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Background
Osteoarthritis (OA) is the most common form of 
arthritis.1 The prevalence of OA in the general 
adult population by joint site is estimated to be 
11%, 24%, and 43% for hip, knee, and hand OA, 
respectively.2 Among aged individuals in devel-
oped nations, OA is reported to be among the 10 
most common disabilities.3 Current non-pharma-
cological management strategies for OA are based 

around nutrition, physical exercise, and pain 
management. The first two strategies intersect 
with treatment programs for cardiovascular dis-
ease (CVD) and diabetes mellitus (DM) — both 
of which are associated with loss of mobility.

Functional limitations exist when capacity for 
movement, such as walking or climbing stairs, is 
reduced in both ability and intensity.4 This 
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Abstract
Aims: The objective of this review was to examine the relationship between osteoarthritis (OA) 
and mobility-related comorbidities, specifically diabetes mellitus (DM) and cardiovascular 
disease (CVD). It also investigated the relationship between OA and mortality.
Methods: An overview of meta-analyses was conducted by performing two targeted searches 
from inception to June 2020. The association between OA and (i) DM or CVD (via PubMed and 
Embase); and (ii) mortality (via PubMed) was investigated. Meta-analyses were selected if they 
included studies that examined adults with OA at any site and reported associations between 
OA and DM, CVD, or mortality. Evidence was synthesized qualitatively.
Results: Six meta-analyses met inclusion criteria. One meta-analysis of 20 studies 
demonstrated a statistically significant association between OA and DM, with pooled odds 
ratio of 1.41 (95% confidence interval: 1.21, 1.65; n = 1,040,175 patients). One meta-analysis of 
15 studies demonstrated significantly increased risk of CVD among OA patients, with a pooled 
risk ratio of 1.24 (1.12, 1.37, n = 358,944 patients). Stratified by type of CVD, OA was shown to 
be associated with increased heart failure (HF) and ischemic heart disease (IHD) and reduced 
transient ischemic attack (TIA). There was no association reported for stroke or myocardial 
infarction (MI). Three meta-analyses did not find a significant association between OA (any 
site) and all-cause mortality. However, OA was found to be significantly associated with 
cardiovascular-related death across two meta-analyses.
Conclusion: The identified meta-analyses reported significantly increased risk of both DM and 
CVD (particularly, HF and IHD) among OA patients. It was not possible to confirm consistent 
directional or causal relationships. OA was found to be associated with increased mortality, 
but mostly in relation to CVD-related mortality, suggesting that further study is warranted in 
this area.
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outcome is prevalent among those who have 
experienced major CVD, including stroke, ischemic 
heart disease (IHD), atrial fibrillation, and heart 
failure (HF).5 Among DM patients, muscle weak-
ness and peripheral neuropathy limit mobility on 
a daily basis.6 Key health risks associated with 
DM and CVD, including obesity, hypertension, 
and depression, are also associated with OA.7,8 
Accordingly, OA is linked to increased rates of 
comorbidity for both DM and CVD.9

One currently unaddressed barrier to effective 
OA care is weight management, as it is tied to 
exercise and improved nutrition. However, as 
many as 30% of older adults report walking diffi-
culties.10 Decreased mobility may consequently 
shift the burden of treatment to nutritional man-
agement, which is routinely challenging for many 
patients as it requires high self-management. 
Poor nutrition coupled with lack of exercise are 
two key factors in the development or progression 
of DM and CVD.

Currently, there is a lack of clarity on the magni-
tude of association between OA and the comor-
bidities of CVD and DM. Symptoms of OA may 
adversely affect the management of CVD and 
DM diseases. For example, arthritic pain may sig-
nificantly limit mobility in OA patients. However, 
physical activity maintenance is vital to CVD 
management. While increased negative outcomes 
are shared across conditions, it is unknown if 
there is shared causality or association. Within 
DM and OA populations, the comorbidity of one 
is directly and significantly related to increased 
risk in the other, though evidence is conflicting 
when comparing across types of OA.11 Also poorly 
understood is the association between OA and 
mortality. Links between OA and all-cause mor-
tality, and, more specifically, CVD death, are 
confounded by contrasting evidence.12

Therefore, the aim of this overview was to sum-
marize evidence from systematic reviews and 
meta-analyses examining and quantifying the 
relationship between OA and mobility-related 
comorbidities, specifically DM and CVD, and 
mortality.

Methods
This was an overview of existing meta-analyses 
reporting associations between OA and DM or 
CVD, or OA and mortality, in adults (⩾18 years) 
with OA at any site.

Eligibility criteria
Eligible studies were any systematic review and 
meta-analysis examining associations between 
OA (any location) and DM or CVD. Only studies 
assessing associations quantitatively via odds 
ratio (OR), relative risk (RR), or hazard ratio 
(HR) were included.

Search methods
The Cochrane Handbook for Systematic Reviews 
of Interventions was used to guide the methods 
for conducting the overview.13 A Population, 
Intervention, Comparator, and Outcome (PICO) 
framework was used to implement the eligibility 
criteria. Search strategies included strings with 
Medical Subject Headings (MeSH) and keywords 
for “osteoarthritis”, “diabetes mellitus”, “cardio-
vascular disease”, and “mortality” (see Appendix 
for search strings). Only publications in English 
were considered. Hand-searching was also per-
formed on the reference lists of identified 
publications.

Searches were conducted using PubMed and 
Embase from inception until April 2018. A subse-
quent search of PubMed from inception until 
September 2018 was used to identify associations 
between OA and mortality. We conducted an 
update to our searches from the time of the previ-
ous searches to the present (June 2020) to identify 
any eligible studies published within the last 2 years. 
We did not detect any additional meta-analysis that 
adhered to the eligibility criteria of this overview.

Study selection
Based on the PICO criteria, titles and abstracts 
were screened for eligibility in duplicate. Articles 
deemed possibly relevant were advanced to full-
text screening and likewise examined in dupli-
cate. Articles meeting inclusion criteria after 
full-text screening were included in the overview. 
Any discrepancies during title/abstract and full-
text screening were resolved via consensus, with a 
third reviewer as needed. All screening and file 
storage were managed in DOC Library© (Doctor 
Evidence, LLC, Santa Monica, CA, USA).

Data extraction and synthesis
Information about the literature search strategy, 
population, rate of comorbidity or mortality, 
and quality of studies included in each meta-
analysis was extracted and logged in a table of 
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characteristics. Following this, pooled absolute 
and relative effects from each meta-analysis were 
extracted, with priority given to estimates based on 
multivariate models (OA versus non-OA) control-
ling for confounding variables. If two or more 
meta-analyses reported the exact same outcome, 
the more precise estimate was included in this 
overview. Pooled estimates from the meta-analyses 
were summarized and presented as forest plots.

Results

Literature search findings
Our search identified a total of 2874 records. 
After an initial title and abstract screening, 154 
articles were retrieved for full-text screening, 
where they were assessed for eligibility. Of these, 
six meta-analyses met the inclusion criteria and 
were selected for the present overview (Figure 1).

Of the six included publications, one examined 
the relationship between OA and diabetes,11 and 
one examined the relationship between OA and 
CVD.14 One publication examined the relation-
ship between OA and CVD, as well as between 
OA and mortality.12 Three publications examined 
the relationship between OA and mortality.15–17

Description of the meta-analyses included  
in the overview
All included publications were published in 2015 
or later. All but one used a standardized checklist 
or tool for quality assessment of included stud-
ies.15 Across the six publications, a total of 102 
individual studies were included. Our own assess-
ment of quality found that overall, included stud-
ies were of moderate-to-high quality and generally 
controlled for confounders (most commonly age 
and sex). A summary of the characteristics of the 

Records identified through 

database searching

(n = 2,874)

Records screened

(n = 2,874)

Full-text articles assessed for 

eligibility

(n = 154)

Studies included in 

qualitative synthesis 

(n = 6)
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Figure 1. PRISMA flow diagram.
PRISMA, preferred reporting items for systematic reviews and meta-analyses.
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final six included meta-analyses are presented in 
Table 1.

Associations between OA and DM
A summary of the estimated effects for OA and 
DM is presented in Figure 2. For patients with 

any OA, there was significantly increased risk of 
DM compared with the non-OA population, with 
OR of 1.41 [95% confidence interval (CI): 1.21, 
1.65].11 There was also significantly increased 
risk of DM in knee OA (OR 1.51, 95% CI: 1.09, 
2.09).11 Furthermore, by adding sample sizes 
from the three studies included in Louati et al.,11 

Table 1. Characteristics of included publications.

Meta-analysis Literature search strategy Population Rate of comorbidity or 
mortality

Quality of studies 
included in each 
review

Studies examining the association between OA and Diabetes

Louati et al.11 MEDLINE, Embase, 
Cochrane Library, major 
congresses; updated 
January 2015

Any OA Diabetes (35 studies)
OA (n = 645, 089): 
14.4 ± 0.1%

STROBE 
quality score: 
median = 69% 
(range 33–91%)

Studies examining the association between OA and CVD

Wang et al.12 Included MEDLINE, 
Embase, Cochrane Library; 
grey literature; conducted 
November 2015

Any OA (diagnosed with 
predefined criteria)

CVD (15 studies)
OA (n = 80,911): 36.1%
CV deaths (6 studies)
OA (n = 5143): 57.9%

NOS: range: 
medium to high 
quality

Hall et al.14 Included MEDLINE, 
Embase, Cochrane Library, 
grey literature; conducted 
November 2014

Any OAa CVD (4 studies)
OA (n = 6165): 38.4% (95% 
CI: 37.2–39.6%);
Control (n = 9874): 9% (95% 
CI: 8–9%)

3 of 4 studies 
satisfied all criteria 
CASP appraisal 
criteria

Studies examining the association between OA and Mortality

OARSI15 A literature review and 
expert advice identified 
cohort studies with 
appropriate individual 
patient data.

American & ROW cohorts 
with:
•   Symptomatic Knee ROA
•   Symptomatic Knee OA 

(no ROA)
•   Symptomatic hip OA (any 

ROA status)b

All-cause mortality 
(7 studies)
OA (n = 36,884): 
range = 3.8–57.9%

N/R

Veronese 
et al.16

Included PubMed, Embase, 
CiNAHL; conducted 
November 2015

Any OA (diagnosed with 
clinical and/or radiological 
assessment)

All-cause mortality 
(7 studies)
OA (n = 10,018)
Control (n = 18,541)
HR between OA and 
mortality provided in 
Figure 3.

NOS: median = 7 
(IQR: 6–8)

Xing et al.17 Included MEDLINE, 
Embase, Cochrane Library; 
grey literature; conducted 
November 2015

Any SOA or ROA All-cause mortality 
(10 studies)
OA (n = 20,273)
HR between OA and 
mortality provided in 
Figure 3.

NOS: All, but 3 
rated as high 
quality

aDiagnosed according to recognized criteria, self-report or self-reported physician-diagnosed OA.
bA standardized definition of SROA was used, based on individual patient data.
CVD, cardiovascular disease; N/R, not reported; NOS, Newcastle–Ottawa Scale; OA, osteoarthritis; ROA, radiographic OA; ROW, Rest of world;  
SOA, symptomatic OA; SROA, symptomatic radiographic OA.
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there was significantly increased risk of DM in 
hand OA (OR 1.31, 95% CI: 1.07, 1.61).18–20 
Finally, there was no significant association found 
between hip OA and DM.11

Associations between OA and CVD
A summary of the pooled effect estimates from 
two meta-analyses for association between OA 
and CVD is presented in Figure 2, plotted across 
11 subgroup analyses. For patients with any OA, 
there was significantly increased risk of CVD, with 
RR of 1.24 (95% CI: 1.12, 1.37).12 The risk was 
similar for patients with hip OA (RR 1.23, 95% 
CI: 1.11, 1.38). For patients with any radiographic 
OA, the risk of CVD was also significant (RR 
1.23, 95% CI: 1.02, 1.48).12 For patients with any 
symptomatic OA, hand OA, and knee OA, there 
was no significant risk for general CVD. However, 
the reported RR trended towards increased risk.

When analyses were stratified by type of CVD, any 
OA was associated with increased HF (RR 1.4, 95% 
CI: 1.13, 1.73) and IHD (RR 1.33, 95% CI: 1.2, 
1.46).12 Any OA was also associated with reduced 
transient ischemic attack (TIA; RR 0.33, 95% CI: 
0.27, 0.41).14 There was no association reported for 
stroke or myocardial infarction (MI).12,14

Associations between OA and mortality
A summary of the estimated effects for OA and 
all-cause and cause-specific mortality from nine 

separate meta-analyses (from three systematic 
reviews) is presented in Figure 3.

A significant increase in risk of all-cause mortality 
was found for those with symptomatic hip OA 
(HR 1.2, 95% CI: 1.04, 1.37); symptomatic and 
radiographic knee OA (HR 1.23, 95% CI: 1.07, 
1.42);15 non-site specific OA (HR 1.18, 95% CI: 
1.08, 1.28); and hand OA (HR 1.18, 95% CI: 
1.07, 1.3).16 In contrast, three other meta-analy-
ses found no significant relationship between all-
cause mortality and any OA,16 any symptomatic 
OA,17 or any radiographic OA.17

When cause-specific mortality was examined, one 
meta-analysis (six unique studies, with ~16,000 
patients) reported that people with OA are at 
increased risk of CVD-related death compared 
with those without OA (RR 1.53, 95% CI: 1.27, 
1.84).12 Another meta-analysis (four unique stud-
ies, with ~14,000 patients) reported a similar 
increase in risk of CVD-related death in the OA 
patient population (HR 1.21, 95% CI: 1.1, 1.34).16

Discussion
The relationship between OA and mobility-
related comorbidities such as DM and CVD, as 
well as links to mortality, have been the subject 
of much research. Our overview sought to 
examine these associations in further detail by 
gathering high-quality evidence from existing 
meta-analyses.

Figure 2. Association between OA and DM or CVD across the included publications (based on separate  
meta-analyses).
*Calculated by adding sample sizes from the three studies18–20 included in Louati et al.,11 which contributed to the 
association measure for risk of diabetes in hand OA.
CI, confidence interval; CVD, cardiovascular disease; DM, diabetes mellitus; HF, heart failure; IHD, ischaemic heart disease; 
MI, myocardial infarction; OA, osteoarthritis; TIA, transient ischaemic attack.
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Findings from our overview provide additional 
support for a significant association between OA 
and DM. One meta-analysis (comprised of 
>1,000,000 participants in total) demonstrated 
increased risk of DM in those living with any type 
of OA.11 Intriguingly, the relationship between 
OA and DM was found to be a two-way associa-
tion, as patients with DM were at higher risk of 
developing OA when compared with a non-DM 
population (OR 1.46, 95% CI: 1.08, 1.96).11 
This association may be due to shared risk fac-
tors common to both conditions (e.g., age and 
obesity).11

When stratified according to joint site, findings 
for OA and DM were mixed. Hand OA and knee 
OA were significantly linked to DM, while no 
association was found between hip OA and DM. 
This observation may be explained in part by an 
effect of obesity: in a 10-year cohort study of 
1675 participants, a high body mass index (BMI 
>30 kg/m2) was significantly associated with 
hand OA (OR 2.59, 95% CI: 1.08, 6.19) and 
knee OA (OR 2.81, 95% CI: 1.32, 5.96), but not 
with hip OA (OR 1.11, 95% CI: 0.41, 2.97).21 
However, we caution against making conclusive 
remarks regarding obesity’s role as a confounder, 
as the studies included in the meta-analysis were 
not without their limitations. Many of the data-
sets were based on medical or prescription 
records. Therefore, there was a lack of control for 
other confounding variables (e.g., individual par-
ticipant data). Moreover, the inclusion of cross-
sectional studies combined with a lack of 
longitudinal studies were contributing factors to 
the mixed findings.

Findings from our overview also revealed that OA 
is associated with a higher risk of CVD (particu-
larly, HF and IHD). Similar to findings for OA 
and DM, conclusive directional and causal claims 
could not be made due to the observational nature 
of the study designs. No association was reported 
for stroke or MI, and interestingly, a protective 
effect for TIA was reported. Authors attributed 
these null and protective effects to survival bias: 
people at greater CVD risk may die prematurely, 
consequently leaving the OA participant group 
comprised of mostly healthier individuals with 
better CVD risk profiles.14 Another limitation of 
the included meta-analyses was the high statisti-
cal heterogeneity observed (I2 > 85% across all 
pooled analyses).14

The mechanisms underlying the relationship 
between OA and CVD are still relatively unclear. 
While the lack of appropriate research design is 
an important contributor to the knowledge gap, 
there are also distinct disease-management fac-
tors in OA and CVD contributing to the com-
plexity of this association. For example, commonly 
used medications for OA [e.g., nonsteroidal anti-
inflammatory drugs (NSAIDs)] can increase 
CVD risk, and the commonly reduced physical 
activity levels of OA patients can be detrimental 
for CVD management.

Other mediators must also be considered, includ-
ing low-grade systemic inflammation observed 
across all three conditions. In DM for example, 
hyperglycemia can promote joint inflammation, 
cartilage degradation,22 and atherosclerosis,23 
which is also a key component of CVD. The 

Figure 3. Association between OA and mortality across the included publications (based on separate  
meta-analyses).
CI, confidence interval; CV, cardiovascular; NR, not reported; OA, osteoarthritis; ROA, radiographic osteoarthritis;  
SOA, symptomatic osteoarthritis; SROA, symptomatic radiographic osteoarthritis; US, United States.
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clinical implications of these shared risk factors 
are critical to outcomes. Thus, treatment options 
for OA patients with adverse risk profiles for CVD 
or DM need to be considered in OA manage-
ment. Physical activity needs further promotion 
in clinical practice, as exercise impacts OA as well 
as CVD and DM disease progression.

It was challenging to pool evidence on OA and 
mortality rates. Many mediators and confound-
ers, such as systemic inflammation and frailty, 
influence this relationship. Overall, there was 
insufficient evidence from the meta-analyses to 
suggest a direct relationship between general OA 
and all-cause mortality. However, certain specific 
OA joint sites were associated with greater all-
cause mortality (hip, knee, and hand).9,16 The 
strongest evidence was for OA and an increased 
risk of CVD mortality. This finding fits in with 
our previous CVD findings where OA popula-
tions had a higher risk of CVD. As well, the 
increased inflammation and low physical activity 
levels associated with the OA population all con-
tribute to a context in which there is increased 
risk of CVD mortality. More research is war-
ranted to better understand the relationship 
between OA and CVD-related mortality.

Limitations
Findings from the present overview come from 
observational evidence. Therefore, it is not pos-
sible to claim causality for any relationship 
reported. Among the included meta-analyses, 
longitudinal studies were lacking, and these stud-
ies are better suited for observing relationships 
between chronic conditions such as OA and 
comorbidities. Certain populations may have 
been underrepresented, as it was not possible to 
stratify meta-analysis results according to certain 
characteristics (e.g., sex). This is pertinent as 
females are at higher risk of OA.

Furthermore, analysis of site-specific OA was 
based on a limited number of studies, many of 
which were contrasting (e.g., some evidence sug-
gests lower limb OA can increase risk of mortal-
ity, whereas hand OA appears to decrease risk). 
Another limitation is that other comorbidities 
may be associated with OA, whereas this review 
considered only the mobility-related comorbidi-
ties DM and CVD. Importantly, the present 
overview was not designed to capture elements 
governing the association between OA and related 

comorbidities. The underlying etiologies are 
likely complex, involving contributions from 
genetic, environmental, and treatment-related 
factors. Though beyond the scope of this over-
view, characterization of these determinants 
would help establish the direction of causality as 
well as potential preventative measures. Finally, it 
was often not possible to control for confounding 
factors such as age and obesity, both of which 
have clinical implications for OA, DM, and CVD.

Conclusion
Overall, the meta-analyses identified reported sig-
nificant associations between OA and the mobil-
ity-related comorbidities of DM and CVD. OA 
populations were found to have a higher risk of 
both DM and CVD (particularly, HF and IHD). 
It was not possible to confirm consistent direc-
tional or causal relationships. OA was found to be 
associated with increased mortality, but mostly in 
relation to CVD mortality, suggesting that further 
study is warranted in this area.
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Appendix

Appendix Table 1. Search strategy for Embase (DM and CVD).

# String

1 exp *cardiovascular disease/or (Cardiac or cardiovascular or heart or coronary or arter$ or STEMI$ 
or NSTEMI$ or ischaem$ or ischem$ or emboli$ or MACE or stroke$ or cerebral or brain or infarct$ 
or hemorrhag$ or haemorrhag$ or emboli$ or cerebrovascular or thromboemboli$ or thromb$ 
or vascular or peripheral arterial disease or atheroscleros$ or bypass or CABG or stent or stents).
ti,ab. or (CAD or CHF or CHD or myocardial or MI or CVA or CVAs or CVE or CVEs or PAD or PCI).ti.

2 exp *insulin dependent diabetes mellitus/or exp *non insulin dependent diabetes mellitus/or 
(diabetes or diabetic or NIDDM or IDDM or T2DM or T1DM or T2D or T1D).ti,ab,kw. or DM.ti.

3 (gestational or insipidus).ti.

4 2 not 3

5 1 and 4

6 exp *osteoarthritis/or (osteoarthriti$ or osteo-arthriti$ or osteoarthro$ or osteo-arthro$ or 
degenerative arthr$ or degenerative joint or OA or gonarthriti$ or gonarthro$).ti,ab.

7 5 and 6

8 7 not ((exp animal/or nonhuman/) not exp human/)

9 Clinical study/or clinical article/

10 Case control study/

11 Family study/

12 Longitudinal study/

13 Retrospective study/

14 Prospective study/

15 Randomized controlled trials/or randomized controlled trial/

16 14 not 15

17 Cohort analysis/

18 (Cohort adj (study or studies)).mp.

19 (Case control adj (study or studies)).tw.

20 (follow up adj (study or studies)).tw.

21 (observational adj (study or studies)).tw.

22 (epidemiologic$ adj (study or studies)).tw.

23 (cross sectional adj (study or studies)).tw.

24 9 or 10 or 11 or 12 or 13 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23

25 8 and 24

26 limit 25 to (article or article in press or conference paper)

27 limit 26 to (yr=“2016–2018” and (conference abstract or “conference review”))

28 26 or 27

29 remove duplicates from 28

CVD, cardiovascular disease; DM, diabetes mellitus.
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Appendix Table 2. Search strategy for MEDLINE (DM and CVD).

# String

1 Cardiovascular Diseases[Mesh] OR (Cardiac [tiab] OR cardiovascular [tiab] OR heart [tiab] OR 
coronary [tiab] OR arter* [tiab] OR CAD [ti] OR CHF [ti] OR CHD [ti] OR myocardial [tiab] OR MI [ti] 
OR STEMI* [tiab] OR NSTEMI* [tiab] OR ischaem* [tiab] OR ischem* [tiab] OR emboli* OR MACE 
[tiab] OR stroke* OR cerebral [tiab] or brain [tiab] OR infarct* [tiab] OR hemorrhag* [tiab] OR 
haemorrhag* [tiab] OR emboli* [tiab] OR cerebrovascular [tiab] OR CVA [ti] OR CVAs [ti] OR CVE [ti] 
OR CVEs [ti] OR thromboemboli* [tiab] OR thromb* [tiab] OR vascular [tiab] OR peripheral arterial 
disease [tiab] OR PAD [ti] OR atheroscleros* [tiab] OR PAD [ti] OR PCI [ti] OR bypass [tiab] OR CABG 
[tiab] OR stent [tiab] OR stents [tiab])

2 (“Diabetes Mellitus, Type 2”[Mesh] OR “Diabetes Mellitus, Type 1”[Mesh] OR diabetes [tiab] OR 
diabetic [tiab] OR DM [ti] OR NIDDM [tiab] OR IDDM [tiab] OR T2DM [tiab] OR T1DM [tiab]) NOT 
(gestational [ti] OR insipidus [ti])

3 1 OR 2

4 (“Osteoarthritis”[majr] OR osteoarthriti*[tiab] OR osteo-arthritis[tiab] OR degenerative arthritis[tiab] 
OR degenerative joint[tiab] OR OA[tiab]) 

5 3 AND 4

6 5 NOT ((animals[mh] NOT humans[mh]))

7 6 AND systematic[sb]

CVD, cardiovascular disease; DM, diabetes mellitus.

Appendix Table 3. Search strategy for Embase (mortality).

# String

1 exp *morbidity/or (death or deaths or die or died or fatal$).ti. or (morbid$ or mortalit$).ti,ab.

2 exp *osteoarthritis/or (osteoarthriti$ or osteo-arthriti$ or osteoarthro$ or osteo-arthro$ or 
degenerative arthr$ or degenerative joint or OA or gonarthriti$ or gonarthro$).ti,ab.

3 1 and 2

4 3 not ((exp animal/or nonhuman/) not exp human/)

5 Clinical study/or clinical article/

6 Case control study/

7 Family study/

8 Longitudinal study/

9 Retrospective study/

10 Prospective study/

11 Randomized controlled trials/or randomized controlled trial/

12 10 not 11

13 Cohort analysis/

14 (Cohort adj (study or studies)).mp.

(Continued)
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# String

15 (Case control adj (study or studies)).tw.

16 (follow up adj (study or studies)).tw.

17 (observational adj (study or studies)).tw.

18 (epidemiologic$ adj (study or studies)).tw.

19 (cross sectional adj (study or studies)).tw.

20 5 or 6 or 7 or 8 or 9 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19

21 4 and 20

22 limit 21 to (article or article in press or conference paper)

23 limit 22 to (yr=“2016–2018” and (conference abstract or “conference review”))

24 22 or 23

25 remove duplicates from 24

Appendix Table 3. (Continued)

Appendix Table 4. Search strategy for MEDLINE (mortality).

# String

1 “Morbidity”[Mesh] OR “Mortality”[Mesh] OR death[ti] OR deaths[ti] OR die[ti] OR died[ti] OR fatal*[ti] 
OR morbid*[tiab] OR mortalit*[tiab]

2 (“Osteoarthritis”[majr] OR osteoarthriti*[tiab] OR osteo-arthritis[tiab] OR degenerative 
arthritis[tiab] OR degenerative joint[tiab] OR OA[tiab]) 

3 1 AND 2

4 3 NOT ((animals[mh] NOT humans[mh]))

5 4 AND systematic[sb]
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