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Abstract

Objectives. To compare the prevalence and incidence of chronic co-morbidities in people with inflammatory rheumatic
and musculoskeletal diseases (iIRMDs), and to determine whether the prevalent co-morbidities are associated with
physical activity levels in people with iRMDs and in those without iRMDs.

Methods. Participants were recruited to the UK Biobank; a population-based cohort. Data were collected about
demographics, physical activity, iRMDs (RA, PsA, AS, SLE) and other chronic conditions, including angina, myocardial
infarction, stroke, hypertension, pulmonary disease, diabetes and depression. The standardized prevalence of co-
morbidities in people with iRMDs was calculated. Cox regression was used to determine the relationship between
the presence of an iRMD and an incident co-morbidity. The relationship between the presence (versus absence) of a
(co-)morbidity and physical activity level (low, moderate, high) in people with iRMDs and in those without was assessed
using multinomial logistic regression.

Results. A total of 488 991 participants were included. The estimated prevalence of each co-morbidity was increased in
participants with an iRMD, compared with in those without, particularly for stroke in participants with SLE (standardized
morbidity ratio (95% Cl), 4.9 (3.6, 6.6). Compared with people with no iRMD and no morbidity, the odds ratios (95% Cl) for
moderate physical activity were decreased for: no iRMD and morbidity, 0.87 (0.85, 0.89); iRMD and no co-morbidity, 0.71
(0.64, 0.80); and iRMD and co-morbidity, 0.58 (0.54, 0.63).

Conclusion. Having a (co-)morbidity is associated with reduced physical activity in the general population, and to a
greater extent in participants with an iRMD. Optimal management of both iRMDs and co-morbidities may help to reduce
their impact on physical activity.
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Rheumatology key messages

e The prevalence of all morbidities considered was increased in participants with RA compared with the general
population.

e The prevalence of stroke was particularly increased in participants with SLE compared with the general
population.

o (Co-)morbidity is associated with reduced physical activity, particularly in people with an inflammatory rheumatic
and musculoskeletal disease.
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Prevalence of co-morbidities and their impact

Introduction

Musculoskeletal diseases, including chronic rheumatic
and musculoskeletal diseases (RMDs), are a major
global burden, as measured by disability-adjusted life
years [1, 2]. The most prevalent inflammatory RMDs are
RA, PsA, AS and SLE, with estimated prevalence rates in
European adults of 0.8% [3], 0.2% [4], 0.11% [5] and 97
cases per 100000 population (0.1%) [6], respectively.
Patients with these diseases have an increased risk of
co-morbid conditions compared with the general popula-
tion [7, 8], partly explained by the chronic inflammation.
Most notably, the prevalence and incidence of cardiovas-
cular disease is increased in people with inflammatory
RMDs, and accounts for >40% of premature deaths
[9-15]. Pulmonary disease [12, 13, 15-17], diabetes [13,
14] and depression [13, 15] are also more common in
people with inflammatory RMDs. However, most studies
investigating the prevalence of co-morbidities in people
with inflammatory RMDs have been undertaken in dis-
ease-specific cohorts, and prevalence estimates of co-
morbidities vary considerably between studies, partly
due to differences in study design, population character-
istics and disease ascertainment.

In a nested case-control study using primary care data
from the Netherlands [7], patients with inflammatory arth-
ritis were more likely to have cardiovascular disease (odds
ratio (OR) 1.4, 95% ClI 1.2, 1.5), respiratory disease (OR
1.5, 95% CI 1.3, 1.8) and depression (OR 1.2, 95% CI 1.0,
1.4), compared with age- and sex-matched controls with-
out inflammatory arthritis. To gain a better understanding
of multimorbidity in general populations, it is important to
estimate rates of morbidity in one population using con-
sistent methods for disease ascertainment.

Physical activity has many benefits for patients with in-
flammatory RMDs, including reducing disease activity and
pain, increasing functional capacity and improving psy-
chological health [18, 19], as well as potentially reducing
the incidence of some co-morbidities, including cardio-
vascular disease, diabetes and osteoporosis [20]. There
is some evidence that patients with inflammatory RMDs
are less physically active than the general population
[21-28]. However, the relationship between co-morbid
diseases and physical activity in patients with different
inflammatory RMDs has not been explored in detail.
Such data are important for understanding the barriers
to physical activity and highlighting the importance of ef-
fective co-morbidity screening and management in pa-
tients with inflammatory RMDs.

The primary objective of this study was to determine
the prevalence and incidence of chronic co-morbidities
in people with an inflammatory RMD, including RA,
PsA, AS or SLE, compared with people without an in-
flammatory RMD in a large, national cohort from the UK
(UK Biobank). Our secondary objective was to
determine whether prevalent multi-morbidity is asso-
ciated with physical activity level in people with an in-
flammatory RMD compared with those without these
conditions.

https://academic.oup.com/rheumatology

Methods

Study design and participants

Over 0.5 million men and women aged 40-69 years were
recruited to the UK Biobank cohort from primary care
registers from 2007 to 2010 [24, 25]. Participants attended
an assessment centre in the UK and completed a detailed
questionnaire on a touch-screen computer about their life-
style, including smoking status (never, past or current) and
frequency of alcohol consumption (daily or almost daily,
2-3 times per week, 1-2 times per week, 1-3 times per
month, special occasions only or never). Participants were
subsequently interviewed by a trained research nurse to
determine whether they had been diagnosed with any
medical conditions and their medication use. Physical
measurements were also taken, including blood pressure,
weight and height, which were used to calculate BMI.
The Townsend deprivation index was calculated for
each participant immediately prior to recruitment to the
UK Biobank based on the preceding national census
output areas [26].

The UK Biobank study was approved by the North West
Multi-Centre Research Ethics Committee, and all partici-
pants provided written informed consent. No additional
ethical approval was required for this study.

Physical activity

Physical activity was recorded using the International
Physical Activity Questionnaire, a validated physical activ-
ity instrument [27]. Participants were asked about the
number of days per week and the number of minutes
per day they typically spend doing physical activity in
bouts of >10min at three levels: walking, moderate
(e.g. cycling at a normal pace) and vigorous (e.g. aer-
obics). Participants were categorized as having a low,
moderate or high physical activity level based on the
International Physical Activity Questionnaire algorithm
[28]. We also considered the proportion of participants
with and without an inflammatory RMD who carried out
the World Health Organization (WHO)-recommended level
of physical activity, which is at least 150 min of moderate-
intensity physical activity, or at least 75 min of vigorous-
intensity physical activity per week (in bouts of >10min)
for adults [29].

Morbidities

Participants were asked whether they had ever been told
by a doctor that they had certain common medical con-
ditions, including heart attack, angina, stroke, high blood
pressure, diabetes (any type) and emphysema/chronic
bronchitis. Other co-morbidities, including chronic ob-
structive pulmonary disease and depression were re-
corded during the interview with a research nurse.
Morbidities were coded in the UK Biobank database
using a hierarchical structure loosely based on
International Classification of Diseases-10 (ICD-10)
codes [30].

All data were collected at the UK Biobank baseline
assessment. Participants were asked to self-report the
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age/year of diagnosis of their inflammatory RMD and/or
co-morbidities. The retrospective, self-reported date of
diagnosis of inflammatory RMD and co-morbidities was
used to identify incident cases of co-morbidity occurring
after the diagnosis of one of the inflammatory RMDs, and
also the time (years) between the diagnosis of the inflam-
matory RMD and the diagnosis of the co-morbidity.
Incident co-morbidities could not be identified for ~1%
of participants with an inflammatory RMD due to missing
data. To assess the association between co-morbidities
and physical activity, a modified functional co-morbidity
index [31, 32] was calculated for each participant using
self-reported morbidities. The functional co-morbidity
index was developed by identifying co-morbidities that
correlate with the physical function subscale of the 36-
Iltem Short-Form Health Survey (SF-36) [31] (see
Supplementary data, section Construction of the func-
tional co-morbidity index, available at Rheumatology
online). Furthermore, we classified each participant into
one of four study groups, depending on whether they
had any one of the four inflammatory RMDs being studied
and whether their functional co-morbidity index was >0.

Identifying participants with inflammatory RMDS

Participants answering yes to the question ‘Has a doctor
ever told you that you have had any other serious medical
conditions or disabilities?’ were asked the following ques-
tion during the interview: ‘in the touch-screen question-
naire, you selected that you have been told by a doctor
that you have other serious illnesses or disabilities. Could
you now tell me what they are?’ Conditions were selected
from a pre-specified list, including RA, PsA, AS and SLE,
or entered as free text if they did not exist in the pre-
specified list. Participants also reported their age at the
time of diagnosis or the year of diagnosis. Participants
who did not answer whether they had a chronic medical
condition, who reported having non-specified arthritis, or
who reported having more than one of the four inflamma-
tory RMDs considered were excluded from the analyses
(Supplementary Fig. S1, available at Rheumatology
online).

Medication

During the interview, details of medications being used at
the time of the assessment were recorded by the research
nurse, by selecting the drug name from a pre-specified
list. Medications not included in the pre-specified list
were entered as free text. We developed an algorithm to
code free text medication data (see Supplementary data,
section Coding free text medication, available at
Rheumatology online). Medication data was used to de-
termine the number of people who were using synthetic
and biologic DMARDs (s/bDMARDs), and oral CSs.

Statistical analyses

Descriptive statistics were used to summarize population
characteristics. Results are presented as median and in-
terquartile range for continuous variables, and number of
participants (%) for categorical variables. Pairwise
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comparisons of the subject characteristics were per-
formed for participants with each of the four individual
inflammatory RMDs, compared with subjects without
these inflammatory RMDs using the Mann-Whitney U-
test for continuous variables and the x° test for categor-
ical variables. A two-tailed P < 0.05 was considered stat-
istically significant.

For each of the four inflammatory RMDs individually,
indirect standardization was used to calculate the 5-year
age band- and sex-adjusted prevalence and morbidity
ratios (SMRs). The reference population (controls) com-
prised participants who did not have one of the inflamma-
tory RMDs considered in our study. Sensitivity analyses
were performed, only including participants having one of
the inflammatory RMDs considered and also reporting to
use s/bDMARDs.

To determine the risk of incident co-morbidities occur-
ring after the diagnosis of an inflammatory RMD,
participants with an inflammatory RMD were age- and
sex-matched to four control participants. Cox regression
models were used to determine the hazard ratio for the
development of chronic co-morbidities compared with
controls, adjusting for age and sex. The index date was
the time of diagnosis of an inflammatory RMD; the same
date was used for the matched controls. The proportional
hazards assumption was assessed using the formal
Schoéenfeld’s residual test. Incidence and prevalence es-
timates based on <10 cases were not reported.

Multinomial logistic regression was used to determine
the independent association between (co-)morbidity and
physical activity level (low, moderate and high), adjusting
for age, sex, smoking, alcohol consumption and BMI, by
applying three different models. First, we investigated the
association between physical activity level and co-mor-
bidity (modified functional co-morbidity index >0) in par-
ticipants with and without an inflammatory RMD (any one
of the inflammatory RMDs studied as a single group).
A dummy variable was generated to indicate four study
groups: participants with no inflammatory RMD and no
co-morbidity (referent group), participants with none of
the four inflammatory RMDs and a co-morbidity, partici-
pants with one of the four inflammatory RMDs and no co-
morbidity, and participants with one of the four inflamma-
tory RMDs and a co-morbidity. Second, we looked at the
association between physical activity level and individual
co-morbid disease types in people with inflammatory
RMDs. Finally, we looked at the association between
physical activity level and the functional co-morbidity
index (categorized as 0, 1-2, 3-4 and >5) in people
with one of the four inflammatory RMDs. The proportion
of participants with and without one of the investigated
inflammatory RMDs who carried out the WHO recom-
mended amount of physical activity was compared
using a x2 test. All analyses were conducted using Stata
V.13.1 (Stata Corp, College Station, Texas, USA).

Results

Of the 502 643 participants recruited to UK Biobank,
488 991 were included in the present study

https://academic.oup.com/rheumatology
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TaBLE 2 Prevalence of co-morbidities in participants with a rheumatic/musculoskeletal disease

PsA AS

Standardized
morbidity ratio®

Standardized
n (%) morbidity ratio®

Standardized
morbidity ratio®

n (%)

RA
Standardized
n (%) morbidity ratio® n (%)
Myocardial
Angina 350 (0.06) 1.9 (1.7-2.1)* 42 (0.05)
Ml 224 (0.04) 1.9 (1.6-2.1)* 26 (0.03)
Vascular
Stroke/ischaemic 180 (0.03) 1.6 (1.4-1.9)* 16 (0.02)
stroke
Hypertension 2043 (36.5) 1.2 (1.2-1.3)* 345 (38.7)
Pulmonary
Pulmonary disease (COPD/ 284 (5.1) 2.1 (1.9-2.4)* 25 (2.8)
emphysema/bronchitis)
Endocrine
Diabetes 443 (7.9) 1.5(1.4-1.6)* 57 (6.4)
Psychological
Depression 367 6.5 1.2(1.1-1.3* 62 (7.0

15 (1.1-2.07 71(0.05 1.4 (1.1-1.7% 41(0.06) 3.1 (2.2-4.2)"
13 (0.8-1.9) 53(0.04) 1.3(1. * 23(0.04) 3.3 (2.1-4.9)
1.0 (0.6-1.6) 40 (0.03) 1.5(1.0-2.0)" 45 (0.07) 4.9 (3.6-6.6)"
1.4 (1.3-1.6) 462 (34.8) 1.2(1.1-1.3) 218 (39.2) 1.4 (1.3-1.6)"
13(0.8-1.9) 63(4.8) 2.0(1.6-2.6) 380 (47) 2.4 (1.6-3.4)
12(09-16) 84(63) 1.0(0.8-1.3) 36(56) 1.4(1.0-2.0)
13(1.0-1.7¢  94(7.1) 15(1.2-1.8 56(8.7) 1.4 (1.0-1.8)

@Age- and sex-standardized morbidity ratio. The reference population comprised participants without any of the four rheum-
atic/musculoskeletal diseases being studied. P <0.05. MI: myocardial infarction; COPD: chronic obstructive pulmonary

disease.

(Supplementary Fig. S1, available at Rheumatology
online). Differences in subject characteristics between
participants included and excluded from the analyses
are shown in Supplementary Table S1, available at
Rheumatology online. Of the participants included,
480 998 (98.4%) had none of the four inflammatory
RMDs, 5315 (1.1%) participants had RA, 865 (0.2%) had
PsA, 1254 (0.3%) had AS and 559 (0.1%) had SLE
(Table 1). The median (interquartile range) age of partici-
pants with RA, PsA, AS, SLE and no inflammatory RMD
was 61.0 (565.0-65.0), 57.0 (51.0-62.0), 59.0 (52.0-63.0),
56.0 (49.0-62.0) and 58.0 (50.0-63.0) years, respectively.
The proportion of participants with an inflammatory RMD
using a DMARD varied from 48% in RA and PsA to 8% in
AS. The proportion using oral CSs ranged from 4% in AS
to 20% in SLE. The proportion of participants using a s/
bDMARD or oral CSs in the control population was 0.4%
and 1.1%, respectively (Table 1).

Prevalence of co-morbidity

The age- and sex-standardized prevalence of each of the
co-morbidities considered was increased in at least one of
the inflammatory RMDS compared with the control popu-
lation (Table 2, Fig. 1). The prevalence of all co-morbidities
considered was increased in participants with RA com-
pared with controls (Table 2). In participants with SLE,
the prevalence of the following co-morbidities was par-
ticularly increased: angina [SMR (95% CI): 3.1 (2.2, 4.2)],
myocardial infarction [3.3 (2.1, 4.9)] and stroke [4.9 (3.6,
6.6)]. Participants with each of the inflammatory RMDs
had an increased prevalence of the following co-mor-
bidities compared with controls: angina [SMR (95% ClI),
RA: 1.9 (1.7, 2.1), PsA: 1.5 (1.1, 2.0), AS: 1.4 (1.1, 1.7),
SLE: 3.1 (2.2, 4.2)], hypertension [RA: 1.2 (1.2, 1.3), PsA:
1.4 (1.8, 1.6), AS: 1.2 (1.1, 1.3), SLE: 1.4 (1.3, 1.6)] and
depression [RA: 1.2 (1.1, 1.3), PsA: 1.3 (1.0, 1.7), AS: 1.5
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(1.2, 1.8), SLE: 1.4 (1.0, 1.8)]. Only participants with RA
had an increased prevalence of diabetes [1.5 (1.4, 1.6)]
compared with the control population. Similar results
were seen in sensitivity analysis comparing the prevalence
of the co-morbidities in people who self-reported an in-
flammatory RMD and were also taking s/bDMARDs
compared with the control population (Supplementary
Table S2, available at Rheumatology online).

Incidence of co-morbidities

Most results showing a significantly higher SMR in the
cross-sectional analyses investigating prevalent morbid-
ities were also significant in the Cox regression models
of incident cases of co-morbidities occurring after the
diagnosis of the inflammatory RMD (Fig. 2 and
Supplementary Table S3, available at Rheumatology
online). Participants with RA were at increased risk of de-
veloping all of the co-morbidities considered, compared
with controls over the same period of time. Participants
with PsA had a statistically significant increased risk of
developing hypertension only [hazard ratio (HR) (95% ClI
1.5 (1.3, 1.8)] compared with controls. Participants with
AS were at increased risk of having a stroke [HR (95%
Cl) 1.6 (1.1, 2.5)], developing pulmonary disease [HR
(95% Cl) 2.0 (1.3, 3.1)] and depression [HR (95% CI) 1.5
(1.1, 2.0)]. The risk of developing myocardial, vascular and
pulmonary co-morbidities was increased in participants
with SLE, with particularly increased risk of incident
angina and stroke.

Physical activity

A significantly lower proportion of people with one of the
four inflammatory RMDs reported performing a high level
of physical activity, compared with the control population
(Table 1). The proportion of participants meeting the WHO
recommended amount of physical activity was 64% for

https://academic.oup.com/rheumatology
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Fic. 1 Standardized morbidity ratios for participants with a rheumatic/musculoskeletal disease
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Indirect age- and sex-standardized morbidity ratios for participants with a rheumatic/musculoskeletal disease. The ref-
erent group comprised participants with none of the rheumatic/musculoskeletal diseases being studied. MI: myocardial

infarction.

people with an inflammatory RMD and 74% for people
without an inflammatory RMD (P <0.001, x? test). The
presence of (co)morbidity was associated with reduced
odds of reporting a moderate or high level of physical
activity in participants with an inflammatory RMD and in
participants without an inflammatory RMD, with low phys-
ical activity as the referent group (Fig. 3). Compared with
participants with no inflammatory RMD and no morbidity
and low level of physical activity (referent), participants
with no inflammatory RMD and a morbidity were less
likely to report a moderate [OR (95% CI), 0.87 (0.85,
0.89)] or high [0.80 (0.79, 0.82)] level of physical activity
(Table 3, Fig. 3). Compared with the referent group, par-
ticipants with an inflammatory RMD and no morbidity

https://academic.oup.com/rheumatology

were less likely to report a moderate [OR (95% CI), 0.72
(0.64, 0.80)] or high [0.61 (0.55, 0.69)] level of physical
activity, and participants with an inflammatory RMD and
a morbidity were even less likely to report a moderate [OR
(95% Cl), 0.58 (0.54, 0.63)] or high [0.51 (0.47, 0.55)] level
of physical activity (Fig. 3).

In people with one of the four inflammatory RMDs, most
of the co-morbidities considered were individually asso-
ciated with physical activity level (Table 3). In particular,
myocardial and vascular co-morbidities and depression
were associated with reduced odds of reporting a mod-
erate or high level of physical activity. There was evidence
of a relationship between increasing level of co-morbid
burden, measured using a modified functional co-
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Fic. 2 Hazard ratios for the development of co-morbidities after diagnosis of a rheumatic/musculoskeletal disease
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Hazard ratios calculated from a Cox proportional hazard model. Each participant with a rheumatic/musculoskeletal
disease was age- and sex-matched to four participants with none of the rheumatic/musculoskeletal diseases being
studied. Estimates based on less than 10 events are not presented. MI: myocardial infarction.

morbidity index, and reduced odds of reporting a moder-
ate or high level of physical activity (Table 3).

Discussion

In this large national UK cohort we found an increased
prevalence and incidence of chronic myocardial,
vascular and pulmonary co-morbidities and depression
in people with a range of chronic inflammatory RMDs
compared with those without these conditions.
Participants with an inflammatory RMD were less likely
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to perform a moderate or high level of physical activity
compared with those without these inflammatory RMDs.
Myocardial and vascular co-morbidities, and depression,
as well as an increased level of co-morbid burden, were
associated with reduced odds of having a moderate or
high level of physical activity in participants with an
inflammatory RMD.

Our results are similar to previous cross-sectional stu-
dies, showing an increased prevalence of chronic co-
morbidities in people with an inflammatory RMD. Data
from the Netherlands Information Network of General

https://academic.oup.com/rheumatology
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Fic. 3 Association between presence/absence of rheumatic/musculoskeletal disease, (co)morbidity and physical activity
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Results from multinomial logistic regression. Physical activity group (referent = low) is the dependent variable. Study

group: no rheumatic/musculoskeletal disease and no morbidity (no RD-noM), no rheumatic/musculoskeletal disease and
morbidity (no RD-M), rheumatic/musculoskeletal disease and no co-morbidity (RD-no M), and rheumatic/musculoskeletal
disease and co-morbidity (RD-M) is the independent variable. Adjusted for age, sex, smoking, alcohol consumption, BMI

and Townsend deprivation index.

Practice showed an increased prevalence of chronic ob-
structive pulmonary disease (40% increase), cardiovascu-
lar disease (40% increase) and depression (20% increase)
at the time of diagnosis of inflammatory arthritis compared
with age- and sex-matched controls [7]. Similar results
have been found in people with AS [13], PsA [12] and
RA [9, 11].

Two previous meta-analyses showed that patients
with RA have almost a 2-fold risk of developing chronic
obstructive pulmonary disease [33], and a 70%
increased risk of having a myocardial infarction com-
pared with controls [34]. Data from the Dutch Primary
Care Database has also showed that patients with in-
flammatory arthritis have a 40% increased risk of de-
veloping depression compared with controls without
inflammatory arthritis [8].

There is a paucity of data comparing the prevalence of
co-morbidities across different inflammatory RMDs.
A cross-sectional analysis of medical service and pre-
scription drug claims database from the USA, found a
30% increased prevalence of hypertension in people
with either RA, PsA or AS, compared with controls without
any of these conditions [11], which is in line with our
findings.

Our results are consistent with other studies, showing
that people with RMDs are less physically active com-
pared with the general population [21], and that a signifi-
cant proportion do not carry out the recommended level
of physical activity [35, 36]. Two previous studies did not
see an association between co-morbidity and physical
activity in people with a RMD [37]. The discordance
between our results and those studies may be explained
by differences in the study population: subjects included
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in the previous two studies also had other forms of RMD,
including OA and gout.

The increased prevalence of chronic co-morbid dis-
eases seen in participants with an inflammatory RMD
compared with participants without an inflammatory
RMD may, in part, be explained by the increased preva-
lence of traditional risk factors for disease, such as smok-
ing. Further work is needed to determine how lifestyle and
environmental, genetic and epigenetic risk factors, as well
as the independent effect of the inflammatory RMD and
treatment, contribute to the increased risk of chronic co-
morbid diseases.

Our study has a number of strengths. The most preva-
lent chronic inflammatory RMDs were studied in a single
large national cohort with detailed demographic and life-
style data, and with details about chronic diseases and
medication collected in a consistent way. There are also
some limitations to our study. Due to the self-reported
nature of chronic disease and physical activity data,
there is the potential for misclassification. However, the
prevalence of inflammatory RMD in the UK Biobank match
closely with previously published estimates [3, 38]. There
has been limited validation of self-reported medical con-
ditions in the UK Biobank to date; however, one study has
suggested that the prevalence of overall pain and muscu-
loskeletal-specific pain in the UK Biobank closely match
estimates from large population studies with much higher
participation rates [39]. Some participants reported being
diagnosed with an inflammatory RMD before the age of
18: 246 (4.6%), 20 (2.3%), 71 (5.7%) and 11 (2.0%) for RA,
PsA, AS and SLE, respectively. These subjects were
included in the present study; they may represent patients
with juvenile arthritis that has persisted into adulthood.

2179



Michael J. Cook et al.

TasLE 3 Association between co-morbidity and physical activity in participants with a rheumatic/musculoskeletal

disease
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0.55 (0.39, 0.78)*
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0.65 (0.46, 0.92)*
0.71 (0.62, 0.82)*

0.86 (0.64, 1.16) 0.72 (0.53, 0.99)*

0.67 (0.52, 0.85)* 0.77 (0.60, 0.98)"
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0.68 (0.59, 0.78)*
0.48 (0.38, 0.60)"
0.22 (0.13, 0.40)
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0.72 (0.63, 0.83)*
0.48 (0.38, 0.60)*
0.32 (0.20, 0.54)

#Relative risk ratio from a multinomial logistic model with physical activity level as the dependent group. Low physical activity
was the referent group. Adjusted for age and sex. P < 0.05. RRR: relative risk ratio; MI: myocardial infarction; COPD: chronic

obstructive pulmonary disease.

Because data on physical activity were collected at a
single point in time, it was not possible to determine the
temporal relationship between physical activity and co-
morbidity. Co-morbid conditions may impact on the ability
of people with an inflammatory RMD to carry out physical
activity; however, it is also possible that people with a
historically low level of physical activity may be more
likely to develop co-morbid conditions. Data on disease
activity was not available. However, of six studies that
have looked at the association between disease activity
and physical activity, only one found a modest association
[40]. The response rate for the UK Biobank was 5.5%.
Nonetheless, while the UK Biobank cohort may not neces-
sarily be representative of the whole UK population in all
respects, internal comparisons of the rates of co-mor-
bidities between people with and without an inflammatory
RMD, and internal analysis of the association between co-
morbidity and physical activity is valid, given the suffi-
ciently large number of people with different exposures
included in this cohort [39, 41, 42].

In conclusion, patients with chronic inflammatory RMDs
have an increased risk of developing chronic co-morbid-
ities compared with the general population. Early detec-
tion and optimal management of co-morbid conditions in
patients with an inflammatory RMD may help to reduce
the impact of the increased co-morbid burden seen in
these patients. Patients with an inflammatory RMD
should be encouraged to meet physical activity guidelines
where possible, which may help to reduce the risk of in-
cident cardiovascular disease. Furthermore, co-morbidity
should be taken into account in studies looking at physical
activity in patients with inflammatory RMDs.
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