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Summary

This review is based on a systematic review of the literature relevant to clinical topics in
osteoarthritis (OA) performed for the time period February 22, 2016 to April 1, 2017. A PubMed
search using the terms “osteoarthritis” and “treatment or epidemiology” returned over 800 papers,
of which 57 are reviewed here, with inclusion primarily based on relevance to clinical OA.
Epidemiologic studies in this time frame focused on the incidence and prevalence of OA,
comorbidities and mortality in relation to OA (particularly obesity and cardiovascular disease),
and multiple joint involvement. Papers on therapeutic approaches to OA considered: non-
pharmacologic options, a number of topical, oral, and intra-articular therapies, as well as the cost-
effectiveness of some OA treatments. There an enormous need to identify novel strategies to
reduce the impact of this highly prevalent and debilitating condition.

Introduction

Osteoarthritis (OA) remains a public health problem of global import, as outlined in the
recent OARSI white paper, Osteoarthritis: A Serious Disease.l As noted in that paper, OA
affects 240 million people globally, about 10% of men and 18% of women over 60 years of
age, carrying with it substantial morbidity, including disability and reduced quality of life,
and contributing to mortality. The lack of effective treatment strategies in this common
chronic condition is also highlighted.L. This review summarizes the past year of OA research
in the areas of epidemiology, including the frequency of OA involvement, associated
comorbid conditions, mortality, and multiple joint involvement; and treatment approaches,
including non-pharmacologic options such as weight loss and exercise, and pharmacologic
therapies delivered topically, orally, and intra-articularly, and their cost-effectiveness.
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A systematic literature search was conducted with PubMed (http://www.ncbi.nlm.gov/
pubmed), using the terms “osteoarthritis” and “treatment or epidemiology” in all fields. The
search was limited by date (February 22, 2016 to April 1, 2017), language (English), age
(19+ years) and to human studies. The final search was performed on April 18, 2017 and
resulted in 808 citations. After initial title review, 738 of these were excluded due to having
a primary focus on one of the other areas covered in this issue (e.g. rehabilitation,
mechanics, biomarkers, imaging, genetics, basic science, or a combination), lack of an OA
or clinical focus, or discussion only of surgical techniques. Following full-text review,
another 21 were excluded for the reasons noted above, leaving 53 articles. A hand search of
relevant journals during this time frame was also conducted and provided another 12 papers.
Eight studies were excluded in the final review due to study design issues, lack of full text
availability, and/or overlap with included papers, resulting in discussion of a total of 57
papers (Figure).

Results: Epidemiology

Incidence and prevalence studies

A current understanding of the global burden of OA is essential to inform and support
ongoing research, and to understand general and population-specific risk factors. Three
studies explored the prevalence of OA in Asia. Tang, et al., using data from the China Health
and Retirement Longitudinal Study (CHARLS, a national random sample from 2011, mean
age 60 years), reported an 8% prevalence of symptomatic knee OA (defined as knee pain
with a self-reported physician diagnosis of arthritis). Knee OA by this definition was more
common in women than men, increased with age until a plateau around age 70, and was
inversely associated with education level and other markers of socioeconomic status (SES)
including regional differences.? In Japan, data from the 3™ follow up of the ROAD
(Research on OA/Osteoporosis Against Disability) study revealed a very high prevalence
(over 90%) of radiographic hand OA (defined as any hand joint with Kellgren-Lawrence
Grade [KLG] of 2 or more), with less than a 5% prevalence of erosive hand OA. Higher
prevalence was seen with older age (the mean age of the cohort was 66 years) and to some
extent with BMI; hand pain was more frequent with more severe radiographic grades and
particularly with erosive OA.3 The 51 Korean National Health and Nutrition Examination
Survey (KNHANES, 2010-12) found marked differences in symptomatic OA frequency at
the hip, knee, and spine by sex: 0.1%, 4.5%, and 5.6% in men and 0.2%, 19%, and 16% in
women, respectively. Nine percent of men but nearly 30% of women had at least one joint
involved; 11% of men and 23% of women had at least 2 painful OA joints. Again in this
cohort, age, low SES, and rural location were associated with more frequent OA.4

In the United States, a study using the National Health Interview Survey data from 2007-8,
and incorporating information from the OAPol model,® estimated that around 7% of adults
over age 25 (14 million people) had symptomatic knee OA (both pain/aching/stiffness and
self-reported arthritis diagnosis), with about half of these having advanced disease; the
greatest burden was noted in non-Hispanic white women, and OA was not infrequent in the
younger age groups.®
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Another study, using data from the Johnston County OA Project, reported age- and sex-
standardized incidence rates for hip symptoms, radiographic OA (rOA), symptomatic OA
(rOA with symptoms), and severe rOA of the hip as 38, 24, 17, and 3.2 per 1000 person-
years, respectively. Incidence rates were lower for African Americans that whites and higher
for women and with increasing age; hip injury conferred the highest incidence rates but was
infrequent in the cohort. The incidence of symptoms was higher with increasing BMI, but no
clear trends were seen for rOA or symptomatic OA.” Given the available evidence about
prevalence, incidence, and risk factors for OA, Michl et al., performed a study assessing
perception of individual risk of knee OA using Amazon Mechanical Turk among adults aged
25-44 without knee OA. They found that the study participants, who did have a high burden
of risk factors, substantially overestimated their risk, by about double for lifetime risk and by
6—7 times for 10-year risk. The authors stated that the “results suggest that people in this age
group may perceive knee OA as an inevitable part of life” which may undermine prevention
efforts.8

Comorbidity and mortality

Two studies utilized data from a large Catalonian registry to explore associations with OA
and obesity. In nearly 2 million individuals followed over 4 years, the incidence of
symptomatic OA increased with weight, particularly at the knee, such that the incidence of
knee, hip, and hand OA for normal weight individuals was 3.7, 1.7, and 2.6 per 1000 person-
years, but for obese class 1l individuals was 19.5, 3.8, and 4.0 per 1000 person-years,
respectively.? In the other study, among 5 million people, 100,000 cases of incident knee OA
were identified from 2006-11, of whom 7% underwent TKA. The risk of TKA was
proportional to obesity category such that, compared to normal weight individuals, those
who were classified as overweight, obese class I, class Il, or class 111 had 41%, 97%, 139%,
and 167% higher odds of TKA, respectively. The authors note that the need for TKA would
be reduced by 31% if patients moved from the obese category to normal or overweight,1°
demonstrating the power of a large registry to estimate public health impact and inform
policy regarding interventions.

Modifiable risk factors, including BMI, smoking, and uric acid, remained a focus of OA
research. Suh, et al., used data from the 5" KNHANES (2010-11) to determine associations
between measures of body composition and knee OA. Their cohort had a 41% prevalence of
knee OA; those with OA had higher fat mass and lower muscle mass, and there was a linear
increase in BMI by KLG. Among women only, there was an association between knee OA
and low muscle mass, regardless of body weight.1} Another study considered associations
between smoking and OA using data from over 2000 OAI participants, revealing no
association in carefully controlled longitudinal analyses between pack-years of smoking and
OA assessed by WOMAC or radiographic joint space width.12 Two cross-sectional studies
considered the association between OA and hyperuricemia and gout. Bevis, et al., found no
statistically significant associations between gout and rOA of the hand, knee, or foot from 3
observational cohorts (53 participants with gout and 211 matched non-gout subjects).13 A
Chinese study of nearly 5000 participants found a positive association between OARSI
osteophyte scores and hyperuricemia in women only.14
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Three studies considered the relationship between OA and cardiovascular disease (CVD).
First, Veronese, et al., used data from the Progetto Veneta Anziano (Pro. V.A.) study of
Italians over 65 without CVD at baseline (n~2000). For these analyses, CVD included
coronary artery disease, stroke, transient ischemic attacks, congestive heart failure,
peripheral arterial disease, cardiac procedures, or CVD related death. Two-thirds of the
cohort were women and 2/3 had OA at baseline (hand 37%; hip 28%; knee 44%; 34% had 2
or more joints involved). The frequency of incident CVD events was higher among
individuals with OA versus those without (48% vs. 41%), with an adjusted hazard ratio
(aHR) of 1.22 (95% CI 1.02-1.49); the association was present for hip or knee OA but not
for hand OA, and was greater with polyarticular OA and in women.1® Second, a large study
of adults in Taiwan included individuals with OA and frequency matched (age, sex, entry
year) non-OA controls (46,000 per group) and found that over 8 years, there were 5.4
incident acute coronary events per 1000 person-years in the OA group compared with 4.3 in
the non OA group, aHR=1.15 (95% CI 1.08-1.23) after adjustment for covariates including
sex, age, and comorbidities.18 Finally, investigators using data from the Chingford cohort
categorized participants (all women) into 4 groups: 1) no rOA and no pain, 2) pain only, 3)
rOA only, 4) pain and rOA, separately for both the hand (n=808) and the knee (n=821).
Compared to those without rOA or pain at the knee, those with both pain and rOA had twice
the hazard for all-cause mortality and 4 times the hazard for CVVD-related mortality. Knee
pain alone also conferred higher aHRs for mortality (aHR=1.5 for all cause and aHR=3 for
CVD-related), but rOA alone did not, and there were no associations with hand pain or rOA.
17 These studies confirm a higher risk of CVD among OA patients, and support the role of
detailed phenotyping to identify the highest risk groups.

Consideration of multiple joint sites

Four studies specifically considered the high frequency of multiple joint OA and multiple
joint symptoms, a key but often overlooked component of the burden of OA. First, in a
Japanese study of 143 patients over 50 with medial tibiofemoral OA, 69% had concomitant
patellofemoral (PFJ) OA. These individuals were heavier, had more varus knees, and more
severe tibiofemoral OA, than those without PFJ disease; they also had more pain,
particularly with stairs, greater disability and reduced quality of life.18 Next, a study from
Spain considered the effect of symptomatic low back pain (LBP) on recovery from TKA,
and included 48 patients with low back pain and 96 matched (for gender, age, BMI, and
Knee Society Score) patients without, undergoing TKA by a similar protocol with 3 year
follow up and blinded assessors. All assessments (SF12, WOMAC, patient satisfaction,
Knee Society Score) improved after TKA, but improvement was significantly greater among
patients without LBP; greater LBP severity was correlated with worse post-operative
outcomes.1® Third, Raja, et al., identified a cohort of 201 individuals over age 50 with pain
in one large and one other joint site for at least 6 weeks (excluding rheumatoid arthritis,
gout, polymyalgia rheumatica, connective tissue disease, or fibromyalgia syndrome). The
predominantly female participants (82%) had a mean age of 63 years, BMI of 31 kg/m?, and
reported a mean of 14 years of pain, with a median of 6 painful joints per person; 96% had
at least one joint with an OA diagnosis. Health care utilization was noted to be high in this
group, although participants reported using medication for their most painful joint, rather
than for their multi-site joint pain.20 Finally, investigators using data from OAI and the
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Multicenter OA Study (MOST) explored the frequency of multiple pain sites in people who
developed knee pain over 5-7 year follow up. They found that % of individuals without
baseline knee pain also had pain elsewhere, while 80% of those with bilateral knee pain had
remote site pain. Those who developed knee pain were more likely to develop pain in
previously pain-free sites, but in no discernable pattern.2!

Results: Treatment

Non-pharmacologic

Work over the past year has reinforced the role of weight loss and physical activity in
improving symptoms and functional status in OA patients. An 18-week program out of
Australia, OA Healthy Weight for Life, enrolled 1383 individuals with a mean age of 64
years and baseline BMI of 34 kg/m? (82% were obese). Almost all (94%) of those enrolled
lost at least 2.5% of their baseline weight, and 1/3 lost more than 10%. The researchers
noted a dose-response relationship between change in KOOS (Knee Injury and
Osteoarthritis Outcome Score) and percentage weight change, concluding that loss of at least
7.7% of baseline weight was needed to achieve a minimal clinically important difference in
WOMAC function (derived from the KOOS).22 A study published in the Journal of the
American Medical Association reported improvements in several OA-relevant measures in a
cohort of 2200 people following bariatric surgery. The median pre-surgery BMI in this
group was 46 kg/m?2; 70% had 3-year follow up where the median weight loss was 30% of
baseline, accompanied by significant improvements in knee and hip pain and function by
WOMAC. The majority of these patients had clinically significant improvements in body
pain, physical function, and walking capacity, although the percent of patients with
improvement in pain decreased between one and three years postoperatively.23 An update to
the Cochrane Review on aquatic exercise for knee and hip OA added 9 new trials and
included over 1000 individuals, finding modest improvements in pain, disability, and quality
of life immediately after completing this very safe treatment for a mean of 12 weeks
(standardized mean difference around —0.3 for all outcomes).24

Building upon results from the FIDELITY study (a double-blind sham surgery controlled
trial of arthroscopic partial meniscectomy for degenerative medial meniscal tears), which
found no benefit for surgery over conservative treatment, investigators assessed benefit
specifically for mechanical symptoms. In this post-hoc analysis, they found that there was no
difference in mechanical symptoms by treatment group, indicating that the presence of such
symptoms is not an indication for surgical repair, and supporting their position that
“degenerative meniscal tears represent an early sign of knee osteoarthritis, rather than a
clinically important entity in their own right.”2

Pharmacologic: Oral NSAIDs

Several studies over the past year considered the efficacy and safety of NSAID treatment in
OA. The very large, multicenter PRECISION trial was published in the New England
Journal of Medicine in December 2016. This study included about 24,000 patients with
either OA or RA who were taking celecoxib, naproxen, or ibuprofen (~8000 per group) for
about 2 years; all participants were also on a proton pump inhibitor. There was no significant

Osteoarthritfs Cartilage. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nelson

Page 6

difference between the three medications for the primary (first occurrence of myocardial
infarction, stroke, or cardiovascular death) or secondary (coronary revascularization,
hospitalization for unstable angina, or transient ischemic attack) outcomes, or for efficacy.
Fewer Gl events were seen in the celecoxib group compared with ibuprofen or naproxen,
and fewer renal events and admissions for hypertension were seen in the celecoxib group
compared to ibuprofen.26 A study published in the Lancet focused on effectiveness of
different NSAIDs through a network meta-analysis of randomized controlled trials of any
NSAID (1980-2015, including coxibs), paracetamol, and placebo with over 100 participants
per group. They identified 74 trials with over 58,000 participants, and found: 1) that all
NSAID preparations regardless of dose improved pain vs. placebo; 2) no support for the
effectiveness of paracetamol; 3) the greatest effect size for diclofenac and etoricoxib (~0.6),
concluding that diclofenac 150 mg per day is the most effective currently available NSAID
for pain and function in OA.27 (Of note, although this paper was later republished in edited
form,28: 29 the conclusions did not change substantially.) An accompanying editorial notes
that one limitation of this work is that the medications were used daily at a fixed dose rather
than as needed, which would be more representative of general use.39 Additionally, this
meta-analysis did not consider safety outcomes, particularly cardiovascular risk, which has
been noted to be similar between coxibs and diclofenac 3! leading to reduced utilization of
diclofenac in recent years. A six-week randomized trial at 31 U.S. centers compared
celecoxib, naproxen, and placebo among Asian patients with knee OA (n=367) and found no
difference in VAS pain among the groups, slight improvement in global assessments for
active treatment vs. placebo, and slightly more Gl adverse events in the naproxen group.32
Finally, a group from Belgium and Luxembourg performed a cross-sectional study collecting
data from nearly 200 providers on over 800 patients, and found that while over % of the
patients were classified as being at high Gl risk according to known risk factors, only 37%
of these were on a Gl protective agent.33 As always, providers should consider the risk-
benefit ratio of these therapies, and oral NSAIDs should be used at the lowest effective dose
and for the shortest possible time.

Pharmacologic: Topical NSAIDs

Topical NSAIDs are an attractive option for OA management given their safety profile. The
Cochrane Review of topical NSAIDs for musculoskeletal pain was updated to include more
than 10,000 participants in 39 studies (all randomized, double-blind, placebo-controlled
trials in adults with moderate to severe musculoskeletal pain and at least 10 subjects per
arm). All included studies were of OA and were moderate to high quality. In studies lasting
6-12 weeks, topical diclofenac and ketoprofen were more effective than carrier alone, with
number needed to treat of 7 for ketoprofen and 10 for diclofenac.34 Another study compared
a novel topical NSAID, s-flurbiprofen plaster, to standard flurbiprofen commercially
available in Japan in 633 individuals with knee OA and suggested a modest but significant
benefit to the investigational drug; both were shown to be safe.3

Pharmacologic: other

No or minimal benefit was found for other pharmacologic agents and combinations in
several papers. A randomized controlled trial of vitamin D for symptomatic knee OA
(n=474) with 3-year follow up found no difference in radiographic medial joint space width

Osteoarthritfs Cartilage. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nelson

Page 7

between vitamin D and placebo, despite appropriate increases in serum vitamin D in the
treatment group. The authors concluded that “vitamin D supplementation has no role in the
management of knee OA”.36 Glucosamine either in novel combination (with mud bath
therapy)3’ or formulation (N-acetyl glucosamine and chondroitin sulfate)38 had minimal
benefit in 2 studies. Three other small studies considered novel herbal and plant extracts
including Artemisia annua (ginghao)3% 49 and bromelain (pineapple extract).41

Intra-articular corticosteroid

Two groups performed reviews of the literature on intra-articular corticosteroids (IASI),
finding significant although short-lived benefits. First, McCabe, et al., reviewed all
randomized controlled trials of any IA steroid preparation for painful hip OA, identifying 5
studies with 346 participants, of whom 134 received hip IASI. All injections were image-
guided (ultrasound or fluoroscopy), most patients had severe disease and were eligible for
THA, and all patients reported reduction in pain at 3—4 weeks post IASI. Two studies
reported clinically significant reduction in pain at 8 week follow up, yielding a number
needed to treat of 2.4 to achieve one OMERACT-OARSI response at 8 weeks (based on 50
IASI and 40 controls).#2 Investigators from the OA Trial Bank performed an individual
patient data meta-analysis of published randomized controlled trials of IASI in hip or knee
OA by requesting data from corresponding authors of all eligible trials (n=30). Only 7
corresponding authors provided data, from 620 patients. Of these, 4 studies compared 1ASI
to placebo, 2 to IAHA, 2 with tidal irrigation, and one with botulinum toxin; two were of hip
OA and 5 were of knee OA. The authors found that IASI had significant short- (<4 weeks)
and mid- (1-3 months) term benefits, but no effect on long-term (up to 12 month) outcomes,
with no difference in signs of inflammation.*3

Intra-articular hyaluronic acid

Many studies of intra-articular hyaluronic acid (IAHA) preparations were published in the
year of this review. Zhang, et al., considered the importance of aspiration of a joint prior to
IAHA administration, randomizing 92 symptomatic knee OA patients to maximal aspiration
and 88 to no aspiration prior to weekly IAHA for 5 weeks, with 25-week follow-up. The
authors noted that visual analog scale (VAS) pain with walking and WOMAC function
improved more in the aspiration group, but there was no difference in global “overall
effectiveness” as rated by the patient or the investigator.** Two studies used claims databases
to study IAHA in large populations. Altman, et al. considered the impact of IAHA on the
time to TKA in individuals who did (n~8000) or did not (n~14,000) receive IAHA prior to
TKA. They found that the median time to TKA for those who did not receive IAHA was 326
days, versus 908 days for those who did; the time to TKA increased with additional courses
of IAHA.#5 Another group focused on payment information in the 12 months prior to TKA
among 250,000 patients undergoing TKA from 2005-12. They found that 15% of these
patients received at least one IAHA treatment, and that such treatments were responsible for
16% of all knee OA related payments, second only to MRI at 18%, and higher than any
other treatment category.*6

Two articles compared IAHA to 1ASI for symptomatic knee OA. A randomized double blind
controlled trial in 99 individuals compared a single dose of IAHA to a single dose of 40mg
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triamcinolone with 1% lidocaine (total injected was 6 mL for both groups); similar
improvements in pain, function, and range of motion were observed in both groups at 6
months, but the IASI group reported better outcomes for short-term (1-2 weeks) VAS pain
and WOMAC function.#” Another group compared 2 injections one week apart of either
IAHA (n=75) or 1ASI (n=75) for symptomatic knee OA in a single-center single-blind
randomized trial. Both groups improved by WOMAC total score, with a peak therapeutic
effect at 6 weeks, although improvements were greater in the IAHA group through 26 weeks
(no difference at 52 weeks). For VAS pain, both groups had similar improvements through 6
weeks; improvement was greater for IAHA at weeks 12 and 26, and again no difference by
52 weeks.*8 Other studies not discussed further here were either unblinded 42 50 or
compared one type of IAHA to another. 5153

Other intra-articular treatments

Two preliminary studies identified no specific safety concerns for novel 1A therapies,
namely rhFGF-18 54 and mesenchymal stem cells.>® There were several studies of various
regimens and preparations of A platelet rich plasma (PRP) for OA. Three small studies of
leukocyte-poor PRP (vs. oral acetaminophen, saline, or IASI) for symptomatic knee OA
suggested modest improvements in pain and function from PRP injection at week 12.56-58
An Italian group randomized 111 patients with symptomatic hip OA to one of 3 groups: PRP
alone, HA alone, or a combination of PRP and HA. All patients received 3 ultrasound-
guided IA injections one week apart (PRP: 5mL; HA: 2mL; PRP+HA: 7mL) with
evaluations at 2, 6, and 12 months post-injection. In this study, the group receiving PRP
alone had greater efficacy than the HA or combined group, particularly at 2 and 6 months,
with more adverse events (“transient pain reaction”) in the combination group.>® One small
pilot study of 10 patients considered PRP injections for basal thumb OA, although the follow
up was short and there was no control group.8% Consistent results from large well-designed
trials using standard protocols are lacking, however, and PRP is not currently recommended
in any OA management guideline.

Cost-effectiveness

Three studies by the same investigators utilized the OAPol model® to explore the cost-
effectiveness of various pharmacologic treatments for OA. The first of these found that
naproxen- and ibuprofen-containing regimens were both more effective and more cost-
effective than were opioids, celecoxib, or standard of care (i.e. acetaminophen,
physiotherapy, and/or IASI).61 Next, they considered 3 strategies leading up to TKA: 1)
opioid-sparing, 2) tramadol, and 3) tramadol with addition of oxycodone if tramadol was not
effective, and found that while both tramadol alone and tramadol with oxycodone delayed
TKA (by 7 and 9 years, respectively), these regimens reduced quality-adjusted life
expectancy and increased costs (although tramadol alone was potentially cost-effective in
patients who were unwilling or unable to undergo TKA).%2 Finally, they considered
hypothetical scenarios for the cost-effectiveness of anti-nerve growth factor (NGF)
treatments currently under study using data from clinical trials. All subjects were presumed
to have failed usual measures for pain. They concluded that the addition of anti-NGF therapy
could increase quality-adjusted life expectancy and reduce primary TKA, and could be cost-
effective depending on drug price and delivery setting, particularly among those with severe
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pain. However, this therapy would be unlikely to be cost-effective in any setting if priced
over $1000 per dose.53

Conclusions

In summary, there have been many clinical studies exploring both epidemiologic factors and
treatment options in OA over the past year. These studies continue to highlight the high
prevalence of OA around the globe, the importance of the obesity epidemic in this disease,
and the associations between OA and other chronic conditions. Several studies provided
further data regarding the importance of considering multiple joint OA and symptoms,
although this area remains under-explored. Treatment options, including weight loss,
exercise, oral and topical NSAIDs, and intra-articular therapies received further study as did
the cost-effectiveness of some of these therapies. There remains, however, an enormous need
to identify novel strategies to reduce the incidence and progression of this highly prevalent
and debilitating condition which continues to increase in frequency in the worldwide
population.
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