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Abstract

Rheumatic and musculoskeletal diseases (RMDs) are common, with osteoarthritis (OA) being the 

most prevalent. RMDs, including OA, are associated with significant pain and functional 

limitations, as well as mortality rates up to 1.6-fold higher than in the general population. Most 

studies of OA and mortality have focused on knee and hip OA. Some, but not all, of these studies 

suggest an increased risk of death, however risks may differ by region. Reasons for discordant 

findings may be due to methodological considerations including definition of OA, study design, 

length of follow-up, and whether variables that can change and develop over time, such as 

measures of OA, body mass index (BMI) and comorbidities, were re-assessed during the follow-

up period. Research has shown that the prognosis of OA is similar to that seen in rheumatoid 

arthritis (RA) patients, in many respects. In RA, disability and comorbidities are the most 

important predictors of mortality, although pain may be more prominent in the prognosis of OA 

mortality. The data suggest that addressing functional limitations and pain seen with OA could 

potentially reduce the increased mortality that has been observed in these individuals. Further 

study is needed concerning the potential excess mortality attributable to lower body OA, as well as 

associated disability, pain and comorbidities.
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Introduction

Rheumatic and musculoskeletal diseases (RMDs) are highly prevalent and associated with 

significant pain, disability, and also increased levels of mortality (1, 2). In the 1940s 

scientists began to study the causes of death in rheumatoid arthritis (RA) patients (3) and it 

has been shown that mortality rates in RA patients are up to 1.6-fold higher than in the 
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general population (4). Further, in an early review most rheumatic diseases were noted as 

having a role in premature death including RA, ankylosing spondylitis, systemic lupus 

erythematosus, vasculitis (5). However, the effects of osteoarthritis (OA) on mortality were 

largely ignored until the past few decades.

A review of mortality in OA published in 2008 concluded that there was moderate evidence 

of increased risk of mortality in individuals with OA (6). Since that time, a number of 

further investigations have examined whether OA is associated with excess mortality. Some 

studies have reported on hand (7–9), spine (10) or non-specific joint OA (9, 11, 12) and have 

generally reported null results. Yet many studies have reported that elevated risks of death 

are seen in OA of the hip (11, 13) and/or knee (8, 10, 14, 15). Knee and hip OA are common 

and are associated with significant pain and functional limitations (16). Lower body OA is a 

leading cause of disability and has also been shown to be a main contributor to loss of 

quality adjusted life-years (17). In a 2014 report of the global burden of knee and hip OA, 

these conditions were ranked eleventh on the list of contributors to global disability (18).

It has been suggested that observed associations between OA and excess mortality could be 

due primarily to disability since pain and functional limitations are independently associated 

with mortality (19), or that the effect of OA on mortality is mediated through walking 

disability and/or use of non-steroidal anti-inflammatory drugs (NSAIDs) (Fig. 1) (20). This 

idea was supported by Hawker and colleagues who reported that among those with OA, 

individuals with higher levels of disability also had greater risk for serious cardiovascular 

disease (CVD) events and all-cause mortality (21). With the rise in obesity and our aging 

society, the burden of OA with its accompanying disability and comorbid conditions will 

lead to an expected increase in premature deaths. Therefore, it is important to understand 

and continue to study the potential excess mortality attributable to lower body OA as well as 

its associated disability, pain and comorbidities.

Summary of knee and hip OA mortality studies

As noted above, until a systematic review of 8 studies conducted to date was published in 

2008, little attention was paid to the contribution of OA to mortality (6). This review 

reported that there was moderate evidence that OA leads to increased risk of death. Several 

studies have investigated mortality associated with OA over the past 10 years, most 

examining the effects of knee and/or hip OA which will be the focus of this review.

Knee OA studies—Some studies that have focused on knee OA have found reduced or no 

associations with all-cause mortality (9, 11, 22, 23), while others have reported modest 

associations (14, 24), or increases in mortality for those with OA among Asian populations 

(10, 15) and those with painful knee OA (8, 14, 15) (Table I). Results from two traditional 

meta-analyses found non-significant increases in risk of death from knee OA (hazards ratio 

[HR]=1.21, 95% confidence interval [CI]=0.83–1.78 and HR=1.24, 95% CI=0.87–1.76) (9, 

25). Although traditional meta-analyses are valuable and efficient, they are limited to 

published data and may suffer from publication biases. To try to overcome some of the 

possible limitations in the meta-analyses, an individual patient data (IPD) meta-analysis 

using standardised statistical methods and definitions of exposures, confounders and 
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outcomes, as well as original raw data from several international cohorts was conducted 

(26). The IPD results showed that risk of death due to symptomatic knee OA (defined as 

having both OA and pain in the same joint) differed according to whether the study was 

carried out in the United States (US) or some-where else in the world, noting higher risk in 

US populations (HR US=1.23, 95% CI=1.07–1.42 vs. HR rest-of-world=0.72, 95% 

CI=0.39–1.35) (26). The differences seen between US and other populations may be due to 

many factors including increased obesity, disability, comorbidities, access to healthcare and 

low levels of physical activity in the US population (27).

Hip OA studies—Fewer studies have reported on the probable association between hip 

OA specifically and death (9, 11, 13, 23). Of these, most have reported no inported creased 

risk of all-cause death with hip OA (9, 11, 23). Results from traditional meta-analyses also 

have found no increased risk of death for hip OA (9, 25). However, one study in a cohort of 

older women in the US reported a 10% increase in all-cause mortality that approached 

statistical significance (HR=1.10, 95% CI=0.99–1.22) (13) (Table II). Further, results from 

the IPD meta-analysis of US cohorts for the association of hip pain on mortality found 

increased risks, with a pooled HR=1.20 (95% CI=1.04–1.37) (26).

Disease-specific mortality—Of the studies that have assessed the association between 

knee and/or hip OA and mortality, only a few have reported on disease-specific causes of 

death. Of those studies, the most commonly reported cause of death is due to CVD. 

Cardiovascular disease has been closely linked to OA and is thought to be one of the major 

causes of morbidity among those with OA, with previous reports showing increased CVD in 

those with OA (21, 28–30). Further, a study of individuals with OA showed increased deaths 

due to CVD (31). In all studies that assessed both all-cause and CVD-specific mortality, 

estimates of the effect of lower body OA were stronger for CVD-specific mortality than for 

all-cause mortality (8, 10, 13, 14, 24). One study of older women reported increased risk of 

CVD-specific death in those with hip OA (HR=1.24, 95% CI=1.13–1.35) (13). Another 

recent study that only assessed cause-specific death reported increased risks for CVD-

specific mortality for both knee and hip OA (HR=1.16, 95% CI=1.07–1.26; and HR=1.13, 

95% CI=1.03–1.25, respectively) (32). Further, these associations with CVD-specific 

mortality seem to be particularly strong for those with painful knee radiographic OA (rOA) 

when compared to those with neither rOA nor pain, with hazards ratios ranging from 1.32 to 

3.57 (8, 14).

Summary—There is a trend of most studies showing an increased risk of death for knee 

and hip OA particularly in US populations: however, some studies have shown no 

association or a decreased association. Further, many traditional meta-analyses that pooled 

estimates from both US and rest-of-world cohorts tended to report no association between 

OA and premature death, whereas the IPD analyses which used original raw data and 

separated the US and other regions reported increased mortality risks in US cohorts. This 

may be due to many factors including increased obesity, disability, comorbidities, access to 

healthcare and low levels of physical activity in the US population (27).
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Methodologic considerations

While some studies have provided evidence that knee and/or hip OA may lead to increased 

risk of death, others have reported null findings (9, 11, 23, 33). Possible reasons for these 

discordant findings are potentially due to how OA was defined in the study, study design, 

length of follow-up, and whether variables that can change and develop over time such as 

measures of OA, body mass index (BMI) and comorbidities were re-assessed during the 

follow-up period.

Definition of OA—In studies using physician clinically diagnosed OA, in which 

comorbidities and disability were taken into account in analyses, the association between 

OA and mortality was often greatly attenuated or no longer remained (11, 33). However, the 

estimates of mortality in some studies using radiographically confirmed OA (rOA) seem to 

be less affected by adjusting for disability and comorbidities in those analyses (8, 14). There 

are several possible reasons for this. First, studies that use physician clinical diagnosis as 

their measure of OA are selecting individuals who are already experiencing joint pain and 

seeking care for it, whereas those who do not consult a physician tend to have less pain (34). 

Thus, those with painful joints are the ones who will be diagnosed with OA in a clinical or 

registry-based study. It is also possible that radiographic OA alone may be a weaker 

predictor of mortality since it has been shown that rOA does not always predict pain and 

therefore may not be as affected by adjustment for disability (35). We know that pain is one 

of the major barriers to exercise which can lead to increased comorbidities and subsequent 

disability. It has also been suggested that pain may be the main driver of the excess in 

mortality seen with OA, an association which has been reported in several studies (36–38). 

Studies using symptomatic knee rOA (rOA and pain in the same joint) as a distinct predictor 

of mortality seem to support this. Two studies reporting on four mutually exclusive groups 

of no knee OA, radiographic knee OA (rOA) only, knee pain only or symptomatic knee rOA 

both reported the highest HRs in the symptomatic knee rOA group (8, 14). One of these, a 

population-based cohort with over 4,000 participants followed over 24 years, showed that 

those who have symptomatic knee rOA had the worst survival followed closely by those 

with knee pain alone (Fig. 2) (14). Conversely, a recent report on the association of 

symptomatic knee OA on subsequent mortality using data from four international studies did 

not show any increased risk of death after adjustment for covariates, including comorbidities 

(33). However, as is common in studies using a physician clinical diagnosis of OA, the four 

studies included in that report did not provide details on how physicians made the diagnosis 

of OA and therefore the precise definition of OA was not clear in these studies. As a result, 

there likely was some misclassification of symptomatic knee OA in studies using a physician 

clinical diagnosis of OA. However, we know that the diagnosis of OA is often largely 

clinical and may be diagnosed based on presentation of pain, stiffness and swelling (39, 40), 

where radiographic findings do not always correlate with symptoms and are sometimes only 

used to rule out other diagnoses (41).

Another potential reason for the discordant findings is that since the participants in studies 

using physician clinically diagnosed OA data by definition have symptomatic OA, these 

studies lack a non-symptomatic rOA group as a comparison. Consequently, all comparisons 

are of those with symptoms compared to those without symptoms, regardless of whether a 
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patient has radiographic disease. This could lead to lower estimates of risk since joint pain 

alone has been shown to be a predictor of death (8, 14, 36, 37). These individuals will also 

likely have a higher level of disability since they are already in pain. Therefore, once 

disability and pain were adjusted for in these analyses, the effect of OA was greatly reduced.

On the other hand, studies using radiographically confirmed OA (rOA) included many 

individuals who did not necessarily have joint pain and/or accompanying disability. One 

study found that 47% of individuals with radiographic knee OA did not report having knee 

pain (35). This may suggest that studies assessing OA radiographically may be able to 

capture individuals with rOA before they experience pain and accompanying disability, 

potentially reflecting a true association with rOA that is independent of pain and disability. 

Conversely, in physician clinically diagnosed OA studies it is possible that there is an 

underlying association between rOA and mortality that is masked by disability and/or 

comorbidities that are included in analyses.

Follow-up time and repeated measurement of OA and covariates—When 

interpreting OA and mortality analyses, it is important to consider study design aspects that 

can affect the results including follow-up time and number/frequency of measurements 

assessing whether the individual has OA. Of particular concern with a chronic disease like 

OA is that there is the potential that the impact of OA on mortality may only manifest later 

in the disease course. Therefore, studies with a short follow-up time may be more prone to 

lower estimates of risk. On the other hand, studies with longer follow-up are subject to 

greater losses of participants over time which can be a problem in estimating outcomes. 

However, since the outcome in question is mortality, which in most studies was obtained 

through nationally linked databases, loss-to-follow-up in terms of the outcome is not as large 

an issue. In the case of mortality due to OA, there does not seem to be any consistent pattern 

of lower risk of mortality with shorter follow-up time in studies of either knee or hip OA.

Traditionally, most community-based mortality studies have examined OA from a static 

perspective; i.e. researchers examine how OA predicts mortality over the years that follow 

after the single initial assessment of OA status. Only two of these studies estimated the 

effect on mortality as OA status was assessed over time. Both of these studies found 

increases in all-cause mortality that narrowly missed statistical significance, and statistically 

significant increases in CVD deaths (13, 14). In studies using registry data it is unclear 

whether the OA measurements and comorbidities included in the analyses were assessed in a 

time-varying manner (i.e. assessed, reported and used in the analyses at multiple time points 

over the follow-up period).

Data sources—The choice of data source, whether a large registry, or one or more 

community-based cohorts, may influence the estimated associations. Using registry or 

claims data samples is convenient and provides the opportunity to capture other physician 

clinically diagnosed comorbidities. However, the composition of these samples is influenced 

by various factors that limit their generalisability, such as demographics, provider referrals 

and access to health care. Several of the registry data studies were conducted in countries 

with universal healthcare where seemingly all citizens have equal access. However, even in 

universal single-payer healthcare systems, utilisation of services is affected by 
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socioeconomic status (SES), where those with lower SES tend to visit general practitioners 

while those with higher SES visit more specialists and have more access to diagnostic 

imaging and specialised treatments (42). Conversely, community-based studies are better 

able to determine prevalence and incidence in the general population. While these types of 

studies can suffer from simplified or poor diagnosis methods for OA (e.g. self-report), all of 

the community-based studies of the effects of lower body OA on mortality used 

radiographically defined OA as their measure and therefore are not subject to the same 

measurement error (9, 10, 14, 15). In these circumstances, differences noted for estimates of 

the effect of OA on mortality found in community-based studies and compared with the 

estimates seen for the clinic samples may reflect differences in OA diagnosis or, more likely, 

differences in population sampling.

Discussion

It may be useful to further understand whether the higher risk of mortality is due to systemic 

effects of OA or the consequences of disability or limited physical activity. As noted above, 

it has been suggested that the underlying mechanism of OA on mortality is through pain, 

disability and/or NSAIDs (Fig. 1) (20). A recent study suggested that the increase in CVD-

specific mortality is due to disability, not OA itself (32). Evidence presented for this was that 

only lower limb OA (knee and hip) showed increases in CVD mortality, while other joint 

sites such as the hand did not. This idea is supported by another study reporting that it is 

disability, not OA that predicts CVD itself (43).

OA researchers can take lessons learned from RA outcomes research. The research suggests 

that the prognosis of OA is similar in some ways to that seen in RA patients (44), which has 

shown that disability and comorbidities are the most important predictors of mortality in RA 

(4), although pain may also be important in the prognosis of OA mortality (8, 14). Recent 

studies suggest that the burden of disability and pain seen in RA patients is similar to that in 

OA patients (45, 46). So, while clinicians may view OA and RA as very different diseases in 

terms of management, they both confer a similar risk of disability, pain, comorbid conditions 

and mortality that should be considered similarly.

Our current options to prevent OA are limited, including maintaining a healthy body weight 

and avoidance of joint injury. Additionally, no disease-modifying drugs are available that 

affect structural changes in OA. However, these studies indicate that there is likely an 

important role for prevention of disability, particularly mobility disability, to reduce excess 

mortality in individuals with OA. This highlights the importance of weight reduction, 

physical activity and physical/occupational therapy in the management of OA, as these 

modalities are most likely to reduce disability (47–49). The role of pain management, which 

itself is a complex area, is also key, given the apparent associations between persistent 

painful lower body OA and excess mortality (50).

Conclusion

There is moderate evidence that knee OA is associated with premature mortality. There is 

also evidence that both knee and hip OA are associated with death in US populations. Much 
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of the research on excess mortality in OA focuses on disability as being the responsible 

factor, however OA is likely the cause of the majority of disability and therefore cannot be 

discounted as an underlying factor. Addressing the symptoms and functional limitations that 

lead to disability among those with knee or hip OA could potentially reduce the increased 

mortality rates that have been observed in these individuals.

Acknowledgments

Funding: support for this manuscript was provided in part by the Multidisciplinary Clinical Research Center 
(MCRC) of the UNC Thurston Arthritis Research Center, National Institute of Arthritis and Musculoskeletal and 
Skin Diseases (NIAMS) 5P60AR064166; NIAMS 1R01AR065937; and Centers for Disease Control and 
Prevention (CDC) U01DP006266.

R.J. Cleveland receives grant support from the NIH and CDC; L.F. Callahan receives grant support from the NIH, 
CDC and Pfizer, honoraria from the NIH for grant reviews, and has consulted for AbbVie in 2019;

References

1. GABRIEL SE, MICHAUD K: Epidemiological studies in incidence, prevalence, mortality, and 
comorbidity of the rheumatic diseases. Arthritis Res Ther 2009; 11: 229. [PubMed: 19519924] 

2. BROOKS PM: The burden of musculoskeletal disease--a global perspective. Clin Rheumatol 2006; 
25: 778–81. [PubMed: 16609823] 

3. ROSENBERG EF, BAGGENSTOSS AH: The causes of death in thirty cases of rheumatoid arthritis. 
Ann Intern Med 1944; 20: 903–19.

4. SOKKA T, ABELSON B, PINCUS T: Mortality in rheumatoid arthritis: 2008 update. Clin Exp 
Rheumatol 2008; 26 (Suppl. 51): S35–61.

5. CALLAHAN LF, PINCUS T: Mortality in the rheumatic diseases. Arthritis Care Res 1995; 8: 229–
41. [PubMed: 8605261] 

6. HOCHBERG MC: Mortality in osteoarthritis. Clin Exp Rheumatol 2008; 26 (Suppl. 51): S120–24. 
[PubMed: 19026154] 

7. HAUGEN IK, RAMACHANDRAN VS, MISRA D et al.: Hand osteoarthritis in relation to 
mortality and incidence of cardiovascular disease: data from the Framingham heart study. Ann 
Rheum Dis 2015; 74: 74–81. [PubMed: 24047870] 

8. KLUZEK S, SANCHEZ-SANTOS MT, LEY-LAND KM et al.: Painful knee but not hand 
osteoarthritis is an independent predictor of mortality over 23 years follow-up of a population-based 
cohort of middle-aged women. Ann Rheum Dis 2016: 75; 1749–56. [PubMed: 26543059] 

9. VERONESE N, CEREDA E, MAGGI S et al.: Osteoarthritis and mortality: A prospective cohort 
study and systematic review with meta-analysis. Semin Arthritis Rheum 2016; 46: 160–67. 
[PubMed: 27179749] 

10. TSUBOI M, HASEGAWA Y, MATSUYAMA Y, SUZUKI S, SUZUKI K, IMAGAMA S: Do 
musculoskeletal degenerative diseases affect mortality and cause of death after 10 years in Japan? 
J Bone Miner Metab 2011; 29: 217–23. [PubMed: 20711854] 

11. LIU R, KWOK WY, VLIET VLIELAND TP et al.: Mortality in osteoarthritis patients. Scand J 
Rheumatol 2015; 44: 70–73. [PubMed: 25179456] 

12. CACCIATORE F, DELLA-MORTE D, BASILE C et al.: Long-term mortality in frail elderly 
subjects with osteoarthritis. Rheumatology 2014; 53: 293–99. [PubMed: 24158755] 

13. BARBOUR KE, LUI LY, NEVITT MC et al.: Hip osteoarthritis and the risk of all-cause and 
disease-specific mortality in older women: a population-based cohort study. Arthritis Rheumatol 
2015; 67: 1798–805. [PubMed: 25778744] 

14. CLEVELAND RJ, ALVAREZ C, SCHWARTZ TA et al.: The impact of painful knee osteoarthritis 
on mortality: a community-based cohort study with over 24 years of follow-up. Osteoarthritis 
Cartilage 2019; 27: 593–602. [PubMed: 30583096] 

15. LIU Q, NIU J, HUANG J et al.: Knee osteoarthritis and all-cause mortality: the Wuchuan 
Osteoarthritis Study. Osteoarthritis Cartilage 2015; 23: 1154–57. [PubMed: 25819581] 

Cleveland et al. Page 7

Clin Exp Rheumatol. Author manuscript; available in PMC 2019 December 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



16. GUCCIONE AA, FELSON DT, ANDERSON JJ et al.: The effects of specific medical conditions 
on the functional limitations of elders in the Framingham Study. Am J Public Health 1994; 84: 
351–58. [PubMed: 8129049] 

17. LOSINA E, WALENSKY RP, REICHMANN WM et al.: Impact of obesity and knee osteoarthritis 
on morbidity and mortality in older Americans. Ann Intern Med 2011; 154: 217–226. [PubMed: 
21320937] 

18. CROSS M, SMITH E, HOY D et al.: The global burden of hip and knee osteoarthritis: estimates 
from the global burden of disease 2010 study. Ann Rheum Dis 2014; 73: 1323–30. [PubMed: 
24553908] 

19. SMITH D, WILKIE R, CROFT P, PARMAR S, MCBETH J: Pain and mortality: mechanisms for a 
relationship. Pain 2018; 159: 1112–18. [PubMed: 29570110] 

20. LIU Q, NIU J, LI H et al.: Knee symptomatic osteoarthritis, walking disability, nsaids use and all-
cause mortality: population-based Wuchuan Osteoarthritis Study. Sci Rep 2017; 7: 3309. 
[PubMed: 28607349] 

21. HAWKER GA, CROXFORD R, BIERMAN AS et al.: All-cause mortality and serious 
cardiovascular events in people with hip and knee osteoarthritis: a population based cohort study. 
PloS One 2014; 9: e91286.

22. KLUZEK S, NEWTON JL, ARDEN NK: Is osteoarthritis a metabolic disorder? Br Med Bull 
2015; 115: 111–21. [PubMed: 26179188] 

23. TURKIEWICZ A, NEOGI T, BJORK J, PEAT G, ENGLUND M: All-cause mortality in knee and 
hip osteoarthritis and rheumatoid arthritis. Epidemiology 2016; 27: 479–85. [PubMed: 26986874] 

24. MENDY A, PARK J, VIEIRA ER: Osteoarthritis and risk of mortality in the USA: a population-
based cohort study. Int J Epidemiol 2018; 47: 1821–29. [PubMed: 30169829] 

25. HAN XZ, LIU Z, KONG LD, WANG LF, SHEN Y: Association between osteoarthritis and 
mortality: a meta-analysis. Int J Clin Exp Med 2017; 10: 1094–100.

26. PCCOA. Osteoarthritis: A Serious Disease. OARSI Pre-Competitive Consortium for Osteoarthritis. 
2016;White paper to FDA: https://www.oarsi.org/sites/default/files/docs/2016/
oarsi_white_paper_oa_serious_disease_121416_121411.pdf.

27. WOOLF SH, ARON L (Eds.) U.S. Health in International Perspective: Shorter Lives, Poorer 
Health. Washington (DC), 2013.

28. KENDZERSKA T, JUNI P, KING LK, CROXFORD R, STANAITIS I, HAWKER GA: The 
longitudinal relationship between hand, hip and knee osteoarthritis and cardiovascular events: a 
population-based cohort study. Osteoarthritis Cartilage 2017; 25: 1771–80. [PubMed: 28801210] 

29. RAHMAN MM, KOPEC JA, ANIS AH, CIBERE J, GOLDSMITH CH: Risk of cardiovascular 
disease in patients with osteoarthritis: a prospective longitudinal study. Arthritis Care Res 2013; 
65: 1951–58.

30. WANG H, BAI J, HE B, HU X, LIU D: Osteoarthritis and the risk of cardiovascular disease: a 
meta-analysis of observational studies. Sci Rep 2016; 6: 39672.

31. NÜESCH E, DIEPPE P, REICHENBACH S, WILLIAMS S, IFF S, JÜNI P: All cause and disease 
specific mortality in patients with knee or hip osteoarthritis: population based cohort study. BMJ 
2011; 342: d1165.

32. TURKIEWICZ A, KIADALIRI AA, ENGLUND M: Cause-specific mortality in osteoarthritis of 
peripheral joints. Osteoarthritis Cartilage 2019; 27: 848–54. [PubMed: 30797945] 

33. YANG Z, LEI G, LI X et al.: Does symptomatic knee osteoarthritis increase the risk of all-cause 
mortality? Data from four international population-based longitudinal surveys of aging. Clin 
Rheumatol 2019 7 20 [Epub ahead of print].

34. PASKINS Z, SANDERS T, HASSELL AB: What influences patients with osteoarthritis to consult 
their GP about their symptoms? A narrative review. BMC Fam Pract 2013; 14: 195. [PubMed: 
24359101] 

35. HANNAN MT, FELSON DT, PINCUS T: Analysis of the discordance between radiographic 
changes and knee pain in osteoarthritis of the knee. J Rheumatol 2000; 27: 1513–17. [PubMed: 
10852280] 

Cleveland et al. Page 8

Clin Exp Rheumatol. Author manuscript; available in PMC 2019 December 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.oarsi.org/sites/default/files/docs/2016/oarsi_white_paper_oa_serious_disease_121416_121411.pdf
https://www.oarsi.org/sites/default/files/docs/2016/oarsi_white_paper_oa_serious_disease_121416_121411.pdf


36. MCBETH J, SYMMONS DP, SILMAN AJ et al.: Musculoskeletal pain is associated with a long-
term increased risk of cancer and cardiovascular-related mortality. Rheumatology 2009; 48: 74–77. 
[PubMed: 19056799] 

37. NITTER AK, FORSETH KO: Mortality rate and causes of death in women with self-reported 
musculoskeletal pain: Results from a 17-year follow-up study. Scand J Pain 2013; 4: 86–92. 
[PubMed: 29913892] 

38. TORRANCE N, ELLIOTT AM, LEE AJ, SMITH BH: Severe chronic pain is associated with 
increased 10 year mortality. A cohort record linkage study. Eur J Pain 2010; 14: 380–86. [PubMed: 
19726210] 

39. ABHISHEK A, DOHERTY M: Diagnosis and clinical presentation of osteoarthritis. Rheum Dis 
Clin North Am 2013; 39: 45–66. [PubMed: 23312410] 

40. HUNTER DJ, FELSON DT: Osteoarthritis. BMJ 2006; 332: 639–42. [PubMed: 16543327] 

41. BEDSON J, CROFT PR: The discordance between clinical and radiographic knee osteoarthritis: a 
systematic search and summary of the literature. BMC Musculoskelet Disord 2008; 9: 116. 
[PubMed: 18764949] 

42. FILC D, DAVIDOVICH N, NOVACK L, BALICER RD: Is socioeconomic status associated with 
utilization of health care services in a single-payer universal health care system? Int J Equity 
Health 2014; 13: 115. [PubMed: 25431139] 

43. HOEVEN TA, LEENING MJ, BINDELS PJ et al.: Disability and not osteoarthritis predicts 
cardiovascular disease: a prospective population-based cohort study. Ann Rheum Dis 2015; 74: 
752–56. [PubMed: 24385204] 

44. PINCUS T, BROOKS RH, CALLAHAN LF: Prediction of long-term mortality in≠ patients with 
rheumatoid arthritis according to simple questionnaire and joint count measures. Ann Intern Med 
1994; 120: 26–34. [PubMed: 8250453] 

45. CHUA JR, JAMAL S, RIAD M et al.: Disease burden in osteoarthritis is similar to that of 
rheumatoid arthritis at initial rheumatology visit and significantly greater six months later. 
Arthritis Rheumatol 2019; 71: 1276–84. [PubMed: 30891933] 

46. EL-HADDAD C, CASTREJON I, GIBSON KA, YAZICI Y, BERGMAN MJ, PINCUS T: 
MDHAQ/RAPID3 scores in patients with osteoarthritis are similar to or higher than in patients 
with rheumatoid arthritis: a cross-sectional study from current routine rheumatology care at four 
sites. RMD Open 2017; 3: e000391.

47. CALLAHAN LF, SHREFFLER JH, ALTPETER M et al.: Evaluation of group and self-directed 
formats of the Arthritis Foundation’s Walk With Ease Program. Arthritis Care Res 2011; 63: 
1098–107.

48. IVERSEN MD: Rehabilitation interventions for pain and disability in osteoarthritis: a review of 
interventions including exercise, manual techniques, and assistive devices. Orthop Nurs 2012; 31: 
103–8. [PubMed: 22446803] 

49. JAMTVEDT G, DAHM KT, CHRISTIE A et al.: Physical therapy interventions for patients with 
osteoarthritis of the knee: an overview of systematic reviews. Phys Ther 2008; 88: 123–36. 
[PubMed: 17986496] 

50. SMITH D, WILKIE R, CROFT P, MCBETH J: Pain and mortality in older adults: the influence of 
pain phenotype. Arthritis Care Res 2018; 70: 236–43.

Cleveland et al. Page 9

Clin Exp Rheumatol. Author manuscript; available in PMC 2019 December 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
A directed acyclic graph to describe the hypotheses: we decomposed the total effect of knee 

symptomatic osteoarthritis (SxOA) on all-cause mortality into two components: 1) the 

indirect effect (or mediated effect), i.e. the effect of knee SxOA on all-cause mortality 

mediated through either a walking disability (knee SxOA→ walking disability → death) or 

Non-steroidal antiinflammatory drugs (NSAIDs) use (knee SxOA→ NSAIDs→ death), and 

2) the direct effect, i.e. the effect of knee SxOA on all-cause mortality (knee SxOA→ death) 

that was not through either a walking disability or use of NSAIDs. The dotted line between 

walking disability and NSAIDs indicated that the time sequence was uncertain. CF: 

confounders.

Source: Liu Q, Niu J, Li H et al.: Knee symptomatic osteoarthritis, walking disability 

NSAIDs use and all-cause mortality: population-based Wuchuan Osteoarthritis Study. Sci 
Rep 2017: 7: 3309.

Creative Commons License: http://creativecommons.org/licenses/by/4.0/
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Fig. 2. 
Kaplan-Meier survival curves for mortality by baseline knee rOA and/or knee pain group, 

unadjusted (a) and for age and sex (b).

Source: Cleveland RJ, Alvarez C, Schwartz T et al.: The impact of painful knee 

osteoarthritis on mortality: a community-based cohort study with over 24 years of follow-up. 

Osteoarthritis Cartilage 2019; 27: 593-602.
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