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ABSTRACT
Objective  Clinical guidelines consistently recommend 
low-impact physical activity (PA) for the management 
of hip or knee osteoarthritis (OA). This study aimed to 
determine the risk and mediators of joint replacement in 
people with hip or knee OA who participate in high-
impact PA.
Methods  We conducted a mediation analysis using 
data from the Good Life with osteoArthritis in Denmark 
(GLA:D) registry. Baseline PA was self-reported using 
the University of California, Los Angeles (UCLA) Activity 
Scale and categorised as high-impact, high-intensity, 
moderate-intensity or low-intensity. Outcomes were 
self-reported total hip replacement (THR) or total knee 
replacement (TKR) at 12 months. Candidate mediators 
measured at 3 months were joint pain intensity, 
functional capacity (30-second chair stand test) and fear 
of joint damage from PA.
Results  Among 5911 participants with hip OA (66.8 
years, 69.5% women), 5.9% engaged in high-impact 
PA. Among 11 750 participants with knee OA (66.5 
years, 72.7% women), 5.2% engaged in high-impact 
PA. High-impact PA was associated with 36–48% lower 
odds of THR and was not associated with altered risk 
of TKR. There was little evidence that pain intensity, 
functional capacity or fear of joint damage mediated 
these associations. However, a small indirect effect 
via functional capacity was observed, where a greater 
functional capacity was associated with a reduction in 
odds of TKR (OR 0.92, 95% CI 0.87 to 0.98).
Conclusion  High-impact PA was associated with a 
substantially lower risk of THR, and did not increase 
TKR risk. Clinicians may consider recommending 
higher-impact activities for individuals with hip OA, and 
supporting continued participation in knee OA when 
symptoms, capacity and patient goals allow.

INTRODUCTION
More than half a billion people have osteoar-
thritis (OA) globally,1 with the knee and hip repre-
senting the most common sites.2 Clinical guidelines 
promote regular participation in physical activity 
(PA) in individuals with OA.3 However, most, if 
not all, recommendations advocate that individuals 
with OA participate in low-impact PA.3 Performing 
regular small doses of vigorous PA has been asso-
ciated with a lower risk of major cardiovascular 

events, a lower mortality risk and better bone 
health.4–6

There is conflicting indirect evidence of the 
association between high-impact PA participa-
tion in individuals with OA and the risk of a joint 
replacement.7–10 Intensive physical work has been 
associated with approximately twice the relative 
risk of total hip replacement (THR) and total knee 
replacement (TKR).7 10 Another study reported no 
association between vigorous PA participation and 
the risk of a THR and TKR,8 but failed to differ-
entiate high-impact from vigorous PA. The direc-
tion and magnitude of association between the 
type of PA and the risk of a joint replacement in 
people with OA may, in part, be mediated by the 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Clinical guidance for osteoarthritis typically 
promotes low-impact exercise because of 
concerns that higher joint loading could 
accelerate disease progression and increase the 
likelihood of joint replacement, despite limited 
causal evidence.

WHAT THIS STUDY ADDS
	⇒ Participation in high-impact physical activity 
was associated with lower odds of total hip 
replacement and showed no increased odds of 
total knee replacement compared with lower-
impact activity levels. There was little overall 
evidence that pain, functional capacity or fear 
of joint damage explained these associations, 
although higher functional capacity appeared 
to partially mediate lower odds of total knee 
replacement.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Blanket restrictions on higher-impact activity 
for people with osteoarthritis may be overly 
cautious, particularly in hip osteoarthritis. 
Higher-impact activity may therefore be 
encouraged in appropriately selected 
individuals with hip osteoarthritis. Future 
research and clinical guidance should determine 
optimal physical activity types based on joint 
loading, duration, physiological intensity, 
patient goals and symptom presentation.
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effects of PA on factors like pain,11 12 physical capacity13 14 and 
psychological factors. Greater self-reported volume in moderate-
to-vigorous PA participation was associated with a greater risk 
of experiencing pain flares in people with knee OA.11 Frequent 
pain episodes increase the risk of TKR in people with knee OA.12 
However, greater PA levels have been associated with greater leg 
strength,13 and greater strength is associated with a reduced risk 
of OA progression.14

This study’s primary objective was to understand whether 
high-impact PA increased the risk of a THR or TKR at 12 
months. Furthermore, we aimed to understand the mediators of 
the association between high-impact PA and joint replacement 
risk. We first hypothesise that high-impact PA would not be asso-
ciated with a greater risk of a joint replacement at 12 months. 
Second, we hypothesise that pain intensity, functional capacity 
and fear of joint damage by PA at 3 months would mediate the 
relation between high-impact PA and joint replacement risk.

METHODS
This study is reported in accordance with the AGReMA (A 
Guideline for Reporting Mediation Analyses) guideline15 (see 
Table SM1 in the online supplemental file 1). No sample size 
calculation was performed for this study, as the data came 
from a registry cohort. However, our sample size was generally 
sufficient to detect small indirect effect sizes based on a prior 
simulation-based study for mediation analysis (see pure indirect 
effect estimand in Tables 6, 8, 14, 16 in a study by Qin).16

Data source
This longitudinal, registry-based cohort study used baseline, 3 
and 12 months data from the Good Life with osteoArthritis in 
Denmark (GLA:D) registry. GLA:D is a structured, group-based 
treatment programme for people with knee and hip OA that is 
aligned with international clinical guidelines.17 Eligibility for 
GLA:D was assessed by the treating physiotherapist. The inclu-
sion criterion was joint problems affecting the knee and/or hip 
that had led to contact with the healthcare system.18 Exclusion 
criteria included causes other than OA, as well as conditions 
in which symptoms other than OA were more dominant.18 We 
included participants enrolled in GLA:D between May 2016 
and December 2022 who provided information about PA level 
at baseline and excluded those with a history of any joint surgery 
in the primary joint, those who reported any joint surgery at 3 
months or those who did not provide this information.

Patient and public involvement
Patients and the public were not involved in the design, conduct, 
reporting or dissemination plans of our research.

Equity, diversity and inclusion statement
This study used data from the Danish GLA:D registry, which 
includes both women and men with hip or knee OA. No exclu-
sion criteria were applied based on protected characteristics. 
As GLA:D is embedded within the Danish healthcare system, 
findings may not fully generalise to countries with different 
healthcare access, demographic composition, socioeconomic 
inequalities or cultural attitudes toward PA. The author team 
includes both women and men from different disciplines and 
career stages.

Exposure
Self-reported PA at baseline was quantified using the University 
of California, Los Angeles (UCLA) Activity Scale.19 The UCLA 

activity scale is measured on a 1–10 scale, where 1 represents 
‘wholly inactive’, 9 represents ‘Sometimes participates in impact 
sports such as jogging, tennis, skiing, acrobatics, ballet, heavy 
labor, or backpacking’ and 10 represents ‘regularly participates 
in impact sports’. We recategorised this scale into four PA cate-
gories of high-impact (UCLA score of 9 and 10), high intensity 
(UCLA score 7 and 8), moderate intensity (UCLA score of 5 and 
6) and low intensity (UCLA score of 1–4).20 ULCA score was 
also collected at 3 and 12 months (see Figures SM1 and SM2 in 
the online supplemental file 1), but was not analysed to preserve 
temporal separation between exposure, mediator and outcome.

Outcomes
The outcomes were the self-reported binary (reference: no 
replacement; vs a joint replacement) variable of either a THR or 
TKR at 12 months.

Mediators
Three mediators measured at 3 months follow-up were eval-
uated: joint pain intensity measured on a Visual Analogue 
Scale (VAS) 0–100 (best to worst), number of chair stands in 
30 s (more repetitions is better) and self-reported fear of joint 
damage (henceforth, termed ‘fear’) measured using a single-item 
question of ‘Are you afraid that your joints will be damaged from 
physical activity and exercise?’ (no [reference] vs yes).21 22 Pain 
and functional capacity were selected, given that they represent 
risk factors for receiving a joint replacement.12 23 Fear avoidance 
has been associated with poorer self-reported PA in people with 
knee OA.24

Confounders
We adjusted for the following baseline variables as potential 
confounders of the exposure-outcome, exposure-mediator and 
mediator-outcome associations, based on expert knowledge and 
the modified disjunctive cause criterion25: age, sex (male/female), 
Hip disability and Osteoarthritis Outcome Score 12-item 
(HOOS-12) and Knee injury and Osteoarthritis Outcome Score 
12-item (KOOS-12), joint pain intensity, joint pain duration, 
number of chair stands in 30 s, self-reported fear, EuroQol-5D 
(EQ-5D) 0–100 score and self-reported intake of opioid medi-
cations (no/yes). HOOS-12 and KOOS-12 are validated short-
form outcome measures assessing joint function and symptoms 
in people with OA. Each instrument generates a 0–100 score, 
with higher scores representing better joint function and fewer 
symptoms. Both measures have demonstrated acceptable reli-
ability, construct validity and responsiveness.26 27

Statistics
Figure 1 displays the assumed causal models. In total, 18 mediation 
analyses were performed (2 cohorts (hip or knee OA), 3 mediators, 
3 PA paired comparisons). All statistical analyses were performed 
in R V.4.4.2. Two datasets were created, one for hip OA and the 
other for knee OA. 5911 and 11 750 hip and knee participants were 
eligible for the analyses. The following steps were undertaken before 
mediation analysis for each of the two datasets. First, three subdata-
sets were created by filtering them on the following pairs of UCLA 
categories (high-impact vs high intensity, high-impact vs moderate 
intensity and high-impact vs low intensity). For the hip cohort, the 
proportion of individuals with complete predictors (baseline and 3 
months variables) was 48–53%, 53–58% and 38–42% across the 
three subdatasets, depending on the studied mediator. For the knee 
cohort, the proportion of individuals with complete predictors 
was 41–46%, 46–51% and 33–36% across the three subdatasets, 
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depending on the studied mediator. Second, missing data were 
handled via multiple imputation by chained equations28, to create 30 
imputed datasets. Third, mediation analysis was performed for each 
of the imputed datasets.

We used the regression-based counterfactual framework29 for 
mediation analysis, and the SEs were estimated using non-parametric 
bootstrapping (B=5000). We first estimated the exposure-on-
mediator and mediator-on-outcome effects, and corresponding 
uncertainty estimates for each of the potential mediators using two 
regression models: the mediator model (linear/logistic depending on 
mediator) and the outcome model (logistic). Statistical assumptions 
of normality and heteroscedasticity were checked via visual inspec-
tion of the simulated residuals. We were interested in the following 
causal effects, which are reported on the OR scale: the total effect 
(Rte), the pure natural indirect effect (Rpnie) and the total natural 
direct effect (Rtnde). Rte compares the odds of joint replacement if 
everyone engaged in high-impact activities versus if everyone did not. 
Rpnie reflects the extent to which this association operates through 
the mediator alone. Rtnde represents the portion of the association 
that does not operate through the mediator. The point estimate, 
along with the 95% CI was estimated. Statistical significance of the 
causal effects was determined when the 95 % CI did not contain the 
null value of one. Sensitivity analysis for unmeasured confounding30 
was undertaken if there was a significant indirect effect. E values 
were considered small (risk ratio <1.25), medium (risk ratio 1.25 to 
<2) and large (risk ratio ≥2).31

RESULTS
Among patients with hip OA, 5.9%, 21.2%, 41.3% and 31.6% 
participated in high-impact, high-intensity, moderate-intensity and 
low-intensity PAs, respectively, at baseline (table 1). Among patients 
with knee OA, 5.2%, 20.7%, 40.9% and 33.2% participated in high-
impact, high-intensity, moderate-intensity and low-intensity PAs, 
respectively, at baseline (table 2).

Total hip replacement
Effect of exposure on the mediators
People in the high-impact group have 0.57 times the odds (95% CI 
0.33 to 0.99; p=0.045) of reporting fear, and performed 1.4 

more chair stand repetitions (95% CI 1.0 to 2.0; p=0.046) than 
those in the low-intensity group (table 3).

Effect of mediators on the outcomes
A 10-point increase in pain out of 100 predicted 30% (1.03, 
95% CI 1.02 to 1.04, p<0.001) to 40% (1.04, 95% CI 1.03 to 
1.05, p<0.001) greater odds of a THR (table  3). Performing 
one additional chair stand repetition was associated with 10% 
(0.90, 95% CI 0.85 to 0.97, p=0.004) to 18% (0.82, 95% CI 
0.75 to 0.90, p<0.001) lower odds of a THR (table  3). Fear 
of joint damage was associated with greater odds of THR (OR 
2.24, 95% CI 1.35 to 3.72; p=0.002), although this association 
was only observed in comparisons between high-impact and 
low-intensity or high-intensity PA groups (table 3).

Causal effects
Our total effects indicate that participation in high-impact PA 
predicted a 36% (0.64, 95% CI 0.30 to 0.98) to 48% (0.52, 
95% CI 0.24 to 0.80) lower odds of receiving a THR at 12 
months (table  3). None of the three variables mediated the 
exposure-outcome relationship (table 3).

Total knee replacement
Effect of exposure on the mediators
People in the high-impact group performed 1.7 more chair stand 
repetitions (95% CI 1.3 to 2.2; p<0.001) compared with people 
in the low-intensity group (table 2).

Effect of mediators on the outcomes
A 10-point (out of 100) increase in pain predicted 30% (1.03, 
95% CI 1.02 to 1.04, p<0.001) to 40% (1.04, 95%CI 1.02 
to 1.05, p<0.001) greater odds of a TKR (table 4). For every 
additional chair stand repetition, the odds of receiving a TKR 
were reduced by approximately 15% (0.85, 95% CI 0.77 to 
0.93, p=0.001) (table 4). Fear of joint damage was associated 
with greater odds of TKR (OR 1.83, 95% CI 1.08 to 3.10; 
p=0.025 to OR 2.09, 95% CI 1.11 to 3.93; p=0.022), although 

Figure 1  Hypothesised causal model linking physical activity exposure and joint replacement risk. EQ5D, EuroQol-5D; HOOS-12, Hip disability and 
Osteoarthritis Outcome Score 12-item; KOOS-12, Knee injury and Osteoarthritis Outcome Score 12-item; mo, months; Rpnie, pure natural indirect 
effect; Rtdne, total natural direct effect; Rte, total effect; STS, 30-second chair stand performance; UCLA, University of California, Los Angeles.
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this association was only observed in models comparing high-
impact with low-intensity or moderate-intensity PA groups 
(table 4).

Total, direct and indirect effects
Our total effects suggest that high-impact PA did not signifi-
cantly alter the risk of a TKR when compared with all other PA 
subtypes (table 4). The indirect effect via chair stand suggested a 
small reduction in odds of knee replacement (OR 0.92, 95% CI 
0.87 to 0.98) (table 4). The mediational E-value for this indirect 
effect 1.39.

DISCUSSION
In partial support of our first hypothesis, participating in high-
impact PA reduced the 12 months risk of a THR, and did not 
increase the 12 months risk of a TKR. In contrast to our second 
hypothesis, 3 months pain intensity, functional capacity and fear 
did not mediate the relation between PA participation and 12 
months joint replacement risk.

The finding that high-impact PA was associated with lower 
odds of THR and no increased odds of TKR has partial support 
from previous literature.8 9 32–38 Previous studies have reported 
that in people with hip OA, the highest self-reported PA level 
compared with the lowest level of PA increased THR risk in 
younger (45–59 years) males,36 reduced THR risk in females39 
or had no overall association with THR risk.8 10 For knee OA, 
previous studies have reported that the highest level compared 
with the lowest level of PA increased,8 or had no association 
with TKR risk.9 33 35 36 39 Also, knee OA participants who self-
reported participating in ‘running or jogging’ did not experience 

structural progression on an X-ray, but experienced knee pain 
improvements.34

The heterogeneous effects on joint replacement risk 
across different PAs may be attributable to differences in self-
reported PA measurement methods. For example, some studies 
use different validated questionnaires,9 33 35 39 custom self-
report questions8 36 40 to quantify the type and intensity of PA 
performed, often combining with self-reported measures of 
activity volume.8 33 35 36 39 40 A common theme across current 
studies is that the categorisation of PA intensities is based on 
metabolic demands, not joint loads. While the present study only 
considered the type of PA performed using the UCLA scale, a 
strength is that we differentiated high-impact PA (UCLA cate-
gories 9 or 10) from high-intensity PAs (UCLA categories 7 or 
8). It may be that future investigations of PA in people with 
OA incorporate methods, both self-report and objective moni-
toring, which differentiate activities based on their joint loading 
magnitude.41

No studies to our knowledge have explored the mechanisms 
by which high-impact PA alter the risk of a joint replacement. 
Only chair stand performance had an isolated mediating effect 
on TKR risk when comparing high-impact with low-intensity 
PA. Based on the association between chair stand performance 
and TKR risk (OR 0.85/repetition), the observed mediating 
effect (OR 0.92) corresponded to approximately half an addi-
tional chair stand repetition (‍

8% risk reduction
15% risk reduction‍). This association 

may not be surprising given that chair stand performance is 
associated with quadriceps strength and muscle architecture,42 
and that greater strength is associated with a reduced risk of OA 
progression.14 The indirect effect via chair stand performance 

Table 1  Descriptive characteristics of hip OA cohort

Characteristic
Overall
N=5911

High-impact
N=349

High
N=1255

Moderate
N=2440

Low
N=1867

Age (years)* 66.8 (9.2) 64.0 (9.4) 66.7 (8.3) 66.4 (9.1) 67.9 (9.6)

 � Sex

 � Male 1802 (100) 190 (11) 414 (23) 685 (38) 513 (28)

 � Female 4109 (100) 159 (3.9) 841 (20) 1755 (43) 1354 (33)

Baseline HOOS12* 52.8 (14.6) 58.1 (14.6) 56.0 (15.0) 54.5 (13.7) 47.9 (14.5)

Missing 2426 (41) 151 (43) 700 (56) 830 (34) 745 (40)

Baseline symptom duration (months)† 12.0 (6.0, 36.0) 17.0 (8.0, 42.0) 12.0 (6.0, 36.0) 12.0 (6.0, 36.0) 12.0 (6.0, 36.0)

Missing 610 (10) 34 (9.7) 235 (19) 182 (7.5) 159 (8.5)

Baseline pain intensity* 46.1 (21.3) 42.8 (22.0) 43.7 (21.0) 44.1 (20.8) 51.1 (21.2)

Missing 4 (<0.1) 0 (0) 3 (0.2) 1 (<0.1) 0 (0)

Baseline opioid (yes) 329 (100) 7 (2.1) 38 (12) 112 (34) 172 (52)

Baseline chair stand 30s* 12.5 (3.6) 14.0 (3.9) 13.5 (3.7) 12.7 (3.5) 11.4 (3.5)

Missing 224 (3.8) 11 (3.2) 38 (3.0) 93 (3.8) 82 (4.4)

Baseline EQ5D VAS† 71.0 (55.0, 81.0) 80.0 (65.0, 86.0) 79.0 (64.0, 85.0) 72.0 (60.0, 81.0) 64.0 (50.0, 80.0)

Missing 2 (<0.1) 0 (0) 1 (<0.1) 0 (0) 1 (<0.1)

Baseline fear (yes) 751 (100) 47 (6.3) 139 (19) 296 (39) 269 (36)

3 mo pain intensity† 31.0 (17.0, 50.0) 27.5 (13.0, 49.0) 30.0 (18.0, 49.0) 29.0 (15.0, 48.0) 36.0 (20.0, 55.0)

Missing 770 (13) 41 (12) 139 (11) 321 (13) 269 (14)

3 mo chair stand 30s* 14.6 (4.2) 16.3 (4.7) 15.5 (4.3) 14.7 (4.0) 13.4 (4.0)

Missing 356 (6.0) 16 (4.6) 70 (5.6) 146 (6.0) 124 (6.6)

3 mo fear (yes) 420 (100) 20 (4.8) 80 (19) 164 (39) 156 (37)

Missing 770 (13) 41 (12) 139 (11) 321 (13) 269 (14)

12 mo THR (yes) 505 (100) 16 (3.2) 122 (24) 191 (38) 176 (35)

Missing 126 431 899 720

*For continuous variables: Values represent mean (one SD).
† For continuous variables: Values represent median (25th and 75th percentile). For categorical variables, values represent frequency (percentage)
EQ5D, EuroQol-5D; HOOS12, Hip disability and Osteoarthritis Outcome Score 12-item; mo, months; OA, osteoarthritis; THR, total hip replacement; VAS, Visual Analogue Scale.
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appeared substantially smaller than previously reported asso-
ciations between body mass index (BMI) and TKR risk, where 
each 1-unit higher BMI was associated with approximately 
27% greater hazard of TKR.43 However, the magnitude of 
effect should be interpreted alongside the practical difficulty of 
achieving changes in these risk factors in clinical settings. The 
corresponding E-value of 1.39 suggests that the mediation via 
chair stand performance is moderately sensitive to unmeasured 
confounding and should be interpreted with caution. Apart from 
a single mediation effect, the general lack of mediation is likely 
driven by a limited influence of high-impact PA on the mediators 
examined. This suggests that, while these mediators predict joint 
replacement risks, high-impact PA alone may not be sufficient 
to meaningfully modify them. Future research should explore 

alternative or combined interventions, which may more effec-
tively influence these mediators and, in turn, alter the risk of 
joint replacement.

The reduced risk of a THR associated with high-impact PA 
may be driven by other factors. The hip experiences lower 
loads than the knee during many activities.44 The hip’s geom-
etry means that loads are distributed over a larger contact area 
than the knee. Speculatively, high strain loading at the hip may 
promote more optimal subchondral bone and cartilage turn-
over45 46 that slows hip OA structural progression. There is 
uncertainty whether higher hip joint load predicts OA structural 
progression, whereas there is stronger evidence that higher knee 
joint load is associated with structural progression.47 This could 
also explain why a greater body mass is a greater risk factor for 

Table 2  Descriptive characteristics of knee OA cohort

Characteristic
Overall
N=11 750

High-impact
N=612

High
N=2438

Moderate
N=4801

Low
N=3899

Age (years) 66.5 (9.3) 63.5 (9.6) 66.5 (8.4) 66.5 (9.2) 67.1 (9.9)

 � Sex

 � Male 3203 (100) 296 (9.2) 820 (26) 1168 (36) 919 (29)

 � Female 8547 (100) 316 (3.7) 1618 (19) 3633 (43) 2980 (35)

Baseline HOOS12 52.3 (14.1) 55.5 (15.1) 56.3 (13.7) 53.8 (13.7) 47.9 (13.7)

Missing 5604 (48) 311 (51) 1504 (62) 1985 (41) 1804 (46)

Baseline symptom duration (months) 12.0 (5.0, 36.0) 12.0 (5.0, 31.0) 12.0 (6.0, 36.0) 12.0 (5.0, 36.0) 12.0 (5.0, 36.0)

Missing 1416 (12) 100 (16) 437 (18) 468 (9.7) 411 (11)

Baseline pain intensity 45.8 (22.1) 41.2 (21.5) 41.5 (21.4) 44.1 (21.5) 51.3 (22.3)

Missing 5 (<0.1) 0 (0) 1 (<0.1) 3 (<0.1) 1 (<0.1)

Baseline opioid (yes) 560 (100) 15 (2.7) 76 (14) 180 (32) 289 (52)

Baseline EQ-5D VAS 70.1 (18.8) 75.8 (19.0) 75.1 (17.2) 71.7 (17.5) 63.9 (19.5)

Missing 2 (<0.1) 1 (0.2) 0 (0) 0 (0) 1 (<0.1)

Baseline chair stand 30s 12.0 (10.0, 14.0) 13.0 (11.0, 16.0) 13.0 (11.0, 15.0) 12.0 (10.0, 14.0) 11.0 (9.0, 13.0)

Missing 529 (4.5) 19 (3.1) 75 (3.1) 217 (4.5) 218 (5.6)

Baseline fear (yes) 1945 (100) 99 (5.1) 297 (15) 753 (39) 796 (41)

Missing 2 (<0.1) 0 (0) 0 (0) 1 (<0.1) 1 (<0.1)

3 mo pain intensity 27.0 (14.0, 47.0) 23.0 (12.0, 44.0) 26.0 (13.0, 43.0) 26.0 (14.0, 45.0) 32.0 (16.0, 51.0)

Missing 1603 (14) 86 (14) 293 (12) 612 (13) 612 (16)

3mo chair stand 30s 14.0 (4.0) 16.0 (4.7) 15.0 (4.2) 14.2 (3.9) 12.9 (3.6)

Missing 673 (5.7) 33 (5.4) 116 (4.8) 275 (5.7) 249 (6.4)

3 mo fear (yes) 923 (100) 42 (4.6) 137 (15) 358 (39) 386 (42)

Missing 1597 (14) 86 (14) 291 (12) 610 (13) 610 (16)

12 mo TKR (yes) 319 (100) 15 (4.7) 67 (21) 119 (37) 118 (37)

Missing 4351 (37) 204 (33) 782 (32) 1737 (36) 1628 (42)

For continuous variables, values represent mean (one SD). For categorical variables, values represent frequency (percentage). 
EQ5D, EuroQol-5D; HOOS12, Hip disability and Osteoarthritis Outcome Score 12-item; mo, months; OA, osteoarthritis; TKR, total knee replacement; VAS, Visual Analogue Scale.

Table 3  Point estimates (95% CI) for the risk of a total knee replacement

Models Exposure on mediator effects Mediator on outcome effects* Rtnde* Rpnie* Rte*

High-impact vs low: M = Pain 1.9, (0.11 to 32.45; p=0.659) 1.03, (1.02 to 1.04; p<0.001) 0.62, (0.29 to 0.94) 1.02, (0.95 to 1.08) 0.63, (0.29 to 0.96)

High-impact vs med: M=pain 3.72, (0.36 to 38.67; p=0.271) 1.04, (1.03 to 1.05; p<0.001) 0.56, (0.25 to 0.87) 1.04, (0.96 to 1.13) 0.58, (0.26 to 0.91)

High-impact vs high: M=pain 0.83, (0.07 to 9.72; p=0.882) 1.04, (1.03 to 1.05; p<0.001) 0.52, (0.24 to 0.8) 0.99, (0.92 to 1.07) 0.52, (0.24 to 0.80)

High-impact vs low: M=chair stand 1.43, (1.01 to 2.02; p=0.046) 0.90, (0.85 to 0.97; p=0.004) 0.66, (0.3 to 1.01) 0.97, (0.92 to 1.01) 0.64, (0.30 to 0.98)

High-impact vs med: M=chair stand 1.26, (0.91 to 1.75; p=0.164) 0.89, (0.84 to 0.95; p<0.001) 0.61, (0.28 to 0.95) 0.98, (0.94 to 1.02) 0.60, (0.27 to 0.93)

High-impact vs high: M=chair stand 1.13, (0.79 to 1.63; p=0.499) 0.82, (0.75 to 0.90; p<0.001) 0.55, (0.26 to 0.84) 0.98, (0.92 to 1.04) 0.54, (0.25 to 0.83)

High-impact vs low: M=fear 0.57, (0.33 to 0.99; p=0.045) 2.24, (1.35 to 3.72; p=0.002) 0.67, (0.31 to 1.02) 0.96, (0.91 to 1.01) 0.64, (0.30 to 0.98)

High-impact vs med: M=fear 0.8, (0.48 to 1.33; p=0.386) 1.05, (0.52 to 2.11; p=0.892) 0.61, (0.28 to 0.94) 1.00, (0.98 to 1.02) 0.61, (0.28 to 0.94)

High-impact vs high: M=fear 0.69, (0.4 to 1.18; p=0.178) 1.96, (0.92 to 4.21; p=0.082) 0.55, (0.26 to 0.84) 0.98, (0.94 to 1.02) 0.54, (0.26 to 0.83)

*Values represent the OR.
M, mediator; med, medium intensity activities; Rpnie, ratio of pure natural indirect effect; Rte, ratio of total effect; Rtnde, ratio of total natural direct effect.
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TKR than THR.48 Also, knee OA may be characterised by higher 
levels of low-grade inflammation than hip OA,47 which may 
expose the knee to a greater risk of mechanical and metabolic 
insult under repetitive high-impact loading.

Clinical implications
Our findings suggest that higher-impact PA should not 
be routinely discouraged based on joint replacement risk 
alone. Clinicians may consider recommending appropriately 
progressed higher-impact activities for individuals with hip OA, 
and supporting continued participation in knee OA when symp-
toms, capacity and patient goals allow.

Limitations
First, as a registry-based cohort study, causal inference depends 
on adequate adjustment for confounding, which cannot be guar-
anteed. We therefore applied a conservative common set of base-
line confounders across models, although this may not represent 
the minimal sufficient adjustment set. Second, although we 
selected confounders based on a causal framework, unmeasured 
confounding (eg, radiographic severity) remains possible. Third, 
several key variables, including PA and symptom measures, were 
self-reported and therefore subject to measurement error,49 
which may still lead to residual confounding. Fourth, although PA 
was measured longitudinally, we presently used only the baseline 
PA exposure to preserve temporal separation between exposure, 
mediator and outcome. More sophisticated causal approaches 
incorporating repeated PA measurements, such as time-varying 
models, may better capture the dynamic relationship between 
PA and joint replacement risk over time. Finally, the 12-month 
follow-up period may not reflect the longer-term relationship 
between PA participation and joint replacement risk.

CONCLUSION
Participation in high-impact PA was associated with a 
36–48% lower odds of THR, while not being associated with 
an increased odds of 12 months TKR. Although greater pain, 
fear of joint damage, and lower functional capacity were associ-
ated with greater joint replacement risk, there was little evidence 
that these factors mediated the association between PA and joint 
replacement risk. These findings challenge the assumption that 
high-impact activity is inherently harmful in OA.

Correction notice  This article has been corrected since it published Online First. 
The author affiliations have been updated.
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High-impact vs med: M=pain 2.68, (0.46 to 15.71; p=0.275) 1.04, (1.03 to 1.05; p <0.001) 1.30, (0.60 to 1.99) 1.03, (0.97 to 1.10) 1.34, (0.62 to 2.06)

High-impact vs high: M=pain 0.59, (0.10 to 3.57; p=0.569) 1.04, (1.02 to 1.05; p <0.001) 1.02, (0.42 to 1.62) 0.98, (0.92 to 1.04) 1.00, (0.42 to 1.59)

High-impact vs low: M=chair stand 1.69, (1.32 to 2.15; p <0.001) 0.85, (0.78 to 0.92; p <0.001) 1.09, (0.50 to 1.68) 0.92, (0.87 to 0.98) 1.00, (0.46 to 1.54)

High-impact vs med: M=chair stand 1.25, (0.98 to 1.58; p=0.069) 0.85, (0.79 to 0.91; p <0.001) 1.39, (0.66 to 2.13) 0.97, (0.93 to 1.01) 1.35, (0.64 to 2.05)

High-impact vs high: M=chair stand 1.09, (0.84 to 1.41; p=0.522) 0.84, (0.77 to 0.93; p=0.001) 1.02, (0.43 to 1.62) 0.99, (0.94 to 1.03) 1.01, (0.42 to 1.59)

High-impact vs low: M=fear 0.73, (0.51 to 1.05; p = 0.093) 1.83, (1.08 to 3.10; p = 0.025) 1.03, (0.47 to 1.59) 0.98, (0.95 to 1.01) 1.01, (0.46 to 1.56)

High-impact vs med: M=fear 0.84, (0.58 to 1.22; p = 0.359) 2.09, (1.11 to 3.93; p = 0.022) 1.37, (0.65 to 2.09) 0.99, (0.96 to 1.02) 1.36, (0.64 to 2.07)
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*Values represent the OR. 
M, mediator; med, medium intensity activities; Rpnie, ratio of pure natural indirect effect; Rte, ratio of total effect; Rtnde, ratio of total natural direct effect.
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