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Osteoarthritis: A serious disease

OVERVIEW

The importance of osteoarthritis
e Highly prevalent globally
e Both prevalence and risk factors are increasing
e No known cure
e Significant impact in years life lost due to disability
e Significant impact on and by comorbid conditions
o Increased risk of dying prematurely
e Loss of productivity; early retirement; loss of retirement savings
e High economic burden to individuals and society
e Natural history of progression with no known remission
e No proven interventions yet available to stop the progression
e Current therapies have small treatment effect, are costly and associated with life-threatening

adverse effects

EXECUTIVE SUMMARY

The global impact of osteoarthritis (OA) constitutes a major worldwide challenge for health systems in the

twenty-first century. In 2005, 26.9 million US adults were estimated to have OA, up from 21 million in 1990.

OA accounts for 2.4% of all years lived with disability (YLD) and has been ranked as the 10t leading
contributor to global YLDs. The global prevalence of hip and knee OA is approaching 5% and is projected to
increase as the population ages. Obesity rates are also rising globally, and as obesity is a strong risk factor for
knee OA and may also increase the rates of hip, hand and spinal OA, rates of these painful conditions, together

with their associated disability and loss of function, will continue to increase.

The trends in OA YLDs from 1990 to 2013 showed a 75% increase, the third most rapidly rising condition
associated with disability, just behind diabetes at 135% and dementia at 84%. The most recent update of the
Global Burden of Disease figures, (GBD 2013) estimated that 242 million people were living in the world with
symptomatic and activity limiting OA of the hip and/or knee, accounting for 13 million YLDs. These figures
are likely to be an underestimate of the true global burden of OA, as these rates only consider hip and knee

OA, and not OA at other sites.



The economic burden of arthritis on patients and society is high in every country that it has been estimated.
In 2003 the total costs attributable to arthritis and other rheumatic conditions (AORC) in the US was
approximately $128 billion equalling 1.2% of the 2003 US gross domestic product. Direct costs totalled $80.8
billion (i.e., medical expenditures) and indirect costs were $47.0 billion (i.e,, lost earnings). A US study in
2009 estimated costs due to hospital expenditures of total knee and hip joint replacements to be $28.5 billion
and $13.7 billion respectively. When compared to age and gender matched peers, patients with OA have
higher out of pocket health-related expenditures with the average direct costs of OA per patient estimated at
approximately $2,600 per year. Additionally, job-related indirect costs due to loss of productivity have been
estimated to cost from $3.4 to $13.2 billion per year. These figures are likely to be far greater in 2016 given
the increasing prevalence of OA, the ageing population and the greater demands for and costs of medical and

surgical interventions.

Presently there are no drugs approved that can prevent, stop, or even restrain progression of OA. Moreover,
the available medications that promise to mitigate the pain of OA have a number of risk/benefit
considerations. Non-steroidal anti-inflammatory drugs (NSAIDs) have been associated with a clinically
relevant 50 -100% increase in the risk of myocardial infarction or cardiovascular death compared with
placebo [CNT Collaboration]. As a consequence of these treatment related adverse events and the paucity of
other effective treatments, there is an urgent need for clinical studies of new and existing agents that might

intervene in the pathophysiology and progression of OA.

In 2014 an FDA Guidance for Industry Expedited Programs for Serious Conditions - Drugs and Biologics was
released providing the FDA'’s current thinking on four programs intended to facilitate and expedite the
development and review of new drugs to address unmet medical need in the treatment of a serious or life-
threatening condition; specifically fast track designation, breakthrough therapy designation, accelerated
approval, and priority review designation. The FDA first articulated its thinking on expediting the availability
of promising new therapies in regulations codified at part 312, subpart E (21 CFR part 312). Qualifying
criteria for accelerated approval were a “drug that treats a serious condition and generally provides a
meaningful advantage over available therapies and demonstrates an effect on a surrogate endpoint that is
reasonably likely to predict clinical benefit or on a clinical endpoint that can be measured earlier than
irreversible morbidity or mortality (IMM) that is reasonably likely to predict an effect on IMM or other
clinical benefit (i.e., an intermediate clinical endpoint)”. The term serious has been defined by the FDA as “a
disease or condition associated with morbidity that has substantial impact on day-to-day functioning. Short-
lived and self-limiting morbidity will usually not be sufficient, but the morbidity need not be irreversible if it
is persistent or recurrent. Whether a disease or condition is serious is a matter of clinical judgment, based on
its impact on such factors as survival, day-to-day functioning, or the likelihood that the disease, if left

untreated, will progress from a less severe condition to a more serious one.” (21 CFR 312.300(b)(1).



OA has all the hallmarks of a serious condition. It is associated with a range of levels of disability severity
from mild, when it may cause intermittent pain with only minimal difficulty performing daily activities, to
severe with chronic pain, progressive irreversible structural damage and progressive loss of function, often
with associated decline in mental health as well as an increase in mortality when a person is no longer able to
walk or live independently. Pain from arthritis is one of the key barriers to maintaining physical activity and
can be considered a key factor in onset of frailty in the elderly. The impact of OA is multi-factorial and
depends on different contexts. Disability and loss of function associated with OA is higher in women, those
with lower education levels, and the socially disadvantaged. Those reliant on manual labor, weight-bearing,
or positions that involve walking or knee bending for their livelihood, are also more affected by the disability

associated with OA.

While there are numerous non-pharmacologic and pharmacologic interventions for OA, and integrated
models of patient-centered multi-disciplinary care have been shown to reduce pain and improve function and
quality of life among individuals with OA, we have no known cure or proven strategy for reducing
progression from early to end-stage OA. We have no proven remedy for preventing the need for total hip or
knee joint replacement, which is the end result for millions of OA patients worldwide. It is well documented
that the actual rate of total joint replacement may significantly underestimate the true need. Many individuals
may be in a health state that would be considered severe enough for total joint surgery, but a variety of
personal and system factors are barriers to appropriate care. Further, it is also recognized that undergoing a
joint replacement does not equate with remission or reversal of disability, but rather a lessening of disease
severity in the replaced joint; it does not solve the problem. Most people continue to suffer some physical
impairment following joint replacement and while there are improvements in pain and physical function,
they do not reach the comparable level of their population peers. As many as 20-30% continue to experience
pain and disability after total joint replacements and one in five require joint replacement in another joint

within two years.

OA is also associated with increased comorbidity. A recent systematic review found people living with OA had
a pooled prevalence for overall cardiovascular disease pathology of 38.4% (95% confidence interval (CI):
37.2% to 39.6%) and were almost three times as likely to have heart failure (relative risk (RR): 2.80; 95% CI:
2.25to 3.49) or ischemic heart disease (RR: 1.78; 95% CI: 1.18 to 2.69) compared with matched non-0A
cohorts. In addition, OA significantly limits a person’s ability to self-manage other conditions, such as
diabetes, and hypertension given that OA related pain is associated with reduced physical activity, which in
turn is associated with increased all cause mortality. The presence of these comorbidities present
contraindications to the use of existing OA therapies such as NSAIDs. Compared with the general population,
people with OA have shown excess all cause mortality (standardized mortality ratio 1.55, 95% confidence
interval 1.41 to 1.70). The more severe the walking disability, the higher was the risk of death (p value for

trend <0.001), largely due to cardiovascular disease.



Global and national health policies need to urgently address the rising burden of OA.

OA has the potential to deny the sufferer the basic human rights as outlined in the United Nations Charter for
Rights of Persons with Disability. OA sufferers should have the right to life, to accessibility to activities, to
work, to be mobile, to be independent and be part of the community. OA-related disability threatens these

rights. Access to interventions to prevent this threat are urgently needed.

In the 2015 World Health Organization(WHO) publication World Report on Ageing and Health, “healthy
ageing” was defined as ‘the process of developing and maintaining the functional ability that enables well
being in older age. Functional ability comprises the health-related attributes that enable people to be and do
what they have reason to value.” It is clear that the pain and loss of mobility associated with OA becomes

more apparent as people age and hence, people with OA are denied the right to healthy ageing.

The World Health Organization Global Disability Action Plan 2014-2021, also calls for ‘better health for all

people with disability’ and recognizes disability as a human rights issue.

The following White Paper provides an in-depth review of the current literature and analyses of numerous
OA cohorts, all supporting the designation of OA as a serious disease with no known cure and no
interventions currently available to stop the progression or therapies to manage the pain and loss of mobility

with an acceptable benefit:risk profile.



INTRODUCTION

Osteoarthritis (OA) is a disorder involving movable joints characterized by cell stress and extracellular matrix
degradation initiated by micro- and macro-injury that activates maladaptive repair responses including pro-
inflammatory pathways of innate immunity. The disease manifests first as a molecular derangement
(abnormal joint tissue metabolism) followed by anatomic, and/or physiologic derangements (characterized
by cartilage degradation, bone remodeling, osteophyte formation, joint inflammation and loss of normal joint
function), that can culminate in illness 1. The illness is characterized by joint pain, swelling and stiffness that
leads to activity limitations, participation restrictions, sleep interruption, fatigue and depressed or anxious

mood, and ultimately loss of independence and reduced quality of life.

The global impact of OA constitutes a major challenge for health systems in the twenty-first century and in
the coming years. In 2005, an estimated 26.9 million US adults were estimated to have OA, up from 21 million

in 1990 2.

OA accounted for 2.4% of all years lived with disability (YLD) and was ranked as the 10t leading contributor
to global YLDs 3. The global prevalence of hip and knee OA is approaching 5%¢* and is destined to increase as
the population ages. In addition, obesity rates are rising globally, and as obesity is a strong risk factor for
knee and may also increase rates of hip, hand and spinal OA, rates of these painful conditions with their

associated disability and loss of function will continue to increase.

This is well demonstrated by trends in YLDs from 1990 to 2013 5 that show OA, with a 75% increase in YLDs,
ranked as the third most rapidly rising condition associated with disability (just behind diabetes at 135%
and dementia at 84%). In this most recent update of Global Burden of Disease, (GBD 2013), figures estimated
that 242 million people were living in the world with symptomatic and activity limiting OA of the hip and /or
knee, accounting for 13 million YLDs 5. Yet it is also recognized that these figures are likely to be an
underestimate of the true global burden of OA ¢, in particular as these rates only consider hip and knee OA,

not OA at other sites.

The economic burden on patients and society is high in every country that it has been estimated. In the
United States (US) in 2003 the total costs attributable to arthritis and other rheumatic conditions (AORC) was
approximately $128 billion and equalled 1.2% of the 2003 US gross domestic product. $80.8 billion were
direct costs (i.e., medical expenditures) and $47.0 billion were indirect costs (i.e., lost earnings)’. In 2009
another US study estimated costs due to hospital expenditures of total knee and hip joint replacements
respectively, to be $28.5 billion and $13.7 billion8. Patients with OA have also been shown to have higher out
of pocket expenses for health-related expenditures when compared to age and gender matched peers. The
average direct costs of OA for each patient has been estimated to be approximately $2,600 per year®. Job-

related OA costs and indirect costs due to loss of productivity were estimated to cost from $3.4 to $13.2



billlion per year10. These figures are likely to be far greater now given the increasing prevalence, the ageing

population, and the greater demands for medical and surgical interventions.

OA has all the hallmarks of a serious condition 1. It causes both premature ageing with loss of functioning in
society; as well as premature mortality with persons with OA having an increased risk of dying than their age
and gender matched peers. OA related disability limits one or more of a person’s major daily life activities
such as walking, eating, communicating or caring for oneself or ones family. OA has the potential to deny the
sufferer the basic human rights as outlined in the United Nations Charter for Rights of Persons with Disability.
OA sufferers should have the right to life, accessibility to activities, to work, to be mobile, to be independent
and be part of the community. OA related disability threatens these rights. Access to interventions to prevent

this threat are urgently needed.

In the recent WHO publication, World Report on Ageing and Health!2, “healthy ageing” was defined as ‘...the
process of developing and maintaining the functional ability that enables well being in older age. Functional
ability comprises the health-related attributes that enable people to be and to do what they have reason to
value.’ It is clear that the pain and loss of mobility associated with OA becomes more apparent as people age

and hence people with OA are denied the right to healthy ageing.

The WHO Global Disability Action Plan?3 also calls for ‘better health for all people with disability’ and

recognizes disability as a human rights issue.

OA is associated with a range of levels of severity of disability from mild impact, when it may cause
intermittent pain with only minimal difficulty performing daily activities, to severely disabling chronic pain
and loss of function, often with associated decline in mental health when a person is no longer able to walk or
live independently. Pain from arthritis is one of the key barriers to maintaining physical activity and can be

considered a key factor in onset of frailty in the elderly 1417,

While there are numerous non-pharmacologic and pharmacologic interventions 18 and integrated models of
patient-centered multi-disciplinary care that have been shown to reduce pain and improve function and
quality of life among patients with OA 19, we have no known cure or proven strategy for reducing progression
from early to end-stage OA. We have no proven remedy for preventing the need for total knee joint
replacement that is the end result for millions of patients worldwide. Global and national health policies need

to urgently address the rising burden of OA.

OA has a significant impact on day-to-day functioning and, although the levels of pain and disability may
fluctuate, it has no known cure or spontaneous remission and is associated with irreversible structural

damage and progression over time.



The impact of OA is multi-factorial and will depend on different contexts. OA can be the cause of acute and
chronic pain and burden in other health domains. The resulting physical limitations may lead to loss of
participation and withdrawal from usual social, community and occupational activities 1. Disability and loss
of function associated with OA is higher in women 2021, those with lower education levels 22 and the socially
disadvantaged 23. Those reliant on manual labor, weight-bearing, or positions that involve walking or knee

bending for their livelihood, are also more likely to be affected by the disability associated with OA 24,

People living with OA have greater pain, suffering, disability, fatigue and activity limitation and loss of
participation than seen in age-matched peers. While fatigue has been identified as a major factor in
rheumatoid arthritis (RA), it has been shown to be important in OA as well. In a recent study OA participants

reported greater pain, disability, depression and sleeplessness than those with RA25.

People with OA have greater participation restriction and activity and work limitation than those without OA.

OA progresses at varying rates but will progress in all people. People who have OA in multiple joints, have a
strong family history, are overweight, work in load bearing occupations or with repeated joint injury,
progress at a faster rate. Men and women of normal body weight progress to end-stage OA requiring knee
replacement at a rate of 1.2% per 6 year follow-up for 45-55 year olds, increasing to 5.1% for those aged 75
years and over. The rate of progression among those who are obese ranges from 3.5% up to 9% per year for
45-55 year olds and those aged 75 years and over respectively (unpublished Communication Cicuttini, FM &
Fellow). It is well documented that the actual rate of total joint replacement is likely to significantly
underestimate the true need and many others will be in a health state that would be considered severe
enough for total joint surgery, but a variety of personal and system factors are barriers to the appropriate
care. However, it is also recognized that undergoing a joint replacement does not equate with remission or
reversal of disability, but rather a lessening of disease severity. Most people continue to suffer some physical
impairment following joint replacement and while there are improvements in pain and physical function,

they do not reach the comparable level of their population peers 2627

OA is associated with increased comorbidity. A recent systematic review found people living with OA had a
pooled prevalence for overall cardiovascular disease (CVD) pathology of 38.4% (95% confidence interval
(CD:37.2% to 39.6%) and were almost three times as likely to have heart failure (relative risk (RR): 2.80;
95% CI: 2.25 to 3.49) or ischemic heart disease (RR: 1.78; 95% CI: 1.18 to 2.69) compared with matched
non-0A cohorts. In addition, OA significantly limits a person’s ability to self-manage other conditions, such as
diabetes, hypertension and coronary heart disease given that OA related pain is associated with reduced
physical activity. Further, the presence of these comorbidities may present contraindications to the use of

existing OA therapies such as NSAIDs.



OA is associated with increased mortality, both directly as well as due to its associated comorbidities.
Compared with the general population, people with OA had a 55% increase in all cause mortality
(standardized mortality ratio 1.55, 95% confidence interval 1.41 to 1.70). The more severe the walking
disability associated with OA, the higher was the risk of death (p value for trend <0.001), largely due to

cardiovascular disease.

No cures are available and current treatments for OA (both surgical and non-surgical) carry a risk of
morbidity and mortality due to adverse effects of the interventions. NSAIDs have been associated with
clinically relevant twofold to fourfold increases in the risk of myocardial infarction, or cardiovascular death

compared with placebo2829

OSTEOARTHRITIS IS HIGHLY PREVALENT

OA affects 240 million people globally. Worldwide estimates are that 9.6% of men and 18.0% of women aged
over 60 years have symptomatic OA 30. The global prevalence of combined symptomatic and radiographic OA
of the knee and hip from the GBD 2013 Study was 3.8%, ranging from 2.3% in males to 4.5% in females 5. In

high income countries, prevalence was higher at 7.0%; 4.9% in males and 9.1% in females.

The prevalence of OA knee in North America, from GBD 2010 data, was 4.15% overall; 3.5% in males and
5.06% in females. OA hip prevalence rates were 1.91% overall; 1.64% in males and 2.15% in females 4.
Figure 1 shows that the prevalence of hip and knee OA in males and females increases with age in all global

regions 4
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Figure 1: GBD 2010 prevalence of hip and knee OA by gender for global regions

The CDC has reported that overall in the US in 2005, OA affected 13.9% of adults aged 25 years and older. It
is known that prevalence increases with age, and for those aged 65 years and over, the prevalence was 33.6%,
amounting to approximately 12.4 million people. In 2005, an estimated 26.9 million US adults were

estimated to have OA, up from 21 million in 1990 (which is believed to be a conservative estimate)?

OSTEOARTHRITIS IS INCREASING

The prevalence of OA is increasing, and with an increase in risk factors for OA, this increasing prevalence of

OA is expected to continue.

Within the US, the prevalence of doctor-diagnosed arthritis, which includes 04, is expected to increase in the
coming decades (Figure 2). By the year 2030, an estimated 67 million adults (25% of the projected total adult
population) aged 18 years and older will have doctor-diagnosed arthritis, compared with the 52.5 million

adults in 2010-2012 31,



Arthritis is expected to affect millions more people in the coming
years.
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Figure 2: Projected Prevalence of Doctor-Diagnosed Arthritis Among U.S. Adults Aged18 Years and
Older, 2005-2030.

Data Source: 2003 National Health Interview Survey; 2030 Census projected population.

http://www.cdc.gov/arthritis/data_statistics/national-statistics.html

RISK FACTORS FOR OSTEOARTHRITIS ARE INCREASING

Obesity and high body mass index are important risk factors for OA. Obesity is associated with the incidence
and progression of OA of both weight-bearing and non weight-bearing joints. 32 Since 1980, worldwide
obesity has more than doubled. In 2014, 39% of adults aged 18 years and over were overweight, equivalent

to more than 1.9 billion adults and 13% were obese, equivalent to over 600 million people 33.

GBD 2013 data showed that global all-age obesity increased by 26% from 2000 to 2013. Obesity also ranked
as the number three risk factor for DALYs in 2013, up from a rank of 5 in 2000.

Both within the US and Europe, adults with OA are significantly less likely to meet the recommended levels of
physical activity compared to adults without OA. After lifestyle factors, this could also be explained by the
fact that people with OA tend to avoid physical activity because activity induces pain. However, decreased
physical activity levels might lead to decreased muscle strength and stability of joints, which have been

shown to be important risk factors for the onset and the course of OA 34.
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Globally, around 23% of adults aged 18 and over were not active enough in 2010 (men 20% and women
27%) . In high-income countries, 26% of men and 35% of women were insufficiently physically active, as

compared to 12% of men and 24% of women in low-income countries 35,

Low physical activity as a risk factor showed a 20% increase from 2000 to 2013 (GBD 2013). It was ranked
as the number 17 risk factor in 2013, up from 21 in 2000.

While low physical activity is a problem globally, over the past few decades there has been an increase in
participation in both youth sports and recreational activity among all ages. This has resulted in an increase in
both acute and chronic musculoskeletal injuries, with joint injury being the most common risk factor for OA
development in young adults 3¢. As life expectancy continues to increase, the span over which adults
participate in such physical activities is also increasing. Therefore, the incidence of knee injuries among older

adults can also be expected to increase3’.

OSTEOARTHRITIS IS ASSOCIATED WITH SIGNIFICANT MORBIDITY

Hip and knee OA are ranked 13th globally for years life lost due to disability (YLDs), and 17th in the US 38.
The mean YLDs associated with OA were estimated to be more than 12 million, and this represented an

increase of 75% from 1990 to 2013 39.

OA was reported to be the 4th fastest increasing condition, behind diabetes (136%), alzheimers (92%), and
other musculoskeletal (MSK) conditions (79%). It should be noted that a considerable percentage of 'Other
MSK’ are due to OA at sites other than hip or knee, or due to knee and hip pain secondary to OA which is not

yet evident on radiographs, so the burden of OA is likely to be much higher.

Low back pain was ranked as the number one condition in terms of YLDs, and neck pain as number four
globally38. Within the US spinal pain was ranked number one, other MSK problems number three and neck
pain ranked 7th. A considerable percentage of the pain from these aforementioned conditions is likely to be
attributable to osteoarthritic changes of the spinal and other peripheral joints. Falls were ranked 9th and it is

recognized that OA will increase the risk of falls 40. OA of the hip and/or knee alone was ranked 17th.

Figure 3 below demonstrate the rankings of YLDs globally and within the US.
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To put the YLDs and Disability Adjusted Life Years (DALYs) of OA within the US into perspective, Table 1

below shows the figures of other conditions that may also be considered serious.

Table 1: GBD 2013, USA, YLDs and DALYs, OA and possible comparators

Disorder YLDs DALYs
% of total 95% CI % of total 95% CI

Osteoarthitis* 1.60 1.22 -2.02 0.77 0.56 - 1.02
Low back and Neck 14.64 12.82 -16.93 7.05 5.51-8.70
Pain#
Other MSK 6.43 5.10 - 8.04 3.29 2.55-4.17
conditions#
Diabetes Mellitus 4.27 3.58-5.01 3.51 3.13-3.92
Alzheimers Disease & | 2.11 1.74 - 2.47 3.34 2.85-3.85
other dementias
Ischemic heart disease | 1.63 1.44 - 1.84 9.08 8.01-10.61
Bipolar Disorder 1.15 0.79-1.56 0.55 0.37-0.77
Epilepsy 0.81 0.51-1.19 0.47 0.32-0.64
Rheumatoid arthritis 0.68 0.56 - 0.80 0.37 0.30-0.44
Multiple sclerosis 0.34 0.27-0.41 0.34 0.25-0.39
HIV/AIDS 0.11 0.062 - 0.167 0.052 0.34-0.72
Hypertensive heart 0.075 0.064 - 0.087 0.68 0.50-0.83
disease
Leukemia 0.065 0.54-0.077 0.56 0.49 - 0.65

* Hip and knee OA only

# a considerable proportion of this conditions would be attributable to OA

Accounting for 1.6% of the total YLDs, OA contributes similarly to ischemic heart disease. It is slightly higher

than for bipolar disorder, but considerably higher than HIV/AIDS and rheumatoid arthritis.
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SOME ISSUES AFFECTING THE "TRUTH" OF OA BURDEN

These GBD data only include hip and knee OA, not allowing for the considerable burden of OA at other sites,
such as the hands and feet that impact dexterity, strength and mobility. As such, with both the prevalence
and the attributable disability impact underestimated, the real burden of OA is likely to be considerably

higher.

In the recent GBD2013 Lancet articles, the authors calculated a Data Representativeness Index (DRI) which
refers to the global availability of prevalence and incidence data for different health conditions. OA had a low
(18.1%) coverage indicating that many countries of the world do not have OA data available and thus the
estimates may not reflect the true burden. Overall MSK has a DRI of 51.1% compared with diabetes 98.4%,
cardiovascular 86.2%, neoplasms 82.4%, and mental health and substance abuse 67.6%. The levels of data

availability are particularly low in Sub-Saharan Africa, Central Asia, Carribbean and the Balkans.
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DEFINITION OF OA SEVERITY

Using available data from literature searches and unpublished datasets, patient reported health outcomes can
be assessed in terms of quartiles of measures. Drawing from published community-based cohorts, it has been
suggested that the highest quartile of the Western Ontario and McMaster Universities Osteorthritis Index
(WOMAC) be classified as severe; therefore a WOMAC score of >13 on the 0 to 20 scale is “severe”. Using this
method and definition of severe based on WOMAC score, 2% of all people in high-income countries were
defined as severe for the purpose of GBD 2010 YLD estimations*. This would correspond to approximately 6.4

million US citizens living with severe OA.

Recently, the lay descriptions used to define the levels of severity and subsequent disability weights in the
GBD 2010 Study have been presented to the French KHOALA cohort?*! (data in Table 2). Here participants
were asked to indicate which lay description of OA best described them. While the earlier GBD study
estimated 2% as severe, a higher percentage of the French KHOALA cohort (13.6%) classified themselves as
severe, which would correspond to approximately 43 million people in the US. These definitions showed
validity with existing standardized measures of disease, with those in the severe category of disease reporting
significantly worse levels of pain, stiffness and function, and poorer performance on walking times. These

sufferers are likely to contribute to the greatest component of arthritis related health expenditure.

While almost half of the cohort (46.7%) considered themselves to be in the “mild” category of OA, almost 14%

considered themselves to align with the “severe” description. Mean age was similar across the levels.

There was a significant trend for the WOMAC, EQ5D (a preference-based measure of health status), 0-100
Visual Analog Scale and maximal walking time to decline as the self-reported level of severity moved from
none through mild and moderate to severe. Those who reported “no pain or disability” reported similar

scores on the validated measures to those who indicated they aligned with the “mild” OA description.
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Table 2: Self-reported severity of OA within French cohort

N=569 No pain. no difficulty Mild OA Moderate OA Severe OA
N=49 (16.0%) N=135 (44.0%) N=80 (26.1%) N=43 (14.0%)
N % /mean SD* N % /mean SD* N % /mean SD* N % /mean SD* p**

SOCIO DEMOGRAPHIC
Sex 0.0804

Male 37 42.0 75 32.5 54 32.7 20 23.5

Female 51 58.0 156 67.5 111 67.3 65 76.5
Age at inclusion 88 62.01 8.3 231 60.1 8.2 165 61.7 8.3 85 62.6 7.9 0.0267
Walking distance
Maximal distance 82 6,411.5 4,463.5 226 5,096.5 4,052.9 158 2,859.7 2,567.1 84 1.059.6 1,604.6 <0.0001
Maximal walking time 85 113.3 94.9 226 89.4 76.6 158 52.9 54.9 83 22.6 21.7 <0.0001
Need for crutch or cane <0.0001

All the time 0 0.0 4 1.7 9 5.5 14 16.9

Occasionally 7 8.0 29 12.7 41 25.0 36 43.4

Never 81 92.0 196 85.6 114 69.5 33 39.8

Missing 0 2 1 2
Fall in the last 12 months 0.0003

No 70 80.5 184 79.7 115 70.1 49 57.6

Yes 17 19.5 47 20.3 49 29.9 36 42.4

Missing 1 0 1 0
Number of falls 17 2.7 2.4 47 1.9 2.1 49 1.9 1.2 36 2.6 2.0 0.1897
EQ5D Index (FR) [0; 1] 88 0.9 0.1 226 0.8 0.2 162 0.6 0.2 81 0.4 0.3 <0.0001
EUROQOL: VAS [0; 100] 88 78.6 12.3 229 72.1 15.4 164 63.4 15.3 85 51.6 15.4 <0.0001
WOMAC (Normalised [0,100]
Function 88 14.7 12.4 231 23.7 14.3 165 38.7 16.7 84 53.9 15.7 <0.0001
Pain 88 13.2 10.6 230 24.9 13.5 163 39.2 14.9 85 55.2 13.9 <0.0001
Stiffness 88 20.7 17.2 231 32.2 16.8 164 44.4 18.7 84 61.0 16.1 <0.0001
Womac Total 88 14.9 11.2 230 24.7 13.2 163 38.9 15.0 83 55.1 14.0 <0.0001

* standard deviation

** Chi-2 test for qualitative variables, Kruskal-Wallis for quantitative variables
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OSTEOARTHRITIS IS ASSOCIATED WITH INCREASED DISABILITY AND ACTIVITY LIMITATION

The primary symptom of OA is pain. This pain is the factor that drives individuals to seek medical attention and has been
described as a dull, aching pain that over time becomes more constant. Short episodes of more intense pain are also
experienced in many individuals*2. Focus groups have identified that this OA pain has a significant impact on mobility and

function, sleep, fatigue and mood+*2.

The impact of arthritis on individuals is significant. Globally, 80% of those with OA will have limitations in movement, and
25% cannot perform their major daily activities of life 30. Eleven percent of adults with knee OA need help with personal care

and 14% require help with routine needs 43.

Arthritis-attributable activity limitations were estimated to affect approximately 22.7 million US adults between 2010 and
2012 #4, which is higher than the 22 million predicted in an earlier 2006 study. Activity limitations were reportedly higher
among females and those in the older age groups. Of those with arthritis-attributable activity limitations, 61% were under the
age of 65 years, which is equivalent to 13.8 million people. In the US, those under 65 years comprise 83% of the population

(Figure 4).

Limitations of Daily Living and Activity Attributed to Arthritis by
Persons with Self-Reported Doctor-Diagnosed Arthritis, Adults Age
45 and Older, by Sex and Age, United States 2010-2012
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[1] Responded "yes"when asked: Have you everbeen told by a doctor orother health

professional thatyou have someform of arthritis, rheumatoid arthritis, gout, lupus, or

fibromyalgia?

[2] Based on U.S. Census of Population estimate for July 1, 2010, for age group.

Source: National Health Interview Survey (NHIS)_Adultsample,2010- 2012

www.cdc.gov/nchs/nhis/nhis 2012 data release.htm July 2, 2013. G4D.3.1.png

Figure 4: Arthritis-attributable limitations to activities of daily living

Source: BMUS. The Burden of Musculoskeletal Diseases in the United States http://www.boneandjointburden.org/2014-
report/ivd3/limitations
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Arthritis has a large impact on adults with daily chronic limitations. In a National Adult Survey that reported data from 2010 to
2012, 32% of people who reported difficulty with walking attributed their limitation to arthritis. One quarter of those with
limitation with personal care and routine needs attributed their difficulties to arthritis 44 The impact on activity was greater

among females than males, and among older adults.

The SF-36 is a valid and reliable instrument and is a generic indicator of health status for use in population surveys. The
NorthWest Adelaide Health Study collected SF-36 data from participants with arthritis and those without a chronic condition.
Those with arthrtis scored statistically, significantly lower on the Physical Function, Role Physical, Bodily Pain, General Health,

Vitality and Social Function domains than participants with no chronic condition(s) (Figure 5)*5

Figure 5: SF-36 mean scores for participants with arthritis compared to participants with no chronic condition(s).
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Using data modeling, it was reported that individuals aged 50-84 years with knee OA experienced losses in quality-adjusted
life years (QALYs) over the remainder of their lives ranging from a mean of 1.9 QALYs per person in nonobese individuals with
knee OA to 3.5 QALYs for those with knee OA in addition to obesity 46. This amounts to over 15 million QALYs lost annually due
to OA in the US. Similar losses in QALYs are seen in those with other highly morbid conditions such as cardiovascular disease

and cancer 47.

An analysis of the literature on disability associated with OA identified recent systematic reviews that assessed disability in

hip and knee disorders, knee OA, hand OA and generalized OA. The results of these are summarized in Table 3.
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Table 3: Data from the literature: systematic reviews of disability associated with OA

Joint affected Author Number of Result

studies

included
Non-traumatic hipand  Van der Waal 40 The impact on health-related quality of life is substantial;
knee disorders 200548 Those with knee disorders scored up to 2.5 standard

deviations (SD) below standard population especially on
physical aspects; Social and mental aspects scored up to 1
SD below reference population.

Elderly patients with knee OA in US general population
scored 0.3 SDs below reference population on general
health.

Prior to THA (pooled estimate of 23 studies) scored, on
average, 2.5 SDs below population on SF-36 Physical
Function and 2.0 SDs below in Role Limitations.

Knee OA Smith 2014 49 32 The majority of studies indicated that people viewed living
with OA negatively. Four key factors influenced their
attitudes to the condition: the severity of their symptoms;
the impact of these symptoms on their functional
capability; their attitude towards understanding their
disease; and their perceptions of other people’s beliefs
towards their disease.

Hand OA Michon 2011 50 33 Overall HRQL is a broad concept involving domains
beyond pain, function and stiffness. Few data are presently
available on hand OA, but it seems to have almost as great
an impact as rheumatoid arthritis on HRQL.

Pain scores not significantly different between OA and RA.

Generalized OA Nelson 2014 51 24 Generalized OA, with involvement of more than one joint,
was associated with poorer function and quality of life and
increased disability.

OSTEOARTHRITIS IS ASSOCIATED WITH INCREASED CO-MORBIDITIES AND OTHER CHRONIC DISEASES

In the US, one in four adults has multiple (greater than two) chronic conditions>2. The most common chronic conditions
include heart disease, stroke, diabetes, cancer and OA. For older adults, OA is the disease with the highest co-prevalence of
comorbidities?3. Given that OA has been associated with increased risk of cardiovascular disease and all-cause mortality54-56, a

better understanding of comorbidity in OA is crucial in identifying modifiable risk factors and key areas for intervention.

Overall burden of comorbidity

Various epidemiological studies have examined the prevalence of other chronic conditions in people with OA. For adults with
04, it has been estimated that 59% to 87% have at least one other significant chronic condition 57-61, with the most common
being cardiovascular disease, diabetes mellitus and hypertension. While studies have been heterogeneous with respect to
patient age, population base and collection of information related to other chronic conditions (patient-reported or physician

determined), multi-morbidity clearly affects the majority of people with OA.

People affected by OA have an average of 2.6 moderate-to-severe comorbidities that result in significant impact on their lives

(determined by the Cumulative Illness Rating Scale, which groups and rates severity of chronic conditions)5°. There is a
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substantial subset with very high burden comorbidity; 31% of people with OA have five or more other chronic conditions®’.

Those who rate their joint function as worse are most likely to be affected by comorbid chronic conditions®°.

The significance of the impact of this interaction between OA and comorbidities should not be taken lightly. Given that OA co-
exists with many important comorbidities, it makes sufferers more prone to adverse effects of our currently available
analgesics and anti-inflammatory drugs, leaving care-givers with difficult choices regarding treatment. The development of
safe and effective new drugs should be a priority. People with OA are more likely to have many of the other chronic conditions
such as diabetes and heart disease that are already recognized by the FDA as serious and concomitant medications may have
further negative impact on those conditions. Similarly the pain from OA may significantly restrict the interventions required

for their effective management.

A meta-analysis has shown that only a small proportion of people with knee and hip OA meet physical activity guidelines and
recommended steps®2. The presence of symptomatic joint disease may limit the ability of people with obesity to address

weight loss through exercise interventions. A focus on the underlying joint disease - the root of the problem - is critical.

Common comorbidities in OA include cardiovascular disease, diabetes, obesity, lung disease, chronic pain, depression, and
visual and hearing impairments®3. The current literature on burden and type of comorbidity in people with OA is presented in
Tables 4 and 5. The presence of comorbidites in older adults with OA is associated with more pain, greater limitation in daily
activities, and a worse prognosis with respect to these limitations®*. The impact of having OA on the course of other chronic

conditions is less well defined. The impact of specific common comorbidities in people with OA will be evaluated here in detail.

Cardiovascular disease

Cardiovascular disease (CVD) affects >1 in 3 American adults and is the most common cause of death for older adults in the
developed world®és. Multiple studies have demonstrated in cross-section a high prevalence of CVD among people with OA. One
study found that 54% of people with radiographically-diagnosed knee and hip OA (average age of 66 years) had coexisting
CVD>9. Similarly, in another study of patients receiving total knee replacement (TKR), with an average age of 65 years, 61%
had a diagnosis of CVD58. The prevalence of CVD has been shown to be double in people affected by knee and hand OA
compared to matched controls without O4, in a primary care setting®6. Another study found the likelihood of having CVD to be

50% greater for people affected by OA in which all joints were considered®’.

There are many potential reasons why OA and CVD commonly co-exist, including shared risk factors such as older age and
obesity, and functional limitations resulting from OA. People with OA report more functional limitations in common daily
activities®8 and are less likely to achieve physical activity recommendations®2. There is strong evidence for an inverse
relationship between physical activity and CVD®°. Longitudinally, walking disability in people with OA has been shown to be a
potent risk factor for CVD54 Regular physical activity may reduce morbidity from CVD and address risk factors”0, highlighting
the importance of addressing (and ideally preventing) the joint pain and dysfunction that result in functional limitations in
people with OA. There is evidence that treating OA through total joint replacement (knee and hip) reduces the risk of

significant CV events7172,
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In people with established CVD, comorbid OA has been associated with worse physical health?3 and increased burden of
symptoms, including chest pain and shortness of breath74. Managing these symptoms and effective secondary prevention

through participation in cardiac rehabilitation may be limited by the presence of symptomatic OA.
Diabetes Mellitus

Diabetes, a disease that affects 11.3% of Americans and 8.8% of Canadians”>7¢, frequently coexists in people with OA. The
estimates of prevalence of diabetes in people with knee and hip OA range from 9.7%°%3 to 33%77, with the lower estimate
potentially explained by patient underreporting. People with OA are more likely to develop diabetes over time, with a relative
risk of 1.32 over 12 years compared to people without OA78. Both diseases share risk factors of older age and obesity. Common
non-pharmacologic treatment for diabetes includes exercise and weight loss. The presence of symptomatic OA may impact the
ability to adhere to these recommendations”. Recently published data show that walking difficulty from OA is an independent

risk factor for diabetes complications in people with diabetes and 0A80,
Hypertension

Hypertension, a common condition in the developed world, affects over 50% of older adults (>55 years) in the USé5. Estimates
of prevalence of hypertension in populations of adults with OA range from 32 to 81%°6381-83, using various methods of
assessment. When people with OA were compared to matched controls without OA, the prevalence of hypertension was found
to be more than double in the group with OA (75% vs 38%)84. A cross-sectional analysis of adults aged over 65 years from a
primary care setting found that hypertension-OA was the most common combination of comorbidities, affecting over 24% of
the population?s. The presence of joint disease may result in limited physical activity and higher body mass index (BMI)
correlating to an increased prevalence of hypertension. People with hypertension may be at higher risk of adverse effects with

NSAID use, thereby constraining pharmacological options for OA treatment™" >,

Obesity and metabolic syndrome

More than one third of adults in the US are obese8?. Obesity is a major contributor to burden of chronic disease, including heart
disease, stroke, type 2 diabetes, hypertension, sleep apnea and certain malignancies. Obesity is associated with increased risk

of morbidity and reduced life expectancy®°.

In a study of people with knee OA, where height and weight was measured to calculate BMI, over 57% met the definition of
obesity (BMI = 30). Another study that included people with OA at any joint found the prevalence of abdominal obesity (waist
circumference >100 cm for men, >90 cm for women) to be 63%, compared to 38% in adults without OA84. Presence of the
metabolic syndrome, the constellation of cardiovascular risk factors (obesity, diabetes, hypertension and dyslipidemia), has
also been shown to be higher in people with OA. It was present in 59% of the OA population compared to 23% of the

population without OA84,
Depression and mental health

Depression is one of the most common mental health conditions, affecting nearly 8% of the population 212 years of age in the
US91. In populations with OA, the prevalence of physician-reported depression ranges from 21% in patients awaiting total joint

replacement8! to over 60% in one cohort of patients with predominantly knee OA when defined by a positive depression
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screening questionnaire®2. Other lower estimates have been reported based on health care claims, electronic medical records

(EMR) and patient-reported comorbidities>7.5877.82,

Depression and pain commonly occur together93 due to a mutually reinforcing relationship. People with OA and concomitant

depression symptoms are less active (decline in steps/day)?4, respond less to systematic depression treatment and have worse

pain and depression outcomes?.

Falls and Fractures

Falls and fragility fractures are a significant source of morbidity and mortality among older adults’. Osteoporosis, the bone
disease that predisposes to fragility fractures, including fractures of the hip and vertebrae, has been shown to be prevalent in
20 - 33%008197 of older adults with OA, from both primary care and hospital-based settings. While OA may play a role in the
pathogenesis of osteoporosis through reduced weight-bearing activity, OA has been shown to significantly contribute to risk

for falls9899,
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Table 4: Comorbidity studies in osteoarthritis.

Year Location Source Number of Diagnosis of ) Data source for
subjects 0A Female co-morbidities?
with OA

Ayers et 2005 USA Hospital- 165 (knee Awaiting TKR 68 62.4% Physician-
als8 based only) reported
Gad et 2012 USA Hospital- 382 for TJR Awaiting TKR 74 65% Physician-
al81 based (knee and or THR reported
hip), 357
with OA
Gore et 2011 USA Medical 112,951 Healthcare 57 62% Healthcare
al 8z insurance claims claims
claims
Kadamet 2004 UK General 11,375 Consulted GP >50 Physician-
als? practice for OA within (3 age reported, GP
12 month groups: consultations
period 50-64,
65-74,
75-84,
and 85
years and
older
Leite et 2011 Brazil Outpatient 91 (mostly ACR clinical 59 91.4% Objective
al %? clinic knee, also criteria, seen measurement of
hand and hip) by BP, weight,
rheumatologist height, fasting
glucose and
cholesterol
profile.
Screening
questionnaire for
depression.
Nielenet 2012 Holland General 4,040 (knee GP coded 69.8 68.7% GP coded
al83 practice and hip) morbidity
van Dijk 2008, Holland Hospital/ 288 (knee Radiographic 66 71.2% Patient reported
et al>? 2010 rehabilitation  and hip)
Reeuwijk centre
et al.63
Caproali ~ 2005 [taly General 29,132 ACR clinical all Not Unclear if patient
etal. 60 practice criteria patients provided or physician
=50 reported
(mean
age not
provided)
Tuomine 2007 Finland Hospital- 893 (knee Need for TJR 66 63% Physican-
netal?’ based and hip) determined by reported
orthopedics, (medical record)
RA/hemophilia
/congenital/
fractures
excluded
Juhakows 2008 Finland Outpatient 118 (hip) KL grade =2 1 66.7 70.3% Patient-reported
ki et al.¢1 rehabilitation and meets ACR
clinic clinical criteria
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Table 5. Comorbidities in patients with osteoarthritis.

Kadam et Leite et al.92 Nielen et al.83 van Dijk et al.5? Caporaliet Tuominen Juhakowski
al5? Reeuwijk et al.63 al. 60 etal.77 et al.61
Total number with21  83.6% 87% 98.6% (84.4% + at 85% 58.7%
comorbidity least 1 other mod-to-
severe disease)
Number of 1/230% 4.3 (2.6 moderate-to- 2
comorbidities per 3/426% severe comorbidity)
person 5+31%
Clinical groups:
Cardiovascular 61.2% 7% CHF 1.4% MI 36.1% 8.1% 54% 6% 63%
7% 10.6% CAD MI 1.5% (8% severe heart MI/angina
Stroke 3.8%CHF stroke/TIA 5.9%)  disease or CAD
4.9% stroke 2.1% stroke)
Hypertension 81% 54.4% 38.5% (use of 31.9% 52%
anti-hypertensive
45%)
Dyslipidemia 63% 52.1% 52.6% 13.3% (use of 33%
statins 20.0%)
Obesity 7.9% 51% 57.1% 23.9%
Endocrinological/ 21.8% 22% 12.2% 17.6% 16.5% 46% ( 15% 33%
diabetes 9.7% diabetes) diabetes diabetes
Pulmonary 15% 36.4% 28.8% 12% COPD  14%
(15.6% asthma or
COPD)
Other MSK 8.5% 19% 32.5% 36% 29.5% LBP 18%
RA LBP LBP (10.1% other
rheumatic diseases)
Peripheral vascular 17.6% 9% 5.2%
disease/other vasc
Gastrointestinal 54% 18.1% 22.1% 65.2% 5% PUD
(GERDor GERD (3.5% PUD)
PUD)
Mental health 3.6% 21% 12.4% 12.8% 61.5% (positive 26.3% 2% 11.4%
depression screening depression
6.6% questionnaire
anxiety for depression)
Cancer 21% 4.5% 2.4% 4%
Osteoporosis 22% 21%
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OSTEOARTHRITIS IS ASSOCIATED WITH INCREASED MORTALITY AND RISK OF DYING

While the main areas of investigation in OA have been the impact on pain and physical functioning, disability,
and healthcare utilization, in recent years the mortality associated with OA has been identified. Globally, aging

populations and the growing prevalence of obesity have led to increased population risk for hypertension,

dyslipidemia, diabetes, and CVD. A less recognized consequence of these trends is the increasing burden of OA.

In 2008, a systematic review of mortality in OA was conducted, concluding that overall there is an increased
mortality rate among those with OA than in the general population 190, As population changes have occurred
since 2008, with an increasing proportion of obese and elderly persons, this review was updated in 2015 with

the following recent publications found (Table 6).
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Table 6: Publications on OA mortality

Year
of

study

Location

Source

No. of persons

with OA

Mean
duration of

follow-up
(vears)

Info on
causes of
death?

Info on

risk

factors?

Cerhan et 1995 USA Radium dial- 296 57.1 28 100 -- Yes Yes
al 101, painting workers
Watson et 2003 UK GPRD registry 163,274 -- M: 4.7 62.3 M: 18.5" CV only No
al 102 F: 4.8 F:15.9"
Haaraetal 2003, Finland Population-based Not specified - 15-17 - OA in any finger joint CV only Yes
103 2004 (prevalence not associated with
rates only) mortality
Kumar et 2007 UK Clinic-based 485 - 15 66.2 - CV only No
al. 104
Tsuboietal 2010 Japan Population-based 244 67.7 10 68.5 2.316 (1.412-3.801)+ Yes Yes
105
Nuesch et 2011 UK Population-based 1163 - 14.3 56.7 1.55 Yes Yes
al 56,
Cacciatore 2013 [taly Electoral rolls 698 74.8 12 80.1 Frailty but not OA was No Yes
et al 106 predictive of mortality
Haugen et 2013 us Framingham Heart 726 62.2 14-21 53.8 OA in hand not Yes Yes
al 55 Study (Original and associated with
Offspring cohorts) mortality but associated
with heart disease
Hawkeret 2014 Canada Population-based 2156 71.3 13.2 (hip 0A) 72 - No Yes
al 54 9.2 (knee OA)
Liuetal 107 2015 The GARP study, OCC 844 60.5 9.9 (GARP) 85 0.54 (GARP) Yes (GARP Yes
Netherlands  study 3.9 (0CQ) 0.45 (0CC) only)
Barbouret 2015 us Study of 7889 72.7 16.1 100 1.14# Yes Yes
al. 108 osteoporotic
fractures
Liuetal 109 2015 China Population-based 244 62.1 8 68.3 1.9# (SxOA) 2.2# No Yes

(radiographic OA)

~ listed as standardised incidence rate (per 1000 patient-years) of all cause mortality
* listed as crude relative risk (RR)

+ listed as odds ratio
# listed as hazard ratio
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These data suggest that OA is not simply a degenerative disease, but there is a degree of mortality associated
with OA. This review did not include the term "frailty” and its association with OA, but the contribution of frailty
to mortality has also been identified. Possible explanations for the excess mortality of OA include reduced levels
of physical activity among persons with OA due to involvement of lower limb joints and presence of comorbid

conditions, as well as adverse effects of medications used to treat symptomatic OA, particularly NSAIDs.

The severity of OA related pain and disability are significant predictors of future risk for all-cause death. These
effects remained after controlling for multiple potential confounders, including obesity and obesity-related
conditions, social health determinants and mental health status 54 Walking disability was a significant predictor

of survival in OA - the more severe the walking disability, the higher the risk of death5456.

Causes of death in patients with OA are shown in Table 7.

Table 7: Causes of death in patients with OA (% total deaths)

Cerhanet Watso Kumaret Tsuboiet Nueschetal. Haugen Barbour et al.
al. 1995 netal. al.2007 al. 2010 201156 etal. 2015 108
101 2003 104 105 2013 55
102
Total no. of 18.6% -- 31.8% 16.8% 38% 32(28. 44% 67.7%
deaths (55/295) (154/485 (41/244) (438/1163) 36)" (37/ (5341/7889)
) 844)
Cardiovascular 36 M: 35.7; aRR 16 M: 26.3
1190 =1.96 13.5
F: 7.6~ (1.21- F:
3.25) 10.8
Myocardial M:
infarction 8.3
F: 4.47
Cerebro or 7 8
cardiovascular (6,10)7
disease
Cerebrovascular M:
disease 5.97
F:3.27
Cancer 36 aRR = 5.3 11 8 M: 11.7
1.00 (6,10)» 8.1
(0.62- F:2.4
1.61)
Respiratory 0.5 2.5 3.7
GI 0.7 1.6 1.9
Dementia 1.4
Poisonings or 7
accidents
Other/unknown 7.8 M: 2 4.2 15 (13, 43.2 27.8
0.87 18)
F: 0.57

Most of the excess mortality associated with walking problems in OA is due to cardiovascular causes. There has
been no evidence that cancer related deaths and deaths associated with dementia are related to increased
walking disability, which suggests that there are other possible explanations for the relation between OA

mortality and walking disability. These may be that reduced physical activity may lead to reduced protection
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against CVD, or ongoing tissue damage may result in chronic inflammation. This chronic inflammation may be
causally involved in various chronic conditions, such as cardiovascular and neurodegenerative disease, diabetes,

or cancer 56.

Individual Patient Data Meta-analysis

Traditional meta-analyses are valuable and efficient in terms of time and resources required but suffer from
several limitations. They are limited to published data and may therefore suffer from publication biases as
negative studies are often difficult to publish. Secondly, most studies will vary in their definitions of exposures,
confounders and outcomes, which may add to bias. Hence a review was commissioned and the methods and
results appear below in brief. The full analysis is available in (Appendix 1). The aim was to conduct an
individual patient level (IPD) meta-analysis utilizing original raw data from cohorts and using standardized
statistical methods to analyze and produce pooled estimates. IPD meta-analysis, although time consuming and
resource intensive, is not dependant on previously published data allowing for a standardized definition of

symptomatic radiographic OA (SROA) and analysis using consistent statistical methods.

Methods

Aim: To perform a two-stage IPD meta-analysis of all available population based cohorts to assess whether

patients with OA of the hip and knee have an increased risk of premature mortality.

Study Design

This study was designed to look at the relationship between lower-limb OA and all-cause mortality in multiple,
prospective, longitudinal, population-based cohort studies from around the world. Subjects were stratified by

the presence or absence of OA at baseline and time-to-mortality was compared between groups.

Cohort selection

Cohort studies were identified by a literature review for established longitudinal OA cohorts in the normal
population in addition to expert knowledge of available data. Cohorts were selected based on the presence of
OA-related pain and radiographic data at baseline. Thirty-three were identified as meeting this criteria and
further searches and follow up liaison was conducted to establish the presence of available mortality data for
these subjects. Cohorts were not selected for whether or not they had already published data on the relationship
between OA and mortality. Eight cohorts were identified with data that had pain and radiographic data and were
available for analysis (Johnston County, US; SOF, US; MOST, US; Framingham Offspring, US; Chingford, UK,
Hertfordshire, UK; ROAD, Japan; Rotterdam, Netherlands, TasOAC Australia). Four further cohorts were
identified as having both OA and mortality data, but require further investigation of the usability of raw data
(Osteoporotic Fractures in Men (MrOS) 110, Wuchuan OA study 111, The Beijing Osteoarthritis Study 112, Baltimore
Longitudinal Study of Aging 113). Inclusion of these cohorts in future analyses would be beneficial to widen the
global scope of this research. Several cohorts ultimately did not have the required detail for categorical OA of the

hips and/or knees and are therefore presented in the analysis using pain alone (SOF and Johnston County).

The characteristics of the eight cohorts included in this analysis are described below in Table 8. There are three

normal population cohorts (Framingham, Johnston County Cohort, and Study of Osteoporotic Fractures (SOF))
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114-116 and one enhanced risk factor cohort (Multicentre Osteoarthritis Study (MOST) from the United States 117;
two population-based cohorts from the United Kingdom (Chingford and Hertfordshire) 118.119; 3 Dutch

population-based cohort (Rotterdam) 120; a Japanese population-based cohort (Research on

Osteoarthritis/Osteoporosis Against Disability (ROAD) 121; and an Australian population-based cohort (The
Tasmanian Older Adult Cohort (TasOAC)!22. The majority of cohorts had time-to-event data available for this
analysis. The ROAD study had binary mortality event data collected at their year seven follow-up visit and will
therefore be presented separately from studies containing time-to-event data. The other key differences

between cohorts are the year of baseline visit, length of follow-up and the age of participants at baseline.

Table 8. Cohort characteristics of the included cohorts

Cohort Country Year of Original % of Baseline  Follow- Mortality
Cohort ~ Women Age up
Baseline I\ (years)

Chingford UK 1989 1003 100% 44-67 23 Time-to-
event

Hertfordshire UK 1998 1412 50% 64.9 (2.7) 11 Time-to-
event

Rotterdam Netherlands 1997-99 7983 60% >55 18 Time-to-
event

Johnston USA 1991-97 4197 50% 61.1(10.6) 23 Time-to-
County event

SOF USA 1986-88 10000 100% >65 23 Time-to-
event

Framingham USA 1971-75 5124 50% 55 14 Time-to-
event

MOST USA 2003 3026 60% 62 7 Time-to-
event

TasOAC Australia 2002-04 1099 50% 63.0 (7.5) 14 Time-to-
event
ROAD Japan 2005-07 3040 50% 70.2 (11.1) 7 Binary

Median follow-up for the analyses of these cohorts ranged from 5.6 (5.5,5.8) to 19.8 (19.1, 20.4) years after
baseline. There was substantial variability in the age at baseline and the duration of follow up in each cohort,

such that the percentage of subjects that dies in each cohort ranged from 2.9 to 57.9% (Table 9).
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Table 9. Mortality data in cohorts

Cohort Max Median Follow-  Follow-up, Mortality
Follow-up up (yrs) Range
(years)
Chingford Knee 683 22.5 19.8 (19.1,20.4) 0.13-225 127 (18.6%)
Hertfordshire Knee 817 11.4 9.6 (8.7,10.5) 2.32-11.4 67  (8.2%)
Johnston Knee 3,762 23.7 11.6 (9.0,17.7) 0.07-23.7 1,348 (35.8%)
County
Johnston Hip (pain 3845 23.7 11.6 (8.9,17.7) 0.04-23.6 1,393 (36.2%)
County only)
MOST Knee 2906 7.4 56 (5.5,5.8) 0.16-7.4 84 (2.9%)
SOF Hip (pain 8055 23.3 16.6 (11.4,20.5) 0.02-23.3 4660 (57.9%)
only)
Rotterdam Knee 14.3
- 0,
2813 17.8 years (9.8,15.6) 0.2-17.8 1412 (50.2%)
Rotterdam Hip (pain 14.1 (9.2, 0
only) 3795 17.8 years 15.6) 0.2-17.8 1,972 (52.0%)
TasOAC Knee 410 13.6 years ?‘5‘ 6 (29 004136 128 (31.2%)
TasOAC Hip (pain 6.4 (2.9, i o
only) 439 13.4 years 10.5) 0.04-13.6 136 (31.0%)
Framingham Knee 886 13.9 11.9 (10.9,12.6) 1.7-13.9 68 (7.7%)
ROAD Knee 2354 7 90 (3.8%)

Kaplan-Meier Plots

Example survival estimate curves and 95% Cls are shown for knee SROA and hip symptomatic OA only in

Framingham and Johnston County (Figures 6-12).

Kaplan-Meier survival estimates
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analysis time
95% ClI 95% ClI -Pain/-ROA +Pain/-RO.
No OA ROA SOA SROA

Figure 6. Kaplan-Meier plot for knee SROA in Johnston County cohort (truncated at 20 years follow up)
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Kaplan-Meier survival estimates
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Figure 7. Kaplan-Meier plot for knee SROA in Framingham cohort (truncated at 12 years follow up)

Kaplan-Meier survival estimates
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Figure 8. Kaplan-Meier plot for hip pain in the Johnston County cohort (truncated at 20 years follow up)

Meta-analysis of Symptomatic Radiographic Knee Osteoarthritis

This analysis compared subjects who had both pain and radiographic OA in the same joint (Pain+/R0OA+) at
baseline against subjects who had no OA. It is important to note that this group contained participants who could

have reported pain for up to 14 days per month and therefore could have suffered from early/mild OA.

In the unadjusted analysis, subjects with symptomatic radiographic knee OA (SROA) in the MOST cohort had the
highest risk of premature death (HR 2.08 [95% CI 1.12, 3.88]), with Johnston County the next highest (HR 1.75
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[95% CI 1.52, 2.02]). The pooled estimate for the American subgroup of cohorts was HR 1.75 (95% CI 1.54, 2.03).

(Figure 9).

Univariable Knee Symptomatic ROA and Mortality

(Pain+/ROA+ vs Pain-/ROA-)

Cohort Follow-up Hazard Ratio %
Name Country N Time (95% ClI) Weight
Johnston

County us 2361 23.7 1.75 (1.52, 2.02) 94.91
MOST us 1795 74 2.08 (1.12, 3.88) 5.09

Framingham*

Subtotal (I-squared = 0.0%, p = 0.597)

Note: Weights are from random effects analysis

1.77 (1.54,2.03)  100.00

*The Framingham cohort was omitted from this analysis due to the very low number of subjects having the

outcome of interest.

Figure 9: Univariable SROA Forest Plot

The results of the multivariable analysis, adjusted for age, sex and race, were attenuated slightly in all cohorts.

The pooled estimate for the US subgroup showed a 23% increased risk of premature mortality with SROA (95%

C11.07,1.42) (Figure 10).

These results confirm an increased risk of premature mortality in the US cohorts with an adjusted HR of 1.23 for

SROA.
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Multivariable Knee Symptomatic ROA and Mortality
(Pain+/ROA+ vs Pain-/ROA-)

Cohort Follow-up Hazard Ratio %
Name Country N Time (95% Cl) Weight
Johnston

-
County us 2361 237 1.22 (1.05, 1.41) 94.91
MOST us 1795 7.4 ——e 1.53 (0.81, 2.89) 5.09

Framingham*

Subtotal (I-squared = 0.0%, p = 0.491) O 1.23 (1.07,1.42)  100.00

Note: Weights are from random effects analysis

*The Framingham cohort was omitted from this analysis due to the very low number of subjects having the

outcome of interest.

Figure 10. Multivariable SROA Forest Plot (adjusted for age, sex, and race)

Symptomatic Hip OA (regardless of ROA status)

This analysis compared subjects who had hip pain (regardless of radiographic OA) at baseline against subjects

who had no hip pain.

In the univariable analysis of subjects with hip pain, the data from the US subgroup showed a 22% increased risk

of premature mortality (95% CI 1.05, 1.43) (Figure 11).
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Univariable Hip Pain and Mortality
(Pain+ vs Pain-)

Cohort Follow-up Hazard Ratio %

Name Country N Time (95% Cl) Weight

SOF us 8055 23.3 —— 114 (1.07,1.21)  53.74

JCOh”St°” us 3845 23.7 ———— 1.34(1.20,1.48) 46.26
ounty

Subtotal (I-squared = 84.9%, p = 0.010) <> 1.22 (1.05,1.43)  100.00

Note: Weights are from random effects analysis

.65 .8 1 12 14 16

Figure 11. Univariable Hip Pain (regardless of ROA status) analysis



When adjusted for age, sex and race, the US subgroup had a 20% increased risk of mortality (95% CI 1.04, 1.37)
(Figure 12).

Multivariable Hip Pain and Mortality

(Pain+ vs Pain-)

Cohort Follow-up Hazard Ratio %
Name Country N Time (95% Cl) Weight
SOF us 8055 23.3 — 1.12 (1.06, 1.19) 54.93
Johnston us 3845 23.7 " 129(1.16,1.44)  45.07
County

Subtotal (I-squared = 80.2%, p = 0.025) <> 1.20 (1.04,1.37)  100.00

Note: Weights are from random effects analysis

T T T T T T
7 8 1 12 14 16 1.8

Figure 12. Multivariable Hip Pain (regardless of ROA status) analysis adjusted for age, sex and race

Key Findings

Subjects in the US cohorts with symptomatic radiographic knee osteoarthritis were 23% more likely to die

prematurely than subjects free from OA, independent of age, sex and race. US subjects with hip pain had an

increased risk of 20% compared to subjects without.

35



OSTEOARTHRITIS IS ASSOCIATED WITH WORK LIMITATION, INCLUDING PREMATURE
WITHDRAWAL FROM THE WORK FORCE AND INCREASED WORK ABSENCES AND SICK LEAVE

OA prevalence is high in those of working age, and the impact of working with symptomatic OA and associated
pain and loss of function is substantial. This is especially true for those who are involved in manual labor. In
addition to being limited in the type of work activities that can be performed, functional limitations may lead to

forced unemployment or early retirement.

Reduced work productivity is typically measured in two ways: as days taken off work (absenteeism) or as self-

reported reduced work productivity while at work (presenteeism).

In the US in 2002, arthritis-attributable work limitations were estimated to affect approximately 30% of adults
aged 18-64 years with doctor-diagnosed arthritis 44 Higher rates were seen in those aged 45-64 years, women,
non-Hispanic blacks and those with low education or low income. Between 2010 and 2012, 3.8 million people
aged 18 years and older with doctor-diagnosed arthritis reported they are "unable to work now due to a health
condition”. Additionally, 2,1 million people reported they are "limited in the kind or amount of work they can

do” #* (Figure 13).

Limitations in Work? Attributed to Arthritis by Persons
with Self-Reported Doctor-Diagnosed Arthritis,? Adults
Age 45 and Older, by Sex and Age,

United States 2010-2012
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Figure 13: Work limitations attributable to arthritis, US 2010-2012

Source: BMUS. The Burden of Musculoskeletal Diseases in the United States
http://www.boneandjointburden.org/2014-report/ivd3/limitations

A recent systematic review assessed the concepts of presenteeism and absenteesim in OA identified that OA has

considerable impact on the ability to participate in paid employment 123. This review reported:

Absenteeism

e Aclinic-based survey found 71% of participants reporting ‘reduced’ work hours in the past 12 months

because of ‘osteoarthritis’ 124
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e Anationwide survey, found 21% of people with knee osteoarthritis reported ‘missed work’ ever because
of osteoarthritis 125
e In assessing the mean number of sick days, three studies found a range from 3 to 25 days per year. A

fourth study found a mean of 0.5 days absent due to knee pain within the last week 126-129

Pain is a leading cause of absenteeism related to OA. Investigations of the reasons for absenteeism found a
higher number of reported pain days, presence of knee pain or an increase in pain scores were associated with
increased absenteeism. Age is also positively associated with absenteeism. Compared with people aged 30 years
and below, those aged 45 years and over were approximately twelve times more likely to report absenteeism

over a period of 12-months. 130

Using pooled data from the Medical Expenditure Panel Survey, it was reported that in the US, OA increased
annual per capita absenteeism costs by $469 for female workers and by $520 for male workers, the equivalent to
approximately 3 lost workdays. This amounts to an aggregate absenteeism cost of $10.3 billion annually

(women: $5.5 billion; men: $4.8 billion).

Presenteeism

e Two studies reported presenteeism rates ranging from 66% to 719% 125.131
e Anationwide survey, found workers with knee osteoarthritis (clinic-based cases) were more likely to
report a limited ability to work (66%) when compared with same sex-age working population controls

(14%) 125,

As with absenteeism, pain is also associated with presenteeism. Associations were found between knee pain and

changes in pain and increased reported presenteeism.

Using four methods of assessing the costs associated with presenteeism, the estimates varied widely, from $700

to $7,000 per worker per year 132, These estimates are higher than that reported for temporary absenteeism.

OSTEOARTHRITIS IS ASSOCIATED WITH PERSONAL AND SOCIETAL ECONOMIC LOSS

There is considerable personal and societal economic loss associated with OA. Because a cure for OA is not
currently available, the disease can be present for decades, leading to further substantive individual and societal

loss.

As described previously, a considerable proportion of those with OA retire early due to the pain and disability
associated with the condition. Mean per-person earnings losses attributed to OA have been estimated to average
$7,548 per year in 2008 to 2011. BMUS have reported that aggregate earnings losses for the 16.1 million people
in the US workforce with OA and allied disorders averaged $122 billion in each of the years 2008 to 201144.

Within Australia, the median total accrued personal savings by the age of 65 years of males aged 45-54 who
retired early from the work force due to arthritis (not specifically 0A), was estimated to be as little as AU$315.
This is considerably less than the median accrued personal savings for those who remained in the workforce full
time, whose estimated personal savings at age 65 years was AU$339,121133. The median weekly income of those

who retired early due to arthritis (not specifically 0A) was AU$260, compared with those employed full time
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who were likely to earn on average five times this amount. Nationally, AU$3.8 billion in private income was lost

to these retired individuals annually, and they paid AU$394 million less in personal income tax133,

OSTEOARTHRITIS IS ASSOCIATED WITH INCREASED HEALTH SERVICES UTILIZATION AND COST TO
INDIVIDUAL AND SOCIETY

Painful OA drives health care use. Data from the 2010 NHCS surveys on ambulatory care indicates that more
than 100 million ambulatory care visits are associated with a diagnosis of arthritis and other rheumatic
conditions (AORC), or nearly 10% of all visits that year. Of these visits, OA makes up 22% of the total and joint

pain a further 36%%.

As a chronic condition with no cure, treatment for OA is ongoing. For the years 2008 to 2011, the mean per-
person US total medical expenditures for OA and allied disorders was $11,029 44, Aggregate medical
expenditures for the estimated 30.8 million persons with OA and allied disorders in the US averaged $340 billion

in each of the years 2008 to 2011 4.

Incremental medical expenditures, mean per-person earnings losses attributed to OA and allied disorders
averaged $4,951 per year in 2008 to 201144, Combining the direct and indirect costs for OA and allied disorders

results in a total average cost of $461 billion, with incremental costs of $142 billion 44

A recent study using US Medical Expenditure Panel Survey data for the years 1996 to 2005 found that OA-related
out of pocket (OOP) costs incurred by women was greater than that by men. Having OA increased average OOP
expenditure for women by $1,379 per year and insurer expenditure increased by $4,833. Among men, OA
increased OOP expenditures by $694 per annum and insurer expenditures by $4,036. Overall, OA raised
aggregate annual medical care expenditures by $185.5 billion. Of that amount, insurer expenditures were $149.4

billion and OOP expenditures were $36.1 billion 134,

More women than men were hospitalized for OA and those in older age groups were more likely to be

hospitalized for OA than younger groups (Figures 14-16)
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Figure 14

Hospitalization that Included Arthritis and Other Rheumatic Condition
(AORC) Diagnoses for Adults Age 18 & Older, United States 2010
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Rockville, MD.

(BMUS website - http://www.boneandjointburden.org/2014-report/ivc10/hospitalization)

Distribution of Hospitalizations for Arthritis and Other Rheumatic
Condition (AORC) Diagnoses Among Adults Age 18 & Older, by Age,
United States 2011

Osteoarthritis and allied disorders
(N=3,161.1)

Gout and other crystal arthropathies
(n=873.4)
Joint pain, effusion and other
unspecified joint disorders (N=1,024.2)
Fibromyalgia (N=448.8) &
Diffuse connective tissue disease
(N=283.6)
Soft tissue disorders (excluding back)
(N=675.5)
Other specified rheumatic conditions
(N=847.7)
A Hospitalimons [Ndzm.g) =

Nin 1,000s

Source: HCUP Nationwide Inpatient Sample (NIS). B 18 to 44 Years
Healthcare Cost and Utilization Project (HCUP). 2011. [ 45 to 64 Years
Agency for Healthcare Research and Quality, Rockville, 065 to 74 Years
MD. www.hcup-us.shrg.gov/nisoverview.isp.
B 75 & Older G4C.1.0.2bpng

0% 10% 20% 30% 40% 50%

Figure 15: Hospitalizations by age
(BMUS website - http://www.boneandjointburden.org/2014-report/ivc10/hospitalization)
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Distribution of Hospitalizations for Arthritisand Other Rheumatic
Condition (AORC) Diagnoses Among Adults Age 18 & Older, by Sex,
United States 2011
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Figure 16: Hospitalizations by sex
(BMUS website - http://www.boneandjointburden.org/2014-report/ivc10/hospitalization)

DISEASE PROGRESSION IN OSTEOARTHRITIS

The assessment of the progression of OA over time is complicated by the variation in definitions of OA and OA
progression. A meta-analysis of prognostic factors for radiographic progression found that baseline knee pain,
presence of Heberden nodes, varus alignment, and high levels of serum markers hyaluronic acid and tumor
necrosis factor-a predict knee OA progression 135. Sex, knee injury, and quadriceps strength, among others, did

not predict knee OA progression.

A systematic review assessing patient characteristics that predict the progression of knee OA found age, varus
knee alignment, presence of OA in multiple joints, and radiographic features had strong evidence as predictors of
knee OA progression 136, Body mass index was a strong predictor for long-term progression (more than 3 years).
Moderate participation in physical activity was not associated with progression. However, numerous other

variables had limited or conflicting evidence as predictors of progression.

There is, however, no evidence for any agent consistently providing clinically and statistically significant slowing

of progression of OA.
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Data from the National Institutes of Health Osteoarthritis Initiative (OAI)137 has been assessed to determine rates
of progression of radiographic knee OA. The Kellgren Lawrence (KL) scale is often used to classify the degree of
deterioration of the joint.

Kellgren-Lawrence grading scale for OA:

Grade 0: normal

Grade 1:  doubtful joint space narrowing (JSN) and possible osteophytic lipping

Grade 2:  definite osteophytes and possible JSN on anteroposterior weight-bearing radiograph

Grade 3: multiple osteophytes, definite SN, sclerosis, possible bony deformity

Grade 4: large osteophytes, marked JSN, severe sclerosis and definite bony deformity

In Table 10 below, incident radiographic OA is a person who was KL0/1 at baseline, and who is KL 2 or more by

the 48 month follow-up. Progressive radiographic OA is anyone who was KL 2 or more at baseline, and who

increased by 1 grade by the 48 month follow-up.

Table 10: Progression of OA knee according to Kellgren Lawrence scale

KLON =1342 KL 1 =688 KL2=1173 KL 3 = 787 KL 4= 289
Incident ROA 53 (3.7%) 112 (16.3%) - - -
Progressive - - 135 (11.5%) 137 (17.4%) -
ROA
TKR (in first 72 3 (0.2%) 5 (0.7%) 33 (2.8%) 87 (11.1%) 95 (32.9%)
months of OAI)

NB: These total numbers do not add up as data not available for all categories.

Data from the OAI were also assessed to determine the proportion of people with knee OA who progress to total
knee replacement (TKR) according to levels of obesity, a significant risk factor for knee OA. Tables 11 and 12
below demonstrate that progression to TKR over the 72 month period, increases with increasing BMI. With a
BMI of 30+, 5.4% of males and 5.9% of females progress to TKR. Progression to TKR increases with both age and
BMI.

Table 11: Rates to progression to TKR for BMI subgroups by gender

BMI Males Females
<20 0% 1.4%
20-25 2.9% 3.4%
25-30 4.9% 5.4%
30+ 5.4% 5.9%
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Table 12: Rates to progression to TKR for BMI subgroups by age

133070 45-55 55-65 65-75 75+
<20 0% 0% 4.3% 0%
20-25 1.2% 4.0% 4.1% 5.1%
25-30 2.1% 5.3% 6.7% 10.1%
30+ 3.5% 5.7% 8.2% 9%

THERE IS A LACK OF A CURE FOR OA

Currently OA is an incurable condition. Recent guidelines have addressed the many treatments that aim to
relieve symptoms, in particular pain and improved function 8. A recent systematic review of the effectiveness of
pharmacologic interventions for knee OA assessed randomized trials of adults with knee OA comparing the
common treatments including acetaminophen, diclofenac, ibuprofen, naproxen, celecoxib, intra-articular (1A)

corticosteroids, IA hyaluronic acid, oral placebo, and IA placebo!38.

Analysis of the data found that for pain reduction, all interventions were better than oral placebo, with effect
sizes from 0.63 (95% credible interval [CrI], 0.39 to 0.88) for hyaluronic acid to 0.18 (Crl, 0.04 to 0.33) for
acetaminophen. For function, all interventions except IA corticosteroids were significantly better than oral

placebo. For stiffness, most of the treatments did not significantly differ from one another13s,

While this study shows that treatments may be effective for reducing pain, long-term data is lacking and safety
data is inadequate. Again it should be noted that these treatments are for the reduction of symptoms, and do not
provide a cure for OA. Treatments are needed that alter the natural history of increasing joint damage, and could

possibly increase cartilage, decrease bone marrow lesions and robustly reduce inflammation associated with OA

ADVERSE EFFECTS OF CURRENTLY AVAILABLE OA TREATMENTS

The treatments that are available for the management of OA have adverse effects that are not insignificant. One
of the more common treatments for OA is non-steroidal anti-inflammatory drugs. While these are effective in

relieving pain there are a number of adverse effects.

NSAIDs have significant adverse events

Painful OA accounts for the majority of NSAID use, however NSAID use has been shown to increase the risk of
serious conditions. It has been shown that six out of seven NSAIDs were associated with clinically relevant
twofold to fourfold increases in the risk of myocardial infarction, stroke, or cardiovascular death compared with

placebo 28
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NSAIDs increase the risk of:

e Peptic ulcer bleed and/or perforation

the risk of peptic ulcer bleeding was shown in meta-analysis to be increased by a factor of 4.85

with the use of NSAIDs139

compared to placebo, NSAID use increased hospitalization rates for gastrointestinal bleeding

among Medicaid recipients over the age of 65 years (odds ratio 4.7)13°

as many as 25% of chronic NSAID users will develop ulcer disease and 2-4% will bleed or

perforate!3?

gastrointestinal hemorrhage, perforation and ulcer disease due to NSAIDs has been reported in
more than 100,000 hospital admissions annually in the US and between 7,000 and 10,000

deaths, especially among those who have been designated as being in a high-risk category 139

e Death from cardiovascular disease?8

o

A systematic review reported that NSAIDS, except naproxen, showed some evidence for an
increased risk of cardiovascular death compared with placebo. The estimated rate ratios for
cardiovascular death were 2.39 for ibuprofen (95% credibility interval 0.69 to 8.64), 3.98 for
diclofenac (1.48 to 12.70), celecoxib 2.07 (0.98 to 4.55), etoricoxib 4.07 (1.23 to 15.70),
rofecoxib 1.58 (0.88 to 2.84), and lumiracoxib 1.89 (0.64 to 7.09).

e  Atrial fibrillation 140

o

NSAID use was associated with a 12% increased risk for AF incidence (RR 1.12, 95% CI 1.06 to

1.18). The association was found to be apparent for new users, with a 53% increase in risk.

e Chronic kidney disease 14!

o

NSAID use is associated with increased risk of chronic kidney disease in subjects with
hypertension. The results showed that NSAID use was associated with a 1.18-fold increased risk
of CKD in subjects taking NSAIDs for 1 to 89 days; and a 1.32-fold increased risk of CKD in
hypertension subjects taking NSAIDs for >=90 days, compared with subjects not taking any
NSAIDs.

Opioids are not more effective and may be more harmful

Opioids are another class of drugs that can be used to treat the pain associated with OA, however these also have

considerable harmful effects. A review of studies of efficacy of opioids in patients with OA revealed that strong

opioids were not more effective than NSAIDs and, in some studies, than placebo?8. A meta-analysis of studies of

opioids in OA showed that while there may be a small benefit in pain reduction from treatment with opioids, this
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is outweighed by significant increases in risk of adverse events!42. The use of opioids has been shown to raise the

risk of all-cause mortality compared with use of NSAIDs 143.

There is also a high rate of mortality due to the misuse and abuse of strong opioids, accounting for approximately

10,000 deaths/year in the US28.

Joint replacement surgery

Total joint replacement surgery (TJR) is a treatment for end-stage OA, and is not considered a cure as there are
still limitations remaining post-surgery. More than one in ten people undergoing hip and knee replacement

continue to experience pain in the replaced joint44

While post-operative mortality is low in healthy OA patients, the presence of comorbidities and functional
limitations prior to sugery are associated with higher mortality145. A recent systematic review of mortality
associated with TJR estimated the pooled incidence of mortality during the first 30 and 90 days following hip
replacement to be 0.30% (95% CI 0.22 to 0.38) and 0.65% (95% CI 0.50 to 0.81), respectively 146, Cardiovascular

complications were the leading cause of death among these hip replacement patients.

Apart from mortality, longer term adverse events of T]R include infection, stiffness and loss of function as a

result of scar tissue and other complications, and prosthesis problems.

Conclusions and Way Forward

There is clear evidence that there is a substantially increased risk of progressive disability in many patients
diagnosed with OA and this progression is clearly associated with an increase in all cause mortality. The total
number of OA patients is not fully recognized as the majority of the data has historically been derived from
studies focusing on patients with hip and knee OA with limited analysis of patients impacted by OA of the hands,

fingers and other joints.

The goal of this white paper was to demonstrate that many patients with OA clearly suffer from a serious
disease, and the progressive disability observed in these patients is associated with reduced mobility and
increased risk for death. Both of these findings fulfill the FDA definition of a serious disease. The evidence from
numerous data analyses discussed within this white paper provides justification for the consideration of
allowing the use of surrogate markers for the early approval of structure modifying drugs per subpart H and E of
the Food and Drug Cosmetic Act. Allowing the use of surrogate markers during the drug approval process, which
may be reasonably likely to predict important clinical outcomes, would increase the potential for the
development of therapies for OA where currently there is no known cure and no interventions available to stop
the progression or manage the symptoms (e.g., pain) with an acceptable benefit to harm profile. The use of
surrogate outcomes to test potential structure modifying therapies would allow pharmaceutical companies to
decrease the length of the clinical trials; however, companies would be required to commit to post approval
linkage studies to prove the longitudinal benefit to harm profile and the durability of the potential new therapies.
The linkage to acceptable meaningful clinical outcomes is critical. Current OA trials require both clinically

relevant symptom improvement with concomitant structural improvement. These trials have been shown to fail,
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likely due to the disassociation between the structural benefit, which might have a delayed demonstratable

clinically relevant benefit.

With the global impact of OA constituting a major challenge for health systems in the twenty-first century and in
the coming years, the importance of having therapies available to stop the disease progression and to manage
the symptoms (e.g., pain) needs to be a priority. Confirming OA as a serious disease, whose progressive course
and associated impairment and comorbidities are associated with an increase in mortality for numerous
patients, is an important step for consideration of allowing the use of surrogate markers per subpart H and E of

the Food and Drug Cosmetic Act in the development of structure modifying therapies.
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1. INTRODUCTION

The rising prevalence rates and global impact of osteoarthritis has been shown in previous
sections of this document, however the effect of osteoarthritis on the risk of mortality is less
understood. A systematic review by Hochberg (1) has shown evidence of increased mortality
among persons with osteoarthritis compared with the general population. A number of
international studies have since confirmed this association in countries including the UK (2),

Canada (3), the US (4) and China (5).

An individual patient level (IPD) meta-analysis utilises original raw data from cohorts and
uses standardised statistical methods to analyse and produce pooled estimates. Traditional
meta-analyses are valuable and efficient in terms of time and resources required but suffer
from several limitations. They are limited to published data and may therefore suffer from
publication biases as negative studies are often difficult to publish. Secondly most studies
will vary in their definitions of exposures, confounders and outcomes, which may add to bias.

IDP meta-analysis although time consuming and resource intensive, is not dependent on
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previously published data allows for a standardised definition of symptomatic radiographic

OA (SROA) and can be analysed using consistent statistical methods.

2. METHODS

Aim: To perform a two-stage IPD meta-analysis of all available population based cohorts to
assess whether patients with OA of the hip and knee have an increased risk of premature

mortality.

2.1. Study Design

This study was designed to look at the relationship between lower-limb osteoarthritis and all-
cause mortality in multiple, prospective, longitudinal, population-based cohort studies from
around the world. Subjects were stratified by the presence or absence of osteoarthritis at

baseline and time-to-mortality was compared between groups.

2.2. Cohort selection

Cohort studies were identified by a literature review for established longitudinal osteoarthritis
cohorts in the normal population in addition to expert knowledge of available data. Cohorts
were selected based on the presence of appropriate pain and radiographic data at baseline.
Thirty-three were identified as meeting this criteria and further searches and follow up liaison
was conducted to establish the presence of available mortality data for these subjects. Cohorts
were not selected for whether or not they had already published data on the relationship
between OA and mortality. Nine cohorts were identified with data that had pain and
radiographic data and were available for analysis (Johnston County, US; SOF, US; MOST,
US; Framingham Offspring, US; Chingford, UK, Hertfordshire, UK; ROAD, Japan;
Rotterdam, Netherlands; TasOAC, Australia). Four further cohorts were identified as having
both OA and mortality data, but require further investigation of the usability of raw data
(Osteoporotic Fractures in Men (MrOS) (6), Wuchuan OA study (7), Health ABC (8),
Baltimore Longitudinal Study of Aging (9). Inclusion of these cohorts in future analyses
would be beneficial to widen the global scope of this research. A detailed flow chart of cohort
selection can be found in appendix 1. Several cohorts ultimately did not have the required
detail for categorical OA of the hips and/or knees and are therefore presented in the analysis

using pain alone or as non-side specific SROA.
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The characteristics of the nine cohorts included in this analysis are described below in table
1. There are three normal population cohorts (Framingham, Johnston County Cohort, and
Study of Osteoporotic Fractures (SOF)) (10-12) and one enhanced risk factor cohort
(Multicentre Osteoarthritis Study (MOST) from the United States (13); two population-based
cohorts from the United Kingdom (Chingford and Hertfordshire) (14,15); a Dutch
population-based cohort (Rotterdam) (16); a Japanese population-based cohort (Research on
Osteoarthritis/Osteoporosis Against Disability (ROAD)) (17); and an Australian population-
based cohort (The Tasmanian Older Adult Cohort (TasOAC)) (18). The majority of cohorts
had time-to-event data available for this analysis. The ROAD study had binary mortality
event data collected at their year seven follow-up visit and will therefore be presented
separately from studies containing time-to-event data. Pooled estimates will be produced for
TasOAC and Rotterdam studies separately from the other non-US cohorts, due to a lack of
side-specific pain data. The other key differences between cohorts are the year of baseline

visit, length of follow-up and the age of participants at baseline.

Table 1. Cohort characteristics of the included cohorts

Follow-
Year of Original :
Cohort Country  Cohort Wf))n(:gn Bazel;ne up Mortality
Baseline g
W (years)
Chingford UK 1989 1003 100% 44-67 23 Time-to-
event
Hertfordshire UK 1998 1412 0%  649(27) 11 metos
event
Rotterdam Netherlands  1997-99 7983 60% >55 18 Tlensz;;o'
‘(I:Ohns“’“ USA 199197 4197 50%  61.1(10.6) 23 Time-to-
ounty event
SOF USA 1986-88 10000 100% >65 23 Time-to-
event
Framingham USA 197175 5124  50% 55 14  Time-to-
event
MOST USA 2003 3026 60% 62 7 Time-to-
event
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Time-to-

TasOAC Australia ~ 2002-04 1099 50% 63.0 (7.5) 14 event

ROAD Japan 2005-07 3040 50% 70.2 (11.1) 7 Binary

2.3. Risk Factors, Confounders and Outcomes

Due to the importance of harmonising definitions of osteoarthritis, confounders and statistical
methodology for IPD meta-analysis, we undertook a series of international consensus studies
to gain expert agreement on the methods of harmonisation. A more detailed description of

individual variables from each cohort can be seen in appendix 2.
2.3.1. Primary Risk Factor — Osteoarthritis

2.3.1.1. Radiographic Osteoarthritis

Comparing and pooling results between prospective cohort studies is relatively rare in the
disease area of osteoarthritis, therefore an expert consensus meeting was convened to
determine the best way to ‘diagnose’ osteoarthritis in the general population as well as
harmonise this variable between cohort studies. Experts were drawn from around the world
with a variety of backgrounds (appendix 3). The key output from this meeting was the
decision to define OA using both self-reported pain and the presence of radiographic OA.
Radiographic OA would be established using the validated scoring method of Kellgren and
Lawrence (K/L), defined as a grade 2 or above (19).

If K/L grades were not available in the cohort, an equivalent combination of radiographic
features (osteophytes and joint space narrowing) from other validated scoring methods (such

as the OARSI atlas) (20) would be used to define the presence of ROA.

2.3.1.2. Pain

Pain would be defined by using either an NHANES-type question (i.e. ‘have you had pain for
at least a month in the last month in your joint’) (21)or the WOMAC pain subscale (22) or
alternative pain question (JoCo) if an NHANES-type question had not been used to assess
pain. Due to the known variations in the wording of pain questions (23), further analysis was
recommended by the experts to determine the most comparable wording of questions and to

establish an equivalent threshold to use in the WOMAC pain sub-scale to create a binary pain
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variable. The results of this analysis have been reviewed by all experts on the committee and
will be presented at the 2016 Osteoarthritis Research International conference (OARSI)
(appendix 4). All recommendations from the expert committee have been used to define OA
in this analysis. Subjects were labelled as having OA if they had both pain and radiographic

OA on the same side in the same joint, unless otherwise indicated.

Subsequent to the expert consensus meeting, a study on osteoarthritis and mortality in the
Chingford cohort was published (24), which emphasised the necessity not to combine
subjects who only had pain without radiographic osteoarthritis into the control group. The
study found that subjects with ROA only had no increased risk of all-cause mortality,
subjects with pain only and no ROA had a 49% increased risk (HR 1.49 95% CI 1.04 to 2.14;
p=0.029) and that subjects with both pain and ROA had an increased risk reaching 97% (HR
1.97 95% CI 1.23 to 3.17; p=0.005) compared to subjects without pain and without ROA.
Therefore, for this analysis, in cohorts with a large enough sample size, subjects were divided
into four categories: 1 No OA; 2 asymptomatic ROA; 3 symptomatic OA (no ROA); 4
symptomatic ROA. Hips and knees were analysed separately. Person-level OA was
calculated by assessing the OA status for each joint and using the ‘highest’ level of OA based
on this system. For example, if a subject had no OA in their right knee and ROA in their left
knee, their person-level knee OA status would be ROA.

A pain only analysis (regardless of ROA status) was used for cohorts if they were either
missing radiographic OA data, if radiographic data was only available for paired x-rays, or if
x-rays were based on a radiographic selection criteria that may bias results compared to other

cohort selection criteria.

2.3.2. Outcome — Mortality

Mortality and follow-up data for all cohorts (except for ROAD) was linked to all subjects
present at the baseline visit who also had a known follow up status (dead/alive/censored).
Three cohorts (Chingford, Hertfordshire, TasOAC) determined the date of death using
nationally linked records, while the remaining cohorts used other methods to determine the
date of death such as updates from GP systems, death registries or municipal administration,

family, medical records and periodic examinations or contacts (Framingham, Rotterdam,

MOST, SOF and ROAD).
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In cohorts where subjects were lost to follow-up at an unknown date, the previous visit where
subjects had data was used as the last date where the subject’s mortality status was known.
Time-to-status was calculated from the baseline visit, determined by when OA was assessed,
to the last date that the subject’s status was known. Survival was calculated using person-

years attributing to the analysis.

2.3.3. Confounders

Age was defined as age at the time of the clinic visit to assess baseline OA, in all cohorts.
Chingford, Hertfordshire, SOF, TasOAC and Framingham have predominantly Caucasian
subjects; Johnston County and MOST have both Caucasian and African American subjects;
and ROAD has predominantly Japanese subjects. Race was included in the multivariable
model for any cohort which had more than one race category reported. The Rotterdam cohort

was not adjusted for race, as there was no equivalent self-reported race variable available.

Sex and race were only included in the fully adjusted model only when relevant to the
specific cohort, for example, Chingford which is all women and predominantly Caucasian

would only be adjusted for age in the full multivariable model.
2.4. Statistical Analysis

2.4.1. Inclusion Criteria and Missing Data

Complete case analysis was used due to the low number of missing observations within the
main risk factor (osteoarthritis) (~15%) for all cohorts. Inclusion criteria were for subjects to
have mortality data, be free from rheumatoid osteoarthritis at baseline and to be between the
ages of 45 and 80 years. Subjects were then included in the analysis if they had data available
to generate both the primary risk factor (osteoarthritis) and were not missing observations
from any confounders (age, sex, race) (table 2). The baseline demographics for subjects
included and excluded from the analysis were compared using t-tests (or Wilcoxon Man
Whitney) for continuous variables and Chi” (Fishers exact) tests for categorical and binary

variables (appendix 5 & 6).
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Table 2. Subject Inclusion criteria and selection of complete cases

Johnston
Cohort County Herts ROAD  Framingham  MOST SOF Chingford Rotterdam TasOAC
Knees Hips Knees Hips Knees Hips Knees Hips Knees Hips Knees Hips Knees Hips Knees Hips Knees Hips
Original
cohort n 4197 4197 1412 3040 1166 3026 9704 862 7,983 7,983 1,100 1,100
Subjects
meeting
Inclusion
Criteria® 3918 3918 957 2376 905 2936 8120 857 3,848 3,848 445 445
Subjects
without
missing
data** 3762 3845 817 2354 886 2906 8055 683 2,813 3,795 410 439

*Subjects without RA at baseline, aged between 45-80 years and with mortality data

**Subjects with Osteoarthritis, age, sex and race (where applicable) data
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2.4.2. Regression Analysis

2.4.2.1. Survival Analysis (time-to-event outcome)

The association between OA and the time to all-cause mortality was assessed using Cox
proportional hazard regression models to estimate hazard ratios (HRs) and 95 percent
confidence intervals (95% Cls). The univariable model assessed OA alone, with the
multivariable models also adjusted for age, sex and race, where relevant. Linearity between
age and mortality was assessed in all cohorts, and the proportional hazards assumption of the
primary risk factor (OA) was tested using Schoenfeld residuals. There was no evidence that

OA was not proportional with mortality during follow-up in any of the cohorts.

Kaplan-Meier survival curves were calculated for all categories of OA with all-cause

mortality. An a priori interaction of OA and age was tested for in all cohorts.
2.4.2.2. Logistic Regression (binary outcome)

For cohorts without time-to-event data (ROAD), logistic regression models were used with
categorical OA as the primary predictor and a binary outcome (death: yes/no). Linearity of
age was tested against mortality and an a priori interaction of age and OA. The multivariable

model was adjusted for the same confounders as above: age, sex, and race.

2.4.3. IPD Meta-analysis

Meta-analysis involves estimating an appropriate summary statistic for each study and then
the calculation of a weighted average of these statistics across studies (25). A meeting of
biostatistics and IPD meta-analysis experts was convened to determine the most appropriate
statistical methodology for combining data from multiple prospective population-based
cohorts, which were not originally designed for this purpose. Appendix 7 shows the list of
experts and their academic affiliations. The experts recommended using IPD meta-analysis
methods starting with a two-stage approach before attempting a one-stage analysis. A two-
stage IPD meta-analysis consists of two distinct parts: first, each cohort is analysed
individually using identical methodology; second, the result of each individual analysis is

pooled using standard meta-analysis statistical methods (26).

Data was pooled using random effects analysis, with Dersimonian and Laird estimation.
Heterogeneity was assessed using I” and the Tau statistic. Pooled estimates were produced for

subgroups and not for the overall analysis due to the high degree of heterogeneity between
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subgroups. Pooled estimates were also produced where cohorts were limited to non-side

specific joint pain data (Rotterdam and TasOAC).

Hazard ratios (HR) and 95% confidence intervals (CI) were produced for each cohort and
then were used with the Stata metan command to produce forest plots and pooled estimates

7).

All analyses were conducted using Stata version 13.0 statistical software (StataCorp, College

Station, Texas, USA).

3. RESULTS
3.1. Prevalence of Osteoarthritis and Mortality

3.1.1. Osteoarthritis

Eight cohorts contributed data to the symptomatic radiographic knee OA analysis (six in the
SROA, seven in the SOA time-to-event analysis). The number of baseline subjects ranged
from 683 to 3762 in each cohort, totaling 14,654 subjects for the knee analyses (table 3).
Subjects from US-based cohort studies totaled 7,577. Prevalence of SROA in subjects
ranged from 4.4% in one of the youngest cohorts (Chingford) to 33.3% in a cohort enriched
with subjects at higher risk of OA (MOST). Four cohorts, with 16,134 subjects, contributed
data to the hip pain analysis. Between 15.8% and 41.0% of subjects had hip pain (with or
without ROA) at baseline in the four cohorts with hip data (table 4).
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Table 3. Prevalence of symptomatic radiographic Knee OA

Baseline
Age . oo
Cohort Baseline Osteoarthritis (%)
Mean
(SD)
None Pain-/ROA + Pain+/ROA- Paint+/ROA+
. 579 483 129 41 30
Chingford =60y 685 (q07%)  (189%)  (6.0%)  (44%)
648 445 45 242 85
Hertfordshire — , o 817 (545000 (5.5%) (29.6%)  (10.4%)
Johnston 59.8 3762 1,707 378 1,023 654
County 9.4) @54%)  (101%)  (272%)  (17.4%)
62.5 827 503 608 968
MOST s 2% ogswy (173%)  (209%)  (33.3%)
69.8 1,750 203 454 316
Rotterdam 55, 2813 65105 (10.4%) (16.1%) (11.2%)
Praminoiar 600 g 594 63 181 48
g (7.6) 67.0%)  (7.1%) (204%)  (5.4%)
644 410 96 157 4 115
TasOAC (7.9) 234%)  (383%)  (102%)  (28.1%)
68.9 980 848 122 404
ROAD 8.6 % Gle%w)  (360%)  (52%) (17.2%)
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Table 4. Prevalence of symptomatic hip OA

Baseline No Hi
Cohort Age N Hip pain ain P
Mean (SD) P
2382 5673
SOF 704 (3.8) 8055 006%)  (70.4%)
Johnston 1,413 2,432
County 60.0(9.5) 3845 (36.8%)  (633%)
439 180 259
TaSOAC 64.4 (8.0) (41.0%) (59.0%)
601 3,194
Rotterdam 69.9 (5.1) 3795 (15.8%) (84.2%)

3.1.2. Mortality

Median follow up for this analysis ranged from 5.6 (5.5, 5.8) to 19.8 (19.1, 20.4) years after

baseline. There was substantial variability in the age at baseline and the duration of follow up

in each cohort, such that the percentage of subjects that died in each cohort ranged from 2.9

to 57.9% (table 5).
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Table 5. Mortality data in cohorts

Max

Median

Cohort Joint N Follow-up Follow-up Follow- Mortality
up, Range
(yrs) (yrs)
19.8 127
Chingford Knee 683 22.5years (19.1, 0.13-22.5 o
(18.6%)
20.4)
Hertfordshire Kn 817 11.4 years 9.6 2.32-11.4 67
critordshire - nee Y (8.7,10.5) ~ T (8.2%)
Johnston 11.6 1,348
County Knee 3762 23.7 years 9.0, 17.7) 0.07-23.7 (35.8%)
Johnston Hip (pain 11.6 i 1,393
County only) 3845 23.7 years (8.9, 17.7) 0.04-23.6 (36.2%)
MOST Knee 2906 Tayears o0 0.16-74 o
Y (55,58 T (2.9%)
) ) 16.6
SOF Hip (pain g5 233 years  (11.4, 0.02-233 660
only) (57.9%)
20.5)
14.3 1412
17. : -
Rotterdam Knee 2813 7.8 years (9.8, 15.6) 0.2-17.8 (50.2%)
Hip (pain 14.1 i 1,972
Rotterdam only) 3795 17.8 years (9.2, 15.6) 0.2-17.8 (52.0%)
6.4 128
TaSOAC Knee 410 13.6 years (2.9, 10.6) 0.04-13.6 (31.2%)
Hip (pain 6.4 136
TasOAC only) 439 13.4 years (2.9.10.5) 0.04-13.6 (31.0%)
11.9 68
Framingham Knee 886 13.9 years (10.9, 1.7-13.9 0
(7.7%)
12.6)
ROAD Knee 2354 7 years 20
M (3.8%)

67



3.2. Kaplan-Meier Plots

Example survival estimate curves and 95% Cls are shown for knee SROA and hip

symptomatic OA from the Framingham and Johnston County cohort studies (figures 1- 3).

Figure 1. Kaplan-Meier plot for knee SROA in Johnston County cohort (truncated at 20

years follow up)

Kaplan-Meier survival estimates
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Figure 2. Kaplan-Meier plot for knee SROA in Framingham cohort (truncated at 12 years
follow up)
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Figure 3. Kaplan-Meier plot for hip pain in the Johnston County cohort (truncated at 20

years follow up)

Kaplan-Meier survival estimates
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3.3. Meta-analysis of Symptomatic Radiographic Knee Osteoarthritis (Pain+/ROA+
vs Pain-/ROA-)

This analysis compared subjects who had both pain and radiographic OA in the same joint
(Paint/ROA+) at baseline against subjects who had no OA. It is important to note that this
control group contained participants who could have reported pain for up to 14 days per
month and therefore could have suffered from early/mild OA. The Framingham cohort was
not included in this analysis due to the very low number of subjects having the outcome of

interest.

In the unadjusted analysis, subjects with symptomatic radiographic knee OA (SROA) in the
MOST cohort had the highest risk of premature death (HR 2.08 [95% CI 1.12, 3.88]), with
Johnston County the next highest (HR 1.75 [95% CI 1.52, 2.02]). The pooled estimate for the
American subgroup of cohorts was HR 1.77 (95%CI 1.54, 2.03). The UK, European and

Australian cohorts had no significant association between OA and mortality (figure 4).
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Figure 4. Univariable SROA Forest Plot

Univariable Knee Symptomatic ROA and Mortality
(Pain+/ROA+ vs Pain-/ROA-)

Hazard %

Cohort_Name Country N Follow_up_Time Ratio (95% ClI) Weight
American Cohorts
Johnston_County ~ US 2361 237 - 1.75(1.52,2.02) 94.91
MOST us 1795 7.4 —&— 208(1.12,3.88) 5.09
Framingham*
Subtotal (I-squared =0.0%, p = 0.597) <> 1.77 (1.54,2.03)  100.00
Rest-of-world Cohorts
Chingford UK 513 225 —_— T 1.22(0.53,2.78) 54.28
Hertfordshire UK 530 114 e p— — 0.59(0.23,1.49) 4572

> 0.87(0.43,1.77)  100.00

Subtotal (I-squared =22.4%, p = 0.256) <

ROW Cohorts without side-specific pain

Rotterdam ND 2066 17.8 — 1.10(0.93,1.29)  74.19
TasOAC AU 211 136 S — 1.53(0.94,2.48) 25.81
Subtotal (l-squared = 39.2%, p = 0.200) <:> 1.19(0.90,1.59)  100.00

NOTE: Weights are from random effects analysis

*The Framingham cohort was omitted from this analysis due to the very low number of

subjects having the outcome of interest.

The results of the multivariable analysis were attenuated slightly in all cohorts. The pooled
estimate for the US subgroup showed a 23% increased risk of premature mortality with
SROA (95%CI 1.07, 1.42). TasOAC showed an increased risk by 63% (95% CI 1.01, 2.64)
however no other ROW cohorts showed a significant associations. The pooled estimates
remained non-significant for both the ROW cohorts (HR 0.72, 95% CI 0.39, 1.35) and the
ROW cohorts without side-specific pain (HR 1.26 (95%CI 0.89, 1.78)) (figure 5).
Unadjusted and fully adjusted logistic regression analysis of the ROAD cohort also showed
no association with mortality (OR 0.60 95% CI 0.30, 1.20 and OR 0.69 95% CI1 0.33, 1.42,

respectively).

5
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Figure 5. Multivariable SROA Forest Plot (adjusted for age, sex, and race)

Multivariable Knee Symptomatic ROA and Mortality
(Pain+/ROA+ vs Pain-/ROA-)

Hazard %
Cohort_Name Country N Follow_up_Time Ratio (95% CI)  Weight

American Cohorts
Johnston_County US 2361 23.7 —— 1.22 (1.05,1.41) 94.91

MOST us 1795 7.4 i s o 1.563 (0.81,2.89) 5.09

Framingham*
Subtotal (I-squared = 0.0%, p = 0.491) <> 1.23 (1.07, 1.42) 100.00

Rest-of-world Cohorts

Chingford UK 513 225 0.87 (0.38,2.01) 55.36
Hertfordshire UK 530 11.4 —_— 0.57 (0.23, 1.45) 44.64
Subtotal (I-squared = 0.0%, p = 0.511) <:> 0.72 (0.39, 1.35) 100.00

ROW Cohorts without side-specific pain

Rotterdam ND 2066 17.8 —— 1.11(0.94,1.31) 6813
TasOAC AU 211 136 —— 1.63 (1.01,2.64) 31.87
Subtotal (I-squared = 54.0%, p = 0.140) <<> 1.26 (0.89, 1.78) 100.00

NOTE: Weights are from random effects analysis

*The Framingham cohort was omitted from this analysis due to the very low number of

subjects having the outcome of interest.

3.4. Meta-analysis of Symptomatic Knee Osteoarthritis (without ROA) (Pain+/ROA-
vs Pain-/ROA-)

This analysis compared subjects who have pain and no radiographic OA (Pain+/ROA-)
against subjects without pain and ROA. It is important to note that this control group
contained participants who could have reported pain on up to 14 days per month and

therefore could have suffered from early/mild OA.

In the univariable analysis of subjects with symptomatic knee OA (no ROA), the data from
the US subgroup showed a 49% increased risk of premature mortality (95% CI 1.12, 1.99),
with the ROW subgroup showing a non-significant association (HR 0.66, 95% CI 0.40, 1.08)
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and the non side-specific pain ROW group showing a significantly protective hazard ratio of

0.79 (95% CI 0.68, 0.92). (figure 6).

Figure 6. Univariable SOA Forest Plot

Univariable Symptomatic Knee OA and Mortality
(Pain+/ROA- vs Pain-/ROA-)

Cohort_Name Country N Follow_up_Time

American Cohorts

Framingham us 775 139
Johnston_County US 2730 23.7
MOST us 1435 7.4

Subtotal (I-squared = 37.0%, p = 0.205)

Rest-of-world Cohorts
Chingford UK 524 225
Hertfordshire UK 687 114

Subtotal (I-squared = 0.0%, p = 0.909)

ROW Cohorts without side-specific pain
Rotterdam ND 2204 17.8
TasOAC AU 138 136
Subtotal (I-squared = 0.0%, p = 0.877)

NOTE: Weights are from random effects analysis

Hazard
Ratio (95% Cl)

1.29 (0.74, 2.26)
1.37 (1.20, 1.57)
2.49 (1.30, 4.77)
1.49 (1.12, 1.99)

0.69 (0.28, 1.71)
0.65 (0.36, 1.17)
0.66 (0.40, 1.08)

0.80 (0.68, 0.93)
0.75 (0.35, 1.59)
0.79 (0.68, 0.92)

%
Weight

19.75
64.52
15.73
100.00

29.76
70.24

100.00

95.95
4.05
100.00

When adjusted for age, sex and race, the US subgroup had a 54% increased risk of premature

mortality (95% CI 1.02, 2.31), while the ROW group remained non-significant (HR 0.69,

95% CI1 0.42, 1.13) (figure 7). The ROW non side-specific pain group became non-

significant in the fully adjusted model (HR 0.90, 95% CI 0.77, 1.04). Unadjusted and fully
adjusted logistic regression analysis of the ROAD cohort also showed no association with

mortality (OR 0.39 95% CI 0.09, 1.64 and OR 0.46 95% CI 0.11, 1.96, respectively).
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Figure 7. Multivariable SOA Forest Plot adjusted for age, sex and race

Multivariable Symptomatic Knee OA and Mortality
(Pain+/ROA- vs Pain-/ROA-)

Hazard %
Cohort_Name Country N Follow_up_Time Ratio (95% Cl)  Weight

American Cohorts

Framingham us 775 139 + 1.28(0.73,2.25) 26.53
Johnston_County US 2730 237 - 1.30(1.14,1.48) 50.93
MOST us 1435 7.4 ——=+—) 281(1.46,540) 2254
Subtotal (I-squared = 61.2%, p = 0.076) <> 154 (1.02,2.31) 100.00

Rest-of-world Cohorts

Chingford UK 524 225 —_— 0.81(0.33,2.00) 29.72
Hertfordshire UK 687 114 —_— 0.65 (0.36, 1.17) 70.28
Subtotal (I-squared = 0.0%, p = 0.683) <>> 0.69 (0.42, 1.13) 100.00

ROW Cohorts without side-specific pain

Rotterdam ND 2204 17.8 — 0.90 (0.77, 1.05) 95.96
TasOAC AU 138 136 — 0.87 (0.41,1.86) 4.04
Subtotal (I-squared = 0.0%, p = 0.939) C» 0.90 (0.77, 1.04) 100.00

NOTE: Weights are from random effects analysis

These results confirm an increased risk of premature mortality in the US cohorts with an
adjusted HR of 1.23 for SROA and 1.54 for symptomatic knee OA (without ROA). The data
from the European and Australia cohorts did not find any significant association with
mortality except in the case of the ROW cohorts without side-specific pain. The pooled
estimate showed a significantly protective effect of SOA on mortality (HR 0.79), however,
this association became non-significant once adjusted for age and sex. It is interesting to note,
and explore, that the cohorts with no increased risk, tended to be those with the lowest

number of deaths.

3.5. Symptomatic Hip OA (pain presence regardless of ROA status)

This analysis compared subjects who had hip pain (regardless of radiographic OA) at

baseline against subjects who had no hip pain.
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In the univariable analysis of subjects with hip pain, the data from the US subgroup showed a

22% increased risk of premature mortality (95% CI 1.05, 1.43). The ROW cohorts had a
non-significant association (HR 0.91, 95% CI 0.81, 1.03) (figure 8).

Figure 8. Univariable Hip Pain (regardless of ROA status) analysis

Univariable Hip Pain and Mortality

(Pain+ vs Pain-)

Hazard %
Cohort_Name Country N Follow_up_Time Ratio (95% CI) Weight
American Cohorts
SOF us 8055 233 —_— 1.14 (1.07, 1.21) 53.74
Johnston_County us 3845 237 —_— 1.34 (1.20, 1.48) 46.26

Subtotal (I-squared = 84.9%, p = 0.010) <> 1.22 (1.05, 1.43) 100.00

ROW Cohorts without side-specific pain
Rotterdam ND 3795 17.8 —_—— 0.91(0.81, 1.03) 89.53

TasOAC AU 439 13.4 g 0.95 (0.67, 1.36) 10.47

Subtotal (I-squared = 0.0%, p = 0.799) <>> 0.91(0.81, 1.03) 100.00

NOTE: Weights are from random effects analysis

When adjusted for age, sex and race, the US subgroup had a 20% increased risk of mortality
(95% CI 1.04, 1.37) and the ROW cohorts remained non-significant (HR 0.98, 95% CI 0.87,

1.10) (figure 9).
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Figure 9. Multivariable Hip Pain (regardless of ROA status) analysis adjusted for age, sex
and race

Multivariable Hip Pain and Mortality

(Pain+ vs Pain-)

Hazard %
Cohort_Name Country N Follow_up_Time Ratio (95% Cl) Weight
American Cohorts
SOF us 8055 233 —_— 1.12 (1.0, 1.19) 54.93
Johnston_County us 3845 237 —— 1.29 (1.16, 1.44) 45.07

Subtotal (I-squared = 80.2%, p = 0.025) <> 1.20 (1.04, 1.37) 100.00

ROW Cohorts without side-specific pain

Rotterdam ND 3795 17.8 —_—— 0.96 (0.85, 1.09) 89.61

TasOAC AU 439 13.4 + 1.12(0.78, 1.60) 10.39

Subtotal (I-squared = 0.0%, p = 0.451) <> 0.98 (0.87, 1.10) 100.00

NOTE: Weights are from random effects analysis

&7 .8 1 1.2 14 16 18

4. Key Findings

Subjects in the US cohorts with symptomatic radiographic knee osteoarthritis were 23% more
likely to die prematurely than subjects free from OA, independent of age, sex and race.
Subjects with symptomatic knee OA (without ROA), had an even higher risk of premature
mortality with a 54% increased risk in the adjusted model. US subjects with hip pain had an

increased risk of 20% compared to subjects without.

No association was found in the ROW cohorts between osteoarthritis (knee SROA, knee

SOA, or hip pain) and premature mortality.

ROW cohorts without side-specific pain showed a protective association between
symptomatic OA (SOA) and mortality, however, this association disappeared after the

adjustment for age, sex and race.
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Appendix 1. Cohort selection

Total number of population based
prospective longitudinal cohorts
with known OA data and English
language publications

v

Missing appropriate knee/hip pain
and/or x-ray data
N=11

Eligible OA data
N=22

\4

No known published or
unpublished mortality data or
inappropriate length of follow up
time
N=38

Eligible OA & Mortality data
N= 14

\4

Access limitations
N=1

Eligible for IDP Meta Analysis

N=13

\4

Current undergoing assessment of
usability of raw data for future
analysis
N=4

Included in current IDP Meta-
Analysis
N=9
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Appendix 2. Harmonisation of variables

a) Harmonisation of age

Figure 10. Original and newly truncated age ranges for each cohort
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b) Harmonisation the main risk factor and confounders

Radiographic Knee/Hip Joint pain | Sex Race Rheumatoid Arthritis
Knee/Hip OA
Final harmonised Symptomatic Radiographic OA based on Male/ 1. Caucasian 1. Rheumatoid
variable radiographic OA and self-reported pain female 2. African American Arthritis present
3. Japanese 2. Rheumatoid
4. Asian Arthritis absent
5. Indigenous
Australian
6. Hispanic
7. Other
Chingford How many days in the |K&L knee grade 0-4 Female Caucasian Rheumatoid Arthritis:
last month have you Yes/no
had knee pain?
Hertfordshire Knee pain in last K&L knee grade 0-4 Male & Caucasian No Rheumatoid
month? female Arthritis variable in
dataset
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Rotterdam

In the past month have
you suffered pain or
other complaints in the
knee, back, hips or
hand joints?

Do you suffer from
pain or stiffness in the
knee (non-side
specific)? (same for
hip)

How long have you had
these complaints in the
knee? (same for hip)

- <1 month

- 1 to 3 months

- 3 to 6 months

- 6 mnths to 1 yrr

- 1 to 5 years

- >= 5 years

K&L knee grade 0-4
K&L hip grade 0-4

Male &
female

No race variable
available in required
dataset

No Rheumatoid
Arthritis variable
available at required
time point in dataset
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JoCo Knee/hip pain severity: | K&L knee grade 0-4 Male & -Caucasian No Rheumatoid
None K&L hip grade 0-4 female -African American Arthritis variable in
Mild dataset
Moderate
Severe

SOF Knee pain lasting at OARSI Atlas. Female -Caucasian Rheumatoid Arthritis:
least a month in the last | Individual features -other Yes/No
year? (osteophytes and joint

space narrowing)

Framingham On most days do you K&L knee grade 0-4 Male & -Caucasian Rheumatoid Arthritis:
have pain, aching or female -African American Yes/No
stiffness in either of -Asian
your knees? -other

Is the pain aching or
stiffness in your right
knee, left knee, or both
knees?
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MOST Knee pain lasting most | K&L knee grade 0-4 Male & -Caucasian Rheumatoid Arthritis:
days in the last month? female -Black or African Yes/No
American
-other
TaSOAC Do you have hip pain | Altman Atlas Grading | Male & -Caucasian Rheumatoid Arthritis:
(non-side specific)? (0-3) female -African American Yes/No
-Japanese
WOMAC knee pain -Asian
scale (non-side -Indigenous Australian -
specific) Hispanic
-other
ROAD Pain in and around the | K&L knee grade 0-4 Male & No race variable No Rheumatoid
knee joint on most days female available in dataset Arthritis variable in

during the past month?

dataset
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Appendix 3. List of experts and institutions from osteoarthritis consensus meeting

Expert

Institution

Michael Nevitt
David Felson
Kirsten Ambrose
Marc Hochberg
Stefan Lohmander
Phil Conaghan
Joyce van Meurs
Sita Bierma-Zeinstra
Ewa Roos

Kate Jackson
Cyrus Cooper
Julia Newton
Mark Batt

Joanne Jordan
Noriko Yoshimura
Graeme Jones
David Hunter

Lars Engebretsen

UCSF, United States

Boston, United States

UNC, United States
Maryland, United States
Lund, Sweden

Leeds, United Kingdom
Erasmus MC, Netherlands
Erasmus MC, Netherlands
USD, Denmark

Oxford, United Kingdom
Southampton, United Kingdom
Oxford, United Kingdom
Nottingham, United Kingdom
UNC, United States

Tokyo, Japan

UTAS, Australia

Sydney, Australia

Oslo, Norway
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Appendix 4. OARSI pain abstract

Measuring the variation between self-reported osteoarthritis pain assessments

Authors: Leyland, K.M.l, Gates, L.S.l’z, Nevitt, M. 3, Felson, D. 4, Ambrose, K.S, Bierma-
Zeinstra, S.M.°, Conaghan, P.G., Engebretsen, L3, Hochberg, M., Hunter, D.'* " Jones,
G."2, Jordan, JM.>", Judge, A.' Lohmander, S."*, Roos, E.M."*,Sanchez-Santos, M.T." ,
Sheard, S.l, Yoshimura, N.lé, van Meurs, J.B.J.”, Batt, M.E.lg, Newton, J.l, Cooper, C. 1’2,
Arden, N. '

'NIHR Musculoskeletal Biomedical Research Unit and Arthritis Research UK Centre for
Sport, Exercise, and Osteoarthritis, University of Oxford, Oxford, UK

2MRC Lifecourse Epidemiology Unit, University of Southampton, Southampton, UK
*Department of Epidemiology and Biostatistics, University of California, San Francisco, CA,
USA

*Clinical Epidemiology Research and Training Unit, Boston University School of Medicine,
Boston, MA, USA

>Thurston Arthritis Research Center, University of North Carolina at Chapel Hill, Chapel
Hill, NC USA

Department of Orthopaedics, Erasmus University Medical Centre, Rotterdam, the
Netherlands

7Universi‘[y of Leeds, Leeds, UK

*Department of Orthopaedic Surgery, Oslo University Hospital and Oslo Sports Trauma
Research Center, Norwegian School of Sports Sciences, Oslo, Norway

’University of Maryland School of Medicine, Baltimore, USA

"Institute of Bone and Joint Research, Kolling Institute, University of Sydney, Sydney,
Australia

""Rheumatology Department, Royal North Shore Hospital, St Leonards, Sydney, Australia
“Menzies Research Institute Tasmania, University of Tasmania, Hobart, Australia
PDepartment of Medicine, University of North Carolina at Chapel Hill, Chapel Hill, NC
USA

“Lund University, Lund, Sweden and University of Southern Denmark and Odense
University Hospital, Odense, Denmark

15 Institute of Sports Science and Clinical Biomechanics, University of Southern Denmark,

Odense, Denmark
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"*Department of Joint Disease Research, 22nd Century Medical & Research Center, Faculty
of Medicine, The University of Tokyo, Tokyo, Japan

"Department of Internal Medicine, Erasmus University Medical Center, Rotterdam, the
Netherlands

"Centrefor Sports Medicine, Nottingham University Hospitals and Arthritis Research UK
Centre for Sport, Exercise and Osteoarthritis, Nottingham, UK

Purpose

Self-reported pain questions are the established way to determine osteoarthritis (OA) related
pain in population cohort studies, of which NHANES-type (National Health Nutrition
Examination Survey) questions and WOMAC (Western Ontario and McMaster Universities
Arthritis Index) are the most common. However, there is limited understanding of how
wording variations relating to the duration of pain (i.e. most days in the month) and period of
pain recall (i.e. in the last year) affect the prevalence and comparability of these questions.
The aim of this research was to assess four common NHANES pain questions and to

establish an equivalent threshold within the WOMAC pain subscale.
Methods

An expert consensus meeting was convened to determine the best method to harmonise OA
data among international cohorts. The Multicenter Osteoarthritis Study (MOST) was
suggested as the best cohort to examine the relationship of OA-pain assessments as it
contains multiple NHANES questions in addition to WOMAC, which is representative of the
questions used in international cohorts. The MOST study is a US-based observational study
of subjects with or at high risk for knee OA recruited in 2003. Participants at baseline
completed the WOMAC pain subscale (range 0-20) asking for pain during daily activities in
the past 30 days and answered four binary NHANES-type questions: A) Knee pain lasting
most days in the last month; B) Any knee pain in the last month; C) Knee pain lasting at least
a month in the last year; D) Any knee pain in the last year.

Sensitivity, specificity and area under the curve (AUC) from ROC curves were used to
compare NHANES-type questions, with NHANES A as the gold-standard. A cut-point was
established for the WOMAC pain subscale against the gold standard at the point at which

sensitivity and specificity were closest together. 95% confidence intervals (CI) around the
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cut-points were estimated using bootstrap methods with 300 repeats. The Osteoarthritis
Initiative cohort (OAI), which has similar inclusion criteria to MOST, was used to validate

the WOMAC threshold against the NHANES A question using the same methods.
Results

2922 subjects out of 3026 had all required data at baseline (basic demographics and pain
questions) and were used for the cross-sectional analysis. NHANES A and C showed a
similar prevalence of pain (41.0% and 43.4%), while NHANES B and D showed similar but
higher prevalence (67.3% and 75.4%). NHANES C (pain lasting at least a month in the last
year) showed the best sensitivity (91.2%) and specificity (89.9%) against the gold-standard
NHANES A, with both NHANES B and D having very low specificity (55.5% and 41.7%
respectively) (table 1).

The WOMAC pain subscale had a median of 2 (IQR 0, 6), and a cut point of 3 was found
using both NHANES A (3 (95% CI 2.1, 3.9)) and C (3 (95%CI 2.8, 3.2)). When this cut-
point was used to create a binary pain variable from the WOMAC pain subscale, the
sensitivity and specificity of this new variable against the NHANES A question was 83.6%
and 76.0%, respectively. In the OAI validation cohort (n=4,723), the WOMAC pain subscale
had a median of 1 (IQR 0, 4) and also generated a cut-point of 3 (95% CI 2.3, 3.7).

Conclusion

Prevalence of pain varied between 41.0 and 75.4% depending on the wording of the
NHANES-type question. Comparability of questions was influenced more by the duration of
reported pain (i.e. pain lasting at least a month) than the period of pain recall (i.e. in the last
year). NHANES C had the best sensitivity and specificity against the gold-standard
NHANES A. A cut-point of 3 in the WOMAC pain subscale was identified as having the best
sensitivity and specificity against both NHANES A and NHANES C. The same cut-point of 3
was found in the validation cohort. This research highlights the effect that wording variations
may have on the prevalence of OA-related pain and provides the most comparable pain

questions/thresholds against the current gold-standard.

85



Table 1. Comparison of NHANES-type pain questions and WOMAC binary cut-
off 3+ in MOST*

AUC (95%
Prevalence (N)  Sensitivity Specificity CD
NHANES A 41.0% (1198)  gold standard gold standard  gold standard
0.78 (0.77,
NHANES B 67.3% (1966) 100.0% 55.5% 0.79)
0.91 (0.90,
NHANES C 43.4% (1267) 91.2% 89.9% 0.92)
0.71 (0.70,
NHANES D 75.4% (2203) 100.0% 41.7% 0.72)
WOMAC cutoff 0.80 (0.78,
3+ 48.4% (1415) 83.6% 76.0% 0.81)

*Out of whole sample (n=2922)
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Appendix 5. Cohort baseline demographics for complete case vs subjects with any
missing values (risk factor or confounders) for knee OA

Table 1. Johnston County complete case vs subjects with any missing values for risk factor

and confounders*

Baseline Variable Complete Case  Missing Values  p-value
N=3918 3,762 156

SROA

None 1,707 (454%) O

ROA Only 378 (10.1%) O

Pain Only 1,023 (27.2%) 0

ROA and Pain 654 (17.4%) O

Age 59.8 (9.4 63.3 (10.4) 0.000
Sex (% female) 2,348 (62.4%) 109 (69.9%) 0.059
Race

Caucasian 2,466 (65.6%) 102 (65.4%) 0.966
African American 1,296 (34.5%) 54 (34.6%)

BMI (continuous) 29.7 (6.4) 29.3 (6.1) 0.4253
Ex/current Smoking (binary) 1885 (51.1%) 48  (44.0%) 0.145
CVD?2 (heart/stroke) 1057 (28.1%) 41  (26.3%) 0.621
Diabetes 487  (13.0%) 22 (14.5%) 0.588

*t-tests (or Wilcoxon-Mann-Whitney test) for continuous variables and Chi® tests (or Fishers

exact) for categorical variables
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Table 2. Hertfordshire complete case vs subjects with any missing values for risk factor and

confounders*

Baseline Variable Complete Case  Missing Values  p-value
N =957 817 140

SROA

None 445 (54.5%) 0

ROA Only 45  (5.5%) 0

Pain Only 242 (29.6%) 0

ROA and Pain 85 (10.4%) 0

Age 64.8 (2.6) 64.7 (2.5) 0.4338
Sex (% female) 405  (49.6%) 54 (38.6%) 0.016
Race NA NA

BMI (continuous) 27.0 (4.3) 27.5 (44) 0.1629
Ex/current Smoking (binary) 412 (50.5%) 91  (65.0%) 0.001
CVD?2 (heart/stroke) 93  (11.4%) 22 (15.7%) 0.145
Diabetes 96  (11.8%) 17 (12.2%) 0.903

*t-tests (or Wilcoxon-Mann-Whitney test) for continuous variables and Chi® tests (or Fishers

exact) for categorical variables
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Table 3. ROAD complete case vs subjects with any missing values for risk factor and
confounders*

Baseline Variable Complete Case Missing Values p-value

N =2376 2,354 22

SROA

None 980 (41.6%) 0

ROA Only 848  (36.0%) 0

Pain Only 122 (5.2%) 0

ROA and Pain 404 (17.2%) 0

Age 68.9 (8.6) 75.2 (2.2) 0.0002
Sex (% female) 1,531 (65.0%) 13 (59.1%) 0.561
Race NA NA

BMI (continuous) 232 (3.5) 23.8 (2.0) 0.2266
Ex/current Smoking (binary) 631 (29.4%) 5 (33.3%) 0.741
CVD2 (heart/stroke) NA NA

Diabetes NA NA

*t-tests (or Wilcoxon-Mann-Whitney test) for continuous variables and Chi® tests (or Fishers
exact) for categorical variables
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Table 4. Framingham complete case vs subjects with any missing values for risk factor and

confounders*-

Baseline Variable Complete Case = Missing Values  p-value
N =905 886 19

SROA

None 594 (67.0%) 0

ROA Only 63 (7.1%) 0

Pain Only 181 (20.4%) 0

ROA and Pain 48  (5.4%) 0

Age 56.0 (7.6) 57.2 (7.6) 0.466
Sex (% female) 461 (52.0%) 13 (68.4%) 0.157
Race

Caucasian 886 (100%) 19 (100%)

BMI (continuous) 27.3 (4.6) 26.8 (3.1) 0.809
Ex/current Smoking (binary) 568 (64.2%) 12 (63.2%) 0.927
CVD2 (heart/stroke) 30 (3.4%) 0

Diabetes 39 (4.4%) 1 (5.3%) 0.860

*t-tests (or Wilcoxon-Mann-Whitney test) for continuous variables and Chi® tests (or Fishers

exact) for categorical variables
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Table 5. Chingford complete case vs subjects with any missing values for risk factor and

confounders*

Baseline Variable Complete Case Missing Values p-value
N =857 683 174

SROA

None 483 (70.7%) 0

ROA only 129 (18.9%) 0

pain only 41  (6.0%) 0

ROA and pain 30 (4.4%) 0

Age 57.9 (6.0) 58.1 (5.9 0.697
BMI (continuous) 26.3 (4.4) 264 (4.3) 0.735
Ex/current Smoking (binary) 317 (46.4%) 70 (40.2) 0.143
CVD2 (heart/stroke) 25 (4.3%) 10 (7.4%) 0.134
Diabetes 6 (0.9%) 3 (1.7%) 0.329

*t-tests (or Wilcoxon-Mann-Whitney test) for continuous variables and Chi® tests (or Fishers

exact) for categorical variables
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Table 6. MOST complete case vs subjects with any missing values for risk factor and

confounders*

Baseline Variable Complete Case Missing Values p-value
N =2936 2906 30

SROA

None 827 (28.5%) 0

ROA Only 503 (17.3%) 0

Pain Only 608 (20.9%) 0

ROA and Pain 968 (33.3%) 0

Age 62.5 (8.1) 64.3 (6.9) 0.215
Sex (% female) 1759 (60.5%) 16  (53.3%) 0.423
Race

Caucasian 2449 (84.3%) 21 (70.0%)

African American 418 (14.4%) 8  (26.7%) 0.058
Other 39 (1.3%) 1 (3.3%)

BMI (continuous) 30.7 (5.9) 30.4 (6.7) 0.805
Ex/current Smoking (binary) 1292 (44.5%) 13 (43.3%) 0.902
CVD2 (heart/stroke) 335 (11.9%) 4 (13.8%) 0.749
Diabetes 304 (10.7%) 3 (10.0%) 0.901

*t-tests (or Wilcoxon-Mann-Whitney test) for continuous variables and Chi® tests (or Fishers

exact) for categorical variables
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Table 7. Rotterdam complete case vs subjects with any missing values for risk factor and
confounders*

Baseline Variable Complete Case Missing Values p-value
N =3848 2813 1035

SROA (no-side specific pain)

None 1,750 (62.2%) 0

ROA Only 293 (10.4%) 0

Pain Only 454 (16.1%) 0

ROA and Pain 316  (11.2%) 0

Age 69.8 (5.1) 70.2 (5.3) 0.0170
Sex (% female) 1,554 (55.2%) 652 (63.0%) 0.000
Race NA NA

BMI (continuous) 269 (3.9) 27.0 (4.2) 0.6050
Ex/current Smoking (binary) 1,979 (70.4%) 680 (68.8%) 0.347
CVD2 (heart/stroke) 133 (5.3%) 64 (7.1%) 0.103
Diabetes 394 (14.0%) 154 (15.1%) 0.394

*t-tests (or Wilcoxon-Mann-Whitney test) for continuous variables and Chi® tests (or Fishers

exact) for categorical variables
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Table 8. TasOAC complete case vs subjects with any missing values for risk factor and

confounders*

Baseline Variable Complete Case Missing Values p-value
N =445 410 35

SROA (no-side specific pain)

None 96 (23.4%) 0

ROA Only 157 (38.3%) 0

Pain Only 42 (10.2%) 0

ROA and Pain 115 (28.1%) 0

Age 64.4 (7.9) 65.1 (8.7) 0.6464
Sex (% female) 209 (51.0%) 18  (51.4%) 0.959
Race

Caucasian white 263 (98.1%) 19 (100%) 0.835
Asian 2 (0.8%)

Indigenous Australian 3 (1.1%)

BMI (continuous) 28.2 (5.2) 27.6 (4.0) 0.4707
Ex/current Smoking (binary) 224 (54.6%) 20 (58.8%) 0.637
CVD?2 (heart/stroke) 44 (11.7%) 5 (17.2%) 0.378
Diabetes 36  (9.6%) 4 (13.8%) 0.463

*t-tests (or Wilcoxon-Mann-Whitney test) for continuous variables and Chi® tests (or Fishers

exact) for categorical variables

94



Appendix 6. Cohort baseline demographics for complete case vs subjects with any
missing values (risk factor or confounders) for hip Pain Only

Table 1. Johnston County complete case vs subjects with any missing values for risk factor

and confounders*

Baseline Variable Complete Case Missing Values p-value
N=3918 3,845 73

Hip pain 1413 (36.8%) O

Age 60.0 (9.5 58.5 (9.7) 0.162
Sex (% female) 2413 (62.8%) 44  (603%)  0.664
Race

Caucasian 2,522 (65.6%) 46 (63.0%)

African American 1,323  (34.4%) 27 (37.0%)  0.646
BMI (continuous) 29.7  (6.4) 28.8 (6.2) 0.248
Ex/current Smoking (binary) 1921  (60.0%) 12 (42.9%) 0.392
CVD?2 (heart/stroke) 1082 (28.1%) 16  (21.9%) 0.241
Diabetes 499  (13.0%) 10 (14.5%) 0.715

*t-tests (or Wilcoxon-Mann-Whitney test) for continuous variables and Chi® tests (or Fishers

exact) for categorical variables
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Table 2. SOF complete case vs subjects with any missing values for risk factor and
confounders*

Baseline Variable Complete Case Missing Values p-value
N=28120 8055 65

Hip pain 2382 (29.6%) 0

Age 70.4 (3.8) 71.0 (4.2) 0.216
Race

Caucasian 8027 (99.7%) 65 (100.0%) 0.999
Other 28 (0.4%) 0

BMI (continuous) 26.5 (4.5) 27.5(5.0) 0.087
Ex/current Smoking (binary) 3340 (41.6%) 27 (42.2) 0.924
CVD2 (heart/stroke) 1245 (19.0%) 11 (19.6%) 0.909
Diabetes 562 (7.0%) 5(7.8%) 0.799

*t-tests (or Wilcoxon-Mann-Whitney test) for continuous variables and Chi® tests (or Fishers

exact) for categorical variables
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Table 3. Rotterdam complete case vs subjects with any missing values for risk factor and
confounders*

Baseline Variable Complete Case Missing Values p-value
N =3848 3795 53

Hip pain 601 (15.8%) 0

Age 699 (5.1) 70.5 (5.4) 0.4128
Sex (% female) 2,165 (57.05 41 (77.4%) 0.003
Race NA NA

BMI (continuous) 269 (4.0) 25.1 (2.9) 0.0108
Ex/current Smoking (binary) 2655 (70.0%) 4 (57.1%) 0.460
CVD2 (heart/stroke) 197  (5.8%) 0

Diabetes 541  (14.3%) 7 (18.4%) 0.465

*t-tests (or Wilcoxon-Mann-Whitney test) for continuous variables and Chi® tests (or Fishers
exact) for categorical variables
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Table 4. TaSOAC complete case vs subjects with any missing values for risk factor and

confounders*

Baseline Variable Complete Case Missing Values p-value
N = 445 439 6

Hip pain 180  41.00 0

Age 64.4 (8.0%) 66.0 (6.1) 0.6454
Sex (% female) 224 (51.0%) 3 (50.0%) 0.960
Race

Caucasian white 278  (98.2%) 4 (100%) 0.965
Asian 2 (0.7%)

Indigenous Australian 3 (1.1%)

BMI (continuous) 28.2 (5.1) 27.3 (2.7) 0.6753
Ex/current Smoking (binary) 241  (54.9%) 3 (60.0%) 0.820
CVD2 (heart/stroke) 49  (12.3%) 0

Diabetes 40  (10.0%) 0

*t-tests (or Wilcoxon-Mann-Whitney test) for continuous variables and Chi® tests (or Fishers

exact) for categorical variables
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Appendix 7. List of experts and institutions from methodology consensus meeting

Expert Institution

Doug Altman Oxford, United Kingdom
Gary Collins Oxford, United Kingdom
Andrew Judge Oxford, United Kingdom

Karel Moons

Thomas Debray

Utrecht University, Netherlands

Utrecht University, Netherlands
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