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Dictionary

Knee Osteoarthritis — Knee
osteoarthritis (KOA) is a
chronic degenerative joint
disease characterized by the
progressive loss of articular
cartilage, sclerosis of the
subchondral bone, osteophyte
formation, and joint space
narrowing [69].

Physical Activity — Physical
activity is defined as any
bodily movement produced by
skeletal muscles that results
in energy expenditure [70].

Mendelian Randomization
— Mendelian randomization is
an epidemiological method
that uses genetic variants,
which are strongly associated
with a modifiable exposure
(e.g., a lifestyle factor or
biomarker), as instrumental
variables to infer a causal
relationship between the
exposure and a disease
outcome [71].

MET (Metabolic Equivalent
of Task) — The MET
(Metabolic Equivalent of Task)
is a unit used to represent the
intensity of physical activities
[72].
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Abstract:

Background and Study Aim: Previous studies have reported an association between
physical activity (PA) and the occurrence and progression of knee osteoarthritis (KOA).
However, the existing evidence remains limited and of low-quality. This meta-analysis aims to
synthesize existing knowledge on the dose-response relationship between PA and the risk of
KOA, with the goal of informing precise PA recommendations for the primary prevention of
KOA.

Material and Methods: This meta-analysis included 7 cohort studies and 7 Mendelian
randomization (MR) studies comprising 2840 cases of KOA, selected from three databases:
PubMed, Web of Science, and CNKI up to April 4, 2024. In the qualified studies, PA was
primarily restricted and classified into exercise or sport, and the primary outcome indicators
included the risk of KOA.

Results: The Categorical dose—relationship analysis from the MR study showed that
moderate-to-vigorous physical activity (MVPA), and light physical activity (LPA) are the
protective factors for developing KOA (OR = 0.83, 95%CI: 0.73-0.94; OR = 0.71,
95%CI:0.63,0.80). meeting WHO PA guidelines (>10 Met/week) is not a significant factor for
preventing KOA. The continuous dose-relationship analysis showed that there was a
significant nonlinear positive dose-response relationship between PA and the risk of KOA. The
linear model showed that the OR of KOA increased by 3% for every additional 4.5 met-h/week
(OR =1.03, 95% CI 1.00-1.07).

Conclusions: This meta-analysis showed that LPA and MVPA within a specific dose range
were associated with a reduced risk of KOA, and high-dose PA was associated with an
increased risk of KOA. There was a significant nonlinear positive dose-response relationship
between PA and the risk of KOA.

Keywords: physical activity, Knee osteoarthritis, meta-analysis, Mendelian randomization,
cohort
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1. Introduction

Osteoarthritis is a degenerative disease that is one of the main causes of joint pain
[1]. Epidemiological surveys have found that more than 50 percent of knee pain
patients aged 65 and over have osteoarthritis and that 80 percent are aged 75 and
over [2,3]. Knee osteoarthritis (KOA) is a prominent factor in causing disability, which
hampers both function and movement [4]. It significantly diminishes the quality of
life and is the main reason for knee replacement surgery [5]. Additionally, it is linked
to considerable medical expenses. Excessive mechanical stress is a significant
contributing factor to the development of osteoarthritis (OA), especially in the load-
bearing knee joint [6]. It can result in harm and permanent harm to the joint.
However, engaging in regular physical exercise can effectively maintain or enhance
joint health by strengthening the muscles around the joint, facilitating the passage of
nutrients through synovial fluid, and reducing cartilage loss or abnormalities by
maintaining optimal physiological processes [7,8].

Physical activity has always been regarded as an important component of overall
health and can reduce the risk of metabolic and cardiovascular diseases [9]. Previous
studies have revealed that exercise 1s closely associated with osteoarthritis, which is
an important treatment for osteoarthritis patients. Scientific muscle training,
physical and mental exercise, and aerobic exercise [10] can effectively improve the
joint function and symptoms of osteoarthritis patients, improve the quality of life, and
reduce the financial burden of patients [11]. In addition, traditional exercises such as
tai chi, Ease of Practice, and Eight-Packing have low intensity, low impact, and full-
body characteristics, and play a key role in enhancing flexibility, coordination, and
mental health [12]. Lack of exercise exacerbates joint pain and functional decline,
which in severe cases can lead to disability [13]. Although there is substantial
evidence that there is a link between movement and arthritis since most studies are
observational, there is an inevitable mixture of factors and reverse causation, and
there is potential bias, the role of exercise in arthrosis pathology remains to be further
confirmed.

In observational studies, the methods that can prove a causal relationship between
variables are mainly Cohort studies and Mendelian randomization studies. Cohort
studies are longitudinal observational designs that follow groups over time to examine
exposure effects on outcomes. While they suggest associations, establishing causality
requires ruling out biases and confounding [14]. Mendelian randomization (MR) is a
method of using genetic variations to determine whether there is a causal relationship
between the exposure factor and the outcome [15]. Genetic variations are randomly
allocated during conception, and MR analysis can eliminate potential non-measurable
mixed factors and reverse causal relationships, which is a major flaw in the evidence
of observational studies [16]. The widespread availability of MR makes it a time-
saving, cost-effective approach that overcomes the constraints of randomized
controlled trials, prompting the increasing popularity of MR in the assessment and
screening of potential causal relationships [17].

Meta-analyses of the association between physical activity and the risk of OA are also
slowly emerging. However, meta-analyses focusing on the dose-response relationship
between the risk of OA and physical activity have not been performed. Therefore, this
study attempted to conduct a Categorical dose-relationship meta-analysis from MR
study and a continuous dose-response meta-analysis from cohort study, to quantify
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the association between different doses of physical activity and the risk of OA, and
this study only covers healthy populations.

2. Materials and Methods

Search method

Following the PRISMA guidelines, the researchers systematically searched electronic
databases (from 1980 to date), including PubMed, CNKI, and Web of Science for
literature on the association between physical activity and KOA [18,19]. We searched
for literature using the keywords (knee or osteoarthritis or arthritis) and (physical
activity or exercise or physical training) and (cohort or Mendelian), with a series of
articles and relevant review articles. In addition, we searched the reference lists of all
included studies to identify other eligible articles. No search language restrictions
were applied.

Inclusion and exclusion criteria

The following four inclusion criteria were used in the current meta-analysis: (1)
published observational cohort studies, case-control studies, or Mendelian
randomization studies; (2) studies in which the participants were middle-aged and
older adults over 45 years of age; (3) studies that reported the odds ratios, relative
risks (RRs or HRs), and 95% confidence intervals (95% CIs) of physical activity levels
related to the risk of KOA (or provided raw data to calculate these indicators). If
multiple articles were published in the same group, those with longer tracking times
or larger sample sizes were selected.

Study selection

The researchers (J.Z. and C.C.) searched the literature according to the above criteria
separately, identified the studies that met the requirements, and then discussed the
studies together to determine whether they should be included. In cases of
disagreement, a third arbitrator (E.V.) was consulted to reach a consensus.

Quality assessment and risk of bias

The Newcastle-Ottawa Scale (NOS) was used to assess the quality of the cohort study.
The higher the overall score, the higher the quality of the study, with a maximum
score of 9. Studies with NOS scores of 0-3, 4-6, and 7-9 were considered low, moderate,
and high quality, respectively [20]. If there was an inconsistent evaluation of the
quality of the literature, the group focused on this issue and determined a final score
based on quality [21,22]. As for MR Studies, we evaluated the research quality in
accordance with the Guidelines for Strengthening the Reporting of MR Studies and
its supplementary statement, also consulting the MR Reading Guide for further
insights [23-25].

Data analysis

Meta-analysis was performed using STATA software (version 16.0; P values <0.05),
and all tests were double-sided [26-28]. We performed separate meta-analyses for
categorical and continuous variables to assess the association between physical
activity and the risk of KOA [29, 30]. Pooled results were expressed as risk ratios (ORs)
with 95% confidence intervals (CIs). Pooled analyses were categorized into cohort and
cross-sectional studies based on study type, and pooled ORs were estimated using a
random-effects model [31, 32]. Heterogeneity was assessed and described using the 12
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statistic as the percentage of variation in the study, with 12 values of 25%, 50%, and
75% indicating low, medium, and high levels of heterogeneity, respectively [33]. A cut
of 0.1 is for the p-value to assessing heterogeneity. Egger and Begg’s tests were used
to determine whether publication bias existed [34]. For the sensitivity analysis, each
study was removed individually to check whether the combined effect of the remaining
studies had changed [34, 35].

In the continuous variable analysis, the MET values were included to reflect different
levels of physical activity. We converted the duration of a given PA intensity (h/week)
to MET-h/week by combining it with the weekly frequency. We classified as LPA (3
METs, e.g., walking exercise), MVPA (4.5 METSs), and VPA (8 METs) [36]. The dose
metabolic equivalent (MET) used in this study was a physiological index describing
the metabolic equivalent of PA energy in humans, defined as the energy consumed per
kilogram of body weight per hour: 1 MET = 1 kcal/kg*h.

A robust error meta-regression method described by Xu et al. (2018) [37] was used to
calculate continuous dose-response relationship slopes (non-linear trends) and 95%
CIs from the natural logs of the reported ORs and Cls across categories of LTPA
measures. This method is based on a one-stage approach that considers each study as
a cluster of the whole sample and treats the within-study correlations using clustered
robust errors. Based on the goodness of fit test of the model, the Stata software XBLC
command was used to draw a dose-response curve [38].

To evaluate the causal association between physical activity and KOA, A pooled OR
model from cohort studies and Mendelian randomization studies was used to assess
the effect of PA on KOA. To evaluate the association between the different doses of PA
and KOA, A pooled OR model from cohort studies and Mendelian randomization
studies was used to assess the effect of PA on KOA.

Literature screening results and process

Based on the PRISMA flow diagram provided, the literature screening process and
results for this systematic review are summarized as follows. The initial search of
databases yielded 767 records, with an additional 7 records identified from other
sources, bringing the total to 774. After removing 249 duplicates, 525 records remained
for the title and abstract screening phase. Following this initial screening, 360 records
were excluded, leaving 165 studies for further evaluation. Subsequently, the full text
of these 165 articles was assessed for eligibility against predefined inclusion criteria.
This rigorous full-text assessment led to the exclusion of 143 articles. The primary
reasons for exclusion were: 1) the study was not observational in design, 2) the reported
effect values were not Odds Ratios or Risk Ratios, 3) there was no clear contrast
between an exposure and a non-exposure group, or 4) the physical activity dose was
not reported. Ultimately, 14 articles met all the eligibility criteria and were included
in the final qualitative and/or quantitative analysis. This multi-stage screening
process ensured a focused and relevant evidence base for the review.
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Figure 1. PRISMA flow diagram of study selection.

Literature search and study characteristics

A total of 767 potentially relevant citations were identified through the database and

citation searches. We identified 258 articles in PubMed, 335 articles in Scopus, and

174 articles in Web of Science. According to the inclusion and exclusion criteria
established in this study, seven cohort studies [23,39-44] and seven MR studies [45-
51] were ultimately included. Table 1 and 2 summarizes the characteristics of each

study. We conducted a quality assessment of all the included papers, and all MR

studies received low scores on Power Calculations but were generally acceptable.

Additionally, the quality of all cohort studies was relatively high, with scores ranging

from 8 to 9. A flow chart of the literature search and study inclusion process is shown

in Figure 1.

Table 1. Characteristics of the seven included cohort studies

Age KOA Evaluation FU
Author (year) Cohort or data resource () PA types method (years) cases
1999 . 70.1 LPA; MPA;
McAlindon et al. [39] 473 from Framingham (4.5) VPA X-ray and self-report 8 103
2000 4073 from USA n/r MVPA self-report 10.9 601
Cheng et al. [40] P :
2003 LPA; MVPA;
Hootman et al. [41] 5284 from ACLS n/r VPA self-report 12.8 379
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2013 1528 from JoCo OA

Barbour et al. [23] 59.8
?gﬁfsen otal [42] 00964 from HUNT 46.8
éﬁgg et al. [43] 1194 from USA , 853-;‘
%’\(l)itt al. [44] 5003 from Rotterdam (67495)

LPA; MPA;
VPA

LPA

LPA; MVPA

LPA; MVPA

X-ray and self-report

self-report

X-ray and self-report

X-ray and self-report

6.5

14.3

10

6.33

251

1016

155

793

JoCo OA: Johnston County Osteoarthritis Project, Johnston County Osteoarthritis Project; ACLS: The Aerobics

Center Longitudinal Study; n/r: no report.

Table 2. Characteristics of the seven included Mendelian randomization studies

Genetic No of KOA Evaluation Study
AR (e variants participants PA types method cases design
2023 12,18 LPA; One-
He et al. [45] SNPs 455221(n/r) MVPA self-report n/r sample
2023 X-ray and One-
Li et al. [46] 15 SNPs 422,218(n/r) LPA self-report n/r sample
2023 108 SNPs 661399(n/r)  MVPA self-report 403124 Two-
Wang (Bin) et al. [47] “rep sample
2023 17SNPs  826690(nr)  MVPA  selfreport 177517 Twor
Wang (Yanp) et al. [48] p sample
2024 20, 6, 15 LPA; X-ray and One-
Ma (Haoyu) et al. [49] SNPs 440266(0/r)  \ipa yPA  self-report n/r sample
2024 15 SNPs 263615(n/r) VPA self-report n/r One-
Ma (Xil) et al. [50] p sample
2024 20 SNP 460376(n/r) LPA 1f-report 24955 Two-
Xu et al. [51] ° Serrepo sample

SNP: Single nucleotide polymorphism; n/r: no report.

3. Results

The association between the different intensities of PA and the Risk of KOA

Comparing the least active with the most active groups of participants resulted in
pooled ORs of 0.83 (0.73; 0.94), 0.71 (0.63; 0.80), 0.78 (0.58; 1.04), 1.20 (1.07; 1.34),
0.89 (0.84; 0.96) for moderate-to-vigorous physical activity (MVPA), light physical
activity (LPA), vigorous physical activity (VPA), total physical activity (TPA) and
overall, respectively. In the sensitivity analysis, the overall pooled estimates of the

respective results obtained in each analysis were very similar to those of the

preliminary associations. In addition, we performed a funnel plot examination of the

included studies, which showed no significant bias (Begg's test P value = 0.511> 0.05).
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%

Study type and First author; year and or (95% CI) Weight
MVPA
2023 Wang(Bin) et al. [47] —— 0.71(0.49,1.02) 12.05
2024 Wang (Yanp) et al. [48] —i--— 1.00(0.58,1.72) 5.54
2023 He et al. [45] - 0.86 (0.71,1.03) 46.91
2024 Ma (Haoyu) et al. [49] — 0.83(0.63,1.08) 22.35
2020 Chang et al. [43] —t 0.75(0.53,1.07) 1318
Subgroup, IV {I" = 0.0%, p = 0.799) C} 0.83(0.73,0.94) 100.00

1
LPA |
2023 Li et al. [46] —_— ! 0.26(0.12,057) 2.16
2024 Xu et al. [51] —_— - 014 (0.05, 040) 1.1
2023 He et al. [45] - 0.81(0.70,0.93) B7.71
2023 He et al. [45] — 0.66 (0.50, 0.88) 17.10
2024 Ma (Haoyu) et al. [49] —_—, | 0.14(0.06, 0.32) 1.95
2020 Chang et al. [43] — 0.69 (048 1.01) 9.8
Subgroup, IV (" = 85.0%, p < 0.001) & 0.71(0.63, 0.80) 100.00

1
VPA |
2024 Ma (Xil) et al. [50] — 0.78 (0.58, 1.04) 100.00
Subgroup, IV (I" = 0.0%, p < 0.001) <:P 0.78 (0.58, 1.04) 100.00
TPA |
2024 Wu et al. [44] H S 1.20 (1.07, 1.34) 100.00
Subgroup, IV (I" = 0.0%, p < 0.001) H Lo} 1.20 (1.07, 1.34) 100.00

1
Heterogeneity between groups: p = 0.000 X
Owerall, IV (I' = 84.7%, p = 0.001) ¢ 0.89 (0.84, 0.96)

T 1
0625 1 16

Figure 2. The association between the different intensities of PA and the risk of KOA

Comparing the least active with the most active groups of participants resulted in
pooled ORs of 0.93 (0.65; 1.33), 1.00 (0.91; 1.10), 1.38 (1.13; 1.68) for <10 Met/week, >10
Met/week, >20 Met/week, respectively. In the sensitivity analysis, the overall pooled
estimates of the respective results obtained in each analysis were very similar to those

of the preliminary associations. In addition, we performed a funnel plot examination
of the included studies, which showed a significant bias (Begg's test P value = 0.024 <

0.05).
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%

Dosetype and year, study or (95% CI) Weight
<10 Metiweek
2013 Barbour et al. [23] — 1.25(0.75,2.10) 49.12
2000 Cheng et al. [40] — 0.70 (0.40,1.10) 50.88
Subgroup, IV [I: =59.7%, p=0.115) <> 0.93 (0.65, 1.33) 100.00

U
=10 Metiweek .
2013 Barbour et al. [23] —1— 1.14 (0.67,1.97) 299
2003 Hootman et al. [41] —— 0.91(045 183 177
2003 Hootman et al. [41] —— 0.83 (052 131) 407
2016 Johnsen et al. [42] -+ 0.958 (085 113) 4288
2000 Cheng et al. [40] -It 1.10 (090, 1.20) 4201
2020 Chang et al. [43] —_—— 069 (045 1.01) 628
Subgroup.IV[I:=23.1%:p=U.260] (I:} 1.00 (0.91, 1.10) 100.00

1
220 Metiweek :
2013 Barbour et al. [23] —— 1.62 (097, 2.68) 1518
1999 McAlindon et al. [39] \ ———— 7.20(250,21.00) 346
2003 Hootman et al. [41] * 1.15(0.30, 440y 217
2003 Hootman et al. [41] - 116 (030, 443) 216
2000 Cheng et al. [40] | —— 160 (110, 2.30) 2881
2024 Ma (Xil) et al. [50] —— 216(1.33,352) 1646
2020 Chang et al. [43] —_—— 0.75(053,107) 31.76
Subgroup, IV [I: =76.2%, p < 0.001) :(} 1.38 (1.13, 1.68) 100.00

U
Heterogeneity between groups: p= 0.014 X
Overall, IV(I:= 67.2%, p = 0.001) } 1.05(0.97, 1.14)

T I
0625 1 16

Figure 3. The association between the different doses of PA and KOA

The Continuous Dose-response Relationship Between PA and the Risk of
KOA

Figure 4 shows the continuous dose-response relationship between PA and the risk of
KOA. The results showed a nonlinear positive relationship between PA and KOA
(Pnonlinear = 0.000< 0.05). The linear model showed that the OR of KOA increased
by 3% for every additional 4.5 met-h/week (OR = 1.03, 95% CI 1.00-1.07). Therefore,
physical activity cannot be excessive, and excessive physical activity is harmful to
KOA.

8 s

Odds Ratio

0 20 40 60 80 100 120 140 160 180

o Effect size =— (Odds Ratio
————— Lower Limit ————- upper Limit

Figure 4. The continuous dose-response relationship between PA and the risk of KOA
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4. Discussion

The results of this meta-analysis suggest that physical activity may be an important
protective factor in reducing the risk of KOA. Specifically, point estimates of log-risk
ratios for all included studies indicated that the most physically active group was less
likely to develop KOA than the least physically active group from the meta-analysis
results of the MR study. However, meta-analysis results from the cohort study do not
show a significant association of low-dose PA and risk of KOA, specifical for <10
Met/week and >10 Met/week. Furthermore, Continuous Dose-response meta-analysis
indicates that high-dose PA is a significant factor in the risk of KOA.

The existence of a causal relationship between PA and KOA has been the subject of a
well-known controversy [52]. Nevertheless, the definition and extent of PA varied
among the various investigations. Furthermore, there were variations in the
methodologies employed to investigate knee osteoarthritis [53]. Furthermore,
McAlindon et al. discovered a correlation between the risk of developing knee OA and
high-intensity physical activity [39]. Although that association is feasible, it is
imperative to acknowledge that the duration of PA was an integral component of the
equation. Prolonged physical activity has been demonstrated to elevate the likelihood
of knee osteoarthritis in certain investigations [54]. diverse occupations are also a
significant factor in the prevalence of knee OA for diverse populations. Nonmanual
laborers are at a lower risk of developing knee OA than manual workers [55].

Previous observational studies have confirmed the association between exercise and
osteoarthritis, and in knee and arthritis patients, regular exercise helps to maintain
physical function and alleviate pain symptoms [56,57]. Specifically, a cohort study
involving 12,796 participants showed that patients with knee arthritis were able to
obtain long-term and sustained pain relief after receiving guidance exercise therapy
[57]. Another study showed that moderate low-intensity exercise can reduce the risk

of knee arthritis. In the context of different PA intensities and their relationship with
KOA risk, our study found that LPA and MVPA are significant protective factors, while
VPA and TPA are not significant protective factors. A recent longitudinal study in
Chinese adolescents demonstrated that MVPA was positively associated with better
motor skills (particularly object control skills) and negatively associated with
sedentary time [58]. However, Jakiela et al. recommend to adults with knee arthritis:

“Strengthen to walk at least 10 mins a day, whether indoors or outdoors,” which takes
into account the tolerable pain limits, the intensity equivalent and the dose-response
benefits of exercise in patients with osteoarthritis [59]. While other intensity exercises

show similar trends, such as regular moderate and high-intensity exercise that helps
maintain physical function and relieves pain by enhancing the patient's local muscle
strength [60], a significant causal relationship was observed in the meta-analysis
study. Our meta-analysis is based on the results of Mendelian randomization studies,
which more clearly confirm this causal relationship: the relationship between physical
activity and KOA risk is significantly positive.

In the relationship between different PA doses and KOA risk, our study found that low
doses are protective factors, but not significant, while high doses of PA are significant
risk factors. The dose of PA involves complex factors, such as intensity, time, and
frequency, so we analyze the dose-response relationship according to classification and
continuous dose [61]. The two-classification dose-response relationship explains the
difference between exercise and nonexercise, and the multi-classification dose-
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response relationship explains the dose effect of increasing PA relative to low-dose PA.
Meeting WHO PA guidelines is not a significant protective factor can be attributed to
several factors [62-64]. Firstly, relying on self-reported measures from cohort studies
can introduce biases related to mood, memory accuracy, and social desirability [65].
Second, as this study shows, high-intensity physical activity is a risk factor for KOA.
Meeting the WHO PA guidelines may include VPA, which could lead to the
development of KOA. Lastly, the complexity of the relationship between physical
activity and KOA, influenced by various moderating factors like metabolic disorders,
age, socloeconomic status, and environmental exposures, necessitates a nuanced
approach to interpreting results [66,67]. Overall, while recent evidence strongly
supports a protective effect of physical activity against KOA, the lack of a reciprocal
causal relationship underscores the need for further investigation into the mechanisms
underlying these associations and the development of targeted interventions.

Finally, our study is the first meta-analysis of the dose-response relationship between
PA and the risk of KOA. The results of this study, which are relatively stable, are based
on large cohort and MR studies. However, this study had several limitations. First, the
number of included studies may not have been sufficient. This study strictly followed
the inclusion and age criteria, and few studies met all the criteria. Second, the PA
assessment methods in the literature included in this study were subjective measures,
which may lead to inaccurate doses and different methods of measuring and observing
physical activity and may also have an impact on the results of the study. Third, some
of the included cohort studies did not adjust for confounding factors such as BMI, age,
and other comorbid conditions. In addition, while our meta-analysis focused on the
overall dose of PA, the role of specific muscle groups around the knee is also crucial.
Although one study on karate athletes found no significant imbalance between knee
flexors and extensors [68], the assessment of muscle strength and balance using
objective methods like isokinetic testing could be an important direction for future

research in general populations to better understand the mechanisms linking PA and
KOA risk.

5. Conclusions

This meta-analysis showed that low-to-moderate doses of LPA and MVPA were
associated with a reduced risk of KOA compared to physical inactivity, while higher
doses of PA were associated with an increased risk. The protective effect of LPA and
MVPA may only apply within a specific dose range, and should not be extrapolated to
high-dose exposures. There was a significant nonlinear positive dose-response
relationship between PA and the risk of KOA. Ultimately, we underscore the necessity
for future research endeavors to deeper into understanding how various types of
physical activity affect KOA risk and to devise effective preventive strategies and
interventions aimed at mitigating the occurrence of physical activity-associated KOA.

Data Availability Statement: The data supporting this study’s findings are
available from the corresponding author upon reasonable request.

Source of support: The authors received no financial support for this article and/ or
authorship.

Conflicts of Interest: The authors declare no conflicts of interest.



Arch Budo | Inn Agon. 2025, VOLUME 21, 222-235 232 of 14

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

References

Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. Lancet 2019; 393(10182): 1745-59

Kolasinski SL, Neogi T, Hochberg MC et al. 2019. American College of Rheumatology/Arthritis Foundation guideline
for the management of osteoarthritis of the hand, hip, and knee. Arthritis Rheum 2020; 72(2): 220-33

Nguyen US, Zhang Y, Zhu Y et al. Increasing prevalence of knee pain and symptomatic knee osteoarthritis: survey
and cohort data. Ann Intern Med 2011; 155(11): 725-32

Tang X, Wang S, Zhan S et al. The prevalence of symptomatic knee osteoarthritis in China: results from the China
health and retirement longitudinal study. Arthritis Rheum 2016 ;68(3): 648-53

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(7): 1323-30

Woolf AD, Pfleger B. Burden of major musculoskeletal conditions. Bull World Health Organ 2003; 81(9): 646-56

Racunica TL, Teichtahl AJ, Wang Y et al. Effect of physical activity on articular knee joint structures in community-
based adults. Arthritis Care Res 2007; 57(7): 1261-8

Hunter DJ, Wilson DR. Imaging the role of biomechanics in osteoarthritis. Rheum Dis Clin North Am 2009; 35(3):
465-83

Reddigan JI, Ardern CI, Riddell MC et al. Relation of physical activity to cardiovascular disease mortality and the
influence of cardiometabolic risk factors. Am J Cardiol 2011; 108(10): 1426-31

Gay C, Chabaud A, Guilley E et al. Educating patients about the benefits of physical activity and exercise for their
hip and knee osteoarthritis. Systematic literature review. Ann Phys Rehabil Med 2016; 59(3): 174-83

Restuccia R, Ruggieri D, Magaudda L et al. The preventive and therapeutic role of physical activity in knee
osteoarthritis. Reumatismo 2022; 74(1)

Du X, Fan R, Kong J. What improvements do general exercise training and traditional Chinese exercises have on
knee osteoarthritis? A narrative review based on biological mechanisms and clinical efficacy. Front Med 2024; 11:
1395375

Berenbaum F, Wallace IJ, Lieberman DE et al. Modern-day environmental factors in the pathogenesis of
osteoarthritis. Nat Rev Rheumatol 2018; 14(11): 674-81

Rothman K. Modern epidemiology. Philadelphia: Lippincott Williams & Wilkins; 2008

Smith GD, Ebrahim S, Lewis S et al. Genetic epidemiology and public health: hope, hype, and future prospects. Lancet
2005; 366(9495): 1484-98

Lawlor DA, Harbord RM, Sterne JA et al. Mendelian randomization: using genes as instruments for making causal
inferences in epidemiology. Stat Med 2008; 27(8): 1133-63

Hemani G, Bowden J, Davey Smith G. Evaluating the potential role of pleiotropy in Mendelian randomization studies.
Hum Mol Genet 2018; 27(R2): R195-R208

Bramer WM, Rethlefsen ML, Kleijnen J, Franco OH. Optimal database combinations for literature searches in
systematic reviews: a prospective exploratory study. Syst Rev 2017; 6(1): 245

Page MdJ, McKenzie JE, Bossuyt PM et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMdJ 2021; 372: n71

Wells GA, Peterson J, Welch V et al. The Newcastle-Ottawa Scale (NOS) for Assessing the Quality in Nonrandomized
Studies in Metaanalyses. Ottawa: University of Ottawa; 2009

Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies
in meta-analyses. Eur J Epidemiol 2010; 25(9): 603-605

Kalina RM, Jagielto W, Chodala A et al. Methodology of measurement, documentation and programming of optimal
continuous workload with variable intensity—applications in sports medicine, physiotherapy, geriatrics, health-
related training and sport for all. Arch Budo 2012; 8(4): 179-187

Barbour KE, Hootman JM, Helmick CG et al. Meeting Physical Activity Guidelines and the Risk of Incident Knee
Osteoarthritis: A Population-Based Prospective Cohort Study. Arthritis Care Res 2013; 66(1): 139-46

Davies NM, Holmes MV, Davey Smith G. Reading Mendelian randomisation studies: a guide, glossary, and checklist
for clinicians. BMdJ 2018; 362: k601



Arch Budo | Inn Agon. 2025, VOLUME 21, 222-235 233 of 14

25.

26.

27.
28.

29.
30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

417.

48.

49.

Skrivankova VW, Richmond RC, Woolf BAR et al. Strengthening the Reporting of Observational Studies in
Epidemiology using Mendelian Randomization (STROBE-MR): Explanation and Elaboration. BMdJ 2021; 375: n2233

Sterne JAC, Bradburn MdJ, Egger M. Meta-Analysis in Stata™. In: Egger M, Smith GD, Altman DG (editors).
Systematic Reviews in Health Care: Meta-Analysis in Context. 2nd edition. BMdJ Books, 2001: 347-369

Crippa A, Orsini N. Dose-response meta-analysis of differences in means. BMC Med Res Methodol 2016; 16: 91

Higgins JPT, Thomas J, Chandler J et al. Stata Software for Meta-Analysis. In: Cochrane Handbook for Systematic
Reviews of Interventions. 2nd Edition. John Wiley & Sons, 2024; Chapter 15

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials 1986; 7(3): 177-188

Greenland S, Longnecker MP. Methods for trend estimation from summarized dose-response data, with applications
to meta-analysis. Am J Epidemiol 1992; 135(11): 1301-1309

Higgins J, Thompson S. Quantifying heterogeneity in a meta-analysis. Stat Med 2002; 21(11): 1539-58

Deeks JdJ, Higgins JPT, Altman DG (editors). Analysing data and undertaking meta-analyses. In: Higgins JPT,
Thomas J, Chandler J, Cumpston M, Li T, Page MdJ, Welch VA (editors). Cochrane Handbook for Systematic Reviews
of  Interventions  version 6.4  (updated August 2023). Cochrane, 2023. Available  from
www.training.cochrane.org/handbook

Begg CB, Mazumdar M. Operating Characteristics of a Rank Correlation Test for Publication Bias. Biometrics 1995;
50(4): 1088-101

Egger M, Davey Smith G, Schneider M et al. Bias in meta-analysis detected by a simple, graphical test. BMdJ 1997;
315(7109): 629-634

Viechtbauer W, Cheung MWL. Outlier and influence diagnostics for meta-analysis. Res Synth Methods 2010; 1(2):
112-125

Ainsworth B, Haskell W, Herrmann S et al. 2011 Compendium of Physical Activities: a second update of codes and
MET values. Med Sci Sports Exerc 2011; 43(8): 1575-81

Xu C, Doi SAR. The robust error meta-regression method for dose-response meta-analysis. Int J Evid Based Healthc
2018; 16: 138-44

Zhang T, Dong S, Li B et al. Advanced meta Analysis Method: A stata-based implementation. Shanghai: Fudan
University Press; 2015

McAlindon TE, Wilson PW, Aliabadi P et al. Level of physical activity and the risk of radiographic and symptomatic
knee osteoarthritis in the elderly: the Framingham study. Am J Med 1999; 106(2): 151-7

Cheng Y, Macera CA, Davis DR et al. Physical activity and self-reported, physician-diagnosed osteoarthritis: is
physical activity a risk factor? J Clin Epidemiol 2000; 53(3): 315-22

Hootman JM, Macera CA, Helmick CG et al. Influence of physical activity-related joint stress on the risk of self-
reported hip/knee osteoarthritis: a new method to quantify physical activity. Prev Med 2003; 36(5): 636-44

Johnsen MB, Hellevik Al, Baste V et al. Leisure time physical activity and the risk of hip or knee replacement due to
primary osteoarthritis: a population based cohort study (The HUNT Study). BMC Musculoskelet Disord 2016; 17: 86

Chang AH, Lee JJ, Chmiel JS et al. Association of Long-term Strenuous Physical Activity and Extensive Sitting With
Incident Radiographic Knee Osteoarthritis. JAMA Netw Open 2020; 3(5): €204049

Wu Y, Boer CG, Hofman A et al. Weight-Bearing Physical Activity, Lower-Limb Muscle Mass, and Risk of Knee
Osteoarthritis. JAMA Netw Open 2024; 7(4): e248968

He H, Zhang Y, White DK et al. Physical Activity And The Risk Of Knee And Hip Osteoarthritis: A Mendelian
Randomization Study. Osteoarthritis Cartilage 2023; 31: S18-9

Li X, Wang S, Liu W et al. Causal effect of physical activity and sedentary behaviors on the risk of osteoarthritis: a
univariate and multivariate Mendelian randomization study. Sci Rep 2023; 13(1): 19410

Wang B, Liu Y, Zhang YC et al. Assessment of causal effects of physical activity on the risk of osteoarthritis: a two-
sample Mendelian randomization study. BMC Med Genomics 2023; 16(1): 237

Wang Y, Zhang Y, Zhao C et al. Physical Activity, Sedentary Behavior, and Osteoarthritis: A Two-Sample Mendelian
Randomization Analysis. Iran J Public Health 2023; 52(10): 2099

Ma H, Qi H, Hao Q et al. Causal effects of different exercise intensities on the risk of osteoarthritis. Chin J Tissue
Eng Res 2024; 29



Arch Budo | Inn Agon. 2025, VOLUME 21, 222-235 234 of 14

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.
69.

70.

71.

72.

Ma X, Zhang K, Ma C et al. Physical activity and the osteoarthritis of the knee: A Mendelian randomization study.
Medicine 2024; 103(26): e38650

Xu J, Zhang L, Wang P et al. Does Walking Have an Association with Osteoarthritis? A Two-Sample Mendelian
Randomization Analysis. Clin Interv Aging 2024; 19: 153-61

Lin W, Alizai H, Joseph G et al. Physical activity in relation to knee cartilage T2 progression measured with 3 T MRI
over a period of 4 years: data from the Osteoarthritis Initiative. Osteoarthritis Cartilage 2013; 21(10): 1558-66

Jiang L, Tian W, Wang Y et al. Body mass index and susceptibility to knee osteoarthritis: a systematic review and
meta-analysis. Joint Bone Spine 2012; 79(3): 291-7

Yang L, Wang P, McGill B. The relationship between experience of knee pain and physical activity participation: A
scoping review of quantitative studies. Int J Nurs Sci 2023; 10(2): 258-67

Perry TA, Wang X, Gates L et al. Occupation and risk of knee osteoarthritis and knee replacement: A longitudinal,
multiple-cohort study. Semin Arthritis Rheum 2020

Gay C, Chabaud A, Guilley E, Coudeyre E. Educating patients about the benefits of physical activity and exercise for
their hip and knee osteoarthritis. Systematic literature review. Ann Phys Rehabil Med 2016; 59(3): 174-83

Skou ST, Bricca A, Roos EM. The impact of physical activity level on the short- and long-term pain relief from
supervised exercise therapy and education: a study of 12,796 Danish patients with knee osteoarthritis. Osteoarthritis
Cartilage 2018; 26(11): 1474-8

Li C, Wang RH. Physical activity, motor skills and sedentary time in China adolescents: A cross-lagged analysis.
Archives of Budo 2022; 18:299-305

Jakiela J, Voinier D, Christiansen M et al. The association of knee bending and physical activity with incident pain
and functional limitation over 4 years in knee osteoarthritis. Osteoarthritis Cartilage 2020; 28: S428-9

Qiu Y, Fernandez-Garcia B, Lehmann HI et al. Exercise sustains the hallmarks of health. J Sport Health Sci 2023;
12(1): 8-35

Garber CE, Blissmer B, Deschenes MR et al. Quantity and Quality of Exercise for Developing and Maintaining
Cardiorespiratory, Musculoskeletal, and Neuromotor Fitness in Apparently Healthy Adults: Guidance for Prescribing
Exercise. Med Sci Sports Exerc 2011; 43(7): 1334-1359

Bricca A, Juhl CB, Steultjens M et al. Impact of exercise on articular cartilage in people at risk of, or with established,
osteoarthritis: a systematic review of randomised controlled trials. Br J Sports Med. 2019; 53(15): 940-947

Lépez Sanchez GF, Sgroi M, D'Ottavio S et al. The relationship between physical activity and osteoarthritis in women
from different socioeconomic status groups: a population-based study. J Clin Med. 2021; 10(11): 2456

Bennell KL, Dobson F, Hinman RS. Exercise in osteoarthritis: moving from prescription to adherence. Best Pract Res
Clin Rheumatol. 2014; 28(1): 93-117

Brenner PS, DeLamater J. Lies, damned lies, and survey self-reports? Identity as a cause of measurement bias. Soc
Psychol Q 2016; 79(4): 333-54

Berenbaum F, Wallace IJ, Lieberman DE et al. Modern-day environmental factors in the pathogenesis of
osteoarthritis. Nat Rev Rheumatol 2018; 14(11): 674-681

Lisowska AM, Murawa M, Ogurkowska M. Isokinetic assessment of knee joint muscles in shotokan karate kata
athletes. Archives of Budo 2020; 16: 61-66

Allen KD, Thoma LM, Golightly YM. Epidemiology of osteoarthritis. Osteoarthritis Cartilage 2021; 30(2): 184-195

Felson DT, Lawrence RC, Dieppe PA, et al. Osteoarthritis: new insights. Part 1: the disease and its risk factors. Ann
Intern Med 2000; 133(8): 635-646

Caspersen CdJ, Powell KE, Christenson GM. Physical activity, exercise, and physical fitness: definitions and
distinctions for health-related research. Public Health Rep 1985; 100(2): 126-131

Smith GD, Ebrahim S. 'Mendelian randomization': can genetic epidemiology contribute to understanding
environmental determinants of disease? Int J Epidemiol 2003; 32(1): 1-22

Ainsworth BE, Haskell WL, Herrmann SD, et al. 2011 Compendium of Physical Activities: a second update of codes
and MET values. Med Sci Sports Exerc 2011; 43(8): 1575-1581



Arch Budo | Inn Agon. 2025, VOLUME 21, 222-235 235 of 14

Authors:

Jie Zeng: https://orcid.org/0009-0006-5294-5171
Cherkashina Elena: https://orcid.org/0000-0002-3477-8801
Cherkashin Ilia: https://orcid.org/0000-0002-3015-3003
Kruszewski Artur: https://orcid.org/0000-0002-3930-7304
Chengcheng Cai: https://orcid.org/0009-0000-7961-5961

Citation: Jie Z, Cherkashina E, Cherkashin I et al. Causal association between physical Activity and knee
osteoarthritis — a systematic review and dose-response meta-analysis of cohort and mendelian randomization
studies. Arch Budo ] Inn Agon 2025, 21: 222-235



https://orcid.org/0000-0002-3930-7304
https://orcid.org/0009-0000-7961-5961

