with muscle 

strength, proprioceptive accuracy and activity limitations in patients with knee and/or hip 

osteoarthritis (OA). 

Methods Consecutive knee and/or hip OA patients of the Amsterdam Osteoarthritis cohort 

were included. CVD and cardiovascular (CV) risk factors were assessed by questionnaire 

and checked in medical files. Muscle strength was assessed isokinetically, knee joint 

proprioceptive accuracy by detecting the joint motion threshold and activity limitations 

by Get Up and Go (GUG) and stair-climb tests. Associations of CVD with biomechanical 

factors and activity limitations were calculated using regression analysis (unstandardized 

regression coefficients and 95% confidence intervals) and adjusted for gender and age or, 

when relevant, stratified by gender. 

Results CVD was reported by 64 out of 447 patients (14%), 32 out of 148 men (28%) and 32 

out of 299 women (12%). Mean age ± SD of patients with and without CVD differed 

significantly (66±8 and 60±9 years, p<0.05). CVD was associated with proprioceptive 

accuracy (1.31 [1.10-1.57]), GUG (1.09 [0.97-1.23]) and ascend (1.31 [1.14-1.50]) and 

descend (1.31 [1.14-1.50]) stair-climb test. After adjusting for gender and age these 

associations remained significant. Stratification by gender showed an association between 

CVD and muscle strength in men (p=0.03), but not in women. 

Conclusion Patients with knee and/or hip OA and CVD had, compared to patients without 

CVD, decreased proprioceptive accuracy and more activity limitations. Muscle strength 

was lower in men with CVD compared to men without CVD. These findings support a 

patient tailored intervention approach in knee and/or hip osteoarthritis patients with 

CVD. 
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Introduction 

Cardiovascular disease (CVD) is a common comorbidity in patients with knee or hip OA (1). 

A standardized mortality ratio of 1.71 (1.49-1.98) for cardiovascular (CV) death has been 

reported in patients with knee or hip OA, as compared to the general population (2). 

Furthermore, an association of CVD with activity limitations in patients with OA has been 

reported (3). Moreover, associations between activity limitations and muscle strength, and 

proprioceptive accuracy in patients with knee or hip OA are known (4-6). However, 

associations of CVD with the biomechanical factors muscle strength and proprioceptive 

accuracy have not been studied yet. 

 

CV risk factors such as obesity, hypertension, hypercholesterolemia, diabetes and physical 

inactivity are more prevalent in patients with knee or hip OA, compared to the general 

population (7). Obesity is associated with decreased cardiorespiratory fitness and activity 

limitations (8, 9), and is an important mediator of chronic low-grade inflammation (10). 

Chronic low-grade inflammation increases the risk of CVD by amplifying atherogenesis 

(11). It has been reported that chronic low-grade inflammation may influence muscle 

strength in patients with knee or hip OA (12). Given the strong association between 

muscle strength and joint proprioception, it could be expected that chronic low-grade 

inflammation is associated with both muscle strength and joint proprioception. Driven by 

chronic low-grade inflammation and atherosclerosis we hypothesize that CVD and CV risk 

factors are associated with muscle strength, joint proprioceptive accuracy and activity 

limitations in patients with knee and/or hip OA (figure 1). 
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Figure 1 Hypothesized associationmodel of cardiovascular disease (CVD) and 
biomechanical factors and activity limitations in patient with knee and/or hip 
osteoarthritis 

 
 

 

Additionally, it is known that the prevalence of knee and/or hip OA, muscle weakness and 

proprioceptive inaccuracy is higher in females and older age (13-16) and it is also known 

that the prevalence of CVD is higher in men and older age (17). This implies that the 

associations between CVD, biomechanical factors and activity limitations should be 

studied controlled for gender and age. 

The aim of this study was to investigate the associations of CVD with muscle strength, 

proprioceptive accuracy and activity limitations in patients with knee and/or hip 

osteoarthritis, controlled for age and gender. 
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Methods 

Study population 

For this study, data from patients consecutively included in the Amsterdam Osteoarthritis 

(AMS-OA) cohort were used. All patients were diagnosed with OA of the knee and/or hip 

according to the American College of Rheumatology criteria (18, 19) and were referred to 

an outpatient rehabilitation centre (Reade, Centre for Rehabilitation and Rheumatology, 

Amsterdam, the Netherlands). Patients who were diagnosed with another disease involving 

inflammatory arthritis (rheumatoid arthritis (RA), psoriatic arthritis (PsA), ankylosing 

spondylitis (AS) or gout) were excluded. This study was approved by the ethical committee 

of the Slotervaart Hospital/Reade and prior to inclusion all patients provided written 

informed consent according to the Declaration of Helsinki. 

 

Cardiovascular disease and risk factors 

Cardiovascular diseases, including coronary heart disease, congestive heart failure, 

cerebrovascular disease and peripheral arterial disease, were assessed by questionnaire. 

When a patient reported a history of CVD, this was confirmed by checking the medical 

files of the general practitioner, cardiologist, neurologist or vascular specialist. 

Assignment to CVD was performed on the basis of standardized criteria according to the 

ICD-9 codes. Coronary heart diseases included angina pectoris, myocardial infarction, 

percutaneous coronary intervention (PCI), or coronary artery by-pass surgery (CABG). 

Cerebrovascular diseases included stroke, carotid endarterectomy or transient ischaemic 

attack. Peripheral arterial diseases included a history of peripheral arterial insufficiency 

(complaints) or a peripheral arterial reconstruction. Other heart diseases, such as heart 

valve insufficiency, myocarditis, pericarditis or a rhythm disorder were documented as 

other heart diseases, but were not categorized as CVD. 

Cardiovascular risk factors e.g. overweight, hypertension, hypercholesterolemia, diabetes 

mellitus (DM) and smoking were also assessed by questionnaire. When a patient reported a 

CV risk factor, this was verified by checking the medical file for a confirmation of the 

diagnosis by the general practitioner or a medical specialist, or relevant medication use. 

Overweight was defined as a body mass index (BMI) of >25 kg m2. Hypertension was 

defined as r a diagnosis of hypertension by the general practitioner or medical specialist 

and/or use of antihypertensive drugs. Hypercholesterolemia was defined as a diagnosis of 

hypercholesterolemia by the general practitioner or medical specialist and/or use of 

cholesterol lowering drugs. 
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Demographic and clinical characteristics 

Medical history and physical examination were performed by rheumatologists or 

rehabilitation physicians. Physical examination included body height and weight, blood 

pressure and biomechanical measurements of the knee. BMI was calculated as the ratio of 

weight to squared height (kg m2). Additionally, all patients filled in a questionnaire about 

demographics, disease history, medication use, clinical and psychosocial factors related to 

OA. The Cumulative Illness Rating Scale was used to assess co-morbidities(20). The 

Kellgren and Lawrence (K/L) score was determined by analysing weight-bearing, 

anteroposterior radiographs of the knees performed according to the Buckland-Wright 

protocol (21, 22). The K/L score was dichotomized as a score of ≥2 or <2. Blood was taken 

to measure among others things, inflammatory markers (erythrocyte sedimentation rate 

(ESR), C-reactive protein (CRP)) and creatinine values. Glomerular infiltration rate (GFR), 

a measure for renal function, was assessed by using the Cockcroft-Gault formula in 

ml/min: ((140−age) × body weight/creatinine × 71) for men and ((140−age) × body 

weight/creatinine × 71)× 0.85 for women (23). 

Biomechanical factors 

Muscle strength 

Muscle strength of both knees was measured with an isokinetic dynamometer (EnKnee, 

Enraf-Nonius, Rotterdam, Netherlands)(5). This measurement has proven reproducibility 

and validity (24). Quadriceps and hamstring strength were assessed in a sitting position 

and knee flexion and extension strength were assessed at an angular velocity of 60 ͦ / 

second. Mean muscle strength (in Newton meter, Nm) was calculated per leg out of 3 

maximal repetitions. 

 

Proprioceptive accuracy 

Proprioceptive accuracy was assessed as the sense of knee motion. This was measured 

using a knee joint motion detection task and expressed as the joint motion detection 

threshold. The subjects had to sit semi-reclined in a chair with their knees in a starting 

position of 30 degrees flexion. After that, angular displacement was provided in extension 

in one knee with a velocity of 0.3 degrees/second and measured with a resolution of 0.1°. 

The subjects had to push a button when they detected knee joint motion. The angular 

displacement between the starting position and the position at the time of pushing the 

button was recorded. The difference, in degrees, between the actual onset of motion and 

the subject's detection of knee motion was recorded as the threshold for detection of 
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knee joint motion, therefore a high threshold expresses poor proprioceptive accuracy. The 

mean of three measurements was used for statistical analysis. 

Intra- and interrater reliability (ICC) for the assessment of participants with and without 

OA were good (25). 

 

Activity limitations 

Activity limitations were assessed by the Dutch version of the Western Ontario and 

McMaster University Osteoarthritis Index physical function subscale questionnaire 

(WOMAC-PF)(26, 27) and by the get up and go (GUG) and stair-climb test. The WOMAC-PF 

consists of 17 items with a 5-point scale answer, the score ranging between 0-68. Higher 

scores indicate more activity limitations. The GUG test measures in seconds how much 

time a person needs to get up from a chair and walk 15.2m as fast as possible, hereby 

assessing the patient’s ability to rise from a seated position, walk, and maintain balance 

(28, 29). For the stair-climb test, patients had to ascend and descend a staircase with 12 

steps of 16 cm high, as fast as possible (timed in seconds)(30). 

 

Statistical analysis 

The distribution of variables was tested for normality. Normally distributed continuous 

and ordered data are represented as mean ± standard deviation (SD), not-normally 

distributed data as median and interquartile range (IQR), and categorical data as number 

and percentages. 

First, the unpaired t-test or when appropriate, the Mann-Whitney U test or the Chi-square 

test were used to determine significant differences in characteristics between patients 

with and without CVD. 

Second, Pearson or Spearman correlation coefficients were calculated to assess the 

associations between CVD and CV risk factors (e.g. obesity, hypertension, 

hypercholesterolemia, diabetes and smoking), and muscle strength, proprioceptive 

accuracy, WOMAC-PF, GUG test, stair-climb test, and inflammatory markers. 

Subsequently, regression analyses were performed with muscle strength, proprioceptive 

accuracy, WOMAC-PF, GUG and stair-climb test as dependent variables, CVD as 

independent variable and gender and age as confounders. Finally, because gender turned 

out to be a significant effect modifier in the association between muscle strength and 

CVD, analyses were repeated stratifying for gender. 

All analyses were performed using SPSS version 18.0. P-values <0.05 were considered 

statistically significant. 
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Results 

Patient characteristics 

In total, 447 OA patients participated in this study. Not all measurements could be 

performed in all patients, due to various reasons, for instance pain or weakness. The 

numbers of included and excluded patients, including the number of patients who did not 

perform the measurements, are displayed in a flow chart (figure 2). Characteristics of the 

study population are presented in table 1. 

 

Figure 2 Flow chart of study inclusion 
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Table 1 Study group characteristics 
 Total 

populatio
n 

men with 
CVD 

men 
without 
CVD 

women 
with CVD 

women 
without 
CVD 

  n=447 n=32 n=116 n=32 n=267 

  Age, years 61±9 66±8 61±10* 66±9 60±9** 

Cardiovascular risk factors         

  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) 366 (82) 94 (81) 28 (88) 32 (100) 212 (79)** 

  Diagnosis hypertension 166 (37) 18 (56) 36 (31)* 19 (59) 93 (35)* 

  Diagnosis hypercholesterolemia 72 (16) 10 (31) 14 (12)* 9 (28) 39 (15) 

  Diagnosis diabetes mellitus type 1 or 2 50 (10) 7 (22) 13 (11) 6 (19) 23 (9) 

  Smoking 42 (9) 1 (3) 17 (15) 1 (3) 23 (9) 

Medication use         

  NSAIDs 150 (34) 10 (31) 29 (25) 10 (31) 101 (38) 

  Gastroprotective drugs 96 (22) 15 (47) 21 (18)** 14 (44) 46 (17)** 

  Antihypertensive drugs 170 (38) 25 (78) 37 (32)** 26 (81) 82 (31)** 

  Cholesterol lowering drugs 96 (22) 22 (69) 19 (16)** 16 (50) 42 (16)** 

  Anticoagulant drugs 74 (17) 20 (63) 13 (11)** 27 (84) 14 (5)** 

  Oral antidiabetic drugs 39 (9) 4 (13) 12 (10) 5 (16) 18 (7) 

  Insulin 13 (3) 2 (6) 7 (6) 0 4 (2) 

Disease characteristics         

  Duration of complaints < 1 year 59 (13) 2 (6) 12 (10) 5 (16) 40 (15) 

  Duration of complaints > 5 years 231 (52) 16 (50) 65 (56) 15 (47) 135 (51) 

  Radiographic Kellgren/Lawrence score 
≥ 2 

289 (70) 22 (69) 90 (78) 9 (28) 161 (60) 

Laboratory parameters         

  ESR, mm/hour 9 (4-16) 6 (2-15) 6 (2-11) 11 (4-22) 10 (5-18) 

  CRP, mg/L 2 (1-4) 2 (1-3) 2 (1-3) 3 (1-4) 2 (1-4) 

  GFR (Cockgroft Gault formula), 
mL/min 

71.6±21.2 69.5±23.0 74.7±18.9 65.3±21.9 71.6±21.1 

Biomechanical scores         

  Total flexion and extension score, 
Newton meter 

76.16±34.
61 

95.11±34.
24 

110.14 
±33.79* 

60.35±21.
19 

59.43±20.
49 

  Total proprioceptive accuracy, 
degrees 

2.5 (1.6-
4.1) 

3.2 (2.1-
4.2) 

2.2 (1.2-
3.6)* 

3.5 (2.2-
4.9) 

2.4 (1.6-
4.1)* 

WOMAC questionnaire         

  WOMAC physical function score (0-68) 27.3±13.0 25.2±12.7 23.4±12.8 29.8±12.6 28.9±12.8 

  WOMAC stiffness score (0-8) 4.0±1.9 3.9±1.5 3.4±1.9 4.2±1.8 4.2±1.9 

  WOMAC pain score (0-20) 8.4±3.9 7.4±3.5 7.2±3.7 8.9±3.8 8.9±3.9 

  WOMAC total score (0-96)  39.6±17.5 36.6±16.1 34.0±17.5 42.9±16.7 41.9±17.2 

Functional tests         

  Get up and go test, seconds 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)** 
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 Total 
populatio
n 

men with 
CVD 

men 
without 
CVD 

women 
with CVD 

women 
without 
CVD 

  n=447 n=32 n=116 n=32 n=267 

  Stair-climb time ascend, seconds 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 descend, seconds 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)** 

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 GFR, Glomerular Filtration Rate NSAIDs, non-steroidal anti-inflammatory drugs 
OA, osteoarthritis WOMAC, Western Ontario and McMaster University 

 

Prevalence of cardiovascular diseases 

Cardiovascular diseases were diagnosed in 64 (14%) of the 447 OA patients. More than a 

quarter (28%) of the men versus only 12% of the woman had a history of CVD. The 

following conditions were present: coronary heart disease (n = 36, 8%), congestive heart 

failure (n = 8, 2%), cerebrovascular accident (n = 21, 5%), and peripheral arterial disease 

(n = 4, 1%). Patients with CVD were significantly older (66 vs. 60 years) and had 

significantly lower mean systolic and diastolic blood pressure than patients without CVD 

(138±17 and 81±11 vs. 145±23 and 85±11, respectively). These findings were more 

prominent in men (table 1). Patients with CVD were more often diagnosed with 

overweight (94% vs. 80%), hypertension (81% vs. 37%), hypercholesterolemia (64% vs. 18%) 

and/or diabetes mellitus (20% vs. 10%). They also used more gastro-protective drugs (45% 

vs. 18%), more anti-hypertensive drugs (80% vs. 31%), more statins (59% vs. 16%) and more 

anticoagulants (73% vs. 7%). Furthermore, the group with CVD had lower K/L scores, 

compared to the group without CVD (61% vs. 89%). 

 

Associations between cardiovascular disease, cardiovascular risk factors, 

including inflammatory markers and biomechanical factors, and activity 

limitations 

The results of the Spearman or Pearson correlation coefficient tests are presented in table 

2. CVD or any of the CV risk factors, except ESR, were not significantly associated with 

muscle strength. CVD was associated with proprioceptive accuracy, the GUG test and the 

stair-climb test. 
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CV risk factors hypertension, hypercholesterolemia, diabetes mellitus and ESR were 

associated with proprioceptive accuracy and activity limitations (the WOMAC-PF, GUG test 

and stair climb test). CRP was also associated with activity limitations but not with 

biochemical factors. 

The CV-risk factor smoking was not associated with any of the above mentioned variables. 

 

Tabel 2 Associations between cardiovascular disease, cardiovascular risk factors, 
including inflammatory markers and biomechanical factors, and activity limitations 

 

Muscle 
strength 

Proprioceptive 
accuracy 

WOMAC-
PF 

Get up and 
go test 

Stair-climb 
time 
ascend 

Stair-climb 
time 
descend 

Gender 0.65** -0.08 -0.19** -0.20** -0.27** -0.28** 

Age -0.13* 0.35** 0.03 0.23** 0.23** 0.27** 

CVD 0.05 0.15** 0.01 0.21** 0.17** 0.17** 

Body mass index -0.04 0.06 0.30** 0.36** 0.38** 0.37** 

Hypertension -0.17 0.14** 0.13* 0.24** 0.26** 0.30** 

Hypercholesterolemia -0.05 0.15** 0.15** 0.23** 0.19** 0.19** 

Diabetes mellitus -0.05 0.14** 0.14** 0.29** 0.26** 0.30** 

Smoking 0.04 -0.01 0.02 0.01 0.03 0.02 

ESR -0.24** 0.14* 0.17** 0.26** 0.23** 0.22** 

CRP -0.06 0.03 0.18** 0.23** 0.22** 0.21** 

Results are presentend as Spearman or Pearson correlation coefficientents (r) *p<0.05  **p<0.01 

List of abbreviations: CRP, C-reactive protein CVD, cardiovascular disease ESR, erythrocyte 
sedimentation rate, K/L score, Kellgren/Lawrence score NSAIDs, non-steroidal anti-inflammatory 
drugs OA, osteoarthritis WOMAC-PF, Western Ontario and McMaster University physical function 

 

Multiple linear regression analysis: associations between cardiovascular disease 

and biochemical factors and activity limitations 

The results of the multiple linear regression analyses are presented in table 3. CVD was 

associated with proprioceptive accuracy and GUG test and stair climb test, even after 

correction for gender and age. 
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Table 3 Results of multiple linear regression analysis: associations between 
cardiovascular disease and biomechanical factors and activity limitations in osteoarthritis 
patients 
  Cardiovascular disease Adjusted for gender Adjusted for gender and 

age 

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

Muscle strength  5.19 (-4.82- 15.20) 0.31     

Proprioceptive 
accuracy 

1.31 (1.10- 1.57) <0.01 1.35 (1.13- 1.62) <0.01 1.19 (1.00- 1.11) 0.05 

WOMAC-PF 0.25 (-3.23- 3.78) 0.88     

Get up and go 
test 

1.24 (1.14- 1.35) <0.01 1.28 (1.17- 1.38) <0.01 1.23 (1.13- 1.33) <0.01 

Stair-climb test 
ascend 

1.26 (1.11- 1.42) <0.01 1.34 (1.19- 1.50) <0.01 1.27 (1.13- 1.43) <0.01 

Stair-climb test 
descend 

1.31 (1.14- 1.50) <0.01 1.40 (1.23- 1.60) <0.01 1.31 (1.14- 1.49) <0.01 

Results are shown as unstandardized regression coefficients B and 95% confidence intervals (CI). 

Muscle strength = total flexion and extension score in Newton meter, proprioception = total 
proprioceptive accuracy left and right knee in degrees, WOMAC-PF = Western Ontario and McMaster 
University questionnaire physical function score (0-68), Get up and go test and stair-climb in seconds. 

 

Gender was a strong effect modifier of the association between CVD and muscle strength, 

therefore linear regression analyses were performed separately for men and women. The 

association of CVD with muscle strength was statistically significant in men (B = -15.04, 

95%CI= -28.08- -0.040, p = 0.03), but not in women (B = 0.092, 95%CI = -8.08- 9.93, p = 

0.84). 
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Discussion 

This study investigated the association of CVD with muscle strength, proprioceptive 

accuracy and activity limitations in a large group of patients with knee and/or hip OA. 

Fourteen per cent of the included patients had CVD as comorbidity. As expected, 

proportionally more men than women experienced CVD. The results showed that CVD and 

CV risk factors were associated with proprioceptive accuracy and activity limitations, and 

with muscle strength in men. 

In male patients with knee and/or hip OA and CVD, muscle strength was lower than in 

patients without CVD. Although the reason for this difference is not fully elucidated, it 

can be hypothesized that systemic inflammation or atherosclerosis deteriorates muscle 

strength through oxidative stress as is shown in an aging and heart failure study (31, 32). 

Also the use of statins could have an influence, since statins can cause muscle cramps, 

myopathy and myositis as side-effects and men and woman with CVD used significantly 

more often statins. The association between CVD and muscle strength was significant in 

men but not in women. In men the prevalence of CVD was higher and men had higher 

muscle strength compared to women. In women with knee and/or hip OA, the total 

number of patients with extremely low muscle strength was high. Of the 32 women with 

CVD, 10 women (31%) were too weak or had too much pain to perform the muscle strength 

test, versus only one man with CVD. Only 6 per cent of the patients without CVD did not 

perform the muscle strength test. This could have underestimated the results. Therefore, 

we believe that an association between CVD and muscle strength exists, but in our study 

the missing muscle strength scores determined by gender underestimated the results. 

Further studies are needed to investigate the influence of gender on CVD and muscle 

strength. 

There is a scarcity of studies that investigated the possible link between atherosclerosis 

and joint proprioception. However, there are studies reporting that proprioception is 

often affected in patients who suffer from a stroke (33, 34). Also patients with diabetes 

mellitus are at higher risk of developing peripheral sensory neuropathy and thereby loss of 

proprioceptive accuracy (35, 36). Moreover, one study showed that (asymptomatic) 

peripheral arterial disease is associated with lower walking velocity, poorer standing 

balance score, slower time to arise 5 times consecutively from a seated position, and 

fewer blocks walked per week, indicating loss of proprioception and activity limitations 

(37). Whether atherosclerosis or inflammation are significant causal factors for the link 

between CVD, CV risk factors and proprioception is unknown. This study showed an 

association between ESR and proprioception, notwithstanding that this association was not 

strong and CRP showed no association. There is a need for studies investigating the role of 
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atherosclerosis and inflammation in joint proprioception. Poor proprioception is an 

important aspect of neuromuscular control when performing daily activities of patients 

with knee OA and especially with CVD. 

The associations between CVD and muscle strength, proprioceptive accuracy, and activity 

limitations were not influenced by the age of the patients with knee OA and CVD. Patients 

with CVD were significantly older than the patients without CVD. However, after 

correction for age the associations between CVD and proprioceptive accuracy and activity 

limitations remained significant, indicating that age is not a major factor of influence. 

In previous studies, obesity, a CV risk factor, was found to be an important mediator of 

chronic low grade inflammation and was associated with activity limitations (8, 9). In this 

study, obesity was also associated with CVD and activity limitations in patients with knee 

and/or hip OA. Whether this association can be explained by the underlying mechanism of 

low grade systemic Meta-inflammation is not clear (38). In a previous study we reported 

on the association of the inflammatory marker ESR with biomechanical factors and activity 

limitations (12). In the present study, again an association was found between ESR with 

biomechanical factors and activity limitations, but not between CVD and ESR. Also CRP 

was not associated with CVD or biomechanical factors and showed only a weak association 

with activity limitations. The absence of a strong influence of inflammatory markers on 

the associations might be explained by the low values of the inflammatory markers overall 

and the absence of a significant difference between the patients with and without CVD. 

Furthermore, this study used the prevalence of CVD and no information was available on 

the date of onset of CVD. This means that CVD could have been present for a long time, 

whereas CRP and ESR reflected the current situation. 

Some study limitations and strong points merit attention. The cross-sectional design of the 

study is a limitation and causal conclusions cannot be drawn. Secondly, knee and/or hip 

OA patients included in the study might have influenced the results by their willingness to 

participate in the study. As an exclusion criterion, patients who were not adequately able 

to carry out the physical assessments were not included in the AMS-OA cohort. However, 

in the present study, at the moment of evaluation still seventeen per cent of OA patients 

with CVD were too weak or had too much knee pain to perform the muscle strength 

assessment versus only six per cent of the patients without CVD, which may have 

underestimated our results. Another reason for underestimation of results might have 

been the relatively low number of patients with CVD. Our sample of knee and/or hip OA 

patients were primarily referred because of their complaints of pain and activity 

limitations because of knee and/or hip OA and not because of the presence of CVD, 

although many patients had one or more of the following comorbidities: obesity, diabetes 
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mellitus and/or heart disease. Therefore, we believe that our findings are reflecting a 

representative clinical sample of knee and/or hip OA patients in secondary care, but 

larger studies with a focus on CVD and other comorbidities and their association with 

biomechanical factors and activity limitations are needed. A strong point of our study is 

the gathering of reliable data on comorbidities, biomechanical factors, and clinically 

relevant limitations in daily activities. In our study, all CV events were verified by 

specialists or general practitioners, which leads to a more accurate identification of CVD 

patients than just relying on patient-reported CVD. Future studies should focus on 

longitudinal data and factors that may predict the incidence of CV events. Because 

exercise is central in the management of knee and/or hip OA, the influence of the 

presence of CVD and CV risk factors should be studied in more detail. 

These results implicate that it is important to take into account CVcomorbidities of an OA 

patient, as OA patients with CVD perform worse on physical activities. This may not only 

be explained by worse cardiorespiratory fitness but also by extra loss of muscle strength 

and proprioception. Therefore, CV comorbidity of patients with knee and/or hip OA has 

serious implications for their therapeutic options. Patients with knee and/or hip OA and 

CVD are often less suitable for orthopaedic surgery, because the morbidity and mortality 

risk of these patients is much higher than in patients without CVD(39). Another implication 

of CV comorbidity could be less prescription of pain medication, like NSAIDs and 

glucocorticoids. These medications are relatively contra-indicated because these drugs 

can cause hypertension, diabetes mellitus or kidney failure. However, if the OA of these 

patients is not treated effectively they will not improve their fitness and risk a new CV 

event. Given the fact that exercise is an important part in the management of knee and 

hip OA and also reduces the (recurrent) CVD risk, effective OA treatment should be 

developed for the knee and hip OA patients with CVD and/or high CV risk factors. 
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Conclusions 

In conclusion, knee and/or hip osteoarthritis patients with CVD have more activity 

limitations and less proprioceptive accuracy than knee and/or hip osteoarthritis patients 

without CVD. Furthermore, men with CVD have lower muscle strength than men without 

CVD. These findings support a patient tailored intervention approach in knee and/or hip 

osteoarthritis patients with CVD, but more longitudinal intervention studies are needed in 

patients with knee or hip osteoarthritis and CVD. 
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