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Abstract
Background Patients with rheumatoid arthritis (RA) tend to be more overweight, take less physical exercise, exhibit decreased
cardiorespiratory fitness and demonstrate reduced muscle strength compared with age- and sex-matched controls. Impaired
cognitive function in RA is an important associated factor, although it has been less well-recognized. The aim of this study
was to investigate the effects of a specifically designed exercise programme on body composition, aerobic capacity, muscle
strength and cognition in RA.
Methods Sixty-six patients with RAwere randomized to a specifically designed, personalized exercise programme or standard
care. Assessments included body composition, fitness, grip strength and cognitive testing, in addition to disease related measures.
Results Significant improvements in C-reactive protein (p = 0.025), fatigue scores (p = 0.047) and truncal fat (p = 0.004) were
observed in the exercise group compared with controls. Median waist circumference was significantly reduced (94.0 to 91.4 cm,
p < 0.0001). Improvements were also seen in aerobic capacity (23.2 to 27.6 ml/kg/min, p = 0.002) and in median right (12.0 to
13.0 kg, p = 0.025) and left grip strength (8.0 to 10 kg, p = 0.005). Cognitive function improved in the exercise group, with
median Montreal Cognitive Assessment score 25.5 at 0 months compared to 28.0 at 3 months (p = 0.001).
Conclusion This study demonstrates that exercise has a significant and positive impact on cognitive function in RA. Furthermore,
physical activity is safe and effective in chronic inflammatory joint disease and is recommended as a vital component in the
holistic management of these patients.

Key Points
• A dedicated physical exercise programme is feasible and safe in patients with rheumatoid arthritis (RA).
• Physical exercise helps reduce fatigue scores and improves cardiovascular fitness in stable RA patients.
• Physical exercise has a positive impact on cognition in patients with RA.
• A structured exercise programme should be an integral part of chronic disease management protocols for patients with RA.
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Abbreviations
RA Rheumatoid arthritis

CVD Cardiovascular disease
ACSM American College of Sports Medicine
ACPA Anti-citrullinated protein antibody.
DMARD Disease modifying anti-rheumatoid drug
CRP c-reactive protein
ESR Erythrocyte sedimentation rate
DAS28 Disease activity score
HAQ Health assessment questionnaire
GFI Global fatigue index
BMI Body mass index
WC Waist circumference
VO2Max Maximal oxygen consumption
MoCA Montreal Cognitive Assessment
SART Sustained attention reaction time
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Introduction

Rheumatoid arthritis (RA) is a chronic multisystem inflamma-
tory disease affecting approximately 1% of the population
[1–3]. Co-morbid diseases are common with increased mor-
bidity and mortality due predominantly to cardiovascular and
cerebrovascular pathology and infections [4]. Many patients
with RA have multiple associated risk factors for vascular
disease including obesity, and the co-morbidities linked to
the metabolic syndrome. Inflammation appears to play an ad-
ditional role in accelerated atherosclerosis [5]. Preventable or
modifiable risks include avoidance of weight gain, eating a
healthy diet and participation in regular aerobic activity. A
large proportion of patients with RA are overweight or obese
[6].

Aerobic capacity is a strong and independent predictor of
cardiovascular disease and overall mortality [7]. Studies in
general populations have shown that engaging in regular
physical activity can improve cardiovascular health. Despite
the known benefits of exercise, RA patients are less likely to
engage in such activity compared with their age- and sex-
matched counterparts [8–10].

Cognitive impairment is a less well-recognized association
with RA, despite the fact that it affects up to 30% of these
patients versus 8% of healthy controls [11]. Reduced cogni-
tive function adversely affects function in RA and contributes
significantly to morbidity and the ability to actively participate
in the modifiable aspects of the disease. Although the patho-
genesis of cognitive dysfunction in RA has not been fully
elucidated, suggested mechanisms include the adverse effects
of inflammation on the brain; the associated vascular risk fac-
tors; the consequences of pain, fatigue and sleep disturbance;
andmedications used to treat the joint disease. Cognitive func-
tion improves with regular physical activity [12, 13]

One of the aims of this study was to study the effects of
exercise and improved cardiovascular fitness on cognition in
patients with RA.

Methods

Patients with RA were identified from outpatient clinics and
existing clinical databases at a tertiary academic university
hospital rheumatology department.

Inclusion criteria were rheumatoid arthritis as per 1987
American College of Rheumatology criteria or diagnosis doc-
umented in the medical notes by a consultant rheumatologist,
age between 18 and 75 years, on stable medications for at least
3 months, absence of a diagnosis of cognitive impairment and
the ability to exercise (walk independently).

Exclusion criteria were as follows: inability to tolerate car-
diorespiratory fitness training due to co-existent co-morbidity,
cerebrovascular accident or myocardial infarction within the

last 3 months, pregnancy, active malignancy, major surgery
(including joint surgery) in the previous 6 months and signif-
icant active psychiatric disease.

Ethical approval for the study was obtained in advance
from the Ethics Committee of St James’s Hospital, Dublin.
After explaining the purpose, benefits and potential risks of
the study to each patient and obtaining written informed con-
sent, age and gender-matched patients were randomized on a
1:1 case/control ratio to a personalized exercise programme or
standard care, using a computer based randomisation pro-
gramme [14].

All randomized patients were offered two visits with the
investigator (MA). During the first visit, a baseline assessment
was performed. After the 3-month study period, patients in
both groups attended for final review, and all assessments
were repeated by the same investigator.

Assessments

Demographic and anthropometric data

Demographic data were collected using a self-administered
questionnaire. Standing height was measured to the nearest
0.5 cm.Waist circumference was measured at the approximate
midpoint between the lower margin of the last palpable rib and
the top of the iliac crest and recorded in centimetres. Weight
(to the nearest 0.1 kg) and body composition (body mass
index and truncal fat percentage) were recorded using a
Tanita Segmental Body Composition Analyser (Tanita BC-
418MA®) [15].

Disease activity and quality of life measurements

Inflammation was evaluated using erythrocyte sedimentation
rate (ESR) and C-reactive protein (CRP) levels in venous
blood. The Disease Activity Score-28 (DAS28) [16] was used
to assess clinical disease activity. Functional capacity was
assessed using the health assessment questionnaire (HAQ)
[17] disability index. Fatigue was assessed using the
Multidimensional Assessment of Fatigue (MAF) scale [18,
19].

Individual CVD risk factors

Each participant had their blood pressure and resting pulse
measured using a standard electronic sphygmomanometer af-
ter they remained seated for 5 min. Serum lipids and glucose
were measured from venous blood samples collected in the
fasting state. Smoking status was recorded by patient self-
report.
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Grip strength and cardiorespiratory fitness

Grip strength was measured in kilogrammes (kg), using a
hand-held dynamometer [20], and the best measure out of
three for each handwas recorded. Hand dominance was noted.
All participants underwent a submaximal treadmill test (mod-
ified Bruce protocol [21, 22]) to estimate VO2Max in ml/kg/
min, which is the rate of oxygen uptake during maximal ex-
ercise. Patients walked on a treadmill according to a multi-
stage protocol, whereby the speed and incline (gradient) on
the treadmill was increased every 3 min. The protocol started
at stage 1 (0% gradient, speed 1.74 miles per hour), and both
speed and incline were increased with increasing stage. For
the duration of the test, patients wore a heart rate monitor
across their chest for continuous heart rate monitoring. Heart
rate was used to guide the intensity of exercise. Prior to the
test, patients’ heart rate reserve (the difference between pre-
dicted maximum heart rate and resting heart rate) was calcu-
lated using the Karvonen formula [23]. This formula calcu-
lates exercise heart rate zones at a given percentage training
intensity based on age and resting heart rate. The American
College of Sports Medicine (ACSM) recommends that to im-
prove aerobic fitness, exercise intensity should be set at 40–
85% of heart rate reserve [24]. The test was terminated once
the target heart reached 80% or if the patient wished to stop
due to exhaustion or pain. Once the test was completed,
VO2Max was calculated using formulas described in
Advanced Fitness Assessment and Exercise Prescription
[24]. Depending on their score and age, patients were catego-
rized into different cardiorespiratory fitness levels (poor, fair
and good), as per the classification described in Advanced
Fitness Assessment and Exercise Prescription [24]. This was
used to guide their exercise prescription.

Cognitive testing

Montreal Cognitive Assessment (MoCA) was used to assess
cognition. This is a paper-based test, administered by the in-
vestigator and evaluates different cognitive domains, includ-
ing attention, concentration, executive function, memory, lan-
guage, visuo-constructional skills, conceptual thinking, calcu-
lations and orientation [25]. The total possible score is 30
points, and 1 point is added for individuals with 12 years or
fewer of formal education. In the original study, 21 controls
had an average score of 27.4, while those with mild cognitive
impairment had a score of 22.1 compared to 16.2 in patients
with Alzheimer’s. However, MoCA is mostly utilized in
distinguishing normal cognition from mild cognitive impair-
ment, with a cut-off value of < 26, giving an area under the
curve of 0.921 [25].We therefore stratified our population into
two categories based on this cut-off value.

Other cognitive measurement tools included Picture
Memory Test (acquisition, recall, recognition and visual

reasoning), Colour trails 1 and 2 and the computer based
Sustained Attention Response Time (SART). A detailed sum-
mary of these tests, as well as normative values is presented in
supplementary Table 1.

Personalized exercise Programme

Patients in the intervention group were enrolled for a 3-month
personalized exercise programme, prescribed by the study
physiotherapist (CC) and had three sessions with the physio-
therapist during the period of study.

On their first visit, they were given an exercise prescription
based on their baseline cardiovascular fitness test and strength
measurements. They had two follow-up visits to the physio-
therapist, at four weekly intervals to assess their progress, and,
if needed, the exercise prescription was escalated.

The control group received standard care, which involved
advice on benefits of exercise in rheumatoid arthritis and
outlining recommendations by ACSM and American Heart
Association guidelines for physical activity in older adults
(men and women age ≥ 65 years) and adults age 50 to 64 years
with clinically significant chronic conditions and/or functional
limitations [26].

The type of cardiovascular exercise prescribed (walking,
cycling or swimming) depended on the patient’s preferences
and perceived ability and on the physiotherapist’s assessment
of their ability to attain fitness goals.

The strength training programme consisted of series of ex-
ercises for major muscle groups and grip strength. Exercises
for the upper body included biceps curls, triceps extensions
and shoulder press. Exercises for the lower body included leg
squats. Resistance bands and balls were used for grip strength.
Patients were asked to write a short daily report (diary) of how
much training they had performed at home and to note any
side effects such as pain or swelling.

Statistical methods

The primary outcomes for the study were body composition
(measured by waist circumference), cardiovascular fitness
(measured by VO2Max), muscle strength (measured by grip
strength) and cognitive function (measured by MoCA).

Based on existing literature, an expected difference in
VO2Max of 5–10% was estimated with an expected standard
deviation of values in both groups of 0.1. This was incorpo-
rated into a power calculation to estimate a sample size that
would allow rejection of the null hypothesis with a probability
of 0.95 (α = 0.05). Similar power calculations were carried out
for waist circumference, grip strength andMoCA. Sample size
was therefore estimated at 60 patients (30 cases, 30 controls).
We increased the recruitment target by 10% to allow for an
expected drop-out rate, given the nature of the intervention.
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Data was analysed on an intention-to-treat basis using SPSS
version 20 (IBM Corp, Chicago, USA).

Results

Sixty-six patients were consented and enrolled in the study, 33
were randomized to the intervention (exercise) group and 33
to the control group. Five cases and nine controls did not
attend for baseline assessment, and a further four cases and
three controls did not return for assessment at 3 months and so
were lost to follow-up (Fig. 1).

Baseline assessments

Fifty-two patients underwent baseline (week 0) assessment.
Demographics, disease-related characteristics and medica-
tions for exercise and control groups are presented in
Table 1. There were no significant differences between the
exercise group (n = 28) and controls (n = 24). Over 80% of
patients were female in both groups, with similar median
age (58.5 versus 63 years, p = 0.108). Median disease duration
was 12 years in the exercise group and 9 years in controls.
Half of the patients in both groups had received third level
education, and only a small proportion of patients were in
current employment.

There were no statistically significant differences in base-
line medications between the groups.

Most of the patients were on disease-modifying anti-rheu-
matic drugs (DMARDs; 86% versus 79%, p = 0.716), with
smaller numbers on biologic therapy. Duration of therapy
was similar in both groups for all medication classes.

median Charlson co-morbidity score was 2 in the exercise
group and 3 in the control group. A minority of patients self-
reported memory deficits at baseline (11% versus 17%, p =
0.69).

Table 2 presents baseline data of disease activity, quality of
life, body composition, cardiovascular fitness and cognition.
Baseline CRP was 2.7 versus 3.2 (p = 0.633) and DAS28 was
2.37 versus 2.69 (p = 0.124) in exercise and control groups,
respectively.

Global fatigue index was higher in the control group, 23.6
versus 13.1 (p = 0.018) with similar baseline HAQ scores
(0.44 versus 0.88, p = 0.162).

Baseline weight, waist circumference, BMI and truncal fat
were similar in both groups. About 25% of patients in the
exercise group and 30% of controls had a BMI greater than
30 (p = 0.582).

Resting heart rate and blood pressure were similar in both
groups. VO2Max values were categorized after assessment as
described in methods. About 55% of the exercise group and
50% of controls were within the poor category, while only 35
and 37.5% had good fitness levels, respectively (p = 0.373). We
were unable to record accurate VO2Max values for a minority of
patients due to inability to walk on the treadmill, and so these
patients were excluded from this part of the analysis.

Baseline grip strength was similar in both hands for both
groups (p = 0.429).

Cognitive impairment (MoCA < 26) was recorded in 54%
of patients in the exercise group and in 58% of controls (p =
0.785).

Assessments after 3-month exercise programme

Forty-five patients completed both baseline and 3-month as-
sessments. The observed effects of our personalized physical
exercise programme on disease activity, quality of life, body
composition, cardiovascular fitness and cognition in the exer-
cise group (n = 24), in comparison to non-exercise controls
(n = 21), are presented in Table 3.

Disease activity and quality of life measurements

A significant improvement in serum CRP level was observed
at 3 months for the exercise group (2.8 to 1.9, p = 0.002)
compared with controls (3.1 to 3.2, p = 0.5). No difference
was recorded in ESR or DAS28. In the exercise group,
HAQ improved from 0.5 to 0.25 (p = 0.05) and GFI from
13.2 to 10.9 (p = 0.047), compared to 1.1 to 0.8 (p = 0.026)
and 24.8 to 24.8 (p = 0.96), respectively.

Body composition

Patients in the exercise group had a significant reduction
in median weight (68.9 to 67.9 kg, p = 0.005), waist

Fig. 1 Study design and patient randomization flowchart. Thirty-three
patients were randomized in each group. Five patients did not attend for
baseline assessment in the exercise group and nine in the control group. A
further four and three patients dropped out during the follow-up period
and were not available for 3-month assessments. The final per protocol
population was therefore 45 patients. RA, rheumatoid arthritis
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circumference (94.0 to 91.4 cm, p = 0.0001), BMI
(26.8 kg/m2 to 26.7 kg/m2, p = 0.009) and truncal fat
percentage (37.3% to 36.2%, p = 0.004), while there was
a non-significant increase in weight (72.6 to 72.7 kg, p =
0.094), no difference in waist circumference (91.4 cm,
p = 0.274) and an increase in truncal fat from 37.2 to
37.4%, p = 0.522) at 3 months in the control group.

Cardiovascular fitness and grip strength

There was a reduction in resting heart rate (HR) for both
groups, from 72 beats per minute to 68 (p = 0.014) in the
exercise group and from 70 to 68 (p = 0.03) in the controls.
There were no changes observed in blood pressure or serum
cholesterol; however, there was a small improvement in glu-
cose levels in the controls.

VO2Max was significantly improved in the exercise group
at 3 months, compared to controls, from a median of 23.2 to
27.6 ml/kg/min, (p = 0.002) compared with 26.1 to 27.6 (p =
0.313) for controls. Right and left handgrip strength was im-
proved in the exercise group compared with controls. Median
right handgrip strength improved from 12.0 to 13.0 kg at
3 months (p = 0.025) in the exercise group, while the control
group median values were 10.0 and 9.0 kg, respectively (p =
0.905). Similarly, median left handgrip strength increased from
8.0 to 10.0 kg (p = 0.005) compared with a non-significant
increase from 8.0 to 9.0 kg at 3 months (p = 0.388). There
was no change in dominant handgrip strength for either group.

Cognition

Median MoCA in the exercise group improved from 25.5 to
28.0 at 3 months (p = 0.001) compared with 25.0 to 27.0 (p =

Table 1 Baseline characteristics, demographics, disease-related characteristics and medications for exercise (n = 28) and control (n = 24) groups at
week 0

Exercise group (n = 28) Controls (n = 24) p value

Gender, F M (% female)
Age (years), (median, range)

6:1 (86)
58.5 (34–73) 1

5:1 (83)
63 (36–74)

1.000
0.108

Disease duration (years)

(Median, range) 2 (2–21) 9 (1–43) 0.098

Education (%)

- Primary 9 (32) 10 (42)

- Secondary 14 (50) 12 (50)

- Third level 5 (18) 2 (8) 0.352

Employment (%) 9 (32) 4 (17) 0.336

Disability allowance (%) 6 (21) 7 (29) 0.541

Current smokers (%) 3 (11) 5 (21) 0.447

Co-morbidities (%)

0 15 (53) 9 (38)

1 10 (36) 6 (25)

2 1 (4) 6 (25) 0.111

Charlson score > 2 2 (7) 3 (12.5)

(median, range) 2 (0–4) 3 (0–6) 0.07

Joint replacement (%) 3 (11) 4 (17) 0.690

Self-reported memory deficit (%) 3 (11) 4 (17) 0.690

Seropositive (rheumatoid factor) (%)
ACPA positive* (%)

19 (68)
21/25 (84)

19 (79)
19/23 (83)

0.532
1.000

Medications

Steroid (%)
DMARD (%)
Median duration/years (range)
Biologic (%)
Median duration (range), (/years)
DMARD and Biologic (%)
No Treatment (%)
Anti-hypertensive (%)

0 (0)
24 (86)
8 (2–15)
17 (61)
3 (0.5–8)
15 (54)
2 (7)
8 (29)

2 (8)
19 (79)
5 (1–20)
8 (33)

3 (0.5–6)
7 (29)
4 (17)
9 (38)

0.208
0.716
0.119
0.058
0.976
0.09
0.39
0.561

There were no significant differences in any of the parameters measured. Comparison of categorical data was by Fisher’s exact test. *ACPA available for
25 patients in the exercise group and 23 controls. ACPA, anti-citrullinated protein antibody; DMARD, disease modifying anti-rheumatoid drug
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Table 2 Baseline assessments (week 0) of exercise (n = 28) and control (n = 24) groups

Exercise group (n = 28) Controls (n = 24) p value

Disease activity

CRP* (mg/L)
ESR* (mm/h)
DAS28* (0–28)

2.7 (1–27.4)
18 (2–65)

2.37 (0.49–3.7)

3.2 (1–26.7)
18 (2–50)

2.69 (0.49–5.3)

0.633
0.741
0.124

Quality of life

HAQ disability (0–3)
GFI (1–50)

0.44 (0–2.4)
13.1 (6.4–34.1)

0.88 (0–3)
23.6 (0–47.7)

0.162
0.018

Body composition

Weight (kg) 65.3 (41–127) 72.7 (50–116) 0.521

Waist circumference (cm) 88.9 (66–126) 92.1 (74–121)

≥ 88 cm (%) 14 (50) 15 (63) 0.236

BMI/kg/m2, median (range) 26.1 (18–47) 26.3 (21–46)

≤ 18.5 (%) 1 (4) 0

18.5–24.9 (%) 11 (40) 9 (37)

25–29.9 (%) 9 (32) 8 (33)

≥ 30 (%) 7 (25) 7 (30) 0.582

Truncal fat (%) 36 (17–57) 34 (17–50) 0.495

Cardiovascular fitness

Resting heart rate (median, range) 70 (58–114) 72 (57–90) 0.840

Blood pressure

- Systolic (mmHg; median, range)
- Diastolic (mmHg; median, range)

131 (110–143)
79 (59–94)

133 (103–154)
77 (62–94)

0.755
0.222

V02Max*/ml/kg/min

Median (range) 24.3 (16–31.8) 25.9 (14–31.8)

≤ 25 (poor, %) 11 (55) 8 (50)

26–28 (fair, %) 2 (10) 2 (12.5)

≥ 29 (good, %) 7 (35) 6 (37.5) 0.373

Grip strength/kg, median (range)

- Right 12 (0–28) 10 (0–36) 0.588

- Left 8 (0–26) 8 (0–36) 0.424

- Dominant hand* 11 (0–23) 8 (0–30) 0.429

Cognition

MoCA (/30; median, range) 24.5 (20–30) 25 (13–30) 0.429

≥ 26 (%) 13 (46) 10 (42)

< 26 (%) 15 (54) 14 (58) 0.785

SART (median, range)

- Mean reaction Time (/ms) 324 (231–532) 335 (229–821) 0.445

- Variation reaction Time (/ms) 116 (53–318) 156 (46–289) 0.405

- Commission errors 2 (0–17) 6 (0–22) 0.138

- Omission errors 7.5 (0–24) 8.5 (0–82) 0.239

Colour trails* (median., range)

Trails 1 (/s) 47.5 (25–98) 59 (28–105) 0.319

Trails 2 (/s) 94 (54–201) 103.5 (65–246) 0.135

Memory

- Acquisition 6 6 0.999

- Visual reasoning 3 (1–6) 3 (0–6) 0.478

- Recall 4 (3–5) 4 (1–6) 0.902

- Recognition 6 (2–6) 6 (4–6) 0.920
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0.214) for controls. There were no significant changes ob-
served in the SART mean reaction time, variation reaction
time or in the commission and omission errors at 3 months.
Mean variation time for controls was 139.3 (46–289) at
0 months compared to 161.3 (65–396) at 3 months, equating
to an increase of 14% (p = 0.004) and signifying a reduction in
sustained attention. There was no significant difference in col-
our trails at 3 months for either group. These data are present-
ed in Table 3.

Discussion

This study has demonstrated significant benefit from a 3-
month personalized physical exercise programme in a cohort
of RA patients compared with matched disease controls,
across a range of measured variables including disease activ-
ity, quality of life, body composition, cardiovascular fitness,
muscle strength and cognition. Many of these variables corre-
late directly with mortality, and all are associated with signif-
icant morbidity in RA populations. Significant improvements
were observed for all primary outcome measurements (waist
circumference, VO2Max, grip strength andMoCA), as well as
CRP, fatigue (GFI) and HAQ scores.

A significant reduction in CRP level was observed in the
exercise group. This is in keeping with previous findings of
physical activity reducing systemic inflammation in RA pop-
ulations [27, 28]. Elevated CRP levels have been associated
with increased risk of cardiovascular disease (CVD) in healthy
individuals [29], and this may be even more significant in RA
populations, where an increased CVD risk already exists [30].
These present data, as well as the increasing evidence suggest-
ing that physical activity reduces inflammation, supports a
critical role for physical exercise in the management of RA
patients.

There were significant improvements in HAQ disability
index in both groups. Regular exercise has been shown to
significantly improve symptoms, joint function and psycho-
logical well-being [9]. The commonest barrier to exercise re-
ported by patients in the intervention group was fatigue, which
was significantly reduced in our exercise group. A systematic
review which explored the effectiveness of non-
pharmacological interventions for fatigue concluded that both
aerobic and resistance exercise reduce fatigue in RA patients
[31] and a more recent study from our group showed

improvements in fatigue scores in patients following an exer-
cise programme [32].

We observed significant reductions in truncal fat and waist
circumference. Positive effects of physical activity on body
composition have been shown in other studies. Strasser et al.
reported a reduction in body fat and gain in lean body mass
after a 6-month combined strength and endurance programme
[8]. Similarly, Häkkinen et al. confirmed significant increase
in muscle mass in women with RA after a 21-week combined
strength and endurance training programme [33]. Excess ab-
dominal visceral fat carries an increased CVD risk in the gen-
eral population as well as in patients with RA [34]. We mea-
sured truncal fat and waist circumference, both of which cor-
relate well with visceral fat [34] and both of which showed
significant improvements in our exercise group.

One of the main findings in our study was the consistent
impact of physical activity on reducing factors associated with
CVD,which is the main cause ofmortality among RA patients
[30]. This was demonstrated in the form of improved aerobic
capacity, which is an independent predictor of CVD risk and
mortality [35]. Improved VO2Max levels have been shown to
reduce the prevalence and the severity of CVD in RA patients
[7]. At the beginning of the study period, most patients fell
into the poor fitness level category with significant improve-
ments in VO2Max levels observed after exercise. This is in
keeping with existing data on fitness levels and exercise in RA
patients. Stavropoulos et al. reported a 10% improvement in
VO2Max after 3 months of individualized aerobic and resis-
tance training in RA patients [7]. Similarly, Strasser et al.
showed a 10% improvement in cardiorespiratory endurance
in RA patients after a six-month combined exercise and
strength-training programme [8].

There was a significant improvement in grip strength in
both hands for the exercise group. The loss of handgrip
strength and function is a major cause of disability in patients
with RA [36, 37]. Studies done by Pincus et al. reported that
measures of functional status such as grip strength could be
used to detect long-term morbidity and mortality in RA [38].

Ours is the only study to date that measures the effects of
physical activity on cognition in RA patients. There was a
significant improvement in MoCA in the exercise group after
3 months. Patients in the exercise group improved from a
median value representing cognitive impairment to a median
value which was comfortably within the normal range after
our exercise programme. One of the domains of MoCA is

There were no significant differences in disease activity, body composition, cardiovascular fitness and cognition. Fatigue scores (GFI) were lower in the
exercise group compared to controls, but there was no difference in other quality of life measures. Comparison of continuous and categorical data was by
Mann Whitney and Fisher’s exact tests, respectively. Significant p values are highlighted in bold. CRP, c-reactive protein; ESR, erythrocyte sedimen-
tation rate; DAS28, disease activity score; HAQ, health assessment questionnaire; GFI, global fatigue index; BMI, bodymass index; VO2Max, maximal
oxygen consumption; MoCA, Montreal Cognitive Assessment; SART, sustained attention reaction time. *CRP and ESR were available in 27/28 (96%)
of the exercise group and 23/24 (96%) controls. DAS 28 score was measured in 27/ 28 (96%) of the exercise group. VO2Max values were available for
20/28 (71%) of the exercise group and 16/24 (67%) controls, and dominant hand was available for 22/28 (79%) of the exercise group and 15/24 (63%)
controls. *Colour Trails 1 and 2 was measured in 22 controls (92%)
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executive function, which is crucial for cognitive processes
such as working memory, reasoning, task flexibility, planning

and problem-solving. There are a number of studies demon-
strating positive effects of physical activity on executive

Table 3 Changes with exercise programme in disease activity, quality of life, body composition, cardiovascular fitness and cognitionmeasurements for
cases (n = 24) and controls (n = 21) at 0 and 3 months

Exercise group (n = 24) Controls (n = 21)

0 months 3 months p value 0 months 3 months p value

Disease activity

CRP (mg/L)
ESR (mm/Hr)
DAS28

2.8 (1.0–27.4)
18.0 (2.0–65.0)
2.39 (0.49–3.70)

1.9 (1.0–18.4)
16.5 (2.0–66.0)
2.19 (0.43–5.02)

0.0025
0.381*
0.409

3.1 (1.0–18.4)
17.0 (2.0–50.0)
2.38 (0.49–5.30)

3.2 (1.0–24.4)
21.0 (2.0–46.0)
2.59 (0.63–5.91)

0.500
0.795
0.508

Quality of life

HAQ 0.5 (0.0–2.4) 0.25 (0.0–2.5) 0.050* 1.1 (0–3.0) 0.8 (0.0–2.9) 0.026

GFI 13.2 (6.4–34.1) 10.9 (6.5–37.5) 0.047 24.8 (6.3–47.7) 24.8 (6.3–48.2) 0.96

Body composition

Weight (kg)
BMI (kg/m2)
WC (cm)
Truncal fat (%)

68.9 (50.5–126.9)
26.8 (19.4–47.2)
94.0 (67.3–124.5)
36.4 (17.4–56.5)

67.9 (49.1–127.7)
26.7 (19.5–47.5)
91.4 (66.0–124.5)
33.9 (16.6–55.4)

0.005
0.009
0.0001
0.0001

72.6 (49.7–115.6)
25.8 (20.9–46.3)
91.4 (73.7–120.7)
34.3 (17.3–50.2)

72.7 (50.5–117.8)
25.8 (21.1–47.3)
91.4 (73.7–120.7)
33.9 (19.5–51.0)

0.094
0.100
0.274
0.330

Cardiovascular fitness

Resting heart rate (median, range) 72 (60–114) 68 (52–98) 0.014 70 (57–90) 68 (50–77) 0.03

Blood pressure

Median (range) 95.3 (79.3–109.7) 127 (104–155) 0.291 95.3 (82.3–111.3) 95.7(82–109.7) 0.418

- Systolic (mmHg) 131 (110–143) 80 (60–99) 0.582 138 (103–154) 131 (110–157) 0.743

- Diastolic (mmHg) 79 (59–93) 95.5 (74.7–117.0) 0.470 78 (62–94) 79 (65–94) 0.446

Cholesterol 5.1 (3.8–6.0) 5.0 (3.3–6.0) 0.108 4.8 (3.2–6.5) 5.0 (3.3–6.0) 0.666

Glucose 5.0 (4.0–5.7) 4.8 (4.2–6.8) 0.691 5.0 (4.0–5.6) 4.8 (4.2–5.7) 0.030

V02Max*/ml/kg/min

Median (range) 23.2 (16–88) 27.6 (14–75) 0.002 26.1 (14–83) 27.6 (18–65) 0.313

Grip strength/kg

Median (range)

- Right 12 (0–23) 13 (0–30) 0.025 10 (0–36) 9 (0–30) 0.905

- Left 8 (0–20) 10 (0–32) 0.005 8 (0–36) 9 (0–32) 0.388

- Dominant hand* 12 (0–23) 12 (0–30) 0.08 8 (0–30) 9 (0–24) 0.532

Cognition

MoCA (/30)

Median (range) 25.5 (20–30) 28 (22–30) 0.001 25 (17–30) 27 (19–30) 0.214

SART* (median, range)

Mean reaction (/ms) 315.6 (231–532) 313.4 (202–500) 0.777 328.2 (229–821) 373.4 (198–796) 0.165

Var. reaction (/ms) 93.1 (54–318) 119.9 (44–370) 0.300 139.3 (46–289) 161.3 (65–396) 0.004

Commission errors 2 (0–15) 4 (0–11) 0.187 4 (0–22) 4.5 (0–16) 0.492

Omission errors 4 (0–24) 8 (0–89) 0.297 7 (0–26) 14.5 (0–35) 0.083

Colour trails*

Median (range)

Trails 1
Trails 2

50.5 (25.1–97.0)
94.0 (54.0–173.0)

42.1 (18.0–95.0)
94.1 (44.0–194.0)

0.221
0.707

59.0 (28.0–105.1)
103.5 (65.1–235.1)

53.1 (29.1–111.0)
100.0 (53.0–207.1)

0.121
0.270

Comparison of paired continuous data was by t-test (parametric) or Wilcoxon rank test (non-parametric). Significant p values are highlighted in bold.
CRP, c-reactive protein; ESR, erythrocyte sedimentation rate; DAS28, disease activity score; HAQ, health assessment questionnaire; GFI, global fatigue
index; BMI, body mass index; WC, waist circumference; VO2Max, maximal oxygen consumption; MoCA, Montreal Cognitive Assessment; SART,
sustained attention reaction time. VO2max values were available for 15/24 (63%) of the exercise group and 12/21 (57%) controls; hand dominance was
available for 21/24 (88%) of the exercise group and 15/21 (71%) controls. *Colour trails 1 and 2 was measured in 20/21 (95%) controls. SART values
were available for 23/24 (96%) of the exercise group and 20/21 (95%) controls
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function in non-RA populations. A meta-analysis by Smith
et al. showed individuals with normal cognitive function ran-
domized to aerobic exercise exhibited improved executive
function [12]. Similarly, Smiley-Oyen et al. observed an im-
provement in speeded tasks (which relies on executive con-
trol) after a 10-month aerobic exercise programme involving
adults aged 65–79 [39].

Our finding of improved MoCA scores in this RA popula-
tion is novel and, if replicated, may have implications for the
design of future management protocols and clinical trial end
points in RA. No medication has been proven to reduce the
risk of dementia or age-related cognitive impairment in RA
patients. Structured physical exercise appears to be an impor-
tant non-pharmacological intervention in this domain.

There are some limitations to our study. The number of
patients in the study was small with patients lost to follow-
up in both groups. Patients enrolled in the study had predom-
inantly stable disease, as a certain degree of mobility and
physical conditioning was required to complete the physical
fitness assessments. Patients were not matched for pharmaco-
logical exposures, and while there were numerical differences
between groups (with more patients in the exercise group on
biological therapies), observed differences did not reach sta-
tistical significance. The study period might not have been
long enough for some of the parameters to change significant-
ly, such as lipid profile or blood pressure. Most of the patients
who volunteered for the study were motivated and willing to
make a lifestyle change, although the personalized nature of
our programme did encourage broad participation across all
levels of physical capabilities.

These data suggest that the completion of a personalized 3-
month exercise programme has considerable benefits for RA
patients with stable disease and should inform future design of
management and clinical trial protocols.
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