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Abstract The health benefits of physical activity (PA)
in the general population are numerous; however, few
studies have measured PA among adults with ankylos-
ing spondylitis (AS). The aims of this study were to: (1)
objectively measure the PA levels and cardiorespiratory
fitness of adults with AS and compare these to popula-
tion controls, and (2) examine the relationships between
PA, cardiorespiratory function and condition-specific
outcomes. This cross-sectional study included partici-
pants (>18 years) meeting the modified New York crite-
ria for AS, and matched population controls. Exclusion
criteria were the presence of comorbidities limiting PA,
or recent changes in medication usage. Participants com-
pleted clinical questionnaires assessing disease activity,
physical function and quality of life. Tri-axial acceler-
ometers recorded habitual PA over 1 week. Cardiorespi-
ratory fitness was assessed by submaximal treadmill test
with breath-by-breath gas analysis and heart rate moni-
toring. Thirty-nine adults with AS and 39 controls were
recruited. The AS group spent significantly less time per-
forming vigorous-intensity PA than controls [mean differ-
ence (95 % CI) 1.8 min/day (1.2-2.7)] and performed sig-
nificantly fewer bouts of health-enhancing PA [1.7 min/
day (1.1-2.5)]. The AS group had significantly lower
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predicted VO, than controls [6.0 mL kg~' min™!

(1.8-10.1)]. PA was associated with aerobic capacity.
Sedentary time was associated with disease activity and
physical function. Adults with AS participate in less
health-enhancing PA than population controls. Fewer than
half meet PA recommendations, despite exercise being a
key component of AS management. Explorations of PA
behaviour and strategies to increase PA participation are
needed.
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Introduction

Ankylosing spondylitis (AS) is a chronic inflammatory
rheumatic condition that primarily affects the axial skeleton
and is the major subtype of spondyloarthritis (SpA). Clini-
cally, AS is characterised by inflammatory back pain and
stiffness, with decreased spinal mobility and limitations in
physical function [1]. Accompanying extra-articular fea-
tures may include uveitis, osteoporosis, bowel disease, and
cardiac, pulmonary, skin (psoriasis) and kidney involve-
ment [2]. Ischaemic heart disease and cardiovascular risk
factors have been found to be elevated in this population
[3]. Respiratory abnormalities in AS are typically of a
restrictive pattern [4], and a reduction in aerobic capac-
ity compared to the general population has been observed
[5-8]. AS is associated with decreased physical fitness,
reduced work productivity and lower health-related quality
of life [7, 9-11].

A combination of pharmacological and non-pharma-
cological treatment modalities is recommended by the
Assessment of SpondyloArthritis international Society
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(ASAS) and the European League Against Rheumatism
(EULAR) for optimal management of adults with AS [12].
The advent of anti-TNF therapy has transformed the phar-
macological management of AS. Education, therapeutic
exercise and physiotherapy are key components of the non-
pharmacological management. Exercise programmes have
shown beneficial effects on disease activity, physical func-
tion, spinal mobility and condition-related symptoms [13,
14].

The term physical activity (PA) includes any bodily
movement produced by skeletal muscles that results in
energy expenditure [15]; in addition to exercising, this may
be achieved during free-living work, transport, and leisure-
time and domestic activities. The health-related benefits
of PA are numerous and well documented. In the general
population, PA has been found to reduce the risk of cardio-
vascular disease, obesity, colon and breast cancers, type 2
diabetes and osteoporosis. It also improves musculoskeletal
health and reduces symptoms of depression [16].

The PA profile of adults with SpA is less clear, and the
condition-related benefits associated with PA (not limited
to exercise) have not been explored. A recent systematic
review identified two studies which objectively measured
PA in adults with AS and compared results to population
controls [17-19]. Results from these studies are equivo-
cal; PA levels among adults with AS may be lower than,
or equivalent to, the general population. Self-report ques-
tionnaires have also been used to measure PA among adults
with AS [17]. Results from these studies are also conflict-
ing, and the reliability and validity of these questionnaires
have been questioned [20]. Furthermore, sedentary behav-
iour in adults with AS remains relatively unknown. The
associations between PA, cardiorespiratory fitness and dis-
ease activity, physical function and AS-related quality of
life have not been explored.

The aims of this study were to (1) objectively measure
the PA levels, the cardiorespiratory fitness and the pul-
monary function of adults with AS and compare these to
the general population, and (2) examine the relationships
between PA, cardiorespiratory function and condition-spe-
cific outcomes.

Materials and methods
Study design and recruitment

This cross-sectional, controlled study was conducted between
May 2013 and March 2014. Approval for this study was
granted by the local research ethics committee. A conveni-
ence sample of adults with AS was recruited from a dedicated
AS clinic in the Rheumatology Department of St. James’s
Hospital, Dublin. An information leaflet and an invitation to
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participate in the study were extended to consecutive attend-
ees of the clinic who potentially met the recruitment criteria.
Concurrently, control group participants were recruited by
posters in the locality. Written informed consent was obtained
for each subject prior to participation, in compliance with the
Declaration of Helsinki.

Eligibility criteria

Adults between 18 and 64 years of age diagnosed by a
rheumatologist as meeting the modified New York criteria
for AS were eligible for inclusion in the study [21]. Partici-
pants were excluded if they had a concomitant cardiac, res-
piratory or neurological condition, a comorbidity restricting
their PA, an acute lower limb injury, uncontrolled epilepsy,
a cognitive impairment, were pregnant, were unable to
ambulate without a mobility aid or had changed medica-
tion within 6 weeks of testing. Non-English speakers were
also excluded. Frequency matching of controls for gender
and age was used to increase the similarity in distribution
of confounding variables between groups; age bands were
18-19, 20-24 and 5-year age ranges up to 64 years.

Assessment

Participants enrolled in the study attended an exercise labo-
ratory on one occasion to complete sociodemographic and
clinical questionnaires, and to undergo physical examina-
tion. All equipment was calibrated as per manufacturer
recommendations prior to each session. Participants were
asked to refrain from smoking, eating or drinking (includ-
ing alcohol and caffeine), or engaging in strenuous exer-
cise prior to testing. All measures were taken by the same
physiotherapist.

Sociodemographic and condition-related variables

Participants’ age, gender, employment status, education
level achieved, smoking history and number of exercise
sessions performed per week were ascertained. Subjects
with AS were additionally asked about symptom duration,
time since diagnosis and current medication usage. In the
absence of a gold standard to measure disease activity,
C-reactive protein (CRP) and erythrocyte sedimentation
rate (ESR) are commonly used. A venous blood sample
was taken from the AS group and analysed for these acute
phase reactants [22].

Additionally, a number of self-administered question-
naires endorsed by the ASAS were used to measure aspects
of the condition [23]. These comprised a number of ques-
tions rated on a numeric rating scale (NRS) from O (best
response, e.g2. “no pain”) to 10 (worst response, e.g. “most
severe pain”). An NRS was used to quantify nocturnal and
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total back pain. The Bath Ankylosing Spondylitis Global
Score (BAS-G) measured global well-being over the previ-
ous week and previous 6 months [24].

Disease activity was measured subjectively on the Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI).
The index consists of six questions relating to fatigue, back
pain, pain and/or swelling of peripheral joints, localised
tenderness, and morning stiffness in the previous week,
with each question scored on an NRS. A total score out of
ten is then calculated [25, 26]. In addition, the Ankylosing
Spondylitis Disease Activity Score (ASDASgzp) Was cal-
culated [27, 28]. The ASDAS is a composite index devel-
oped by the ASAS, incorporating CRP and subjectively
reported back pain, morning stiffness duration, patient-
rated global disease activity, and peripheral joint pain and
swelling.

Physical function was measured on the Bath Ankylosing
Spondylitis Functional Index (BASFI), a widely used index
consisting of ten questions assessing activities of daily
living and functional ability over the previous week [29].
Each question is scored by NRS, and the mean of the indi-
vidual scores yields a total score out of ten [29, 30].

The Ankylosing Spondylitis Quality of Life Question-
naire (ASQoL) consists of 18 yes/no items designed to
measure the impact of AS on health-related quality of life
[31]. While not part of the ASAS core set of questionnaires,
reliability and construct validity have previously been
established [25].

Physical activity measurement

The RT3 (Stayhealthy Inc., Monrovia, California) is a tri-
axial accelerometer that measures accelerations in three
orthogonal planes. Output expressed in ‘“counts”, was
converted to minutes spent at different activity intensities
using previously established cut-points [32]. Time spent in
>10 min bouts of moderate- and/or vigorous-intensity PA
(PAgouts) Was also calculated; this is the minimum rec-
ommended duration PA should be sustained for in order to
derive health benefits [16].

Participants wore the small lightweight device on their
right hip during waking hours over a 7-day period. Wear
time was deemed valid when worn for >10 h on a mini-
mum of 4 days (including at least one weekend day) [33].
The device was removed only for showering and swim-
ming. Non-wear time was documented in a daily log.

Anthropometric measures

Barefoot standing height (Leicester portable height meas-
ure, Invincta Plastics Ltd, Leicester, United Kingdom) and
mass (MC-180 MA, Tanita Corp, Tokyo, Japan) were meas-
ured, from which body mass index (BMI) was calculated.

Cardiorespiratory fitness testing

Chest expansion was measured at the fourth intercostal
level. Pulmonary function tests were conducted using a
portable spirometer (MicroLab, CareFusion, USA). Test-
ing was performed seated, with participants wearing a nose
clip. Subjects inhaled rapidly and completely, inserted a
mouthpiece ensuring their lips formed a seal and, with
a pause of <1 s at total lung capacity, exhaled maximally
until no more air could be expelled. The manoeuvre was
repeated for >3 times. Testing concluded when the cri-
teria for acceptable spirometry were met: (1) individual
spirograms were free from artefacts (cough, early termi-
nation, leak, etc.), (2) exhalation was >6 s or a plateau
of the volume time curve was observed, and (3) <150 mls
variance between forced vital capacity (FVC) and forced
expiratory volume in 1 s (FEV1) was registered between
individual manoeuvres. Coaching and encouragement was
provided throughout [34]. Outcomes included FVC, FEV1
and peak expiratory flow (PEF).

Participants undertook a multistage, submaximal exer-
cise test on a treadmill. Submaximal testing is a valid and
reliable way of predicting cardiorespiratory fitness without
participants reaching maximal exertion [35]. Resting heart
rate (HR) and blood pressure (BP) were measured prior to
a 5-min walking familiarisation period. The incremental test
followed the modified Bruce protocol [36]. Breath-by-breath
gas analysis and heart rate were recorded throughout (Quark;
Cosmed, Rome, Italy). Participants completed two or more
3-min submaximal stages of continuous exercise that raised
the HR to >100 bpm. Data averaging was performed after
test completion using 30-s averages. The test was termi-
nated when 85 % of age-predicted HRy;,x Was attained,
or if the participant requested to stop. The highest oxygen
uptake recorded during the test (VO,ppsx) Was recorded. The
American College of Sports Medicine’s (ACSM) metabolic
equation was used to estimate VO,y;,x [37]. The ratio of the
difference between two submaximal VO, measures from the
final two completed stages to corresponding change in HR
was used to calculate slope (b) [Eq. 1]. Slope (b) was then
used to predict VO, ,x by extrapolating the VO,/HR val-
ues from the final completed stage to the estimated maximal
heart rate (220—age) [Eq. 2].

b= (VOZ last stage_VOZ penultimate stage)/

ey

(HRlast stage _HRpenultimate stage)

VOomax = VO2 past stage + b(HRmaX_HRlast stage) 2)

Statistical methods

Statistical analyses were performed with SPSS for Win-
dows version 21 (IBM, Armonk, NY, USA). Descriptive
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Fig. 1 Participant recruitment
strategy

n=76

Adults attending the rheumatology
clinic and assessed for eligibility

Ineligible n=18
264 years of age n=8
Not a diagnosis of AS n=4

Comorbidity preventing testing n =4
Recent change in pharmacologyn = 1
Pregnancy n=1

l

n=58

Invited to participate in study

Eligible but not recruited n=19
No response n=12
Declined participation n=5
Emigrated n=1
Active Flare-up n=1

n=39

Accepted invitation to participate and
gave written informed consent

statistics of participant characteristics were reported as fre-
quency and percentage for categorical variables, and con-
tinuous data were reported as mean and standard deviation
(SD) or median and interquartile range (IRQ), as appropri-
ate. Skewed anthropometric, accelerometry and cardiores-
piratory variables were transformed (square root or log;)
for analytic purposes. For all analyses, p < .05 (two-tailed)
was taken as statistically significant. Group differences
were examined by Chi-squared tests for categorical vari-
ables and by independent-samples ¢-tests for normally dis-
tributed variables. Univariate analyses of covariance were
performed to explore the between-group differences in PA
behaviour and cardiorespiratory fitness, adjusted for educa-
tion and employment status.

Regression analyses were used to explore the associa-
tions between disease activity, physical function, quality of
life, cardiorespiratory capacity and physical activity. Sim-
ple linear regressions were conducted with PAgqoyrs and
time spent sedentary (PAggzp) as dependent variables, and
VO,\iax> BASDAI, BASFI and ASQoL as separate inde-
pendent variables. The proportion of variance accounted for
by each relationship is reported as R? expressed as a per-
centage. Level of probability was calculated from F values.

Results

Participant recruitment

Of the 76 adults attending the rheumatology clinic over the
recruitment period, 58 (76.3 %) were potentially eligible

for inclusion in the study. Eighteen (23.7 %) adults were
ineligible due to being older than 64 years (n = 8, 44.4 %),
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not meeting the diagnostic criteria for AS (n = 4, 22.2 %),
having a comorbidity preventing safe physical testing
(n = 4, 22.2 %), recently changing pharmacological man-
agement (n = 1, 5.6 %) or being pregnant (n = 1, 5.6 %).
Thirty-nine AS patients, 32 males and 7 females (67.2 %
of those eligible), accepted the invitation to be included in
the study. Of those eligible but not recruited, five declined
to participate (26.3 %), one emigrated (5.3 %), one had a
flare-up (5.3 %), and twelve gave no response when con-
tacted (63.2 %). Non-participants (14 men, 5 women) had
a mean (SD) age of 39.9 years (10.6) and were not signifi-
cantly different to those entering the study across age and
gender variables (p > .05 for both). Thirty-nine age- and
gender-matched population controls were recruited. Partici-
pant recruitment is shown in Fig. 1.

Participant characteristics

Participant characteristics are summarised in Table 1. Fif-
teen participants in the AS group (38.5 %) did not provide
a blood sample for ESR and CRP; ASDAS -, could not be
calculated in these cases. One participant in the AS group
did not fully complete the BASDAI or BASFI question-
naires. There were no statistically significant differences
between groups with regard to age, gender, smoking sta-
tus or self-reported weekly exercise. A significantly higher
proportion of the control group were employed and had
completed education to third level or higher. Participants in
the AS group were significantly shorter than controls, while
body mass was not significantly different; consequently,
BMI was significantly increased in the AS group. The AS
group also showed significant restrictions in chest expan-
sion compared to controls.
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Table 1 Participant

e Variable AS Controls p value® MD (95 % CI)*
characteristics n=39 n=39
Age (years) 40.0 (9.0) 38.9 (9.0) .599
Male (%) 32(82.1) 32(82.1) 1.000
Height (cm) 167.7 (9.6) 176.4 (7.3) <.001 —8.7(—12.6to —4.9)
Mass (kg) 78.1 (13.3) 74.3(9.9) .162
Body mass index (kg/mQ)b 28.6 (6.8) 23.6 (3.4) <.001 1.2(1.1t0 1.2)
Chest expansion (cm) 3.8(1.9) 6.2 (1.3) <.001 —24(=3.1to —1.7)
Employed (%) 24 (61.5) 36(92.3) .001
Completed > tertiary education (%) 17 (43.6) 28(71.8) .012
Smoker (%) 7(17.9) 5(12.8) .530
Exercise sessions per week (%) 310
0 4(103) 2.
1-2 4(103) 10(25.6)
34 15(38.5) 14 (35.9)
>5 16 (41.0) 13 (33.3)
ESR (mm/h)° 50(13.8) N/A
CRP (mg/L) 24(57) N/A
Symptom duration (years) 16.6 (10.0) N/A
Time since diagnosis (years)® 6.0 (10.0) N/A
Pharmacology (%) N/A
Anti-TNFa 18 (46.2)
NSAIDs 8 (20.5)
Analgesia 3(7.7)
None 10 (25.6)
Back pain—total 3.5(2.3) N/A
Back pain—nocturnalb 3.0 (4.0) N/A
BAS-G 3.8(2.1) N/A
BASDAI 3.6(12.2) N/A
ASDAS crp 2.2 (1.0) N/A
BASFI® 29(3.8) N/A
ASQoL? 53(5.00 N/A
ASDAS -xp Ankylosing Spondylitis Disease Activity Score (C-reactive protein version), ASQoL Ankylos-
ing Spondylitis Quality of Life Questionnaire, BASDAI Bath Ankylosing Spondylitis Disease Activity
Index, BASFI Bath Ankylosing Spondylitis Functional Index, BAS-G Bath Ankylosing Spondylitis Global
Score, CRP C-reactive protein, ESR erythrocyte sedimentation rate, MD mean difference, N/A not assessed,
NSAIDs non-steroidal anti-inflammatory drugs, TNFa tumour necrosis factor alpha
? Independent-samples z-test or % test as appropriate
Mean (standard deviation) or number of participants (%), unless otherwise stated; ° median (interquartile
range)
Physical activity (PAyg) and performed significantly fewer PAgqyrs than

Three participants in the AS group had invalid RT3 data
(no weekend wear time, insufficient wear time and faulty
device). One control participant emigrated before wearing
the accelerometer. The median (IQR) days worn per week
and daily wear time were 6 (1) days and 872.7 (79.0) min
in the AS group, and 7 (1) days and 876.4 (77.0) min in
the control group. Table 2 summarises free-living PA meas-
ured by accelerometry. The AS group spent significantly
less time performing vigorous-intensity physical activity

the control group; these results remained significant after
adjusting for employment and educational status. The asso-
ciation between the group allocation and whether or not
weekly PA recommendations were met approached statisti-
cal significance [x*(1) = 3.462, p = .063].

Cardiorespiratory fitness

The results of the incremental treadmill and spirometer
tests are summarised in Table 3. At rest, the control group
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Table 2 Daily physical activity

Physical activity variable® AS Controls )4 value®  MD (95 % CI)® p value® Adjusted MD (95 % CI)*
n=236 n=238
Sedentary activity 450.9 (118.1)  495.9(73.9) .056 —45.0(—91.1to 1.1) .079 —46.7 (—95.0to 1.5)
% Sedentary time (/day) 51.7 (12.9) 56.0 (7.9) .095 —4.3(-9.3100.8) .062 —5.0(—10.2t00.3)
Light activity 358.0 (107.6)  323.1(75.4) 113 34.9 (—8.5t078.3) .080 40.9 (—5.0to0 87.0)
Moderate activity 50.8 (26.4) 52.1(19.3) .805 —1.3(—12.0t09.4) 794 —1.5(—13.2t0 10.1)
Vigorous activityCl 6.6 (9.0) 14.0 (17.0) .008 —1.8(—=2.7t0 —1.2) .018 —1.8(—-2.8t01.1)
Moderate/vigorous activity 59.1 (29.6) 68.2 (25.6) 165 —9.0(—21.8t03.8) 436 —-9.0(—23.0to 5.1)
PASouTs 18.6 (16.0) 27.1(29.0) .014 —1.7(=2.5t0 —1.1) .021 —1.7(=27t0 1.1)
Average counts (/day) 278.1 (94.6) 301.1 (87.2) .280 —23.0 (—65.1t0 19.1) 414 —18.9 (—64.7 t0 26.9)
Meeting PA guidelines, n (%) 14 (38.9) 23 (60.5) .063

MD Mean difference, PAg,rs physical activity performed at moderate and/or vigorous intensity lasting a minimum of 10 min

# Minutes per day, expressed as mean (SD) unless otherwise stated

® Unadjusted independent-samples -test or x> test as appropriate

¢ Analysis of covariance adjusted for employment status and education level achieved

4 Median (interquartile range)

had significantly lower resting HR and diastolic BP, but no
significant difference was observed in resting systolic BP.
At test conclusion, the AS group had significantly lower
VO,ppak, HR and METs than the control group. Fewer
participants with AS achieved 85 % of HRy,x during
the test, although there was no difference in the test stage
reached. Predicted VO,y;,x Was significantly lower in the
AS group than in the controls. FVC, FEV1 and PEF were
significantly lower in the AS group than in the control

group.

Relationships between physical activity,
cardiorespiratory capacity and condition-related
outcomes

PAgours Wwere positively associated with VO, ax
(R* = 27.5 %, B = .524, p = .001) (Table 4). Health-
enhancing PAgoyrg Were not statistically associated with
clinical questionnaires (p > .05). Time spent sedentary
was significantly associated with BASFI and BASDAI
accounting for 17.8 and 21.8 % (R?) of the total variance
(B=—422, p = 011 and B = —.466, p = .005, respec-
tively) (Table 5). PAgg, was not significantly associated
with ASQoL or VO,y,,x. Associations between PA and dis-
ease activity were similar irrespective of whether the latter
was measured by BASDAI or ASDASrp (Supplementary
Table 1).

Discussion

The first aim of this study was to objectively measure PA
and cardiorespiratory fitness in adults with AS, and to
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contrast results with population controls. It was found that
participants with AS spent approximately 30 % less time
performing health-enhancing PAgqyrg and engaged in sig-
nificantly less PAy;q than controls. Fewer than half of adults
with AS achieved the recommended amount of weekly
PA, although this was not statistically different to controls
(p = .063). Aerobic capacity was significantly lower in the
AS group compared to population controls. A third of par-
ticipants in the AS group displayed a restrictive respiratory
pattern, with a significantly lower FVC, FEV1 and PEF
than controls. Predicted VO, ax Was 13.5 % lower in the
AS group than in controls.

The second aim of this study was to explore the rela-
tionship between PA, cardiorespiratory function and con-
dition-specific outcomes. Health-enhancing PAgqrg Were
not significantly associated with disease activity, physical
function or quality of life (p > .05); this suggests that fac-
tors other than disease process influence participation in
PAgours and that disease activity, outside of a flare-up,
does not limit PA. It also suggests that PA and exercise do
not adversely affect the disease process.

Clinical implications

The number of participants with AS meeting weekly PA
recommendation is low (38.9 %) relative to the control
group and the general population [38]. This low adherence
rate to PA guidelines is of concern considering the multiple
health benefits derived from PA observed in other groups
[16]. Furthermore, the guidelines are minimum recom-
mendations, but as the benefits of PA are dose dependent,
exceeding the recommendations may enhance the benefits
accrued.
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Table 3 Results of _ Variable® AS Controls pvalue®  MD (95 % CI)°
cardiorespiratory fitness testing =39 =39
Resting variables
Heart rate (bpm) 66.0 (12.1) 61.2 (8.8) .046 4.9 (0.1 t0 9.6)
Systolic BP (mmHg) 130.1 (13.0)  125.4 (12.5) 107
Diastolic BP (mmHg) 80.5(9.2) 75.2.(9.9) .016 5.3(1.0t09.7)
At end of treadmill test
Stage reached (%)
2 1(2.6) 0
3 6(15.4) 2(5.1)
4 15 (38.5) 14 (35.9)
5 16 (41.0) 23 (59.0)
6 1(2.6) 0
Test duration (s)° 828.0(193.0) 904.0 (163.0) .029 4.5(0.1to 16.1)
VO,ppak (ML kg~ min~1)° 26.5 (12.5) 349 (10.1) <.001 —13(=14to0—1.1)
HR (bpm) 147.4 (13.0) 153.6 (7.9) .012 —63(—11.1to —1.4)
Energy expenditure (METs)" 7.6 (3.6) 10.0 (2.9) <.001 —1.3(—14t0—1.1)
Predicted VO,y,x (ML kg™ ! min™!)  37.8 (9.8) 43.7 (8.6) .006 —6.0 (—10.1to —1.8)
Reason for ending test [ (%)]
85 % HRy;5x reached 25 (64.1) 36 (92.3)
SOBOE 6(15.4) 3(7.7)
Unwilling to run 8 (20.5) 0
Spirometry results
FVC (L)° 3.5(1.6) 49(1.2) <.001 —13(-14t0-1.2)
FEV1 (L) 2.9 (1.5) 3.9(0.9) <.001 —0.0 (=0.1to —0.0)
PEF (L min™") 479.9 (88.4)  566.7 (111.5) <.001 —86.8 (—132.2to —41.4)
FEV1/FVC (%) 81.9 (6.9) 79.5 (6.8) .119
Respiratory pattern [n (%)]
Normal 25 (64.1) 36 (92.3)
Obstructive 1(2.6) 2(5.1)
Restrictive 13 (33.3) 1(2.6)

BP Blood pressure, FEVI forced expiratory volume in 1 s, FVC forced vital capacity, HR heart rate, MD
mean difference, METs metabolic equivalents, PEF peak expiratory flow, SOBOE shortness of breath on

exertion

# Mean (standard deviation) or number of participants (%), unless otherwise stated

® Median (interquartile range)

¢ Independent-samples #-test

Table 4 Associations between health-enhancing physical activ-
ity (PAgours), condition-specific outcomes (BASDAI, BASFI and
ASQoL) and cardiorespiratory function (VOax)

BASDAI BASFI ASQoL VO iax
R (%) 0.1 52 0.0 27.5
F 0.017 1.825 0.004 12.889
B 022 —229 —011 524
p value 898 .186 951 .001

ASQoL Ankylosing Spondylitis Quality of Life Questionnaire, BAS-
DAI Bath Ankylosing Spondylitis Disease Activity Index, BASFI
Bath Ankylosing Spondylitis Functional Index, PAg,,rs physical
activity performed at moderate and/or vigorous intensity lasting a
minimum of 10 min

Despite public health promotion campaigns, awareness
of PA guidelines is low among patients with theumatic con-
ditions [39]. Healthcare practitioners report a lack of skills
and confidence in the areas of PA promotion and exercise
advice, although they are favourably disposed towards them
[40]; this represents an important opportunity for improv-
ing awareness of, and adherence to, PA recommendations.

Exercise programmes, even when good compliance is
reported, do not appear to sustain PA behaviour change
beyond the intervention period. Niedermann et al. [41]
observed that on completion of a 12-week aerobic
exercise intervention, habitual PA levels measured by
accelerometer returned to pre-intervention levels. The
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Table 5 Associations between sedentary time (PAggp), condition-
specific outcomes (BASDAI, BASFI and ASQoL) and cardiorespira-
tory function (VO,pax)

BASDAI BASFI ASQoL VO iax
R* (%) 21.8 17.8 8.4 6.7

F 9.178 7.163 3.129 2436
B — 466 —422 —.290 —.259
p value 005 011 086 128

ASQoL Ankylosing Spondylitis Quality of Life Questionnaire, BAS-
DAI Bath Ankylosing Spondylitis Disease Activity Index, BASFI
Bath Ankylosing Spondylitis Functional Index

inclusion of motivational strategies (based on social cog-
nitive theory, motivational interviewing, self-determina-
tion theory or cognitive behavioural theory) can increase
adherence to exercise, improve self-efficacy, reduce lev-
els of activity limitation and have a positive effect on
long-term PA behaviour [42]. To our knowledge, these
approaches have not been trialled in cohorts with rheu-
matic conditions.

Prolonged sedentary time, independent of PA, is posi-
tively associated with deleterious health outcomes [43].
This study found higher time spent sedentary to be associ-
ated with lower disease activity and decreased functional
limitations. A possible explanation may be that patients
with lower disease activity may better tolerate static, seden-
tary activities, whereas higher disease activity may prompt
an increased light activity in a bid provide symptomatic
relief through movement. Sedentary behaviour in AS is
under-researched and poorly understood. Few studies have
objectively measured sedentary behaviour and PA in an SpA
cohort [18, 19]. Methodological limitations and heteroge-
neity of accelerometry outcome variables limit direct com-
parisons to these studies and prevent firm conclusions from
being drawn [17].

Aerobic capacity is a powerful predictor of mortality
among men with and without cardiovascular disease, with
an increase of 3.5 mL min~! kg_' (1 MET) associated with
a 11-12 % improvement in survival [44, 45]. The lower
cardiorespiratory capacity observed in the AS group is in
keeping with other studies that have compared AS cohorts
to controls. The magnitude of the difference varies across
studies from 7 to 24 %; this variance may be due to dif-
fering patient characteristics, test protocols and methods
of VO,ppak estimation [5-8]. Small increases in absolute
VO,ppak are associated with lower mortality from cardio-
vascular disease. Recent exercise programmes incorporat-
ing aerobic components (swimming, cycling, brisk walking
and Nordic walking) have been effective in improving aero-
bic capacity of AS groups [41, 46, 47]; this study observed
a strong association between cardiorespiratory capacity and

P ABOUTS'
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The results of spirometry testing reported in this study
are in keeping with the previous literature, in which
restrictive patterns are reported to range from 18 to 52 %
[4, 48]. Mechanical restrictions, primarily of the thoracic
spine and costo-vertebral joints, contribute significantly
to restrictions in respiratory function [4, 5]. Maintaining,
or improving, spinal mobility and chest wall extensibility
should be incorporated into treatment programmes aiming
at addressing aerobic capacity. Many factors may influence
cardiorespiratory performance including body composition,
muscular fitness, individual characteristics, psychological
factors, cardiovascular conditioning and habitual exercise
[5, 35]; many of these are modifiable through targeted exer-
cise programmes and offer healthcare practitioners alter-
nate avenues for improving cardiorespiratory fitness.

Limitations

The cross-sectional design of this study prevents determi-
nation of causality between variables. The convenience
sampling used may have resulted in selection bias; partici-
pants attending the rheumatology clinic may not be repre-
sentative of all adults with AS. Studies investigating PA are
likely to recruit participants who are interested in exercise;
participants in the study may be more physically active
than non-volunteers, although individuals in both groups
reported similar weekly exercise frequencies. Although a
valid measure of PA, limitations of accelerometers include
an inability to discern increases in energy cost due to walk-
ing or running up an incline, static activities, upper-body
movements, and carrying loads and consequently may have
underestimated the energy expenditure during these tasks
[33]. Finally, comparisons of spirometry results were made
between participant current standing height and reference
values; as a result, some cases of restrictive pulmonary
impairment may have been underestimated.

Conclusions

Adults with AS participate in less health-enhancing PA
than population controls. Fewer than half meet PA recom-
mendations, despite exercise being a key component of AS
management. Adults with AS also have significantly lower
cardiorespiratory capacity than controls. Explorations of
PA behaviour and strategies to increase PA participation are
needed.

Acknowledgments We wish to thank the Centre for Support and
Training in Analysis and Research (CSTAR) for their consultation and
advice on data analysis.

Funding TOD reports receipt of a Studentship Grant from Trinity
College, Dublin, during the conduct of the study.



Rheumatol Int (2015) 35:1863-1872

1871

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflicts
of interest.

References

11.

12.

13.

14.

15.

Braun J, Sieper J (2007) Ankylosing spondylitis. Lancet
369(9570):1379-1390

El Maghraoui A (2011) Extra-articular manifestations of ankylosing
spondylitis: prevalence, characteristics and therapeutic implications.
Eur J Intern Med 22(6):554-560. doi:10.1016/j.jim.2011.06.006
Bremander A, Petersson IF, Bergman S, Englund M (2011)
Population-based estimates of common comorbidities and car-
diovascular disease in ankylosing spondylitis. Arthritis Care Res
(Hoboken) 63(4):550-556. doi:10.1002/acr.20408

Berdal G, Halvorsen S, van der Heijde D, Mowe M, Dagfinrud
H (2012) Restrictive pulmonary function is more prevalent in
patients with ankylosing spondylitis than in matched population
controls and is associated with impaired spinal mobility: a com-
parative study. Arthritis Res Ther 14(1):R19. doi:10.1186/ar3699
Carter R, Riantawan P, Banham SW, Sturrock RD (1999) An
investigation of factors limiting aerobic capacity in patients with
ankylosing spondylitis. Respir Med 93(10):700-708

Ozdem Yr O, Inanici F, Hascelik Z (2011) Reduced vital capac-
ity leads to exercise intolerance in patients with ankylosing spon-
dylitis. Eur J Phys Rehabil Med 47(3):391-397

Halvorsen S, VAllestad NK, Fongen C, Provan SA, Semb AG,
Hagen KrB, Dagfinrud H (2012) Physical fitness in patients with
ankylosing spondylitis: comparison with population controls.
Phys Ther 92(2):298-309. doi:10.2522/ptj.20110137

Hsieh LF, Wei JC, Lee HY, Chuang CC, Jiang JS,
Chang KC (2014) Aerobic capacity and its correlates in
patients with ankylosing spondylitis. Int J Rheum Dis.
doi:10.1111/1756-1185x.12347

Singh JA, Strand V (2009) Spondyloarthritis is associated with
poor function and physical health-related quality of life. J Rheu-
matol 36(5):1012-1020. doi:10.3899/jrheum.081015

Boonen A, Brinkhuizen T, Landewe R, van der Heijde D, Seve-
rens JL (2010) Impact of ankylosing spondylitis on sick leave,
presenteeism and unpaid productivity, and estimation of the
societal cost. Ann Rheum Dis 69(6):1123-1128. doi:10.1136/
ard.2009.116764

O’Dwyer T, O’Shea F, Wilson F (2015) Decreased health-
related physical fitness in adults with ankylosing spondylitis: a
cross-sectional controlled study. Physiotherapy. doi:10.1016/j.
physio.2015.05.003

Braun J, van den Berg R, Baraliakos X, Boehm H, Burgos-Var-
gas R, Collantes-Estevez E, Dagfinrud H, Dijkmans B, Douga-
dos M, Emery P, Geher P, Hammoudeh M, Inman RD, Jongkees
M, Khan MA, Kiltz U, Kvien T, Leirisalo-Repo M, Maksymow-
ych WP, Olivieri I, Pavelka K, Sieper J, Stanislawska-Biernat
E, Wendling D, Ozgocmen S, van Drogen C, van Royen B, van
der Heijde D (2011) 2010 update of the ASAS/EULAR recom-
mendations for the management of ankylosing spondylitis. Ann
Rheum Dis 70(6):896-904. doi:10.1136/ard.2011.151027
O’Dwyer T, O’Shea F, Wilson F (2014) Exercise therapy for
spondyloarthritis: a systematic review. Rheumatol Int 34(7):887—
902. doi:10.1007/s00296-014-2965-7

Dagfinrud H, Kvien TK, Hagen KB (2008) Physiotherapy inter-
ventions for ankylosing spondylitis. Cochrane Database Syst
Rev (1):CD002822. doi:10.1002/14651858.CD002822.pub3
Caspersen CJ, Powell KE, Christenson GM (1985) Physi-
cal activity, exercise, and physical fitness: definitions and

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

distinctions for health-related research. Public Health Rep
100(2):126-131

WHO (2010) Global recommendations on physical activity for
health. World Health Organization, Switzerland

O’Dwyer T, O’Shea F, Wilson F (2015) Physical activity in spon-
dyloarthritis: a systematic review. Rheumatol Int 35(3):393-404.
doi:10.1007/s00296-014-3141-9

Swinnen TW, Scheers T, Lefevre J, Dankaerts W, Westhovens R,
De Vlam K (2014) Physical activity assessment in patients with
axial spondyloarthritis compared to healthy controls: a technol-
ogy-based approach. PLoS One 9(2):e85309. doi:10.1371/jour-
nal.pone.0085309

Plasqui G, Boonen A, Geusens P, Kroot EJ, Starmans M, van
der Linden S (2012) Physical activity and body composition in
patients with ankylosing spondylitis. Arthritis Care Res (Hobo-
ken) 64(1):101-107. doi:10.1002/acr.20566

Prince SA, Adamo KB, Hamel ME, Hardt J, Connor Gorber S,
Tremblay M (2008) A comparison of direct versus self-report meas-
ures for assessing physical activity in adults: a systematic review.
Int J Behav Nutr Phys Act 5:56. doi:10.1186/1479-5868-5-56

van der Linden S, Valkenburg HA, Cats A (1984) Evaluation
of diagnostic criteria for ankylosing spondylitis. A proposal
for modification of the New York criteria. Arthritis Rheum
27(4):361-368

Ruof J, Stucki G (1999) Validity aspects of erythrocyte sedimen-
tation rate and C-reactive protein in ankylosing spondylitis: a lit-
erature review. J] Rheumatol 26(4):966-970

Sieper J, Rudwaleit M, Baraliakos X, Brandt J, Braun J, Burgos-
Vargas R, Dougados M, Hermann KG, Landewe R, Maksy-
mowych W, van der Heijde D (2009) The assessment of Spon-
dyloArthritis international Society (ASAS) handbook: a guide to
assess spondyloarthritis. Ann Rheum Dis 68(Suppl 2):iil-ii44.
doi:10.1136/ard.2008.104018

Jones SD, Steiner A, Garrett SL, Calin A (1996) The bath anky-
losing spondylitis patient global score (BAS-G). Br J Rheumatol
35(1):66-71

Haywood KL, A MG, Jordan K, Dziedzic K, Dawes PT (2002)
Disease-specific, patient-assessed measures of health outcome in
ankylosing spondylitis: reliability, validity and responsiveness.
Rheumatology (Oxford) 41(11):1295-1302

Van Tubergen A, Debats I, Ryser L, Londono J, Burgos-Vargas
R, Cardiel MH, Landewe R, Stucki G, Van Der Heijde D (2002)
Use of a numerical rating scale as an answer modality in anky-
losing spondylitis-specific questionnaires. Arthritis Rheum
47(3):242-248. doi:10.1002/art.10397

van der Heijde D, Lie E, Kvien TK, Sieper J, Van den Bosch
F, Listing J, Braun J, Landewé R (2009) ASDAS, a highly dis-
criminatory ASAS-endorsed disease activity score in patients
with ankylosing spondylitis. Ann Rheum Dis 68(12):1811-1818.
doi:10.1136/ard.2008.100826

Society ftAoSi, Machado P, Landewé R, Lie E, Kvien TK, Braun
J, Baker D, van der Heijde D (2011) Ankylosing spondylitis
disease activity score (ASDAS): defining cut-off values for dis-
ease activity states and improvement scores. Ann Rheum Dis
70(1):47-53. doi:10.1136/ard.2010.138594

Calin A, Garrett S, Whitelock H, Kennedy LG, O’Hea J, Mal-
lorie P, Jenkinson T (1994) A new approach to defining func-
tional ability in ankylosing spondylitis: the development of the
Bath Ankylosing Spondylitis Functional Index. J Rheumatol
21(12):2281-2285

Madsen OR, Rytter A, Hansen LB, Suetta C, Egsmose C (2010)
Reproducibility of the Bath Ankylosing Spondylitis Indices of
disease activity (BASDAI), functional status (BASFI) and over-
all well-being (BAS-G) in anti-tumour necrosis factor-treated
spondyloarthropathy patients. Clin Rheumatol 29(8):849-854.
doi:10.1007/s10067-010-1407-5

@ Springer


http://dx.doi.org/10.1016/j.ejim.2011.06.006
http://dx.doi.org/10.1002/acr.20408
http://dx.doi.org/10.1186/ar3699
http://dx.doi.org/10.2522/ptj.20110137
http://dx.doi.org/10.1111/1756-1185x.12347
http://dx.doi.org/10.3899/jrheum.081015
http://dx.doi.org/10.1136/ard.2009.116764
http://dx.doi.org/10.1136/ard.2009.116764
http://dx.doi.org/10.1016/j.physio.2015.05.003
http://dx.doi.org/10.1016/j.physio.2015.05.003
http://dx.doi.org/10.1136/ard.2011.151027
http://dx.doi.org/10.1007/s00296-014-2965-7
http://dx.doi.org/10.1002/14651858.CD002822.pub3
http://dx.doi.org/10.1007/s00296-014-3141-9
http://dx.doi.org/10.1371/journal.pone.0085309
http://dx.doi.org/10.1371/journal.pone.0085309
http://dx.doi.org/10.1002/acr.20566
http://dx.doi.org/10.1186/1479-5868-5-56
http://dx.doi.org/10.1136/ard.2008.104018
http://dx.doi.org/10.1002/art.10397
http://dx.doi.org/10.1136/ard.2008.100826
http://dx.doi.org/10.1136/ard.2010.138594
http://dx.doi.org/10.1007/s10067-010-1407-5

1872

Rheumatol Int (2015) 35:1863—-1872

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Doward LC, Spoorenberg A, Cook SA, Whalley D, Helliwell
PS, Kay LJ, McKenna SP, Tennant A, van der Heijde D, Cham-
berlain MA (2003) Development of the ASQoL: a quality of life
instrument specific to ankylosing spondylitis. Ann Rheum Dis
62(1):20-26

Rowlands AV, Thomas PW, Eston RG, Topping R (2004) Vali-
dation of the RT3 triaxial accelerometer for the assessment of
physical activity. Med Sci Sports Exerc 36(3):518-524
Matthews CE, Hagstromer M, Pober DM, Bowles HR (2012)
Best practices for using physical activity monitors in population-
based research. Med Sci Sports Exerc 44(1 Suppl 1):S68-S76.
doi:10.1249/MSS.0b013e3182399e5b

Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R,
Coates A, Crapo R, Enright P, van der Grinten CP, Gustafsson
P, Jensen R, Johnson DC, MaclIntyre N, McKay R, Navajas D,
Pedersen OF, Pellegrino R, Viegi G, Wanger J (2005) Standardi-
sation of spirometry. Eur Respir J 26(2):319-338. doi:10.1183/0
9031936.05.00034805

Swain DP (2014) ACSM’s resource manual for Guidelines
for exercise testing and prescription, 7th edn. Wolters Kluwer
Health/Lippincott Williams & Wilkins, Philadelphia

Bruce RA (1971) Exercise testing of patients with coronary heart
disease. Principles and normal standards for evaluation. Ann
Clin Res 3(6):323-332

ACSM (2010) ACSM’s health-related physical fitness assess-
ment manual, 4th edn. Lippincott Williams & Wilkins,
Philadelphia

Morgan K, McGee H, Watson D, Perry I, Barr M, Shelley E,
Harrington J, Molcho M, Layte R, van Lente E, Ward M, Lutom-
ski J, Conroy R, Brugha R (2008) SLAN 2007: survey of life-
styles, attitudes and nutrition in Ireland. Main Report. Dublin
O’Dwyer T, Rafferty T, O’Shea F, Gissane C, Wilson F (2014)
Physical activity guidelines: is the message getting through
to adults with rheumatic conditions? Rheumatology (Oxford)
53(10):1812—-1817. doi: 10.1093/rheumatology/keul77

Lillie K, Ryan S, Adams J (2013) The educational needs of
nurses and allied healthcare professionals caring for people with

@ Springer

41.

42.

43.

44,

45.

46.

47.

48.

arthritis: results from a cross-sectional survey. Musculoskelet
Care 11(2):93-98. doi:10.1002/msc.1035

Niedermann K, Sidelnikov E, Muggli C, Dagfinrud H, Hermann
M, Tamborrini G, Ciurea A, Bischoff-Ferrari H (2013) Effect of
cardiovascular training on fitness and perceived disease activity
in people with ankylosing spondylitis. Arthritis Care Res (Hobo-
ken) 65(11):1844-1852

McGrane N, Galvin R, Cusack T, Stokes E (2014) Addition of
motivational interventions to exercise and traditional Physiother-
apy: a review and meta-analysis. Physiotherapy. doi:10.1016/j.
physio.2014.04.009

Biswas A, Oh PI, Faulkner GE, Bajaj RR, Silver MA, Mitch-
ell MS, Alter DA (2015) Sedentary time and its association
with risk for disease incidence, mortality, and hospitalization in
adults: a systematic review and meta-analysis. Ann Intern Med
162(2):123-132. doi:10.7326/m14-1651

Myers J, Prakash M, Froelicher V, Do D, Partington S,
Atwood JE (2002) Exercise capacity and mortality among men
referred for exercise testing. N Engl J Med 346(11):793-801.
doi:10.1056/NEJMo0a011858

Spin JM, Prakash M, Froelicher VF, Partington S, Marcus R, Do
D, Myers J (2002) The prognostic value of exercise testing in
elderly men. Am J Med 112(6):453-459

Karapolat H, Eyigor S, Zoghi M, Akkoc Y, Kirazli Y, Keser G
(2009) Are swimming or aerobic exercise better than conven-
tional exercise in ankylosing spondylitis patients? A randomized
controlled study. Eur J Phys Rehabil Med 45(4):449-457

Hsieh L-F, Chuang C-C, Tseng C-S, Wei JC-C, Hsu W-C, Lin
Y-J (2014) Combined home exercise is more effective than
range-of-motion home exercise in patients with ankylosing spon-
dylitis: a randomized controlled trial. Biomed Res Int 2014:9.
doi:10.1155/2014/398190

Sampaio-Barros P, Cerqueira EP, Rezende S, Maeda L, Conde R,
Zanardi V, Bértolo M, de Menezes Neto J, Samara A (2007) Pul-
monary involvement in ankylosing spondylitis. Clin Rheumatol
26(2):225-230. doi:10.1007/s10067-006-0286-2


http://dx.doi.org/10.1249/MSS.0b013e3182399e5b
http://dx.doi.org/10.1183/09031936.05.00034805
http://dx.doi.org/10.1183/09031936.05.00034805
http://dx.doi.org/10.1093/rheumatology/keu177
http://dx.doi.org/10.1002/msc.1035
http://dx.doi.org/10.1016/j.physio.2014.04.009
http://dx.doi.org/10.1016/j.physio.2014.04.009
http://dx.doi.org/10.7326/m14-1651
http://dx.doi.org/10.1056/NEJMoa011858
http://dx.doi.org/10.1155/2014/398190
http://dx.doi.org/10.1007/s10067-006-0286-2

	Decreased physical activity and cardiorespiratory fitness in adults with ankylosing spondylitis: a cross-sectional controlled study
	Abstract 
	Introduction
	Materials and methods
	Study design and recruitment
	Eligibility criteria

	Assessment
	Sociodemographic and condition-related variables
	Physical activity measurement
	Anthropometric measures
	Cardiorespiratory fitness testing

	Statistical methods

	Results
	Participant recruitment
	Participant characteristics
	Physical activity
	Cardiorespiratory fitness
	Relationships between physical activity, cardiorespiratory capacity and condition-related outcomes

	Discussion
	Clinical implications
	Limitations

	Conclusions
	Acknowledgments 
	References




