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Abstract

Aims
The effect of moderate-to-vigorous physical activity (MVPA) on knee/hip osteoarthritis (OA) remains inconclusive. We aimed to
examine the association of accelerometer-measured MVPA and different MVPA patterns with OA.

Methods
We performed a prospective cohort study of 85,196 individuals from the UK Biobank. Participants were grouped according to BMI.
MVPA were measured by wrist-worn accelerometers over a 7-day period. Restricted cubic spline (RCS) was used to evaluate dose-
response associations between MVPA and OA. Based on RCS curves, intensity of MVPA were categorized as low, moderate, and
high levels. Light physical activity (LPA) was also categorized into three levels for joint association analysis. Individuals achieving 
≥ 50% of MVPA within 1–2 days were defined as weekend warriors (WW).

Results
During a median follow-up of 10.11 years, 5,017 knee/hip OA cases were identified. Among overweight and obese participants,
MVPA showed a U-shaped association with knee/hip OA; among normal-weight and underweight participants, a J-shaped
association was observed. In overweight and obese participants, moderate MVPA level was associated with the lowest OA risk
compared with low and high levels. In underweight and normal-weight participants, low, moderate, and high MVPA levels showed
comparable OA risk. The joint association analysis showed that the combination of moderate MVPA and moderate LPA conferred
the lowest OA risk in overweight and obese participants, while in underweight and normal-weight participants, the combination of
low MVPA and moderate LPA was associated with the lowest OA risk. At the same MVPA level, there was no significant difference
in OA risk between the WW pattern and the regular pattern.

Conclusions
Among underweight and normal-weight individuals, OA risk gradually increased with higher MVPA levels. Moderate MVPA is
recommended for overweight/obese individuals. Adding moderate LPA further reduces OA risk. Both WW and regular patterns are
acceptable.

Introduction
Knee/hip osteoarthritis (OA) is a leading cause of physical disability in older adults [1]. Over 300 million people are affected
globally [2], with OA-related disability rising 34% from 1990 to 2015 [3]. OA causes joint pain, stiffness, swelling, and progressive
loss of function, imposing significant health and economic burdens [4]. While risk factors like age, sex, obesity, injury, and
osteoporosis are well-studied [5], modifiable factors for prevention remain a priority.

Physical activity (PA) is a crucial modifiable lifestyle, and guidelines from the World Health Organization and American Heart
Association recommend 150 min or more of moderate-to-vigorous physical activity (MVPA) per week. Many studies have
confirmed that MVPA ≥ 150 minutes per week can reduce the incidence of many major diseases, including cardiovascular
diseases [6], diabetes [7], and mortality [8]. However, the association between physical activity and hip/knee OA remains largely
inconclusive. Specifically, high level of physical activity can raise the risk for knee arthroplasty [9], while another study observed
beneficial effects of vigorous activity on knee articular cartilage in healthy adults [10]. Furthermore, although several studies have
attempted to identify the most beneficial modes of physical activity [11, 12], all of them are based on self-reported PA, which is
prone to recall bias, insensitive to light-intensity PA, and unable to classify specific types of PA. In contrast, accelerometers are
promising wearable devices that can objectively record PA intensity and duration under free-living conditions over time.
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The relationship among BMI, physical activity, and OA is multifaceted. Several studies found OA patients who engaged in
appropriate exercise achieved weight loss and symptom relief [13, 14], while others showed that participants in an exercise
program experienced weight loss and improved OA symptoms [15, 16]. We hypothesized that the relationship between PA and OA
might differ across populations with different BMI, and it is crucial to tailor PA patterns to different populations.

To address the above gaps in knowledge, we conducted a prospective cohort analysis using data from the UK Biobank to clarify
the associations between accelerometer-measured MVPA and incident knee/hip OA in populations with different BMI.

Methods

Study design and participants
The datasets used in this study were obtained from the UK Biobank, in which comprehensive data were gathered from each
participant during the initial assessment [17]. The UK Biobank was approved by the North West Research Ethics Committee
(21/NW/0157) and all participants signed an informed consent.

The current analysis was restricted to a sub-sample of 103,661 participants who responded to emails for the accelerometer sub-
study between 2013 and 2015 [18]. Individuals with insufficient accelerometer data quality or less than a full week of available
acceleration data (n = 11,547) were excluded. Additionally, we excluded participants who had hip or knee OA, hip or knee surgery,
or hip or knee injury before the time of accelerometer measurements (n = 6,917), resulting in a final analysis of 85,196 participants
(Supplementary Figure S1).

Device-measured physical activity
Participants were asked to wear Axivity AX3 (Newcastle upon Tyne, UK) triaxial accelerometers on their dominant hands
continuously for 7 days. Details on physical activity (PA) measurement are in the Supplementary Material.

Covariates assessment
We have identified 12 covariates, which may exert an influence on the association between physical activity and knee/hip OA.
These included age at PA data collection, sex, ethnicity, education attainment, occupation status, income, smoking status, alcohol
consumption, diet quality, history of cardiovascular disease, history of diabetes, history of hypertension, and BMI.

Outcome assessment
In present study, we focused on OA of hip and knee joints, which was identified on the basis of hospital inpatient (UKB data-field
41270) and death data (UKB data fields 40001 and 40002). By using the International Classification of Diseases 10th revision (ICD-
10), knee/hip OA was defined as ICD-10 code M16-17 [19]. In sub-analysis, hip OA (ICD-10:M16) and knee OA (ICD-10:M17) were
considered separately.

The time-to-event was calculated from the final date of accelerometer wear until the date of death, the first date of outcome
diagnosis, the date of loss to follow-up, or the end of follow-up (August, 2025), whichever came first.

Statistical analysis
The baseline characteristics of all participants were summarized as frequency (percentage) for categorical variables and mean
(standard deviation, SD) for continuous variables. Differences in characteristics were compared by using independent-sample t
tests, Mann-Whitney U test, and Chi-square test.

Participants were classified into obese (BMI ≥ 30 kg/m2), overweight (BMI 25–29.9 kg/m2), and normal/underweight (BMI < 25
kg/m2). Restricted cubic spline (RCS) was performed to test linearity and explore the shape of the dose–response relationship of
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MVPA with OA. For U-shaped RCS curves (Fig. 1a-f), threshold was determined as the point in MVPA with the smallest hazard ratio
(HR). The 95% confidence interval (CI) was derived by bootstrap resampling. MVPA intensity is classified into three levels: low
(below the lower limit of the 95% CI), moderate (within the 95% CI), and high (above the upper limit of the 95% CI). [20]. For J-
shaped RCS curves (Fig. 1g-i), the inflection point (i.e., threshold) was determined using the R package “segmented”, based on a
likelihood-ratio test and the bootstrap resampling method [21]. MVPA intensity is also classified into three levels (low, moderate,
high) based on tertiles of MVPA distribution.

Cox proportional hazards regression models were conducted to estimate the HRs and 95% CIs for the associations of MVPA with
the risk of knee/hip OA. Multivariable-adjustment was made for age, sex, ethnicity, household income, occupation, education,
smoking status, alcohol consumption, diet, history of cardiovascular disease, history of diabetes, history of hypertension, and BMI.
Cumulative risk curves were plotted by MVPA level by using Kaplan–Meier methods (Supplementary Figure S2). A risk matrix was
used to investigate the joint associations of different-intensity PA with OA. According to tertiles of LPA distribution, LPA intensity is
categorized into three levels: low (< 1785 min/week), moderate (1785–2461 min/week), and high (> 2461 min/week). The
combination of the least active groups was set as the reference group. Furthermore, individuals were classified as inactive (low
MVPA), active weekend warrior (WW) (moderate MVPA and ≥ 50% of total MVPA achieved within 1–2 days), regularly active
(moderate MVPA but not meeting WW status), overactive WW (high MVPA and meeting WW status), and regularly overactive (high
MVPA but not meeting WW status) patterns.

Stratified analyses were conducted according to age, sex, ethnicity, smoking status, alcohol consumption, diet quality,
cardiovascular disease, diabetes, and hypertension. Several sensitivity analyses were conducted to verify the robustness of our
primary results. First, we excluded participants with less than 2 years of follow-up to minimize the influence of potential reverse
causation. Second, we created a propensity-score-matched (PSM) cohort to balance participants’ characteristics except MVPA
between OA and control groups (a 1:1 match). Third, inverse probability of treatment weighting (IPTW) was used to minimize
potential selection bias. Fourth, a Fine and Gray competing-risks regression model was used with all-cause death treated as a
competing risk. Finaly, we used alternative definitions of MVPA level according to guidelines-based threshold (MVPA = 150
min/week).

All the analyses were conducted using R software (version 4.2.2). A two-tailed P-value < 0.05 was deemed statistically significant.

Results

Baseline characteristics
Of the 85,196 participants included, the mean age was 61.09 (SD, 7.92) years, and 38,461 (45.14%) were male. All participants
wore accelerometer for 7 days. During a median follow-up of 10.11 years, 5,017 participants developed knee or hip OA (Table 1).
Compared with individuals without OA, those with a hip/knee OA showed significantly higher BMI (28.44 vs 26.51 kg/m2) and
lower MVPA (265.67 vs 295.74 min/week).
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Table 1
Baseline characteristics of participants by knee/hip OA.

Characteristics   Incident knee or hip OA  

All participants No Yes p value

N 85196 80179 5017  

Age, years, mean (SD) 61.09 (7.92) 60.88 (7.94) 64.45 (6.82) < .001

Sex, male, n (%) 38461 (45.14) 36294 (45.27) 2167 (43.19) 0.004

Ethnicity, n (%)       0.003

Nonwhite 2926 (3.43) 2791 (3.48) 135 (2.69)  

White 82270 (96.57) 77388 (96.52) 4882 (97.31)  

Occupation, n (%)       0.003

Employed, student, or retired 80515 (94.51) 75727 (94.45) 4788 (95.44)  

Unemployed 4681 (5.49) 4452 (5.55) 229 (4.56)  

Household income, n (%)       < .001

Less than £31000 38897 (45.66) 36152 (45.09) 2745 (54.71)  

At least £31000 46299 (54.34) 44027 (54.91) 2272 (45.29)  

Education, college or university, n (%) 37428 (43.93) 35608 (44.41) 1820 (36.28) < .001

Never smoking, n (%) 47491 (55.74) 44999 (56.12) 2492 (49.67) < .001

Heavy alcohol consumption, n (%) 19443 (22.82) 18252 (22.76) 1191 (23.74) 0.11

Healthy diet, n (%) 56264 (66.04) 52860 (65.93) 3404 (67.85) 0.005

Cardiovascular disease, n (%) 5992 (7.03) 5495 (6.85) 497 (9.91) < .001

Diabetes, n (%) 3145 (3.69) 2894 (3.61) 251 (5.00) < .001

Hypertension, n (%) 33278 (39.06) 30955 (38.61) 2323 (46.30) < .001

BMI, kg/m2, mean (SD) 26.62 (4.47) 26.51 (4.41) 28.44 (5.02) < .001

BMI category, n (%)       < .001

< 18.5 508 (0.60) 497 (0.62) 11 (0.22)  

18.5–24.9 33521 (39.35) 32236 (40.21) 1285 (25.61)  

25-29.9 35227 (41.35) 33067 (41.24) 2160 (43.05)  

≥ 30 15940 (18.71) 14379 (17.93) 1561 (31.11)  

Device-measured MVPA, min/week, mean (SD) 293.97 (244.20) 295.74 (243.90) 265.67 (247.29) < .001

Device-measured LPA, min/week, mean (SD) 2116.48 (689.19) 2115.08 (689.74) 2138.89 (679.98) 0.018

Data are presented as mean (SD) or n (%).

Abbreviations: SD, standard deviation; BMI, body mass index; OA, osteoarthritis; MVPA, moderate-to-vigorous physical activity;
LPA, light physical activity.

Association of MVPA with knee/hip OA
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In overweight (BMI 25-29.9 kg/m2) and obese (BMI ≥ 30 kg/m2) participants, the dose–response associations of MVPA with
knee/hip OA, knee OA, and hip OA were U-shaped (Fig. 1a-f). The risk of OA first decreases and then increases with rising MVPA. In
normal-weight and underweight (BMI < 25 kg/m2) participants, the dose–response associations of MVPA with knee/hip OA, knee
OA, and hip OA were J-shaped (Fig. 1g-i). As MVPA increases, OA risk gradually rises. The MVPA thresholds for knee/hip OA were
252 min/week (95% CI 151–445), 204 min/week (95% CI 167–326), and 667 min/week in obese, overweight, and
normal/underweight individuals, respectively (Fig. 1a, d, and g).

After adjustment for covariates, moderate MVPA (151–445 min/week) was associated with lower risks for knee/hip OA compared
with low or high MVPA in obese participants (HR 1.20, 95% CI 1.07 to 1.35, P = 0.001; HR 1.17, 95% CI 0.98 to 1.40, P = 0.06)
(Table 2). By subtype of OA, moderate MVPA showed lowest risk for knee OA and hip OA. A similar result was observed in
overweight participants for moderate MVPA (167–326 min/week). Among normal/underweight individuals, low MVPA (< 187
min/week) was associated with the lowest risk of OA and its subtypes, although the difference was not statistically significant.
Supplementary Figure S2 showed Kaplan–Meier curves.
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Table 2
Associations Between MVPA Level and Incident OA

BMI     No. of
Cases/

Model 1   Model 2   Model 3

Exposures Outcomes 1000
Person-
Years

HR (95%
CI)

P
value

  HR (95%
CI)

P
value

  HR (95%
CI)

P
value

≥ 30
kg/m2

MVPA
(min/week)

                   

  151–445 Knee or
Hip OA

500/8.65 Reference     Reference     Reference  

  < 151   893/12.44 1.26
(1.13,
1.42)

< 
0.0001

  1.27
(1.13,
1.42)

< 
0.0001

  1.20
(1.07,
1.35)

0.001

  > 445   168/9.09 1.15
(0.97,
1.38)

0.1   1.15
(0.96,
1.37)

0.11   1.17
(0.98,
1.40)

0.06

  141–500 Knee OA 402/5.88 Reference     Reference     Reference  

  < 141   581/8.49 1.29
(1.13,
1.47)

0.0001   1.22
(1.02,
1.46)

0.03   1.21
(1.00,
1.45)

0.04

  > 500   94/6.61 1.23
(0.98,
1.54)

0.07   1.24
(0.90,
1.72)

0.18   1.25
(0.90,
1.73)

0.17

  137–391 Hip OA 175/2.88 Reference     Reference     Reference  

  < 137   296/4.21 1.26
(1.04,
1.52)

0.01   1.25
(1.03,
1.51)

0.02   1.24
(1.02,
1.50)

0.04

  > 391   75/3.25 1.27
(0.97,
1.67)

0.07   1.26
(0.96,
1.66)

0.08   1.27
(0.97,
1.67)

0.08

25 ~ 
29.9
kg/m2

MVPA
(min/week)

                   

  167–326 Knee or
Hip OA

595/5.93 Reference     Reference     Reference  

  < 167   839/7.07 1.14
(1.03,
1.27)

0.01   1.15
(1.03,
1.29)

0.01   1.12
(1.01,
1.26)

0.03

  > 326   726/6.05 1.08
(0.97,
1.20)

0.12   1.08
(0.97,
1.19)

0.15   1.09
(0.98,
1.21)

0.08

  131–341 Knee OA 448/3.42 Reference     Reference     Reference  

  < 131   422/4.26 1.14
(0.99,

0.05   1.14
(0.99,

0.05   1.10
(0.96,

0.13

Hazard ratios (95%CI) were calculated in Cox proportional hazards model: Model 1, adjusted for age, sex, ethnicity, household
income, occupation, and education; Model 2, adjusted for age, sex, ethnicity, household income, occupation, education,
smoking status, alcohol consumption, and diet; Model 3, adjusted for age, sex, ethnicity, household income, occupation,
education, smoking status, alcohol consumption, diet, history of cardiovascular disease, history of diabetes, history of
hypertension, and BMI.

Levels of significance: P < 0.05.

Abbreviation: HR, hazard ratio; CI, confidence interval; OA, osteoarthritis; MVPA, moderate-to-vigorous physical activity

Page 7/12



BMI     No. of
Cases/

Model 1   Model 2   Model 3

Exposures Outcomes 1000
Person-
Years

HR (95%
CI)

P
value

  HR (95%
CI)

P
value

  HR (95%
CI)

P
value

1.30) 1.31) 1.26)

  > 341   407/3.55 1.10
(0.96,
1.26)

0.16   1.09
(0.95,
1.25)

0.20   1.11
(0.97,
1.27)

0.12

  133–355 Hip OA 345/2.49 Reference     Reference     Reference  

  < 133   315/3.16 1.11
(0.95,
1.30)

0.16   1.12
(0.95,
1.31)

0.14   1.10
(0.95,
1.29)

0.19

  > 355   291/2.67 1.20
(1.03,
1.41)

0.01   1.19
(1.02,
1.40)

0.02   1.20
(1.03,
1.41)

0.02

<25
kg/m2

MVPA
(min/week)

                   

  < 187 Knee or
Hip OA

425/4.11 Reference     Reference     Reference  

  187–389   390/4.63 1.03
(0.90,
1.19)

0.59   1.05
(0.91,
1.20)

0.47   1.08
(0.94,
1.23)

0.25

  > 389   481/4.89 1.04
(0.91,
1.19)

0.52   1.05
(0.90,
1.21)

0.53   1.09
(0.95,
1.26)

0.21

  < 187 Knee OA 197/1.88 Reference     Reference     Reference  

  187–389   189/1.74 1.03
(0.84,
1.27)

0.75   1.03
(0.84,
1.27)

0.73   1.08
(0.88,
1.33)

0.42

  > 389   233/1.86 1.07
(0.88,
1.30)

0.46   1.07
(0.89,
1.30)

0.42   1.10
(0.91,
1.34)

0.26

  < 187 Hip OA 212/1.96 Reference     Reference     Reference  

  187–389   257/2.06 1.01
(0.88,
1.17)

0.92   1.02
(0.87,
1.19)

0.76   1.01
(0.84,
1.21)

0.91

  > 389   246/2.36 1.02
(0.84,
1.24)

0.78   1.03
(0.85,
1.25)

0.71   1.08
(0.89,
1.30)

0.42

Hazard ratios (95%CI) were calculated in Cox proportional hazards model: Model 1, adjusted for age, sex, ethnicity, household
income, occupation, and education; Model 2, adjusted for age, sex, ethnicity, household income, occupation, education,
smoking status, alcohol consumption, and diet; Model 3, adjusted for age, sex, ethnicity, household income, occupation,
education, smoking status, alcohol consumption, diet, history of cardiovascular disease, history of diabetes, history of
hypertension, and BMI.

Levels of significance: P < 0.05.

Abbreviation: HR, hazard ratio; CI, confidence interval; OA, osteoarthritis; MVPA, moderate-to-vigorous physical activity

Joint association of MVPA and LPA with OA
The risk matrix illustrating the joint associations of MVPA and LPA with OA was shown in Fig. 2. At the same MVPA level,
moderate LPA showed lowest risk for knee/hip OA, knee OA, and hip OA in total populations. In obese populations, moderate
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MVPA combined with moderate LPA yielded the lowest risk for knee/hip OA (HR 0.72, 95% CI 0.59 to 0.88), knee OA (HR 0.75, 95%
CI 0.60 to 0.94), and hip OA (HR 0.60, 95% CI 0.42 to 0.86). Similar results were observed in overweight individuals. In underweight
and normal-weight individuals, low MVPA combined with moderate LPA yielded the lowest risk for knee/hip OA, knee OA, and hip
OA.

MVPA patterns with incident OA
Under the same MVPA pattern, the association between MVPA level and OA was consistent with previous findings (Fig. 3). At the
same MVPA level, the WW pattern and the regular pattern showed comparable risks of knee/hip, knee, and hip OA in the overall
population.

Stratified and sensitivity analysis
Stratified analyses showed that the results in all subgroups were consistent with previous findings (Supplementary Tables S1-3).
Sensitivity analyses demonstrated that our findings were robust (Supplementary Tables S4).

Discussion
In this large prospective cohort study of 85,196 participants from the UK Biobank, we found that the association between
accelerometer-measured MVPA and the risk of incident knee/hip OA is different in populations with different BMI. We then
identified distinct MVPA thresholds for the prevention of knee/hip OA across different BMI populations. In addition, our joint
association analyses revealed that incorporating moderate levels of LPA further reduced the risk of knee/hip OA across all
populations. Furthermore, the pattern of MVPA (weekend warrior or regular) did not significantly alter OA risk. These findings offer
novel, objective evidence for tailoring physical activity recommendations based on BMI status to mitigate knee and hip OA risk.

Partially consistent with our findings, numerous cohort studies have revealed an association between physical activity and
hip/knee OA. A large-scale study enrolling 436,166 participants found that high-intensity job-related, travel-related, and leisure-time
physical activity were associated with increased knee/hip OA risk. Moderate adherence to "strenuous sports" and "walking for
pleasure" was protective against knee/hip OA [12]. Gu et al. [11] found that high PA levels increased total, knee, and hip OA risk,
with BMI mediating the PA–OA relationship. These findings align with our observation in overweight and obese populations, where
moderate MVPA was protective while high MVPA increased OA risk. However, in normal-weight and underweight participants, OA
risk gradually increased with rising MVPA. As major lower-limb weight-bearing joints, hip and knee are particularly affected by BMI
in overweight and obese populations [22]. We proposed that in these populations, moderate MVPA reduces OA risk by decreasing
BMI, while excessive activity exacerbates joint loading and cartilage wear in all populations. Notably, previous studies failed to
consider the influence of PA on OA across different BMI groups.

Existing studies on PA and OA have predominantly relied on questionnaire-based assessment [11, 12, 23], while studies using
accelerometer-derived PA were scarce. Questionnaire-based assessments are prone to recall bias [24], limited in distinguishing PA
types [6], and insensitive to light physical activity [7]. Furthermore, they cannot capture duration at specific intensity levels [25],
providing only a rough estimate of optimal PA duration for OA prevention. Accelerometers provide objective assessments
sensitive to all PA intensities, allow differentiation between PA types, and enable minute-level quantification of duration. In this
study, all participants wore accelerometers for 7 consecutive days, following prior methodology [6, 26]. This approach samples PA
on both weekdays and weekends, achieving over 80% intra-class correlations in most populations [27]. Based on accelerometer-
measured PA, our study delivers specific exercise duration and intensity recommendations for different BMI groups, making
guidance more practical and meaningful.

Another striking finding in this study is that we identified the optimal combinations of MVPA and LPA for preventing OA.
Specifically, moderate levels of MVPA combined with moderate levels of LPA were associated with the lowest risk of knee/hip OA
among overweight and obese populations. In contrast, low levels of MVPA combined with moderate levels of LPA conferred the
lowest risk of knee/hip OA among normal-weight and underweight populations. Furthermore, weekend warriors and regularly
active participants had similar OA risk at the same MVPA level, suggesting that distributing MVPA across more days or
concentrating it into 1 to 2 days may not influence OA risk. This is consistent with previous studies reporting comparable risks
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between weekend warrior and regular activity patterns across various chronic diseases [6, 24, 28]. To our knowledge, these
findings have not been previously reported in the literature on the relationship between PA and osteoarthritis.

Guidelines recommend ≥ 150 minutes of MVPA per week for the prevention of cardiovascular disease. This threshold has been
widely discussed in accelerometer-based MVPA studies across other chronic diseases. Min et al. [24] found that MVPA ≥ 150
minutes/week was associated with lower risks of dementia, stroke, Parkinson's disease, depressive disorders and anxiety. Another
accelerometer-based study showed that the risk for all-cause mortality gradually decreased as the duration of MVPA increased to
a higher level [7]. Similarly, Liu et al. [18] found that more MVPA was associated with a lower risk of incident liver outcomes. These
studies suggest that more MVPA is better, yet they have not proposed a reasonable upper limit. In contrast, our study found that
MVPA has an upper limit with respect to OA risk. To prevent knee/hip OA, the optimal MVPA range was 151–445 minutes/week in
the obese group, 167–326 minutes/week in the overweight group, and no more than 677 minutes/week in the underweight and
normal-weight groups. For overweight and obese populations, the above criteria align with the recommendation of ≥ 150
minutes/week. For underweight and normal-weight populations, the increase in OA risk was not significant when MVPA was below
677 minutes/week, suggesting that a range of 150–677 minutes/week may be more appropriate.

There are several limitations that need to be considered. First, there is currently a lack of robust evidence on whether a 7-day
measurement is representative of habitual PA. Second, we identified MVPA thresholds across different BMI groups. However,
these thresholds, which can be subject to variability due to device and demographic differences, may introduce a degree of
subjectivity. Third, though the sample size of the UK Biobank was as large as 0.5 million, accelerometer-measured PA was only
available for a subset of participants, who were generally healthier, more physically active, and had a lower mortality rate than the
general UK population. The selection bias may limit the generalizability of the current findings. Fourth, as with any observational
study, though we adjusted for a wide range of potential confounders, we cannot exclude the role of residual or unmeasured
confounding, such as baseline cartilage damage grade and hip–knee–ankle angle.

Conclusion
The risk of knee/hip OA first decreases and then increases with rising MVPA in overweight and obese participants, while the risk
gradually increased with higher MVPA levels among underweight and normal-weight individuals. To prevent knee/hip OA,
overweight and obese individuals are advised to engage in moderate levels of MVPA (151–445 min/week and 167–326 min/week,
respectively), and underweight and normal-weight individuals should keep MVPA below 677 min/week. Additionally, incorporating
moderate levels of LPA (1785–2461 min/week) further reduces OA risk, and both weekend warrior and regular activity patterns are
acceptable.

Abbreviations
MVPA
moderate-to-vigorous physical activity
OA
osteoarthritis
RCS
restricted cubic spline
LPA
light physical activity
WW
weekend warriors
SD
standard deviation
CI
confidence interval
PSM
propensity-score matched
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IPTW
inverse probability of treatment weighting
HR
hazard ratio
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