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Abstract
Background Knee osteoarthritis (OA) is a common condition, associated with a high rate of disability and poor quality of 
life. Despite the importance of such evidence in public health, no umbrella review (i.e., a review of other systematic reviews 
and meta-analyses) has systematically assessed evidence on association between knee OA and adverse health outcomes.
Aims To map and grade all health outcomes associated with knee OA using an umbrella review approach.
Methods The search was made across several databases up to 22 April 2022. We used an umbrella review of systematic 
reviews with meta-analyses of observational studies assessing the effect sizes, based on random effect summary, 95% predic-
tion intervals, heterogeneity, small study effects, and excess significance bias. The evidence was then graded from convincing 
(class I) to weak (class IV).
Results Among 3,847 studies initially considered, five meta-analyses were included for a total of five different outcomes. 
Three adverse outcomes were significantly associated with knee OA (i.e., cardiovascular mortality, falls, and subclinical 
atherosclerosis). The presence of knee OA was associated with a significantly higher risk of cardiovascular mortality (odds 
ratio, OR = 1.17; 95%CI, confidence intervals: 1.02–1.34), falls (RR = 1.34; 95%CI: 1.10–1.64), and conditions associated 
with subclinical atherosclerosis (OR = 1.43; 95%CI: 1.003–2.05). The certainty of each of this evidence was weak.
Conclusions Our umbrella review suggests that knee OA can be considered as putative risk factor for some medical condi-
tions, including cardiovascular diseases and falls, however, it is important to note that the evidence is affected by  potential 
biases.
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Introduction

Osteoarthritis (OA) is a common condition, characterized 
by joint pain and stiffness with relevant consequences on 
functional status, significantly restricting daily activities, 
and often resulting in a reduction in quality of life [1, 2]. 
Knee OA is the most common site of OA [3]. It is esti-
mated that symptomatic forms may affect more than 250 
million people worldwide [3]. Moreover, due to extensive 
structural abnormalities in cellular tissue of cartilage, sub-
chondral bone, synovium, capsule, and ligaments leading 
to pain upon movement and functional limitation, knee 
OA is ranked among the most common causes of global 
disability in terms of disability-adjusted life years (DALY) 
[4–7].

Increasing literature has reported that knee OA could 
be considered as a potential risk factor for other non-
communicable diseases [8] such as cardiovascular [9] and 
metabolic conditions [10, 11], as well as mortality [8, 12]. 
Despite the importance of such evidence in public health, 
to the best of our knowledge, no umbrella review (i.e., a 
review of other systematic reviews and meta-analyses) has 
systematically assessed evidence on association between 
knee OA and related adverse health outcomes (i.e., non-
communicable diseases or mortality).

Therefore, the present study addresses the question: 
what are the adverse health outcomes (i.e., non-commu-
nicable diseases or mortality) for which knee OA is a 
potential risk factor, based on current evidence from sys-
tematic reviews of observational studies? The purpose is 
to highlight the impact of knee OA on patients and health 
systems, beyond its direct consequences on functional sta-
tus and quality of life of patients.

Methods

Protocol and registration

This study was conducted following the recommendations 
of the Joanna Briggs Institute (JBI) Collaboration for con-
ducting umbrella reviews [13] and those reported in the 
Cochrane Handbook for Systematic Literature Reviews to 
carry out the screening and selection of studies [14]. The 
protocol is fully available at https:// osf. io/ rb9qt/. The find-
ings of the umbrella review were reported according to the 
updated 2020 Preferred Reporting Items for Systematic 
Review and Meta-Analysis (PRISMA) guidelines [15].

Information sources and search strategies

For the conduct of this umbrella review, several relevant 
bibliographic databases were comprehensively searched, 
including Medline (via Ovid), Embase, Scopus, and 
CINAHL (Cumulative Index to Nursing and Allied Health 
Literature) each from inception up to 22nd April 2022.

To guide the identification of adequate key words for 
building search strategies to search these bibliographic 
databases, the research question was framed into PICOS 
(Participants, Intervention, Comparison, Outcome, Study 
type) format, knowing that there is no intervention in an 
umbrella review of observational studies. The research 
question formulated into PICOS format is as follows:

In people with knee OA (P), compared to those without 
knee OA (C), what are health outcomes (i.e., non-commu-
nicable diseases or mortality) associated with knee OA 
condition (O), based on evidence from systematic reviews 
with meta-analyses of observational studies(S)?

We built detailed and highly sensitive search strategies 
combining search terms (free vocabulary words and con-
trolled vocabulary terms) from the main PICOS elements, 
tailored to the syntax of each of the databases considered 
for this umbrella review, as shown in Supplementary 
Table 1.

Eligibility criteria

In this umbrella review, we included systematic reviews with 
formal meta-analyses of observational studies that investi-
gated the relationship between knee OA and any adverse 
health outcome. Specific inclusion criteria included the fol-
lowing: (1) systematic reviews containing sufficient data 
for a meta-analysis  that assessed knee OA and ascertained 
health outcomes using self-report (e.g., depression question-
naires), observed (e.g., clinical diagnoses), or objective (e.g., 
biomarkers and mortality) criteria; and (2) meta-analyses of 
case–control or cohort studies that investigated the associa-
tion of knee OA with any adverse health-related outcome 
(e.g., cardiovascular disease, cancer, death, obesity/over-
weight, mental illness, diabetes, and metabolic diseases, 
etc.). Studies had to report these outcomes as odds ratio 
(OR), relative risk (RR), hazard ratio (HR), or mean and 
standard deviation or standardized mean differences (for 
continuous data). We extracted, if available, the estimate 
adjusted for the highest number of potential confounders. 
Meta-analyses of cross-sectional studies were excluded from 
this umbrella review, because in cross-sectional studies, the 
temporal link between the outcome and the exposure can-
not be determined since both are examined at the same time 
(temporal bias).

https://osf.io/rb9qt/
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Study selection

We followed the recommendations in the Cochrane Hand-
book for Systematic Reviews to select studies that were 
finally included in this review [14]. The selections were 
independently carried out by two review authors (SS, 
FP), with consensus meetings to discuss the studies for 
which divergent selection decision were made by the two 
review authors. A third member of the review team (NV) 
was involved, if necessary. The studies selection process 
involved, first, a selection based on title and/or abstracts, 
then a selection of studies retrieved from this first step based 
on the full-text manuscripts. The Covidence online software 
(https:// www. covid ence. org/) was used to manage the entire 
study selection process.

Data collection and data items

Items collected from the retrieved full-text articles were: 
information for identification of the included meta-analyses 
(e.g., first author name and affiliation, year of publication, 
journal name, title of the manuscript), data on the character-
istics of the population considered, for individual observa-
tional studies (e.g., sample size, mean age, location, gender, 
etc.), as well as data on diagnostic criteria for knee OA (e.g., 
radiological, clinical, medical records etc.), the study design, 
the number of cases (i.e., incident events) and controls (non-
events), the number of  exposed and unexposed participants), 
for each individual observational study included in each 
retrieved systematic review, and health outcomes. These data 
were collected using a standardized data extraction form. 
The form was pre-tested by the review authors leading on 
data extraction. The data extraction was carried out by one 
review author (SB) and systematically cross checked by a 
second review author (NV). Errors found in extraction by 
the second review author were corrected during an online 
consensus meeting by both authors.

Assessment of risk of bias

One author (FP) independently rated the methodological 
quality of the included systematic reviews using “A MeaS-
urement Tool to Assess systematic Reviews 2 (AMSTAR 
2)”, which ranks the quality of a meta-analysis in 1 of 4 
categories ranging from “critically low” to “high” accord-
ing to 16 predefined items [16], with another author (NV) 
cross-checking these assessments.

Data synthesis

The data analysis was conducted using STATA 14.0. For 
each meta-analysis, we estimated the common effect size 
and its 95%CI (confidence interval) through random-effects 

models [17]. We also estimated the prediction interval and 
its 95% CI, which further accounts for between-study effects 
and estimates the certainty of the association if a new study 
addresses that same association [18]. Between-study hetero-
geneity was estimated with the I2 statistics; values of 50% 
or greater are indicative of high heterogeneity, while values 
above 75% suggest very high heterogeneity [19].

In addition, we evaluated the evidence of small study 
effects (i.e., whether small studies would have inflated effect 
sizes compared to larger ones) [20]. To this end, we used 
the regression asymmetry test developed by Egger and co-
workers [21]. A p value of less than 0.10 was considered 
as indicative of small-study effects, while a p-value < 0.05 
of publication bias. Moreover, we considered if the larg-
est study in terms of participants included was statistically 
significant or not. Finally, we applied Ioannidis's excess of 
significance test to evaluate whether there was an excess of 
studies reporting statistically significant results [22].

Grading the evidence

Using the tests described in the previous paragraph, we used 
the credibility assessment criteria, based on established 
tools for observational evidence [23]. We classified the evi-
dence available from meta-analyses of observational stud-
ies with nominally statistically significant summary results 
(p < 0.05) into four different categories (Classes I, II, III, 
and IV). Associations were considered to be convincing 
(Class I) if they had (1) a statistical significance of p value 
of less than  10–6, (2) included more than 1000 cases (or more 
than 20,000 participants for continuous outcomes), (3) had 
the largest component study reporting a significant result 
(p < 0.05), (4) had a 95% prediction interval that excluded 
the null, (5) did not have large heterogeneity (I2 < 50%), and 
(6) showed no evidence of small study effects (p > 0.10) or 
of excess significance bias (p > 0.10). Highly suggestive 
(Class II) evidence was assigned to associations that (1) 
reported a significance of p values of less than 0.001, (2) 
included more than 1000 cases (or more than 20,000 par-
ticipants for continuous outcomes), and (3) had the largest 
component study reporting a statistically significant result 
(p < 0.05). Suggestive (Class III) evidence was assigned to 
associations that reported a significance of a p value of less 
than 0.01 with more than 1000 cases (or more than 20,000 
participants for continuous outcomes). Weak (Class IV) evi-
dence was assigned to the remaining significant associations 
with a p value of less than 0.05.

Due to the inherent limitations of case–control studies 
in examining temporal associations, we plan to provide 
the classification of evidence for Class I and Class II 
including only cohort/prospective studies. Outcomes in 
Class I or Class II were assessed also in terms of possible 

https://www.covidence.org/
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risk of bias evaluated with the AMSTAR-2. However, 
since no outcome reached this level of evidence, these 
analyses were not reported.

Ethical issues

This study did not involve patients or any human or ani-
mal material, and therefore does not imply any ethical 
issue.

Results

Literature search

As shown in Fig. 1, among 3,847 papers initially con-
sidered from databases search, we assessed 40 full texts. 
After excluding 36 works (list reported in Supplementary 
Table 2), mainly based on the fact that knee OA was not 
considered as risk factor for other health outcomes or 
that wrong criteria for inclusion (e.g., mixed forms of 
OA instead of knee OA) were used, four meta-analyses 
were included. One additional meta-analysis was iden-
tified through manual search of references of the stud-
ies included from databases search, so that we finally 

included five meta-analyses in this umbrella review 
[24–28].

Main findings of the umbrella review

As shown in Table 1, the five meta-analyses included a 
median of four studies (range: 3–7) for outcome with a 
median of 11,071 participants, followed-up for a median of 
8 years (range: 7–12). The median of the mean ages from the 
included studies was 65.1 years, with a median percentage 
of females of 67.2%. The studies included different methods 
for the diagnosis of knee OA, including clinical, radiological 
or mixed information (Table 1).

Among the five outcomes identified from the meta-
analyses, the majority considered cardiovascular conditions 
(incident cardiovascular disease, cardiovascular mortality, 
and conditions associated with subclinical atherosclerosis), 
together with all-cause mortality and falls. Three adverse 
outcomes were significantly associated with knee OA (i.e., 
cardiovascular mortality, falls, and subclinical atheroscle-
rosis), with p values < 0.05. For all the outcomes, except 
incident cardiovascular diseases, the common effect size 
was associated with a high heterogeneity (defined as an 
 I2 ≥ 50%). Small study effect was present in two outcomes 
(cardiovascular mortality and subclinical atherosclero-
sis), while only subclinical atherosclerosis was associated 
with the presence of a possible publication bias. Excess 

Records identified from: 
Ovid Medline (n = 2090) 
Scopus (n = 3367) 
Embase (n = 2632) 
CINAHL (n = 1166) 

Records removed before 
screening: 

Duplicate records removed  
(n = 5408) 

Records screened 
(n = 3847) 

Records excluded 
(n = 3807) 

Reports sought for retrieval 
(n = 40) 

Reports not retrieved 
(n = 0) 

Reports assessed for eligibility 
(n = 40) 

Reports excluded (n = 36): 

Not OA as a risk factor for health 
outcome(s) (n = 11) 
Wrong Criteria of inclusion (n = 
11) 
Wrong outcome (Not health 
outcome) (n = 7) 
Meta-analysis of cross-sectional 
studies (n = 2) 
Meta-analysis of RCTs (n = 1) 
Systematic review without Meta-
analysis (n = 1) 
Wrong language (n = 1) 
Wrong patient population (n = 1) 
Wrong study design (n = 1) 

Records identified from: 

 Citation searching (n = 3) 

Reports assessed for eligibility 
(n = 3) 

Reports excluded: 

Not knee OA (n = 2) 

Studies included in review 
(n = 5) 

Identification of studies via databases and registers Identification of studies via other methods 
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Fig. 1  PRISMA flow-chart
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significance bias was present for the data regarding cardio-
vascular mortality. Finally, the largest study in terms of par-
ticipants showed statistically significant results only in two 
outcomes (cardiovascular mortality and subclinical athero-
sclerosis), while prediction intervals including the null effect 
value (i.e., 1.0 for RR or OR) was found for all the outcomes 
reported (Table 1).

Based on the abovementioned criteria, for all the out-
comes with statistically significant results, the certainty of 
evidence was rated as weak. In summary, the presence of 
knee OA was associated with a significantly higher odds 
or risk of cardiovascular mortality (OR = 1.17; 95%CI: 
1.02–1.34), falls (RR = 1.34; 95%CI: 1.10–1.64), and condi-
tions associated with subclinical atherosclerosis (OR = 1.43; 
95%CI: 1.003–2.05) (Table 1), but the certainty of each of 
this evidence was weak.

Assessment of risk of bias

Using the criteria suggested by the AMSTAR-2, four meta-
analyses were rated as critically low and one low, in terms 
of methodological quality (Supplementary Table 3). The 
most common reasons of potential bias were “not clear 
declaration of the PICO question” (question 1), “protocol 
not published before the work” (question 2), and “missing 
information regarding the possible role of publication bias 
in meta-analyses” (question 15).

Discussion

In this umbrella review including five systematic reviews 
with meta-analysis, we found that the presence of knee OA 
significantly increased the risk of some medical conditions, 
particularly of cardiovascular nature, and falls. However, 
it should be noted that these findings were supported by a 
weak level of evidence; the attempt to identify how knee 
joint disease influences morbidity and mortality is of para-
mount importance for public health.

The association between knee OA and cardiovascular dis-
eases, in our case in subclinical forms and cardiovascular 
mortality, may be explained by several reasons. First, knee 
OA and cardiovascular diseases have common risk factors 
such as age and obesity. Moreover, knee OA can increase 
the risk of traditional risk factors for cardiovascular dis-
eases, i.e., hypercholesterolemia [29], hypertension [30], 
aortic calcification [31], lumbar atherosclerotic calcifica-
tion [32] or diabetes [33, 34]. Of importance, a study with 
a 3 year follow-up reported a strong association between 
hypertension and impaired glucose tolerance with knee OA 
occurrence [35]. Furthermore, in knee OA patients with 
hypertension and type 2 diabetes mellitus, greater bone 
loss in the subchondral plate has been reported, compared 

with subjects with healthy knee [36]. Progressive structural 
changes in joint morphology results in altered anatomy and 
consequently in range of motion reduction leading to forced 
physical inactivity [37]. The latter aspect is one of the most 
recognized risk factors for both cardiovascular disease and 
mortality [37]. Second, it was proposed that people with 
knee OA may use a greater number of anti-inflammatory 
drugs, some of them leading to cardiovascular impairment 
[38]. Finally, it is largely known that knee OA may promote 
sedentary behaviors, mood disorders, and frailty/disability, 
that can further increase the risk of cardiovascular risk [37]. 
Other literature has also proposed that changes in extracellu-
lar matrix remodeling or altered Wnt signaling transduction, 
that are present in knee OA, can contribute to subclinical and 
fatal cardiovascular diseases [39, 40]. All these findings sug-
gest that, in people with knee OA, it is important not only to 
early detect cardiovascular diseases in subclinical forms, but 
also to strictly monitor those with a high cardiovascular risk.

Another significant result of our umbrella review is that 
knee OA significantly increased the risk of falls. In addi-
tion to the reasons cited before and that can apply to jus-
tify this epidemiological association, it is largely known 
that people with knee OA are prone to postural instability 
that can increase the risk of falls [41]. Functional impair-
ment of the knee joint affected by osteoarthritis and loss of 
muscle strength lead to a significant increase in the number 
of falls. Compensatory strategies of patients with knee OA 
in response to a backward slip perturbation compared with 
healthy older adults must be considered. In a recent paper 
comparing healthy older individuals with those who have 
knee OA, it was observed that those with knee OA have a 
higher risk of falling in response to a backward slip pertur-
bation [42]. Moreover, an increase in the number of joints 
with symptomatic OA of the lower extremities increases the 
risk of falling [43].

The findings of our study must be interpreted within its 
limitations. First, the number of meta-analyses included sat-
isfying the selection criteria was limited to only five works 
with five outcomes, overall indicating the need of more 
research. Second, the significant associations found between 
knee OA and health outcomes were affected by some poten-
tial biases that ultimately lead to a weak strength of evidence 
for all these associations. In this sense, we believe that fur-
ther meta-analyses with larger studies can help overcome 
these shortcomings. Third, we found a high heterogeneity 
(as  I2 more than 50%) that probably reflects some clinical 
differences including different definitions of knee OA, fol-
low-up durations, definition of outcomes, and potentially 
others. Finally, according to the AMSTAR 2 evaluation, the 
meta-analyses included were rated as critically low or low 
quality, possibly introducing other biases.

In conclusion, our umbrella review suggests that knee OA 
can be considered a putative risk factor for some medical 
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conditions, including cardiovascular diseases and falls; how-
ever, the evidence was affected by several potential biases 
and likely mediated by confounders. Since knee OA is the 
most common musculoskeletal disease, further research is 
urgently needed for better understanding its epidemiological 
importance as risk factor for medical conditions.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40520- 022- 02289-4.
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