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Introduction

Osteoarthritis (OA), often called degenerative joint disease, is the most common form of
arthritis, with 27 million adult cases of clinical OA reported in the US in 2005 (1). In fact,
OA is the second most prevalent chronic condition in community-dwelling adults ages >65
years (2). The term degenerative joint disease is a misnomer, as OA is characterized by
abnormal remodeling of joint tissues driven by a host of inflammatory mediators, not simply
a process of wear and tear (3). The pathologic changes seen in OA are not limited to the
articular cartilage and contiguous bone, but also involve the synovium, ligaments, and
periarticular muscles, nerves, and bursae (3).

While there is no cure for OA, accumulating evidence supports prescribed exercise training
as an effective form of therapy in the treatment of OA symptoms and associated
comorbidities. Exercise as medicine for OA was perhaps best summarized in a 2013 meta-
analysis by Uthman et al (4), involving 60 exercise clinical trials. Uthman et al reported
clear benefits (e.g., pain relief and improved mobility function) of various exercise
prescriptions incorporating endurance training, strength training, flexibility exercises,
aquatic exercise, or combination training. Prescriptive exercise and/or increases in leisure
time physical activity (LTPA) are now widely promoted by leading organizations (e.g., the
Acrthritis Foundation [5] and the National Institute of Arthritis and Musculoskeletal and Skin
Diseases [6]), strongly recommended for the management of knee and hip OA by the
American College of Rheumatology (ACR) 2012 guidelines (7), and promoted more broadly
throughout health care by the American College of Sports Medicine via the Exercise is
Medicine initiative (8).
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The unfortunate irony is that, in every US state (based on the 2009 Centers for Disease
Control and Prevention report), a significantly higher percentage of adults with any form of
arthritis reported no LTPA (median across states 31.8%) compared to adults without arthritis
(median across states 20.7%). In addition, those with arthritis comprised a large portion of
all adults reporting no LTPA in each state (mean 35.2%) (9). Approximately half of all
women and men with knee OA in the Osteoarthritis Initiative were found via accelerometry
to be essentially inactive, and only ~10% met low/moderate aerobic physical activity
guidelines (10). There are many factors associated with low physical activity, including joint
pain, immobility, fatigue, lack of instruction, logistic issues, and psychological factors, but a
review of such factors is beyond the scope of this commentary.

In our view, the high rates of inactivity among persons with OA are troubling and should
fuel a robust, multi-tiered research effort with aims of optimizing exercise prescription to
improve adherence and effectiveness in OA. Thus, the purpose of this commentary is to
describe key knowledge gaps in OA exercise prescription and emphasize opportunities for
innovative research (e.g., exercise-drug/device interactions, dose-response research, etc.) that
have the potential to impact the treatment and quality of life of persons with OA.

Why is exercise prescription important?

While both prescriptive exercise and LTPA are likely beneficial for managing symptoms of
OA (e.g., pain reduction, reduced fatigue, and mobility improvement) and may slow the loss
of tissue and joint function (4,11), the 2 are clearly distinct. As demonstrated in a recent
meta-analysis, including nearly 800,000 participants (12), sedentary time confers an
alarmingly elevated risk of multiple morbidities (e.g., relative risk [RR] 2.12 for diabetes
mellitus, RR 2.47 for cardiovascular events), cardiovascular mortality (hazard ratio [HR]
1.90), and all-cause mortality (HR 1.49); thus, less sitting and more LTPA is recommended
for all. Prescriptive exercise, on the other hand, is a structured, well-defined weekly exercise
program that yields physiologic and fitness benefits well beyond LTPA (13,14). Community-
dwelling older adults (ages >65 years) are more likely to adopt an exercise program and
realize its greater fitness benefits when physicians provide an actual prescription versus
general physical activity counseling (15). In addition to encouraging more LTPA, we
therefore see a great need to establish evidence-based guidelines for prescriptive exercise
that will yield maximum benefit in OA patients. Consequently, we have chosen to focus this
commentary on prescriptive exercise, and what we perceive as key knowledge gaps and
opportunities for innovative research that would drive recommendations for clinical
application.

Key knowledge gaps and opportunities for innovative research in OA

While exercise in its various forms profoundly impacts human physiology in health and
disease, key knowledge gaps remain, as highlighted recently (13). Here we discuss gaps
particularly relevant to OA and exercise that present fertile opportunities for clinical and
translational research. By ultimately developing a research agenda that will lead to a base of
evidence, we may achieve dramatic improvements in OA outcomes beyond that of
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pharmacologic management. Such a base of evidence is essential in order for the medical
community to implement prescriptive exercise as a key component of standard care.

Dose-response relationships and interindividual heterogeneity.

For exercise to be prescribed optimally, it must be approached as any other medicine, with
the goal of establishing a complete understanding of optimal dosing for maximum
effectiveness and safety in a disease-specific and population-specific manner. In exercise
prescription terms, dosing is defined by 4 variables: 1) mode (e.g., endurance, resistance, or
interval training), 2) intensity, 3) duration or volume of work per session, and 4) frequency
(sessions per week). While various modes of exercise benefit the OA patient (4), guidelines
for optimal exercise prescription are not yet established, and future goals of wide acceptance
and implementation are not within easy reach. Randomized trials investigating modes of
exercise (e.g., resistance versus aerobic, continuous versus interval training) in OA are
extremely limited. Our literature review revealed no published trials in which variations in
dosing variables such as intensity or frequency were directly compared in OA (although one
is ongoing) (16). It is well recognized that the prescription dose profoundly influences
exercise training adaptations in healthy and diseased individuals, but clearly more definitive
trials are needed to both understand and optimize dosing (14). In OA specifically, such
studies are important to maximize gains in mobility function, to minimize pain and fatigue,
and to alter cellular and molecular processes that may potentially modify the course of
disease. While multisite trials are lacking, an encouraging first attempt is the ongoing single-
site trial by Messier and colleagues (16) comparing high- versus low-intensity strength
training in persons with knee OA (the Strength Training for Arthritis Trial, NCT01489462).

It is equally important to increase our understanding of interindividual exercise response
heterogeneity, which is quite substantial and seems to result from both genetic and
phenotypic variation (13,17-19). Efforts to understand the basis of wide variability among
individuals completing the same exercise prescription (e.g., high versus low responders) is
now driving a burgeoning field of exercise genomics (20,21) to reveal the underpinnings,
and perhaps develop predictive indices of expected responses. Variability in individual
responsiveness is not unique to exercise treatment and is in fact well-established in OA
patients attempting to restore function after the ultimate treatment of total joint arthroplasty
(22,23). With trials of sufficient scale, one could envision defining the optimal exercise
prescription for the majority of OA patients, while also uncovering minority phenotypes
and/or genotypes that may gain more benefit from an alternative exercise dose or an entirely
different treatment. In this manner, exercise response heterogeneity may become embedded
in the fabric of personalized medicine.

Exercise-drug/device interactions.

Research is sorely needed to determine whether and how specific doses of exercise affect the
relative efficacy and toxicity of common treatments for OA symptoms (e.g., nonsteroidal
antiinflammatory drugs [NSAIDs], opioids, or intraarticular corticosteroids [IACs]).
Exercise substantially influences drug pharmacokinetics (24), and it would be of great value
to determine whether adjunctive exercise alters the medication needs of OA patients.
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Determining whether exercise reduces NSAID dosing would be particularly valuable, since
NSAIDs are widely used to treat OA symptoms and long-term usage carries a number of
risks for side effects (stomach bleeding or ulcer, hypertension, kidney problems, rashes,
etc.). Interestingly, long-term NSAID consumption in relatively healthy older adults appears
to augment resistance exercise training adaptations in both skeletal muscle (25) and tendon
(26). This fact raises the possibility that, among persons with OA, NSAID usage may have
influenced the exercise adaptations summarized by Uthman et al (4). Oral corticosteroids
have been shown to reduce pain and inflammation in persons with knee OA (27), but for a
variety of reasons are not clinically indicated for the treatment of OA. 1ACs are conditionally
recommended by the ACR for the initial treatment of knee OA and other joints (7). IACs
injected inside the joint capsule are assumed to largely remain in this confined space and to
not be absorbed systemically. However, many effects attributed to such injections are likely
due to systemic absorption (28), including a blunted cortisol response to adrenocorticotropic
hormone stimulation in some patients (29). Thus, there remain many unanswered issues
related to IACs in OA (30), including the systemic effect of IACs delivered into the joint
capsule relative to those administered in the periarticular tissues. While IACS are known to
be efficacious in OA, chronically elevated serum corticosteroid levels have profound
negative effects on skeletal muscle (31) and bone (32). There are no high-quality data
addressing the effects of IAC injections on muscle or bone. Furthermore, the effects of
combined systemic or IAC therapy and adjunctive exercise training in humans with OA are
not yet known. Assessing their interactive effects seems important, as potentially exercise
training might attenuate the deleterious drug effects. Opioids are conditionally
recommended for patients refractory to initial therapies (7) and are sometimes prescribed to
those who experience pain in multiple joints (33). It would therefore be beneficial to
determine whether a prescribed exercise program can be tolerated and affects opioid-
associated fatigue (33).

The risks of hip and knee OA are thought to increase with low-grade systemic inflammation
coupled to obesity, metabolic syndrome, and aging (34). On the other hand, the
inflammatory burden within the diseased joint (34-36), including the proinflammatory
complement system (37), is emerging as a likely, central contributor to OA pathogenesis.
Thus, a logical approach to improving exercise adherence and potentially training
adaptability would be directed delivery of antiinflammatory medications (e.g., NSAIDs or
corticosteroids) to the diseased joints in a targeted fashion. An alternative to systemic dosing
is transdermal drug delivery (TDD) directly to the site of pain. We speculate that prescriptive
exercise in conjunction with novel interventions such as chemical and physical approaches
currently under investigation may lead to improved outcomes in OA. The idea of
investigating chemical and physical approaches to improve the permeation of drugs through
the skin and overcome the barrier function of the stratum corneum (38) is not new (e.g.,
iontopheresis (39), electroporation (40), sonopheresis (41), microneedles (42), and the use of
chemically modified drugs or chemical enhancers (43)). On the other hand, exercise trials
incorporating novel TDD formulations would be particularly innovative, as local drug
delivery at the sites of pain may improve both exercise adherence and effectiveness. Overall,
research to more fully understand the interactions between exercise training and current
antiinflammatory, analgesic therapies would significantly advance the field.
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Summary and recommendations: research to inform exercise prescription

guidelines for OA

Treatment guidelines have been proposed for many diseases, including OA, as summarized
in the ACR 2012 consensus statement (7), in which the expert panel strongly recommended
aerobic, aquatic, and/or resistance exercises for the management of knee OA. We fully
support this recommendation but also recognize that it falls short of a well-defined exercise
prescription because data from randomized, controlled trials comparing doses are sorely
lacking. Rigorous, large-scale trials are needed to provide the evidence base that should
incentivize both clinicians and patients to adhere to prescribed exercise regimens. We
suggest that this research should aim to: 1) optimize both dose-response effectiveness and
adherence, 2) identify genetic and phenotypic determinants of responsiveness, and 3) better
understand the interactive effects (e.g., synergism and antagonism) between exercise and
both common and novel drug/device treatments. Overall, these gaps present rich
opportunities for innovative research that would provide the solid base of evidence needed to
drive better implementation, enable the creation of prescription guidelines tailored to the site
of arthritis and patient characteristics, and improve OA outcomes and ultimately the quality
of life for those experiencing this common, chronic disease.
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