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Longitudinal impact of joint pain comorbidity on
quality of life and activity levels in knee osteoarthritis:
data from the Osteoarthritis Initiative
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Cornelia H. M. van den Ende’

Abstract

Objectives. Joint pain comorbidity (JPC) is common in individuals with knee OA. This study investigates
the longitudinal association between JPC and health-related quality of life (HRQoL) and physical activity
levels in individuals with knee OA.

Methods. Data from the progression cohort of the Osteoarthritis Initiative (n=1233; age 61 years and 58%
females) were analysed. JPC was considered present if individuals reported pain in three or more joint
groups, including the knee joints. HRQoL was assessed using the Knee Injury and Osteoarthritis Outcome
Score (KOOS) Quality of Life subscale, and self-reported physical activity was determined using the
Physical Activity Scale for the Elderly (PASE). Generalized estimating equation (GEE) analyses were per-
formed, adjusted for age, sex, duration of complaints, medical comorbidity, and physical and mental
functioning.

Results. Over the 4-year period, 32% of participants never reported JPC, whereas 12% always reported
JPC. GEE modelling demonstrated that having JPC was negatively associated with HRQoL [regression co-
efficient B (95% CI) —3.57 (—4.69, —2.44)] and not associated with physical activity [-1.32 (—6.61, 3.98)].

Conclusion. Considering the impact of JPC on the HRQoL of individuals with knee OA, the assessment of
JPC in individuals with knee OA might be a daily routine.

Key words: joint pain comorbidity, osteoarthritis, knee, cohort study, health-related quality of life, physical

activity.

Introduction

Chronic widespread pain is common in the general popu-
lation (ranging between 11% and 24%) [1]. In persons with
knee OA, joint pain comorbidity (JPC) is considered even
more common (prevalence >50%) [2-5] and burdensome
[4, 5]. Recent studies have demonstrated that JPC is
associated with lower levels of physical and psychological
health [4, 5] than in people without JPC. However, due to
the cross-sectional nature of these data, it remains
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unclear whether the association between health-related
quality of life (HRQoL) and JPC is longitudinally consistent
over time. If this relationship is indeed apparent, it could
be valuable to advise clinicians to address JPC to opti-
mize treatment outcomes in this group of patients.

Hoogeboom et al. [5] demonstrated that individuals re-
porting JPC had twice the odds of having other medical
comorbidities, such as cardiovascular and respiratory dis-
eases. One of the most important therapy strategies to
prevent these comorbid diseases is the promotion of
physical activity. We hypothesized that individuals with
JPC, because of the widespread pain, might be specific-
ally prone to physical inactivity [6-8].

Therefore the first aim of this study was to confirm the
longitudinal association between JPC and HRQoL and
the second aim was to study the longitudinal association
between JPC and physical activity levels in individuals
with established knee OA.
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Patients and methods

The Osteoarthritis Initiative (OAI) is a publicly and privately
funded prospective 4-year longitudinal cohort study (avail-
able for public access at http://www.oai.ucsf.edu) [9].
We included data from the progression subcohort. The
progression subcohort comprises 1390 persons with
symptomatic knee OA in one or both knees. Exclusion
criteria for the OAI population included self-reported RA,
SLE, PsA, AS or another inflammantory arthritis (defined
as self-report of a physician diagnosis and ever use of
specific prescription medications), MRI contraindication,
(plans for) bilateral total knee joint replacement and
comorbid conditions that could interfere with the ability
to participate in a 4-year study [9]. To ensure a homoge-
neous OA cohort, we also excluded participants who
self-reported other forms of inflammatory arthritis
(n=157), resulting in a total of 1233 cases.

Baseline data on age, sex, marital status, number of
medical comorbidities and duration of the disease were
acquired. Data on JPC, HRQoL and physical activity
were acquired at five yearly time points: at baseline: and
at 1-, 2-, 3- and 4-year follow-up (OAl databases v0.2.2,
v1.2.1, v3.2.1, v6.2.1 and v6.2.1, respectively). Joint pain
was considered present when a participant reported pain,
aching or stiffness in a joint (i.e. neck, thoracic spine, lower
back, shoulder, elbow, wrist, hand, hip, knee, ankle and
foot) for more than half of the days in the past 30 days [4]
when answering the following question: during the past
30 days, which of these joints have had pain, aching or
stiffness on most days? Self-reported HRQoL was mea-
sured using the Quality of Life subscale of the Knee
Osteoarthritis Outcome Score (KOOS) [10]. Self-reported
activity levels were measured using the Physical Activity
Scale for the Elderly (PASE) [11].

Participants were stratified into two categories: having
JPC (at least three affected joint groups) or having no JPC
(two or fewer affected joint groups). This classification was
used to establish a clear threshold; one often used to
define widespread pain or generalized OA [1, 12].
Consequently participants were pragmatically categorized
into the following four groups: (i) never JPC, (i) sometimes
JPC (JPC at one or two time points), (jii) often JPC (JPC at
three or four time points) and (iv) always JPC (JPC at all
five time points), to allow us to study the impact of per-
sistence of JPC and to study a possible dose-response
relationship. Descriptive statistics were used to describe
(i) the different groups, (i) the dropout rate and (jii) the
number of missing values. Missing data mechanisms
were studied by the use of indicator variables [13]. As
the data were considered at least missing at random,
missing data were imputed by the use of multiple imput-
ations by chained equations to increase power, enable
more efficient analyses and reduce bias [14]. All analyses
were performed on 10 multiple imputed data sets [15] and
combined using Rubin’s rules [16]. HRQoL and physical
activity data were plotted over time for each of the four
groups [mean (95% CI)]. By use of generalized estimating
equation (GEE) modelling, we studied the longitudinal as-
sociation between the presence of JPC (yes/no) and
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HRQolL/physical activity. To do so, we first built a base
model comprising JPC, HRQoL/physical activity and time.
Thus we built controlled models, i.e. base models ad-
justed for age, sex, number of medical comorbidities, dur-
ation of complaints and knee pain (WOMAC subscale
pain) [13]. Quasi-likelihood under the independence
model criterion was used to find an acceptable working
correlation structure for the models [17]. Sensitivity ana-
lyses were performed on the complete case data (i.e.
non-imputed data set). All statistical analyses were carried
out using the statistical package Stata/IC 12 (Statacorp,
College Station, TX, USA).

Results

Of all 1233 participants [mean (s.n.) age 61 (9) years and
58% females], 44% reported three or more painful joint
groups at baseline. At 1 year 99 (8%) people were lost to
follow-up, and after 2, 3 and 4 years this was, respect-
ively, 148 (12%), 170 (14%) and 174 (14%). The number of
missing values for the KOOS Quiality of Life subscale was
negligible (<1%) and ranged from 3% to 8% for the PASE
variable. In Table 1, baseline characteristics of the four
groups are presented. Over the 4-year period, 32% of
participants never reported JPC, whereas 12% reported
JPC at each of the measurement points.

In Fig. 1, we show as a graph the relationship between
the persistence of JPC and HRQoL. A dose-response
relationship is visible, i.e. the participants in the never
JPC group reported better HRQoL scores than the some-
times JPC group, who reported better HRQoL scores than
the often JPC group. Individuals who reported JPC at
each of the measurement moments had the worst
HRQoL scores (Fig. 1). The base model demonstrated
that the presence of JPC was statistically significantly
negatively associated with HRQoL [regression coefficient
B (95% CI) —14.50 (—16.14, —12.87)], indicating that indi-
viduals with JPC had a lower score of 14.5 points on the
KOOS HRQoL than those without JPC. The corrected
model demonstrated oriented point estimates for having
JPC and the influence of time on JPC similar to the base
[-3.57 (—4.69, —2.44)]. Time was a positive factor for
HRQoL in both models, indicating an increase in HRQoL
over time: base model 1.25 (0.94, 1.55) and corrected
model 0.79 (0.54, 1.03). Complete case analysis produced
a similar plot with broader and overlapping Cls (supple-
mentary Fig. 1, available as supplementary data at
Rheumatology Online). In addition, GEE modelling on
complete case data produced similar statistically signifi-
cant associations with smaller -values.

Physical activity decreased over time, with similar
slopes for each of the groups and Cls overlapping, with
the exception of the never and always groups. GEE ana-
lyses revealed in the base model a negative, longitudinal
association between physical activity levels and having
JPC [-9.88 (—16.00, —3.76)]. However, the corrected
model demonstrated that having JPC was not associated
with physical activity levels [-1.32 (—6.61, 3.98)]. In both
the base and corrected model, time was a negative
factor [-4.64 (—5.85, —3.44) and —4.79 (—6.01, —3.57)].
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Joint pain comorbidity

TasLE 1 Baseline characteristics of the four groups of individuals with or without JPC

Study group characteristics Never group Sometimes group Often group Always group  P-value
n (%) 315 (32) 331 (33) 234 (23) 119 (12)

Age, mean (s.n.), years 62 (9) 62 (9) 62 (9) 60 (9) 0.39
Sex, female, % 43 55 64 71 <0.01
Complaints duration >5 years, % 38 48 52 64 <0.01
Medical comorbidities > 1, % 4 7 10 10 <0.01
WOMAC stiffness, mean (s.p.) 2.38 (1.6) 2.88 (1.7) 3.42 (1.6) 3.49 (1.5) <0.01
WOMAC pain, mean (s.p.) 4.03 (3.2) 5.21 (3.7) 6.57 (3.8) 7.24 (3.9 <0.01
WOMAC activities, mean (s.p.) 12.4 (10.8) 16.8 (12.1) 20.1 (12.2) 23.6 (12.6) <0.01

Fic. 1 HRQoL scores plotted over time for the four JPC

groups.
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Visual and statistical analyses on complete case data
yielded similar results to the multiple imputed data (see
also supplementary Fig. 2, available as supplementary
data at Rheumatology Online).

Discussion

Our results confirm that JPC is highly prevalent in individ-
uals with knee OA. Moreover, in line with our hypothesis we
found that JPC was negatively associated with HRQoL,
whereas our hypothesis that JPC was associated with
physical activity could not be confirmed. The unfavourable
association between health-related outcomes and JPC in
individuals with OA has already been established cross-
sectionally [4, 5]. However, we are the first to demonstrate
this relationship longitudinally, thus providing a more pre-
cise estimate of the strength of this relationship.

Our findings may have some implications for clinical care
in knee OA. We propose that the assessment of JPC should
be part of routine (clinical and research) practice, and
that health care providers should be aware of the associ-
ation between JPC and HRQoL when treating individuals
with knee OA. In case JPC is present, a clinician or
researcher should be aware that this person could be clin-
ically and prognostically different from a patient without
JPC. Perhaps therapy goals need to be adjusted accord-
ingly, as focusing merely on the most affected joint might
result in disappointing therapy results. The latter needs to
be confirmed in intervention studies [18]. Unfortunately
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research on the management of JPC in individuals with
OA is still scarce [19] and requires further study [12].

We are the first to study the association between having
JPC and physical activity. Our results indicate that phys-
ical activity decreased markedly over a 4-year period
[~11% (P <0.01) for the whole group (data not shown)].
However, we could not confirm our hypothesis that having
JPC contributed to an extra decline in physical activity
while accounting for socio-demographics, medical
comorbidities and knee pain. On the other hand, it
should be noted that the validity of the PASE question-
naire is questioned [20], necessitating further study on
JPC in OA and objectively measured physical activity.

Although the strengths of this study include the large,
representative sample of individuals from a variety of cul-
tural backgrounds, this study also has some limitations.
Patient-reported outcomes are prone to a phenomenon
called response shift: the potential of subjects’ views,
values or expectations to change over the course of a
study, thereby adding an additional factor of change to
results [21]. Response shift might explain why HRQoL im-
proved over time in our analyses. Another limitation is the
lack of insight into the nature of the joint pain, as only
global questions were asked about the chronicity of
JPC, while acute joint pain information was not collected.

In conclusion, JPC has a significant impact on the
HRQoL of individuals with knee OA. Therefore both re-
searchers and clinicians should assess JPC in their daily
practice when working with individuals with knee OA. In
addition, the general trend towards physical inactivity is
reason for concern.

Rheumatology key messages

e JPC is common in knee OA and impacts HRQoL
over time.

o Health professionals should assess JPC in people
with knee OA.
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