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ABSTRACT

Introduction Patients with systemic inflammatory
diseases such as rheumatoid arthritis (RA) have an
increased risk of cardiovascular disease (CVD) above the
baseline risk attributable to traditional CVD risk factors
seen in the general population. Exercise in cardiac
rehabilitation (CR) is designed specifically for high-risk
primary prevention and those with established CVD.

Even though the European League Against Rheumatism
guidelines state that exercise is safe for individuals with
RA and exercise can reduce CVD risk, patients with RA
rarely participate in CR. Thus, little is known about CR’s
impact on inflammatory and CVD risk in the RA population.
The purpose of this trial is to determine the feasibility of a
12-week CR programme for patients with RA and whether
it decreases CVD risk without exacerbating RA.

Methods and analysis This is a randomised controlled
trial whereby 60 participants with RA will be recruited

and randomly assigned to either standard of care (SOC)
treatment or SOC plus a 12-week CR programme (60 min
of education plus two 60 min aerobic exercise sessions/
week). Exercise will be performed at 60%—80% of heart
rate reserve. Outcome measures (Framingham Risk Score,
resting heart rate, blood pressure, blood lipids, markers

of systemic inflammation (ie, interleukin (IL) 6 and tumour
necrosis factor-o (TNF-0), Clinical Disease Assessment
Index, Disease Activity Score-28, physical activity levels
and peak cardiorespiratory fitness) will be assessed
preintervention (week-0), postintervention (week-13) and
6 months postintervention.

Ethics and dissemination Ethical approval was obtained
from the Nova Scotia Health Authority Research Ethics
Board. Results will be submitted for publication in an
appropriate peer-reviewed journal.

Trial registration number NCT01534871; Pre-results

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflam-
matory autoimmune disease that combines
joint tenderness and swelling and synovial

Strengths and limitations of this study

» The determination of the impact of exercise on the
primary cardiovascular disease (CVD) risk factor
(inflammation) in individuals with rheumatoid
arthritis (RA).

» The determination of whether cardiac rehabilitation
can be used to reduce CVD risk without exacerbating
RA.

» The objectives of the study are determined using
a robust randomised controlled methodology and
a repeated measures design, including a 6-month
follow-up.

» The study is limited in that any potential participants
taking a statin were excluded from the study. The
high use of statins in primary prevention of CVD has
likely prevented a significant number of individuals,
who may have benefited from the intervention, from
participating.

» The study is limited in that only the impact of
vigorous aerobic activity (60%—80% of heart rate
reserve) will be examined.

joint degradation.' Individuals with RA are at
increased risk for mortality compared with the
general population,”” particularly due to their
increased risk of cardiovascular disease (CVD).*
Accelerated coronary artery atherosclerosis
is believed to be directly responsible for the
increase in CVD-related events and deaths.”°
Although traditional risk factors contribute to
the development of CVD in individuals with
RA, as well as in the general population, they
do not fully explain the higher incidence of
CVD events observed in the RA population.””
A primary contributing factor for increased
CVD risk and cardiovascular (CV) events in
individuals with RA is likely the elevated levels
of systemic inflammation which are part of
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the RA condition."” Specifically, the inflammation asso-
ciated with RA increases CVD risk via its impact on vessel
wall health, as well as through the adverse modulation of
traditional CVD risk factors."' '* Further, patients with RA
on average have residually higher CVD risk due to having
lower cardiorespiratory fitness (CRF) levels as compared
with their non-RA counterparts.”” Therefore, therapeutic
interventions that target both traditional risk factors and
systemic inflammation are needed to reduce CVD in the
RA population.

One potential intervention that could be used to decrease
CVD in the RA population is exercise. It is accepted that
regular vigorous-intensity exercise decreases CVD risk
factors in both healthy and chronic disease populations.'
Exercise also increases CRF, which is inversely related with
levels of systemic inflammation'®™” and CVD mortality.'® As
such, this approach may reduce CVD risk and inflamma-
tion in patients with RA, as it is well established to decrease
risk/events in both primary and secondary prevention of
CVD populations.'” * For a large proportion of individ-
uals, this exercise prescription is administered as part of a
cardiac rehabilitation (CR) programme. There is consid-
erable evidence that shows CR programme decreases CVD
risk and events.”'

Current FEuropean League Against Rheumatism
(EULAR) recommendations also advise that exercise can
be used to help manage levels of inflammation with RA (via
C reactive protein (CRP) reduction).? Despite this infor-
mation and their increased risk of CVD, patients with RA
are not typically referred to or attend CR.**** This is in part
because there is still some belief among patients that exer-
cise could exacerbate RA,* despite studies showing exer-
cise to be safe.”* In order to improve the rationale and
get more patients with RA active, more knowledge of how
exercise affects those with RA is needed. Recent trials have
demonstrated that structured exercise can decrease cardio-
vascular risk, CRP levels and rheumatoid disease activity in
individuals with RA.**** However, very little research has
been conducted regarding the influence of exercise on
other inflammatory cytokines known to be involved in both
RA and atherosclerotic development (ie, interleukin 6,
TNF-0, etc). Thus, the full impact of exercise on CVD risk
and systemic inflammation associated with RA is not yet well
characterised.

Although the EULAR guidelines recommend general
exercise, there are currently no structured exercise guide-
lines for patients with RA aimed at reducing CVD risk or
levels of systemic inflammation. The CR model is a good
starting point to determine the effects of a common stan-
dardised exercise programme on CVD risk and systemic
inflammation in patients with RA. Thus, the purpose of
this study is to determine the feasibility and effects of a
standardised 12-week CR programme (vigorous aerobic
exercise and education) on traditional CVD risk and
systemic inflammation in individuals with RA. The specific
study objectives are: (1) to determine the effects of a CR
programme on traditional CVD risk factors (blood lipids,
hypertension, etc) and systemic markers of inflammation

in patients with RA, (2) to determine the effects of a CR
programme on CVD risk in patients with RA, (3) to deter-
mine whether a CR programme influences the severity of
RA and/or improves patient's functional ability and (4) to
examine the relationship between RA severity, CVD risk
and systemic inflammation. The primary outcome measure
is the Framingham CVD Risk Score (FRS). Secondary
outcome measures include levels of systemic inflamma-
tion as measured in the serum, resting heart rate (RHR),
blood pressure (BP), blood lipids, the American College of
Rheumatology (ACR) response score, the Clinical Disease
Assessment Index (CDAI), the Disease Activity Score (DAS-
28), physical activity (PA) levels and CREF. It is hypothesised
that CR will decrease traditional risk factors and systemic
inflammation, and thus decrease CVD risk in those with RA.
Itis expected that RA severity will not change with exercise
prescription.

METHODS

Study design

This study is a randomised controlled trial with repeated
measures. Participants will be randomly assigned to
either (1) standard of care (SOC) treatment (CON) or
(2) SOC plus a 12-week CR programme (EX). Outcome
measures will be assessed at baseline (week 0), postinter-
vention (week 12) and at a 6-month follow-up. The primary
outcome measure is the FRS. Secondary outcome measures
include levels of systemic inflammation (eg, serum levels of
IL-6, IL-10, TNF-, etc), severity of RA, weight, waist girth,
RHR, resting BP, lipid profile, fasting glucose, aerobic
fitness, PA levels, functional ability, tobacco use and alcohol
consumption.

Sample

All participants will be recruited from an outpatient rheu-
matology clinic at the Nova Scotia Rehabilitation Centre
(NSHA Central Zone, Halifax, Nova Scotia). Individuals
with RA will be screened by their rheumatologist during
their clinic visit based on the inclusion/exclusion criteria
described below. If the patient meets the eligibility criteria,
they will be asked if they are interested in participating in a
research study. Those patients who are interested in partic-
ipating will be contacted by the trial coordinator who will
explain the purpose and requirements of the study and
complete the informed consent with those individuals who
wish to enter the trial.

Sample size

Sample size for the study was calculated using the primary
outcome measure of interest, CVD risk as determined
using the FRS. Previous work has shown that 16weeks of
aerobic exercise resulted in a significant difference in FRS
score (-2.25 points).33 Thus, a 2.25-point improvement in
the FRS was used to calculate sample size. Based on this
difference and the ability to achieve 90% power (0=0.05)
the current study requires 25 participants per group. An
attrition rate of 20% is assumed for the study, therefore
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30 participants/group will be recruited to ensure that 25
participants/group complete the study.

Inclusion/exclusion criteria

Only those patients who (1) are 20 years of age or older, (2)
have RA fulfilling the ACR criteria,' (3) are receiving stable
pharmacotherapy (defined as >3 months of unchanged
antirheumatic drugs and > month of unchanged non-ste-
roidal anti-inflammatory drugs), (4) have moderate or high
risk of CVD, but not receiving a statin, (5) are able to walk
on treadmill or cycle on a stationary bike for 15min and (6)
are able to attend the CR programme (held in the Halifax
Regional Municipality) will be invited to participate in the
study. Patients will be excluded from the study if they are
(1) diabetic; (2) have known coronary, cerebral or periph-
eral artery disease; (3) taking statins; (4) have one or more
arthroplasties of weight bearing joints or (5) are performing
regular exercise (as defined by scoring in the ‘high’ cate-
gory of the International Physical Activity Questionnaire
(IPAQ).* Of note, CVD risk was determined based on age
and the presence of CVD risk factors (smoking, hyperten-
sion, obesity, diabetes, etc). For the purpose of this study,
males 45 years of age or older or males younger than 45
years with two or more CVD risk factors are considered to
be at moderate risk of CVD.” Females 55 years of age or
older or females younger than 55 years with two or more
CVD risk factors are considered to be at moderate risk of
CVD.” Only individuals who have signs or symptoms of
CVD or have been diagnosed with CVD are considered
at high risk. High-risk CVD individuals are only eligible to
participate in the study if they have not been prescribed a
statin for whatever reason. If an individual is prescribed a
statin during the 12-week intervention, they will be with-
drawn from the study. Of note, since there is a high prev-
alence of depression in patients with RA*™ and depression
may influence inflammation,” any diagnosis of depression
will be noted in the participant file so that the participants
can be identified during analysis.

Patient screening

If the individual agrees to participate in the study, they will
be asked about their alcohol and tobacco use, have their
BP measured and sent for routine blood work. Blood tests
will determine the patient’s lipid profile (total cholesterol,
low-density lipoprotein cholesterol, high-density lipopro-
tein cholesterol and triglycerides) and CRP. Patient history
and blood test results will be used to determine the patient’s
FRS,” which estimates the 10-year CV risk of the patient.
FRS scores will be adjusted based on the participant’s CRP
level.

Participant group assignment

The group allocation sequence was generated using a
computer-based random number generator (Research
Randomizer, www.randomizer.org), which generated a
set of 60 non-unique numbers (l=exercisegroup and
2=controlgroup). Physicians conducting the RA/CVD
assessments are blinded to participant group assignment.

Only the principle investigator, research coordinator and
the CR staff will know which group the participant has been
assigned to. Participants are only assigned to an interven-
tion group once they have been consented.

Outcome measures

RA and CVD outcomes as well as PA will be measured in all
participants (CON and EX) at three different time points
during the study. Participants will be assessed at baseline
(week 0) and reassessed postintervention (12weeks) as well
as 6months after the completion of the 12-week interven-
tion. The postintervention assessment will be conducted
within 48-72hours after the completion of the final exer-
cise session. Participants will be contacted 2weeks prior
to their 6-month anniversary of the completion of the CR
programme to schedule their 6-month follow-up assess-
ment. This will allow the assessments to be conducted within
2weeks of their anniversary date. The techniques that will
be used to assess these outcomes are described below.

CVD risk

It will be assessed using the FRS as described in the 2012
Update of the Canadian Cardiovascular Society guidelines for the
diagnosis and treatment of dyslipidemia for the prevention of cardio-
vascular disease in the adult™ Since inflammation confers
significant risk for the development of CVD in patients
with RA, the participants FRS will be adjusted based on the
serum levels of the biomarker high-sensitivity CRP.*’

RA severity

The ACR response score will be used to assess RA severity."!
The ACR is a composite score based on seven measures:
three by an assessor (swollen joint, tender joint count and
physician global status), three by the patient (function, pain
and global status) and one acute phase measure (CRP and
erythrocyte sedimentation rate). The ACR examination will
be conducted by a rheumatologist. The DAS-28 and CDAI
tools are also used to measure RA severity.

Peak aerobic fitness

It will be predicted based on the results from a stress test.
These tests will be performed at the Queen Elizabeth II
Health Sciences Centre (Halifax, Nova Scotia) and are
considered SOC for entry into the CR programme. Partici-
pants will perform a graded exercise test.”? The typical tread-
mill protocols used include the Bruce or modified Bruce
treadmill tests.”*® For each test BP and a 121ead ECG will
be monitored to determine if there is any evidence of CVD.
The test will be terminated based on the American College
of Cardiology / the American Heart Association's (ACC/
AHA) 2002 guidelines for exercise testing.44 All tests will be
conducted by a certified stress test technician and overseen
by a cardiologist. Predictive equations will be used to calcu-
late the participant’s peak oxygen uptake.* *°

Physical activity

This will be quantified using the long form of the IPAQ.47
The IPAQ has been shown to be a reliable and valid method
to assess PA.Y In addition, the IPAQ has been used in
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numerous studies to assess PA as well as in RA studies with
. 4850
smaller sample sizes.

Functional ability

Functional status will be assessed using the short
form of the Health Assessment Questionnaire
(HAQ).”'  Thisself-report questionnaire is composed of the
HAQ disability index, HAQ patient global health status an
d the visual analogue scale for pain.”**

Blood analysis

Venous blood samples will be drawn according to standard
operating procedure by the research coordinator (regis-
tered nurse). Samples will be processed at the local hospital
to determine the participant’s lipid profile, fasting glucose
and CRP levels. Serum also will be extracted from the blood
samples in order to quantify cytokine levels (IL-1c, IL-1J,
IL4, IL-6, IL-10, IL-17 and TNF-o), which are an indicator
of systemic inflammation. Human multiplex cytokine
assays (Bio-Rad Laboratories, Mississauga, Ontario) will be
prepared in accordance to the manufacturer’s instructions
to determine the cytokine levels in the serum. A Bio-Plex
suspension array system will be used to analyse the cytokine
assay. All serum samples will be stored at —20°C until they
are required for analysis.

Feasibility and patient safety

The feasibility of the programme will be measured in terms
of patient retention, the impact on the patient’s RA (eg,
ACR response score) and the patient’s perceived benefit
of the programme. To assess retention participants will be
given an exercise log book and asked to record the number
of exercise and education sessions that they attend each
week. Patients also will be asked to complete the standard
CR programme feedback questionnaire to determine how
effective they perceived the programme to be. The ques-
tionnaire will evaluate both the education and exercise
components of the CR programme. To monitor safety,
participants will be instructed to report and record any
adverse events that are associated with the CR programme.
As part of the orientation to the CR programme, the partic-
ipants will be instructed as to what constitutes an adverse
event (eg, cardiovascular, RA, musculoskeletal, etc).

Exercise intervention

Participants assigned to the CON group will receive the treat-
ment for their RA that is considered SOC (eg, pharmaco-
therapy), but will not be enrolled in the CR programme.
These participants will be asked to maintain their current
level of PA throughout the course of the study. Participants
assigned to EX will receive SOC for RA plus be enrolled
in a CR programme (Community Cardiovascular Hearts
Motion programme, Halifax Regional Municipality, Nova
Scotia). The CR programme is 12weeks in duration (super-
vised by a nurse and a physiotherapist) and is composed
of one 60min education session and two 60min exercise
sessions per week. Education sessions will be conducted
by a nurse, physiotherapist or a dietician and cover topics
such as heart healthy eating, setting health-related goals,

exercise, nutrition, healthy weight, smoking cessation and
stress/coping. The education sessions are specific to those
with or at risk of developing CVD. None of the education
sessions will deal specifically with RA, but all of the topics
discussed will be applicable to the RA population. Thus, it
is expected the education sessions will be highly attended
by the study participants. The exercise sessions are based
on the SOC for patients with CVD. The number of exer-
cise sessions per week (two) is the protocol used by the
Community Cardiovascular Hearts in Motion programme.
Participants will perform their aerobic exercise in a room
that houses multiple pieces of aerobic exercise equipment.
Participants will perform their exercise prescription on
their own piece of aerobic equipment, thus the exercise
is individualised. However, since the equipment is close
enough together to allow participants to converse with one
another, it will create a quasi-group setting. In the group, it
is common for patients to be exercising at different inten-
sities since levels of exercise tolerance will differ between
participants. Sessions begin with a group warm-up activity,
followed by 45min of aerobic activity and finish with a cool
down. The activities include walking/running on a tread-
mill, stepping exercise and/or cycling on a cycle ergom-
eter (participant may rotate through the various exercise
modalities). Participants will exercise at a vigorous inten-
sity (heart rate reserve 60%—-80%). Prior to the initial CR
session, target heart rates (HRs) will be calculated for each
participant based on the maximum HR achieved during
their stress test. Participants will be taught how to palpate
radial and/or carotid pulse during the first week of the CR
programme. This will enable the participant to monitor
and maintain their HR within the target HR zone while
performing their aerobic exercise. A nurse, physiotherapist
and/or a research assistant will closely monitor exercise
sessions. Participants will be given an exercise log to record
RHR, type of exercise performed and duration of exercise
and HR during each exercise session.

As stated above, it is expected that the exercise intensity
(eg, target HRs) will vary between participants since the
target HRs are based on the participant’s stress test results.
It is not anticipated that having study participants exer-
cising at different intensities (target HRs) within the same
CR session will lead to cross-contamination of the study
exercise groups. To help ensure that cross-contamination
does not occur, participants will be told that their exercise
programme is based on the results of their stress test and
specific to them that they should adhere to their individual-
ised exercise prescription.

Data analysis and management
For each objective, the main outcome for the study will
be the changes that occur between preintervention and
postintervention (12weeks). Secondary analysis will be
conducted to determine if the effects observed at the end
of the 12-week intervention are maintained long term (6
months).

Objective 1: determine the effects of CR on CVD risk factors and
systemic markers of inflammation in patients with RA. A factorial
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analysis of variance (ANOVA) with a Tukey’s honestly signif-
icant difference (HSD) post hoc test will test for differ-
ences between CON and EX groups in CVD risk factors
and markers of systemic inflammation between baseline,
12weeks and the 6-month follow-up.

Objective 2: determine the effects of CR and exercise intensity
on CVD risk in patients with RA. A factorial ANOVA with a
Tukey’s HSD post hoc test will test for differences between
CON and EX groups in markers of cardiac risk between
baseline, 12weeks, and the 6-month follow-up.

Objective 3: determine whether CR has a therapeutic effect on
severity of RA and improves functional ability in patients with RA.
A factorial ANOVA with a Tukey’s HSD post hoc test will test
for differences between CON and EX groups in RA severity
between baseline, 12weeks and the 6-month follow-up.

Objective 4: to determine whether it is feasible and safe for
patients with RA to participate in a CR programme. Adher-
ence will be calculated as the number of sessions attended
divided by the total number of sessions in the 12-week
programme for each patient. Adherence will be calculated
separately for the exercise and education components of
the programme. Safety will be determined by examining
the total number of adverse events that occur over the dura
tion of the 12-week exercise programme. The total number
of adverse events over the course of the study will be divided
by the total number of participant hours to determine the
number of adverse events per participant hour. Descriptive
statistics will be used to characterise adherence to the inter-
vention and the safety.

Data management: all data management procedures may
be found at ClinicalTrials.gov.

Ethics and dissemination

The knowledge translation plan includes the presentation
of the results at a national and/or international conference
and the publication of articles in peerreviewed journals.
The authors declare no competing interests. The principal
investigator will have access to the final trial dataset.

DISCUSSION

Individuals with RA are at increased risk of CVD, in part
due to increased chronic levels of systemic inflammation
from their disease.'” This inflammation facilitates plaque
progression in the vasculature.'' '* Patients with RA typi-
cally have lower CRF which also contributes to an increased
CVD risk."? Thus, there is an immediate need to improve
the CVD risk profile of patients with RA. One way to do this
is through aerobic exercise, which is offered as part of CR
programme. There is strong evidence that CR programme
improves the inflammatory profile in patients with CVD,
as well as increase aerobic fitness.'>” As such, it is reason-
able to expect that the patients with RA would also benefit
from CR programme in terms of decreasing their CVD
risk. However, the current SOC for patients with RA does
not typically involve referral to a CR programme® ** even
though aerobic activity has been shown to be safe and effec-
tive for patients with RA.*

The importance of combining a current RA SOC
programme and an aerobic exercise intervention could
prove to be synergistic in the management of RA, and thus
is important to investigate. However, currently, sufficient
information is not there regarding its efficacy to make an
informed decision to incorporate it into routine care. Avail-
able studies describe how aerobic exercise is safe and can
provide improved functional ability for those with RA,*
yet our understanding of whether exercise reduces CVD
risk and systemic inflammation in this population is lacking.
The present study will contribute to our growing knowl-
edge of this interaction and will help to create a better
SOC model for patients with RA
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