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Abstract

Objective
To identify factors hampering the level of physical activity in longstanding rheumatoid arthritis (RA) patients, and
to evaluate the effects of glucocorticoid therapy on physical activity.
Methods
Patient characteristics, disease characteristics and cardiovascular parameters were recorded in 170 patients, who
participated in a study about glucose metabolism in longstanding RA treated with or without glucocorticoids. Disease
activity scores (DAS28) were calculated and x-rays of hands and feet were taken and scored according to the Sharp van
der Heijde score (SHS). Participants completed the health assessment questionnaire and short questionnaire to assess
health-enhancing physical activity (SQUASH), which reflect physical disability and physical activity, respectively.
Adherence rates to recommendations on physical activity were calculated, and patients were categorised as fully adhering,
insufficiently adhering (adherence on less than the recommended number of days per week) or inactive (adherence on
none of the days).
Results
Forty-four percent of the patients showed adherence to the recommended minimum level of physical activity, and 22%
were classified as inactive. Higher DAS28 and SHS, glucocorticoid therapy, and presence of cardiovascular risk factors
were associated with lower total SQUASH physical activity scores univariately. In a multivariate model, higher age, higher
body mass index (BMI), higher DAS28, and higher SHS negatively influenced the score significantly; cardiovascular risk
factors and glucocorticoid therapy were no longer significantly influencing physical activity.
Conclusion
Physical activity in longstanding RA is hampered by higher age, higher BMI, higher disease activity, and more
radiographic joint damage. Glucocorticoid therapy was not identified as independent risk factor in multivariate analyses.
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Introduction
Worldwide there is awareness for generally rising levels of physical inactivity
with major implications for the prevalence of non-communicable diseases
and general health (1). Physical inactivity is within the top five leading risk
factors for global mortality, together
with high blood pressure, smoking,
high blood glucose and obesity (2). Participation in regular physical activity
reduces the risk of cardiovascular disease, some cancers, and type 2 diabetes
(3). Leisure-time and mild-to-moderate
occupational physical activity are associated with a reduced risk of myocardial infarction (4); even people who
are physically active at levels below the
minimum recommended level have significantly lower risk of coronary heart
disease relative to those who are physically inactive (5).
Patients with rheumatoid arthritis (RA)
have an increased risk of developing
cardiovascular and cerebrovascular disease (6), probably based on elevated
levels of pro-inflammatory cytokines
such as tumour necrosis factor α and
interleukin-6 in the systemic circulation
with multiple effects on organs, including adipose tissue, and endothelium (7).
These cytokines are also overproduced
in dysfunctional adipose tissue of obese
individuals (8). The resulting cascade of
changes throughout the body driven by
systemic inflammation leads to a proatherogenic profile: atherogenic lipid
abnormalities, oxidative stress, depletion of endothelial progenitor cells associated with impairment of vascular
injury repair, increased arterial stiffness,
insulin resistance, endothelial dysfunction, hypercoagulable state, elevated
homocysteine levels, and upregulation
of atherogenic T cells (7).
Because of the increased risk of developing cardiovascular disease in RA, it
is of utmost importance for health care
professionals to promote physical activity, and possibly guide RA patients
in achieving and maintaining a healthy
lifestyle. Physical exercise is possible,
even in active RA, increasing functioning (9-11), of which beneficial effects
on walking speed are still present after
three years (12), and decreasing the risk
of cardiovascular disease (5), while not
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exacerbating disease activity (9, 11).
In the Dutch population the proportion
of RA patients meeting public health
recommendations on physical activity
(defined as moderate physical activity
on five or more days every week) was
similar to that of the general population
(13). However, other studies showed decreased physical activity in RA (14, 15).
The relation between glucocorticoids
(GCs), often applied in the treatment of
RA, and the development of cardiovascular disease is one of debate. Although
randomised controlled trials have confirmed their effectiveness in terms of
inhibiting progression of erosive joint
damage in RA when applied in dosages
up to 10 mg prednisone daily (16-22),
GC exposure has been linked to adverse
events and to increased carotid plaques,
increased intima media thickness and
arterial incompressibility in several
studies (23-26). On the other hand, GC
therapy in RA inhibits disease activity,
hereby decreasing circulating levels of
cytokines next to possibly increasing
physical activity; GCs thus might decrease the risk of cardiovascular events
in these patients.
Patient characteristics (e.g. age, gender),
disease characteristics (e.g. disease activity, joint damage, pain, specific medications) as well as general cardiovascular risk factors may influence physical
activity levels. Previously, univariate
correlations between physical inactivity and cardiovascular risk factors such
as suboptimal lipid levels and insulin
resistance have been found in RA patients (27). However, the influence of
the chronic inflammatory status in RA,
possibly contributing to the increased
cardiovascular risk, was not taken into
account. Multivariate analyses correcting for disease activity and joint damage
have not been performed before.
In this study, we assume a positive influence of physical activity on cardiovascular risk factors in longstanding RA
patients and we aim to identify factors
hampering the recommended minimum
level of physical activity in longstanding RA patients.
Materials and methods
Patients
Patients with RA according to the 1987
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American College of Rheumatology
criteria (28), having a disease duration
of two years or more, were recruited
for a cross-sectional study on glucose
metabolism and cardiovascular disease in five rheumatology clinics in
the region of Utrecht, the Netherlands
(29). Patients were either current and
chronic (for at least three months) GC
users or GC naïve. An independent ethics committee approved the study and
all patients provided written informed
consent before participation. The protocol was according to the Declaration of
Helsinki.
Protocol
Participants visited the outpatient clinic
following an overnight fast of minimally ten hours. During the visits, a
physical examination including recording of height, weight, waist circumference, tender joints and swollen joints
was performed and fasting blood tests
were acquired (29). All participants underwent a two hour oral glucose tolerance test and a resting 6-lead electrocardiogram. Framingham scores on the
10-years risk of coronary artery disease
were calculated (30). Finally, radiographs of hands and feet were made and
scored for erosions and joint space narrowing according to the Sharp van der
Heijde score (SHS, range 0–448) by an
experienced reader blinded for patient
characteristics and treatment (31).

tients other diseases, such as diabetes,
cancer, multiple sclerosis, chronic obstructive lung disease and hip or knee
replacement surgery (13, 36-42). The
questionnaire covers items similar to
those in the long-format International
Physical Activity Questionnaire, which
has been studied in more detail (43).
The SQUASH questionnaire asks participants to recall their usual pattern
of physical activity during an average
week through ten questions on the number of days spent per week, the average
time spent per day and the intensity
regarding four activity domains: commuting activities, activities at work or
school, household activities and leisure
time activities including sports. The activities are categorised into light, moderate or vigorous intensity activities,
and presented in multiples of metabolic
equivalents (MET, kcal/kg/h) of sitting
quietly (resting metabolic rate) for 1
hour (34, 44). Based on the reported effort in the questionnaire, activities are
given an intensity score (ranging from
1 to 9). The total time of physical activity per week is calculated by multiplying frequency (days per week) by duration (minutes per day) for every type
of activity category. Activity scores are
calculated by multiplying total minutes
of activity by the intensity score. The
activity scores of all domains are added
up, resulting in the final total SQUASH
physical activity score.

Questionnaires
Patients completed the Stanford Health
Assessment Questionnaire (HAQ) and
the Short QUestionnaire to ASsess
Health-enhancing physical activity
(SQUASH) at home in the days preceding the visit, and brought them to
the hospital. The HAQ is a frequently
used questionnaire to measure physical
disability in RA (range 0–3; 0 = no disability, 3 = severe disability) (32, 33).
The SQUASH has been developed by
the Dutch National Institute of Public
Health and the Environment, has been
designed to give an indication of the
habitual activity level, and has been
described as a fairly reliable tool with
validity comparable to other questionnaires (34, 35). The questionnaire has
been used in RA patients as well as pa-

Calculating prevalence of adherence
to recommended physical activity
The Dutch and international guideline
for recommended physical activity
state that adults should be physically
active at a moderate intensity for at
least 30 minutes each day for a minimum of 5 days per week, or at a vigorous intensity for a minimum of 20 minutes on at least 3 days per week (45).
Depending on age (for people below
the age of 55 years: moderate intensity
with MET 4.0 to <6.5 and vigorous intensity with MET ≥6.5; and for people
of age 55 or above: moderate intensity with MET 3.0 to <5.0 and vigorous intensity with MET ≥5.0) and the
reported activity, patients are scored
as meeting the recommended level of
physical activity, as being insufficient157

ly physically active (less than 5 days of
moderate intensity activity or less than
3 days of vigorous intensity), or as being inactive (0 days of performing the
recommended activity).
Statistical analyses
Differences between two groups (e.g.
men vs. women, patients aged below 65
vs. aged 65 and above) in means of continuous data were tested with independent samples t-tests or Mann Whitney-U
tests, where appropriate, and differences in categorical data with Chi-square
tests. For the correlation of continuous
data with activity scores, Spearman’s
correlations were applied.
Additionally, multivariate linear regression analyses were performed to assess
the influence of patient characteristics,
disease severity and cardiovascular
parameters on physical activity (total
SQUASH physical activity score) as
dependent variable. Gender, age, disease duration, current disease-modifying anti-rheumatic drug (DMARD) use,
current GC use, current biological use,
presence of anti-citrullinated protein
antibodies, C-reactive protein, disease
activity score of 28 joints (DAS28),
SHS, body mass index (BMI), abdominal obesity, dyslipidemia, hypertension,
and diabetes were used as independent
variables. A backward selection strategy was applied.
The statistical software SPSS 18.0 was
used for analyses of data. P-values below 0.05 were considered statistically
significant.
Results
Adherence to general
recommendations on physical activity
In total, 165 patients were included
in this study, of which 71% were female. Forty-four percent of the patients
showed adherence to the recommended physical activity, 34% were insufficiently physically active, and 22%
were inactive.
Disease characteristics and
cardiovascular parameters
The median disease duration was 15
years. Most patients were treated with
conventional DMARDs, and therapy
with biologicals or GCs was used in
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respectively 36 and 43%. Thirty-five
percent had low disease activity (i.e.
DAS28 below 2.6) compared to 59%
with moderate and 6% with high disease activity (i.e. DAS28 above 5.1).
The disease characteristics and cardiovascular parameters are summarised in
Table I separately for patients fully adhering to recommendations, being insufficiently active, and being inactive.
Abnormal electrocardiograms were encountered in 39 patients; most frequent
were repolarisation disorders (62%),
followed by left ventricular hypertrophy (26%). Six of these patients had
a medical history of coronary artery
disease; the other 33 patients were referred to the cardiology department for
additional testing; significant ischaemic heart disease was found in 1, and
clinically relevant conduction problems led to pacemaker implantation in
3 patients. The patients with coronary
artery disease or conduction disorders
were older (mean age 70 vs. 57 years,
p=0.001), had a greater waist circumference (100 vs. 90 cm, p=0.001), and a
higher systolic blood pressure (137 vs.
125 mmHg, p<0.05) compared to those
without these cardiac problems. The
other 29 patients did not have clinically
significant cardiovascular diseases and
received preventive life style advices
on cardiovascular disease and therapy
to lower blood pressure or blood lipids,
where appropriate.
Physical activity
Physical activity scores according to the
SQUASH are presented in Table II. A
mean of 48% of total activity time was
reported for household activities. Leisure activities and sports took 33%. For
activities at work and commuting activities this was 17 and 1%, respectively.
Influence of patient characteristics
There was no significant difference
in total time spent on physical activity and total activity score between
men and women (p=0.27 and p=0.47,
respectively), although men spent a
higher percentage of activity time on
leisure and sport activities (p<0.001)
and women on household activities
(p<0.001). Fifty-five percent of men
compared to 39% of women adhered to

Table I. Patient characteristics.
Inactive
Insufficiently
Adhere to
n=36
active
recommended
		
n=57
activity
			n=72
Age (years)
Female gender (%)

57 ± 12
83		

Disease characteristics
Disease duration (years)
18 (5–28)
Current treatment with conventional DMARDs (%) 83		
Current treatment with biologicals (%)
25		
Current treatment with glucocorticoids (%)
53		
Tender joint count of 28 joints (n)
3 (0–8)
Swollen joint count of 28 joints (n)
0 (0–2)
ESR (mm/hour)
18 (9–41)
VAS general well-being (mm) (range 0 to 100)
43 (30–50)
DAS28
3.7 ± 1.5
SharpvanderHeijde score (range 0 to 448)
31 (3–178)
HAQ (range 0 to 3)
1.6 ± 0.9

57 ± 12
74		

60 ± 11
64

17 (8–23)
81		
44		
51		
1 (0–4)
0 (0–1)
14 (8–23)
30 (10–50)
3.1 ± 1.2
31 (6–142)
1.2 ± 0.7

11 (7–20)
85
33
32
1 (0–3)
0 (0–1)
13 (7–22)
20 (10–30)
2.9 ± 1.3
29 (4–121)
0.8 ± 0.6

28 (24–32)
56		
0 (0–16)
128 ± 18
75 ± 9
64		
33		
39		
22		
50		
31		

26 (23–29)
34		
3 (0–14)
124 ± 17
73 ± 10
56		
11		
15		
4		
38		
7		

24 (22–27)
25
5 (0–20)
126 ± 19
73 ±10
57
19
25
10
35
15

Cardiovascular risk profile
BMI (kg/m2)
Increased waist circumference* (%)
Smoking (pack-years)
SBP (mmHg)
DBP (mmHg)
Hypertension* or antihypertensive drugs (%)
Diabetes* (%)
IGM* (%)
Anti-diabetic treatment (%)
Dyslipidaemia* (%)
Statin use (%)
Cardiovascular events
Transient ischaemic attack (n)
Cerebrovascular attack (n)
Coronary artery disease (n)

1		
2		
1		

1		
2		
3		

1
2
1

Data represent mean ± standard deviation, or median (interquartile range) when data was not normally
distributed.
*VAS general well-being ranged from 0 (worst score) to 100 (best score). Sharp van der Heijde score
ranged from 0 (no damage) to 448 (maximal damage). HAQ ranged from 0 (best score) to 3 (worst
score). Increased waist circumference was defined as >102 cm in male and >88 cm in female. Hypertension was defined as ≥140 mmHg systolic or 90 mmHg diastolic pressure. Diabetes was defined as
either fasting plasma glucose ≥7.0 or ≥11.1 mmol/L at 120 minutes of OGTT. IGM was defined as
either fasting plasma glucose (<7.0 and >6.0 mmol/L) or impaired glucose tolerance (<11.1 and ≥7.8
mmol/L at 120 minutes of OGTT). Dyslipidemia was defined as triglycerides >1.7 mmol/L and/or
HDL-cholesterol <0.9 mmol/L in male and <1 mmol/L in female.
DMARD: disease-modifying anti-rheumatic drug; ESR: erythrocyte sedimentation rate; VAS: visual
analogue scale; DAS28: disease activity score using 28 joints; HAQ: health assessment questionnaire;
BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; IGM: impaired
glucose metabolism; OGGT: oral glucose tolerance test; HDL: high density lipoprotein.

the general recommendations on physical activity (p=0.10). The percentage
of patients adhering to recommendations was similar in the group aged 65
or above compared to the group below
the age of 65 years (data not shown).
Influence of RA characteristics
Current disease activity (reflected by the
DAS28) and radiographic joint damage
(SHS) were negatively correlated with
the physical activity score (R=-0.316,
p<0.001 and R=-0.158, p<0.05), as was
disease duration (R=-0.164, p<0.05).
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Use of conventional DMARDs or biologicals did not significantly influence
physical activity levels. In contrast, GC
therapy and the cumulative GC dose
both had a significant negative impact
on the physical activity level (p<0.01
and R=-0.194, p=0.02).
Influence of cardiovascular risk factors
In univariate analyses, decreased physical activity was associated with presence of the cardiovascular risk factors
abdominal obesity, hypertension, diabetes, elevated triglycerides, metabolic
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disease activity, univariate associations
of cardiovascular risk factors and GC
Physical activity
Minutes / week
Activity score
therapy with physical activity disappeared. This indicates that GC therapy
Commuting
Walking
0 (0–0)
5 ± 27
0 (0–0)
9 ± 54
itself does not contribute to diminished
Bicycling
0 (0–0)
12 ± 51
0 (0–0)
61 ± 254
physical activity but that the negative
impact of active RA, for which GCs
Activities at work
Light
0 (0–480)
402 ± 748
0 (0–960)
804 ± 1495
probably have been prescribed (chanIntense
0 (0–0)
48 ± 283
0 (0–0)
238 ± 1412
neling bias), is important on physical
Household activities
activity. The strengths of this study are
Light
450 (90–1050)
729 ± 856
1080 (200–2100)
1494 ± 1717
the detailed examination of RA includIntense
0 (0–30)
42 ± 112
0 (0–150)
215 ± 563
ing cardiovascular risk factors, and the
Leisure time
integration of patient characteristics,
Walking
60 (0–180)
112 ± 134
120 (0–290)
205 ± 273
disease characteristics and cardiovasBicycling
30 (0–120)
82 ± 186
135 (0–600)
420 ± 945
cular risk factors in multivariate analGardening
0 (0–60)
63 ± 163
0 (0–300)
302 ± 804
yses. Validated questionnaires have
Odd jobs
0 (0–0)
42 ± 137
0 (0–0)
76 ± 231
Sports
0 (0–90)
63 ± 107
0 (0–420)
322 ± 648
been used to assess physical activity
and functioning (32-34). Remarkable
Total
1500 (540–2355)
1579 ± 1235
3650 (1320–5910)
4016 ± 3288
findings are the small amounts of time
			
The SQUASH activity scores give an indication of the habitual activity level. Participants were asked
spent on commuting and activities at
to recall the number of days spent per week, the average time spent per day and the intensity regarding
work, which are probably explained by
four activity domains: commuting activities, activities at work or school, household activities and leithe majority of patients being women
sure time activities. Based on the reported effort in the questionnaire, activities were given an intensity
score (ranging from 1 to 9). Activity scores were calculated by multiplying total minutes of activity by
with a mean age of 58 years. The rate
the intensity score. Minutes/week and activity scores are in median (interquartile range) and mean ± SD.
of adherence to recommended physical activity in our study was lower than
Table III. Multivariate model for physical activity in longstanding RA.
that in an earlier study in RA showing
adherence, comparable to that found in
Linear regression (backward strategy, entry p=0.05, removal p=0.1)
the general Dutch population, of 58%.
Outcome: physical activity score
(13). Higher inactivity rates were also
R2 0.247
Absolute beta (95% CI)
p-value
Standardised beta
found in other studies (14, 15), and a recent meta-analysis suggested physical
Constant
14638 (11208 to 18068)
<0.001
activity may be lower in RA compared
Age (years)
-76 (-117 to -36)
<0.001
-0.272
to healthy controls (46). Low physical
BMI (kg/m2)
-142 (-237 to -46)
<0.01
-0.221
DAS28
-610 (-1011 to -208)
<0.01
-0.226
activity has been associated with inSHS
-6 (-11 to -1)
0.02
-0.175		
creased cardiovascular risk factors in
RA, but the influence of radiographic
Excluded from model: gender, disease duration, current conventional DMARD use, current GC use,
joint damage, which was statistically
current biological use, presence of anti-citrullinated protein antibodies, C-reactive protein, presence of
metabolic syndrome according to US National Cholesterol Education Program Adult Treatment Panel
significant in our study, was not corIII definition (2001) or its separate parameters abdominal obesity, dyslipidaemia, hypertension and
rected for in earlier analyses (47). Aldiabetes, because of non significance.
though physical activity was limited by
CI: confidence interval; BMI: body mass index; DAS28: disease activity score using 28 joints; SHS:
age in the multivariate analysis, adherSharp van der Heijde score; DMARD: disease-modifying anti-rheumatic drug; GC: glucocorticoid.
ence rates were similar for people aged
syndrome, and cardiovascular disease. BMI, higher DAS28, and higher SHS over and age below 65 years, based on
The calculated Framingham scores on significantly negatively influenced the different definitions of adherence for
the 10-years risk of coronary artery total activity score (see Table III). Car- these age groups. Multivariate analydisease (based on gender, age, low and diovascular parameters (i.e. abdominal ses showed stronger influence of age
high density lipoproteins, blood pres- obesity, dyslipidaemia, hypertension, and radiological joint damage than of
sure, diabetes and smoking) as a sur- diabetes, or these taken together as disease duration, indicating that disease
rogate marker for cumulative cardio- metabolic syndrome) and GC therapy severity (i.e. development of joint damvascular risk correlated negatively with were no longer significantly correlated age) has higher influence than disease
physical activity (R=-0.282, p=0.001).
with physical activity.
duration. A negative impact of GC therapy was identified at univariate analyMultivariate model
Discussion
sis, but multivariately, after correcting
Combining patient characteristics, RA This study shows that physical activity for age, BMI, and disease activity, the
characteristics and cardiovascular pa- in RA patients is hampered by higher influence of GC therapy was no longer
rameters in a multivariate regression age, higher BMI, higher DAS28 and significant.
model showed that higher age, higher higher SHS. With correction for age and It is difficult to estimate the exact imTable II. Physical activity in longstanding RA.
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pact of decreased physical activity on
daily functioning on the risks of cardiovascular disease in RA patients. Our
findings that older patients (mean age
70 versus 57 years, p=0.001) with an
increased waist circumference (100
versus 90 cm, p=0.001) were predominantly the ones with clinically significant heart disease seem to indicate
that the previously described elevated
cardiovascular risk in RA may largely
be attributed to patients with severe
RA, who become inactive and develop (abdominal) obesity. The ongoing
inflammation and the accompanying
limitation in physical functioning can
put especially these patients at risk;
the low level of physical activity in
these patients is probably insufficient
to counteract endothelial dysfunction,
atherogenic effects, and inflammatory
effects (48).
Physical inactivity and disease activity are also important predictors of the
number and length of hospital admissions of RA patients. The combination of lifestyle changes, particularly
increased physical activity, along with
effective pharmacological therapy may
improve multiple health outcomes as
well as cost of care for RA patients (49)
without increasing disease activity or
joint damage (50-52). Stronger beliefs
that physical activity can be helpful for
managing disease and increased motivation to engage in physical activity
are related to higher levels of physical
activity participation (53). Nevertheless, although rheumatologists, nurses,
and physical therapists are aware of
the positive effects of physical activity,
they rated their competency to promote
physical activity as low to medium; of
these health care workers, 54%, 85%,
and 72% respectively expressed a need
for additional education regarding this
topic (54). So, specific physical activity programmes improving the physical
functioning of patients may be of additional value.
A limitation of this study is the crosssectional design, thus follow up information on the development of cardiovascular risk factors or disease is absent. Although the association between
high BMI and low physical activity
levels is clear and has been described

before (55), it is impossible to determine the mutual interactions of these
two factors as cause and consequence.
Additionally, this study was based on
self-reported levels of physical activity, which may be subject to response
bias – due both to recall bias and social desirability (56), leading to reporting of desired levels or highest levels
of physical activity instead of the actual level (57). However, the reported
physical activity was lower than in an
earlier study with RA patients (13), and
roughly corresponds with other studies
among European populations, while
lower physical activity rates have been
described for inhabitants of the United
States (55).
In conclusion, physical activity in
longstanding RA is hampered by
higher age, higher BMI, higher current
disease activity, and radiographic joint
damage.
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