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Abstract 

Objective. Lower cardiorespiratory fitness (CRF) and physical activity (PA) associate with higher 

cardiovascular disease (CVD) risk, but the relationship between CRF and PA in people who have 

rheumatoid arthritis (RA) at an increased CVD risk (CVD-RA) is not known. The objectives of 

this study were to determine the levels of CRF and PA in people who have CVD-RA and to 

investigate the association of CRF with PA in people who have CVD-RA. 

 

Methods. A total of 24 consecutive patients (19 women) with CVD-RA (>4% for 10-year risk of 

fatal CVD development as calculated using the Systematic Coronary Risk Evaluation) – were 

included in the study. CRF was assessed with a graded maximal exercise test determining maximal 

oxygen uptake (VO2max). PA was assessed with an accelerometer to determine the amount of step 

count, sedentary, light and moderate-to-vigorous physical activity (MVPA) minutes per day.  

 

Results. Mean age of patients was 65.3±8.3 years. CRF mean values were 16.3±1.2 ml·kg-1min-1, 

mean step count per day was 6033±2256, and the mean MVPA time was 16.7 minutes per day. 

Significant positive associations were found for CRF with step count (B=0.001, P=0.01) and 

MVPA time (B=0.15, P=0.02); a negative association was found for CRF with sedentary time 

(B=-0.02, P=0.03).  

 

Conclusion. CRF is low and is associated with step count, sedentary time and MVPA time in 

people who have RA at an increased CVD risk. 
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 Cardiorespiratory Fitness and Physical Activity in People Who Have Rheumatoid Arthritis 

at an Increased Risk of Cardiovascular Disease: A Cross-Sectional Study 

1.1 Introduction 

People who have Rheumatoid arthritis (RA) associate with an increased risk for cardiovascular 

disease (CVD), which is partly due to the high prevalence of traditional CVD risk factors such as 

hypertension, insulin resistance and dyslipidaemia [1]. In addition to these traditional CVD risk 

factors, systemic inflammation in RA [1-3] and physical inactivity [1-7]  may increase CVD risk 

further in RA. Traditional CVD risk factors, systemic inflammation and physical inactivity are 

associated with a low cardiorespiratory fitness (CRF) in people who have RA [7-8]. In the general 

RA population, physical activity (PA) levels were reported to be lower than required 150 minutes 

of moderate intensity PA and/or 75 minutes of vigorous PA per week [8] and; CRF levels were 

found to be much lower than their healthy counterparts [7].  

 

CRF, that determines maximal oxygen uptake (VO2max), is an important outcome measure because 

it is a determinant of CVD mortality [2, 4, 7, 9-10]. It has been indicated that improvement in PA levels 

may improve CRF, reduce the risk of CVD in RA and alleviate RA-related symptoms [1-4, 7, 9, 11]. 

Although the levels of CRF and PA have been reported in the RA population with no risk of CVD 

[4, 8], the levels of CRF and PA in people who have RA at an increased risk of CVD (CVD-RA) are 

currently unknown. Moreover, determining levels of PA can be unclear as both objective (i.e. 

accelerometers) and subjective (i.e. questionnaires) measurements are used and they differ per 

study [9-10]; and multiple studies only assess certain aspects of PA [6, 8]. As a result, PA levels are 

either over- or underestimated [6, 8]. 
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In addition to step count, it is also unknown in people who have CVD-RA whether CRF is 

associated with other aspects of PA such as, sedentary time, amount of light PA, and amount of 

moderate-to-vigorous PA [7]. Therefore, the aims of the study were two-fold: 1) to determine CRF 

and PA levels in people who have CVD-RA; and 2) to investigate the association of CRF with PA 

in people who have CVD-RA. 

 

1.2 Methods 

1.2.1 Design and Participants 

The data presented herein are the baseline data of a pilot study, which investigated the feasibility 

of exercise therapy on CRF and cardiovascular risk factors in CVD-RA. 

 

The inclusion criteria were: diagnosis of RA, high or very high 10-year risk of CV mortality, a 

minimum age of 20 years and a maximum age of 85 years. A high risk is represented by a 10-year 

risk for CV mortality of >4%; and a risk of >9% represents a very high risk [13]. RA patients from 

an existing RA cohort were invited to participate. Diagnosis of RA was based on the American 

College of Rheumatology (ACR) and European League Against Rheumatism (EULAR) criteria  

[14]. Increased risk of CVD was determined by using the Dutch Systematic Coronary Risk 

Evaluation (SCORE)-table [13]. The Dutch SCORE is based on an algorithm and has been 

developed to estimate the 10-year risk for CV mortality based on sex, age, smoking behaviour, 

systolic blood pressure and blood lipid levels [13]. The EULAR guidelines for CV risk management 

recommend to use this national risk guideline [15-16]. The outcome of the risk prediction was 

multiplied by 1.5 to account for RA [15]. 
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The exclusion criteria were any contra-indications for exercise tolerance testing as indicated by 

The American College of Sports Medicine (ACSM) [17] guideline, or if the patients were not able 

to perform the maximal exercise test due to any functional limitations [17].  

 

Ethical approval for this study was given by the Medical Ethics Committee of the Slotervaart 

hospital and Reade (NL63018.048.17), and written consent was provided by the patients prior to 

their participation.  

 

1.2.2 Measurements 

Demographic, disease-related and anthropometric characteristics 

Measured baseline characteristics: body weight, -height, body mass index (BMI), blood lipid count, 

blood pressure, and medication usage and dosage. Disease severity of RA in each patient was 

evaluated via scores of disease activity (DAS28), disease duration, and pain scores. Pain scores 

were assessed using the Numeric Rating Scale for Pain (NRS pain) that ranges from 0 to 10; with 

a score of zero indicating no pain at all, and a score of 10 indicating the worst pain imaginable [18]. 

Pain scores in the last 24 hours and prior to exercise testing were recorded.  

 

Cardiorespiratory Fitness 

CRF was determined by the maximal oxygen uptake (VO2max in ml.kg-1min-1) which was obtained 

from maximal exercise testing. The mode of measurement was a bike ergometer (Lode, The 

Netherlands) along with a breath-by-breath analysis (Metalyzer 3B, CORTEX Biophysik GmbH, 

Leipzig, Germany). An individualized test protocol was used to assess CRF. The test in most cases 

was initiated at 30 Watt (W) and at a speed of 60 revolutions a minute (rpm). The patients were 
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asked to maintain a speed of between 60-80 rpm during the test. The Wattage was increased by 1 

W every 6 seconds. The aim of the test was to achieve exhaustion within 8-12 minutes. Before 

exercise testing, the patients were required to do a familiarisation session. If the patient was not 

expected to reach 8 minutes with the exercise protocol, the resistance was first set at 10W. In 

contrast, patients who were expected to go beyond 12 minutes had a work rate increment of 2 W 

every 6 seconds. The test was terminated when the participant could no longer maintain a pedal 

rate of 60 rpm after being encouraged. Blood pressure and electrocardiogram (ECG) during 

exercise testing were recorded and checked by a medical doctor during the test constantly.  

 

Physical Activity Assessment 

PA was assessed using an Actigraph accelerometer (type wGT3x-BT). This tool is proven to be a 

reliable and a non-invasive tool for the measurement of various types and intensities of a given 

activity (i.e. standing, walking, sitting) [19-20]. Patients were required to wear the Actigraph on their 

right hip, for seven consecutive days. They were instructed to continue their normal daily activities, 

and were only allowed to remove their Actigraph during aquatic activities and just before going to 

sleep. The sample frequency was set at 30 Hz and the data were divided int 60-second epochs. All 

data from the Actigraph were downloaded using Actilife software (version 6.13.3). PA was 

measured by activity-count per minute (CPM) and the cut-off values for different PA intensities 

were chosen based on previous studies [8, 21]: sedentary (0-99 CPM); light PA (100-2019 CPM); 

moderate PA (2020-5998 CPM) and moderate-to-vigorous PA (MVPA) (>2019 CPM) [8]. A 

minimum of four measurement days with a wear time of at least 10 hours is required in order for 

the accelerometery data to be valid. The data of the first measurement day were excluded from the 

analysis as PA levels on this day tended to exceed normal levels of daily PA [22-23]. The four 
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resulting outcome measures of the Actigraph were step-count per day in numbers, total sedentary 

time per day in minutes, total amount of light PA per day in minutes, and total amount of MVPA 

time per day in minutes. All measures were averaged across days per subject.  

 

1.2.3 Statistical Analysis 

All analyses were performed using SPSS, version 26 (SPSS Inc, Chicago, IL). The characteristics 

of the population and variables CRF and PA, were determined by means, standard deviations, 

frequencies and percentages. All data were checked for normality using the Shapiro-Wilk test. In 

the case of a non-normal distribution, the median and the interquartile range (IQ range) were given.  

 

Multivariate linear regression analyses were used with CRF (VO2max in ml·kg-1min-1) as the 

dependent variable; and PA (step count and, sedentary time, light PA time, and MVPA time in 

minutes) as independent variables and to control for age, sex, BMI,  disease activity (DAS28) and 

NRS pain. Level of significance was set at P < 0.05.  

 

1.3 Results 

1.3.1 Demographics 

After screening for inclusion and exclusion criteria, 26 consecutive people who have CVD-RA 

were included in the study. The crude data of the PA measurement of two patients were not saved 

properly and therefore, excluded from the analysis. This resulted in a complete dataset of N=24 

participants (N=19 79.2% women). The mean age of the participants was 65.33 with the youngest 

being 47 years of age and the oldest being 77 years of age. For disease activity, the mean of the 

DAS28 scores and disease duration were 3.61±1.64 and 17.04±18.53 years, respectively. The top 
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three medications that were used by the patients were anti TNF-alpha (N=16, 62%), Methotrexate 

with Folic Acid (N=15, 58%) and anti-hypertensives (N=15, 58%). Anthropometrics, disease 

characteristics and other medication use are presented in Table 1. Since NRS pain scores in both 

timestamps were highly correlated with each other, the NRS pain in the last 24 hours was used 

instead. 

 

1.3.2 Levels of CRF and PA Levels 

Mean CRF was 16.29±1.02 ml·kg-1min-1. The mean CRF values were 15.50 and 19.30 ml.kg-1min-

1 for females and males, respectively (see Table 2). No serious adverse events were reported during 

exercise testing. Based on the results of the testing ECG, three patients were referred to the 

cardiologists.  

 

The mean sedentary time per day was 575 minutes per day, which is equivalent to 10 hours out of 

a total average time of 17 hours of total wear time per day, whereas, the mean MVPA time per day 

was 16.74 minutes per day (Table 2). 

 

Comparing PA levels to PA guidelines, the majority (N=20, 83.3%) of the patients did not reach 

the recommended 30 minutes of MVPA time per day, and N=12 (50%) did not reach 30 minutes 

of MVPA time on any of the measurement days. Moreover, none of the patients performed PA at a 

vigorous activity. 
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1.3.3 Associations of CRF with PA Levels  

Univariate analysis results showed that CRF was positively associated with step count (B=0.001, 

95% CI [0.000-0.002], P=0.01) and MVPA time (B=0.150, 95% CI [0.028-0.271], P=0.018); and 

negatively associated with sedentary time (B=-0.022, 95% CI [(-0.041]-(-0.002)], P=0.030). CRF 

was not found to be associated with light PA (P > 0.05). Average amount of step count per day 

explained 26.6% of the variance of CRF; sedentary time explained 19.7% of the variance and 

MVPA time explained 22.8% of the variance of CRF.  

 

Adjusting for age, sex, BMI, DAS28 and NRS pain in the multivariate regression analysis revealed 

that sex was a confounder of the association between CRF and sedentary time and CRF with 

MVPA time, but not the association of CRF with light time. Stratification by sex did not change 

the relationship between CRF and step count, sedentary and MVPA time. The results are presented 

in Table 3. 

 

1.4 Discussion 

In people who have RA at an increased risk for CVD, the mean CRF level was low and the mean 

PA levels did not meet the general public health guidelines of 30 MVPA minutes per day. In 

addition, CRF was associated with PA levels assessed by step count, sedentary time and MVPA 

time. 

 

When comparing the CRF levels to their healthy counterparts, people who have CVD-RA had 

significant lower values [21, 24-25]. One study only allowed direct comparison of CRF values based 

on mean age, race and mode of exercise testing [24].  Using data from a study that was  performed 
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on a healthy Dutch paediatric and adult population with an age range of 7-65 years, and an 

incremental cycle ergometry exercise test was used to determine CRF levels [24]. The reported CRF 

levels were 20.64 and 32.11 ml.kg-1min-1 for females and males, respectively [24]; whereas, the 

female and male patients from our study had CRF levels of 15.50 and 19.30 ml.kg-1min-1, 

respectively. Comparison with studies using a healthy older Caucasian population was not directly 

possible because these studies used a treadmill for the mode of exercise testing. Multiple studies 

have reported around 10% higher CRF levels for treadmill exercise testing [21, 25-29], and adjusting 

for this 10% difference still resulted in higher CRF levels as compared to the people who have 

CVD-RA [29-30]. The healthy older population was found to have even 35% higher CRF levels than 

people who have CVD-RA [29-30]. Metsios et al.[7] who investigated CRF levels in people who have 

RA without increased CVD risks, using a treadmill, also found that the CRF levels were much 

lower compared to healthy individuals [7]. Taking into account patient population and adjusting for 

the use of a treadmill instead of a cycle ergometer, the mean CRF levels of CVD-RA patients had 

a 22% lower mean than the RA patients from the study of Metsios et al.[7]. 

 

Comparing the PA levels of our study population to the Dutch public health guidelines showed that 

only four patients (16.7%) met the minimum Dutch public health guidelines of 30 minutes of 

MVPA time per day [31]. The mean number of steps per day for the total group was 6033 steps. 

This is within the expected range of daily step count of healthy older adults group (i.e. 2000-9000 

steps/day) [32] and the chronic disease group (i.e. 6500-8500 steps/day) [32]. Although the number 

of steps per day does not indicate a low active group, the total amount of MVPA time per day 

indicates that PA levels at higher intensities are low. This is in-line with the study of Yu et al.[8], 

who investigated PA intensities in people who have RA without CVD risk  [8]. When comparing 
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the mean sedentary, light and MVPA time of our patients with people who have RA without CVD 

risk from the aforementioned study, our patients seem to have a higher mean sedentary and light 

time [8].  

 

The second aim of the study was to investigate the association between CRF and PA. A positive 

association was found between CRF with step count and MVPA time and, a negative association 

was found between CRF with sedentary time. These associations are also reported by studies on 

people who have RA without CVD risks [1, 7-8, 34-36]. Step count, MVPA time and sedentary time 

showed an explained variance of 26.6%, 22.8% and 19.7%, respectively and indicate that these PA 

measures only partly explains the variation in CRF. Other factors could have influenced the 

associations including hereditary and lifestyle factors such as, smoking behaviour, physical 

exercise and nutrition [4, 34-36]. Although it was reported that sex was a confounder of the association 

of CRF with sedentary and MVPA time, the changes in the beta coefficients were actually quite 

small –  13.6% and 9.33%, respectively. Moreover, the association between CRF and the different 

PA measures do not differ between males and females. These findings could be attributed to the 

unequal distribution of sexes in the sample size, with the majority of patients being women – which 

is however, reflective of the general RA population. Another possible explanation for not finding 

a different association between males and females could be the small sample size and hence, a lack 

of statistical power to make valid observations between males vs. females with regards to CRF. 

 

To improve CRF, a higher PA level is desired, which also reduces the risk of CVD [1, 4, 7, 9-10, 34-35]. 

The results of this pilot study suggest that Our results show that, a decrease in sedentary time by 1 

hour per day could result in a 1.2 ml.kg-1min-1 increase in CRF and; an increase in step count per 
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day with 1000 steps would increase CRF by 1 ml.kg-1min-1. However, less time spent being 

inactive (i.e. not sitting) does not necessarily translate into an increase in CRF, even if it positively 

impacts health overall. It is possible to be fit and inactive, or unfit and active (mainly by not sitting 

but still engaging in exercise). For a CRF values to reach the reference values of their healthy 

counterparts that were previously mentioned (20.64 ml.kg-1.min-1 for females and 32.11 ml.kg-

1min-1 for males), sedentary time per day would have to decrease by at least 4 hours; whereas step 

count per day would have to increase by at least 5000 steps. Traditional CVD risk factors that have 

been shown to improve through elevated PA include hypertension, blood lipid profile, body fat and 

high BMI [4, 7, 35]. It is therefore, expected that exercise programs aimed at improving CRF by 

improving PA of people who have CVD-RA will also lead to a reduction in traditional CVD risk 

factors [37]. Hence, studies of the effect of exercise / improving PA on CRF and CVD risks in people 

who have CVD-RA are desirable. Results from such studies may have implications for the 

treatment of people who have CVD-RA, where physical activity can be implemented in daily 

practice and prescribed to these patients in addition to pharmacological methods. 

 

The major strengths of the current study are the uniqueness of performing a graded maximal 

exercise test that determines VO2max and measures PA objectively in people who have CVD-RA. 

All patients were able to fully complete the maximal exercise test, which has not been done in 

previous research of people who have CVD-RA.  

 

There were some limitations to this study. The primary limitation is the small sample size (N=24) 

in this study which could reduce the reliability of the statistical analysis. A larger sample size would 

have allowed more definitive conclusions to be drawn from the results. The secondary limitation 
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is the lack of a control group with RA without risk of CVD. This would have allowed for direct 

comparisons between different elderly populations. Some of the participants reported to have 

cycled during daily life, but the Actigraph was not able to distinguish this type of activity. 

Moreover, the thresholds that were used to distinguish between different levels of intensity of PA 

may not be accurate for this older, chronic diseased population. Future research should aim at using 

thresholds that are either determined per individual or use threshold values that are specifically 

designed for elderly with a chronic disease. With regard to the wear time, the Actigraph was worn 

sufficiently, but in two cases the minimally required wear time (≥ 10 hours on 4 days) [22-23] was 

not reached. Analyses were performed with and without data of these two participants showing no 

differences in results (data not shown). 

 

1.5 Conclusion 

In people who have CVD-RA, CRF is low and PA levels do not meet the general public health 

guidelines. Low levels of CRF are associated with low levels of PA in people who have CVD-

RA. Future studies on the effect of exercise therapy on CRF and CVD risk in people who have 

CVD-RA are needed. 
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Key Messages 

1. Cardiorespiratory fitness in patients with rheumatoid arthritis and high cardiovascular 

risk is low. 

2. Specifically sedentary and moderate-to-vigorous physical activity levels do not meet the 

Dutch national recommended guidelines. 

3. Improvement of physical activity is required to increase cardiorespiratory fitness in these 

high risk patients. 
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Tables and Figures 

 

Table 1. Baseline demographic, anthropometric and disease-related characteristics of the 

total RA population. 

 
 Total RA sample  

(n = 24) 

Minimum Maximum 

Demographic 

Age, mean (± SD), years 

Sex, n (%) 

 

65.33 (±8.26) 

 

47 

 

77 

19 females (79.2%) - - 

 5 males (20.8%)   

Anthropometric 

Height, mean (± SD), m 

Weight, mean (± SD), kg  

BMI, mean (± SD), kg·m-2 

 

1.68 (±0.08) 

77.00 (±13.67) 

27.20 (±4.46) 

 

1.52 

50 

17.31 

 

1.87 

102 

35.71 

Risk Factors 

Systolic blood pressure, mean (± SD), 

mmHg 

Total blood cholesterol, mean (± SD), 

mmol·l-1 

Cholesterol ratio: total/HDL, mean (± 

SD) 

Triglycerides, mean (± SD),  mmol·l-1 

 

140.33 (±17.11) 

 

105 

 

172 

 

5.10 (±0.25) 

 

3.1 

 

7.3 

 

3.25 (±0.18) 

 

1.66 

 

4.96 

 

1.61 (±0.16) 

 

0.41 

 

3.90 

Disease Activity 

DAS28 (0-10), mean (± SD) 

NRS pain score (0-10), median [IQ 

range] 

 

3.61 (±1.64) 

 

0.63 

 

7.20 

5.00 [2.36] 0 7.00 

Disease duration, mean (± SD) 17.04 (±8.53) 0 35 

Medication 

Methotrexate + Folic Acid, n (%) 

DMARDs, n (%) 

Anti TNF-alpha, n (%) 

Prednisolone, n (%) 

NSAIDs, n (%) 

   

15 (58%) - - 

3 (12%) - - 

16 (62%) - - 

3 (12%) - - 

10 (38%) - - 
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 Total RA sample  

(n = 24) 

Minimum Maximum 

Analgesics, n (%) 

Cholesterol medication, n (%) 

Anti-hypertensives, n (%) 

10 (39%) - - 

9 (35%) - - 

15 (58%) - - 

BMI = body mass index; DAS28 = Disease Activity Score in 28 joints; NRS pain = Numeric Rating Scale of Pain, 

DMARDs = Disease-Modifying Anti-Rheumatic Drugs, NSAIDs = Non-Steroidal Anti-Inflammatory Drugs.  
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Table 2. Cardiorespiratory and Physical Activity Measures of the RA population 

 

RER = respiratory exchange ratio 

  

Cardiorespiratory Fitness Measure  Minimum Maximum 

V̇O2max, mean (± SD), ml·kg-1·min-1 

Females 

Males 

16.29 (±1.02) 7.1 26.6 

15.50 (±1.11) 7.1 24.2 

19.30 (±2.23) 12.6 26.6 

Max Watt, median [IQ range], watts 

Females 

Males 

94.00 [66] 47 238 

90.00 [32] 47 140 

179.60 (±21.22) 125 238 

RER, mean (± SD), VCO2 • VO2
−1 

Females 

Males 

1.29 (±0.02) 1.14 1.54 

1.30 (±0.03) 1.14 1.54 

1.28 (±0.04) 1.19 1.41 

 

Physical Activity Measure 

Step count, mean (± SD), counts/day 

Light PA,  mean (± SD), min/day 

Sedentary time,  mean (± SD), min/day 

MVPA time,  mean (± SD), min/day 

6033.56 (±2256.56) 1362.50 10, 125.75 

278.81 (±83.87) 112.00 471.67 

574.53 (±20.86) 421.00 848.50 

16.74 (±3.26) 0.00 62.00 
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Table 3. Regression Analysis on the Association of Cardiorespiratory with Physical Activity 

Measures 

 Univariate Analysis 

 B S.E. 95% CI P-value 

Step Count 0.001 0.00 0.000, 0.002 0.01 

Sedentary Time -0.022 0.009 -0.041, -0.002 0.030 

MVPA Time 0.150 0.059 0.028, 0.271 0.018 

 Multivariate Analysis Adjusted for Sex 

 B S.E. 95% CI P-value 

Step Count 0.001 0.00 0.000, 0.002 0.040 

Sedentary Time -0.019 0.009 -0.039, 0.000 0.055 

MVPA Time 0.136 0.071 -0.012, 0.284 0.070 

S:=P < 0.05; B: unstandardized Beta coefficient; S.E.: unstandardized standard error; CI: confidence interval 
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