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Abstract

Although regular physical activity is recommended for osteoar-
thritis (OA) prevention, many adults fail to exercise consistently
due to time constraints. We evaluated the association between the
“weekend warrior” (WW) pattern, defined as accumulating the
recommended amount of physical activity within one or two days
per week, and incident OA. This prospective cohort study used
data from the UK Biobank accelerometer substudy. A total of 83,
386 participants with valid 7-day wrist-worn accelerometer data
were included. Participants were classified as inactive (< 150
min/week of moderate-to-vigorous physical activity [MVPA]),
weekend warriors ( > 150 min/week with > 50% of MVPA accu-
mulated within 1 - 2 days), or regularly active ( > 150 min/week
with > 50% distributed across > 2 days). Sensitivity analyses were
additionally conducted using progressively stricter MVPA con-
centration thresholds ranging from > 55% to > 95%. Incident OA
was identified through linked health records. Cox proportional
hazards models were applied to estimate hazard ratios (HRs) and
95% confidence intervals (CIs). Over a median follow-up of 7.9
years, 8, 130 incident OA cases were identified. Compared with
inactive participants, both regularly active and weekend warrior
patterns were associated with lower OA risk in fully adjusted
models (HR = 0.889, 95% CI: 0.835 - 0.946, HR = 0.894, 95%
CI: 0.850 - 0.941, respectively), and these inverse associations
remained stable when using stricter MVPA concentration thresh-
olds ranging from > 55% to > 90%. In contrast, compared with
regularly active participants, weekend warrior participants did not
show a statistically significant difference in OA risk (HR, 1.031;
95% CI, 0.968 - 1.099), even after further adjustment for total
MVPA volume. Accumulating guideline-recommended MVPA
within one to two days per week was associated with a lower risk
of incident OA, comparable to regularly distributed physical ac-
tivity. The weekend warrior pattern may represent a practical op-
tion for OA prevention among time-constrained adults.

Key words: Physical activity, weekend warrior, MVPA, osteoar-
thritis, accelerometer, UK Biobank.

Introduction

Osteoarthritis affects over 595 million individuals globally
and represents one of the principal causes of musculoskel-
etal pain and physical disability. Driven by population ag-
ing and the increasing prevalence of obesity, the burden of
knee osteoarthritis is expanding rapidly and is projected to
increase by 75% by 2050 (GBD Osteoarthritis Collabora-
tors., 2023). Osteoarthritis has become a major global
health challenge, adversely affecting quality of life, health

care system sustainability, and participation in the work-
force (Lynch et al., 2022). Although key risk factors for
osteoarthritis, such as obesity and joint injury, are well es-
tablished and modifiable, effective strategies addressing
these factors remain limited in both primary and secondary
prevention contexts (Tang et al., 2025). There is an urgent
need for practical preventive approaches that can enhance
long-term adherence at the population level.

Appropriate physical activity is widely regarded as
a foundational component of first-line strategies for both
the prevention and management of osteoarthritis (Huffman
et al., 2024). In individuals participating in exercise-based
interventions, maintenance of muscle mass is associated
with improved joint function and reduced compressive
loading across the knee joint (Jurado-Castro et al., 2022).
Current U.S. physical activity guidelines recommend a
minimum of 150 minutes of moderate-intensity activity or
at least 75 minutes of vigorous-intensity activity per week,
collectively referred to as moderate-to-vigorous physical
activity (MVPA), to confer broad health benefits (Piercy et
al., 2018). The current U.S. Physical Activity Guidelines
for adults emphasize the total amount of physical activity
accumulated per week and do not mandate a specific
within-week distribution pattern, although they preferen-
tially recommend that activity be spread throughout the
week. However, increasingly fast-paced lifestyles and ex-
tended working hours pose substantial barriers to sustained
participation in exercise interventions, with many individ-
uals unable to achieve World Health Organization-recom-
mended levels of leisure-time physical activity through
regular daily exercise. As a result, a growing proportion of
adults engage in the “weekend warrior” (WW) pattern,
whereby the recommended weekly volume of physical ac-
tivity is accumulated during one or two days, typically on
weekends (O'Donovan et al., 2018). Emerging evidence in-
dicates that, in selected health domains, the WW pattern
may produce outcomes comparable to those associated
with regularly distributed physical activity (Cao et al.,
2025; Khurshid et al., 2023). In addition, multiple recent
studies have reported comparable benefits of the WW ac-
tivity pattern and regularly distributed physical activity on
bone mineral density (Li and Wang, 2025; Wang et al.,
2025; Xu et al., 2025). Collectively, these findings suggest
that the WW pattern may serve as a feasible and effective
approach to maintaining bone health among working-age
populations. However, work and caregiving demands may
make daily exercise difficult, leading some adults to
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concentrate their physical activity within a small number
of days. This concentrated pattern has raised concerns that
greater mechanical loading within individual exercise ses-
sions may increase the risk of muscle or joint injury.
Whether this activity pattern offers protective effects
against osteoarthritis, and whether such effects are compa-
rable to those achieved through a regularly active pattern,
remains uncertain.

This study aimed to investigate the associations be-
tween osteoarthritis incidence and two guideline-concord-
ant physical activity patterns: a concentrated weekend war-
rior pattern performed on one to two days per week and a
more evenly distributed regularly active pattern. The find-
ings are intended to support the development of more per-
sonalized, preference-sensitive physical activity recom-
mendations and to enhance adherence to activity-based
strategies for osteoarthritis prevention at the population
level.

Methods

Study design and participants

This investigation was conducted using data from the UK
Biobank, which obtained ethical approval from the North
West Multicentre Research Ethics Committee (REC No.
11/NW/0382). All participants provided written informed
consent and consented to linkage of their data with national
electronic health-related records (Fry et al., 2017). This
study received ethical approval and the project reference
number is 1047335. The UK Biobank is a large prospec-

tive, population-based cohort comprising more than 500
000 participants recruited between 2006 and 2010 from 22
assessment centers throughout England, Scotland, and
Wales. Participants completed detailed interviews and
questionnaires that assessed sociodemographic factors,
lifestyle behaviors, health status, and physical measure-
ments (Bycroft et al., 2018).

Between May 2013 and December 2015, approxi-
mately 240, 000 UK Biobank participants were invited via
email to take part in an accelerometer substudy, of whom
103, 520 provided valid accelerometer data. Participants
were excluded for the following reasons: poorly calibrated
accelerometer data (n = 130); insufficient wear time, de-
fined as fewer than 3 days with data within any 1-hour pe-
riod or no recorded data (n = 4, 581); implausibly high
mean acceleration values ( > 100 mg; n = 12); absence of
daily MVPA data (n = 3, 502); accelerometer wear time of
less than 1 complete week (n =4, 001); missing covariate
information (n =1, 677); or a documented diagnosis of os-
teoarthritis at baseline (n = 6, 231). The final analytic co-
hort comprised 83, 386 participants. Participant selection
is summarized in Figure 1.

Physical activity patterns

Participants enrolled in the accelerometer substudy were
instructed to continuously wear a triaxial Axivity AX3 ac-
celerometer on their dominant wrist for a 7-day period
(Doherty et al., 2017). The accelerometer captured triaxial
acceleration signals at a sampling rate of 100 Hz and within
a dynamic range of + 8 g. Raw acceleration signals were

103,520 Participants returned
accelerometer data
12,226 Parlicipants had insufficient accelerometer
data quality
Poor calibration (n = 130)
= Insuflicient wear-lime for analysis (n = 4 581)
Unrealistically high acceleration values (n= 12)
Daily MVPA not available (n = 3,502)
Less than full week of data (n = 4,001)
A
91,294 Parlicipants had
validated acceleromater data
1,677 Paricipants had missing covariale values
Townsend Deprivation Index (n = 104)
Ethnicily {n = 331)
- Education level (n = 835)
BMI {n = 190)
Smoking (n = 189)
Alcohol (n = 28)
L™
89,617 Parlicipants without
missing data
B 6.231 Participants had ostecarthritis al or
before acceleromeler data collection
A
83,386 Participants included
in the analysis

Figure 1. Flowchart of participant selection. Participants were excluded sequentially for accelerometer calibration failure,
insufficient wear time, implausibly high mean acceleration, missing daily MVPA data, less than one complete week of accel-
erometer wear, missing covariates, or prevalent OA at baseline. The final analytic cohort included 83,386 participants without
OA at baseline. Abbreviations: BMI, body mass index; MVPA, moderate-to-vigorous physical activity; OA, osteoarthritis.



Zhang et al.

877

summarized into 5-second epochs and expressed as mean
vector magnitude values. Nonwear time was defined as in-
tervals of at least 60 consecutive minutes with minimal
movement, during which the standard deviation of acceler-
ation across all three axes remained below 13.0 mg
(Doherty et al., 2017). Identified nonwear intervals were
imputed using the mean vector magnitude and activity in-
tensity distributions from corresponding time periods on
other valid days. Detailed descriptions of the accelerometer
data collection and processing methods have been reported
previously (Doherty et al., 2017). A previously published
machine learning-based algorithm was applied to classify
activity behaviors from wrist-worn accelerometer data, en-
abling accurate differentiation of MVPA from light-inten-
sity activity, sedentary behavior, and sleep. The validity of
this classification approach has been demonstrated in a
population-based UK sample (Walmsley et al., 2021).

In this analysis, daily MVPA duration was quantified in
minutes per day based on the proportion of time spent in
MVPA per day (field ID 40045). Participants were catego-
rized based on overall physical activity level and activity
pattern in accordance with World Health Organization
physical activity guidelines (Bull et al., 2020; Arnett et al.,
2019; Khurshid et al., 2023). Participants were initially
classified as inactive (weekly MVPA < 150 minutes) or
physically active (weekly MVPA > 150 minutes). The
physically active group was further stratified according to
the temporal distribution of MVPA across days, irrespec-
tive of whether activity occurred on weekends. Participants
accumulating at least 50% of their weekly MVPA within 1
to 2 days were classified as weekend warriors, whereas
those distributing at least 50% of MVPA across more than
2 days were classified as regularly active.

Osteoarthritis ascertainment

Osteoarthritis was identified using data from primary care
records, hospital admissions, self-reports, death registries,
or inpatient records and was defined according to Interna-
tional Classification of Diseases, Tenth Revision (ICD-10)
codes M15 to M19 (Guo et al., 2024; Prieto-Alhambra et
al., 2014).

Covariates

Age was calculated using participants’ date of birth and the
date on which the accelerometer was worn. Sex (female or
male), race (White or other), and the Townsend Depriva-
tion Index were obtained from self-administered question-
naires. Additional covariates included educational attain-
ment, smoking status, and frequency of alcohol consump-
tion. Educational attainment was dichotomized as high or
low. High educational attainment was defined as comple-
tion of a university degree or higher, whereas low educa-
tional attainment comprised participants without a univer-
sity degree, including those with National Vocational
Qualifications, Higher National Diplomas or Certificates,
A-level or Advanced Subsidiary qualifications (or equiva-
lent), or no formal educational qualifications. Smoking sta-
tus was categorized as current, former, or never smoker.
Alcohol consumption frequency was classified as daily or
almost daily; 3 to 4 times per week; 1 to 2 times per week;
1 to 3 times per month; or rarely or never. Body mass index
(BMI) was calculated as weight in kilograms divided by
height in meters squared using measurements obtained at
the initial assessment center visit. All covariates included
in the analyses were derived from the assessment con-
ducted closest in time to the accelerometer wear period.
Detailed definitions of all covariates and their correspond-
ing field identifiers are provided in Supplementary Table
1.

Table 1. Baseline characteristics of the study population according to physical activity pattern.

Characteristics Active - weekend warrior Active - regularly active Inactive

n 36, 165 19, 823 27,398
Age (years) 61.49 (7.76) 60.42 (7.91) 62.38 (7.86)
Male, n (%) 17, 626 (48.7) 9,701 (48.9) 9,102 (33.2)
Education, n (%)

College or above 17, 140 (47.4) 10, 019 (50.5) 9,707 (35.4)
Others 19, 025 (52.6) 9, 804 (49.5) 17, 691 (64.6)
Townsend deprivation index -1.92 (2.70) -1.31 (3.00) -1.79 (2.78)
Ethnicity, n (%)

White 35,214 (97.4) 19, 124 (96.5) 26,431 (96.5)
Non-White 951 (2.6) 699 (3.5) 967 (3.5)

Smoking status, n (%)

Never 21,492 (59.4) 11, 504 (58.0) 15, 146 (55.3)
Former 12, 616 (34.9) 7, 062 (35.6) 9, 807 (35.8)
Current 2,057 (5.7) 1,257 (6.3) 2,445 (8.9)
Alcohol intake frequency, n (%)

Daily or almost daily 8,758 (24.2) 4, 881 (24.6) 5,506 (20.1)
3 - 4 times/week 10,217 (28.3) 5,450 (27.5) 6, 104 (22.3)
1 - 2 times/week 9,259 (25.6) 4,806 (24.2) 6,879 (25.1)
1 - 3 times/month 3,553 (9.8) 1,991 (10.0) 3,543 (12.9)
Special occasions only 2,768 (7.7) 1, 665 (8.4) 3,407 (12.4)
Never 1,610 (4.5) 1,030 (5.2) 1,959 (7.2)
BMI, kg/m? 26.08 (3.93) 25.69 (3.97) 27.84 (5.11)
Total weekly MVPA, min 288.00 (216.00, 432.00)  432.00 (302.40, 604.80) 72.00 (43.20, 115.20)

Data are presented as mean (SD), median (IQR), or n (%), as appropriate. Active participants accumulated >150 min/week of
MVPA. Weekend warriors accumulated >50% of weekly MVPA on their two most active days; regularly active participants
accumulated <50% on their two most active days. Inactive participants accumulated <150 min/week of MVPA. Abbreviations:
BMI, body mass index; IQR, interquartile range; MVPA, moderate-to-vigorous physical activity; SD, standard deviation.
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Statistical analysis

Baseline participant characteristics were summarized ac-
cording to physical activity patterns defined using guide-
line-based thresholds (= 150 minutes of MVPA per week).
Continuous variables are reported as means with standard
deviations (SDs), whereas categorical variables are pre-
sented as counts and percentages.

Cox proportional hazards regression models were
applied to evaluate the associations between physical ac-
tivity patterns and incident osteoarthritis, with effect esti-
mates reported as hazard ratios (HRs) and 95% confidence
intervals (Cls). The proportional hazards assumption was
evaluated using Schoenfeld residuals, and no violations
were observed. Cumulative incidence curves stratified by
physical activity pattern were plotted to illustrate the me-
dian follow-up time of 7.9-year cumulative incidence of
osteoarthritis; in a supplementary analysis, additional
curves were generated with truncation at 5 years. Model 1
was adjusted for age at accelerometer assessment, sex, and
ethnicity. Model 2 was further adjusted for educational at-
tainment, Townsend Deprivation Index, and BMI. Model
3 was additionally adjusted for smoking status and alcohol
intake frequency. In addition, Model 3 was further adjusted
for total weekly MVPA volume to minimize the potential
influence of overall MVPA volume on the association be-
tween different temporal concentration patterns of physical
activity and osteoarthritis risk.

Subgroup analyses were performed using the fully
adjusted model to examine potential effect modification by
age (< 65 vs > 65 years) and sex (female vs male) in the
association between physical activity patterns and osteoar-
thritis. To further characterize the concentrated nature of
the weekend warrior pattern, we conducted additional sen-
sitivity analyses using progressively stricter thresholds for
the proportion of weekly MVPA accumulated within 1 - 2
days, ranging from > 55% to > 95% in 5% increments. We
also redefined weekend warriors using MVPA accumu-
lated on any two consecutive days or specifically on 1 - 2
weekend days. In addition, to reduce potential reverse cau-
sation, lag analyses excluding osteoarthritis events occur-
ring within the first 1 - 3 years of follow-up were per-
formed to assess the robustness of the findings. All statis-
tical analyses were conducted using R software, version
4.3.1 (Beagle Scouts). A 2-sided P value of less than 0.05
was considered statistically significant.

Results

Participant characteristics

A total of 83, 386 participants were included in this study,
with a mean age of 61.53 years (SD, 7.86), and 43.7% were
men. Baseline characteristics stratified by physical activity
pattern are shown in Table 1. Participants were classified
into 3 groups: inactive (32.9%; n =27, 398), regularly ac-
tive (23.8%; n = 19, 823), and weekend warrior, which
comprised the largest proportion (43.4%; n =36, 165). The
total weekly MVPA was highest in the regularly active
group (median, 432.00 minutes; interquartile range [IQR],
302.40 - 604.80 minutes), followed by the weekend warrior
group (median, 288.00 minutes; IQR, 216.00 - 432.00
minutes), and lowest in the inactive group (median, 72.00

minutes; IQR, 43.20 - 115.20 minutes) (Figure 2a). Com-
pared with weekend warrior participants, those in the inac-
tive group were older, more likely to smoke, less likely to
consume alcohol, had a lower prevalence of university or
higher educational attainment, and had higher BMI levels.
Figure 2b and 2c show the distributions of mean daily
MVPA during the two most active days and the remaining
five days among weekend warriors and regularly active
participants, respectively. Density-peak height represents
the relative concentration of participants at a given mean
daily MVPA level. Dashed lines indicate the medians, and
the double-headed arrow indicates the difference between
the two medians. A larger median difference among week-
end warriors indicates a greater concentration of weekly
MVPA on the two most active days, whereas the smaller
difference among regularly active participants reflects a
more even distribution of activity across the week. In addi-
tion, density distributions for weekend warriors and regu-
larly active participants classified using a 75% threshold
for the concentration of weekly MVPA within one or two
days are presented in Supplementary Figure 1, showing a
greater difference in mean daily MVPA between the two
most active days and the remaining five days. In addition,
the day-by-day concentration analysis among active partic-
ipants showed that the proportions requiring a minimum of
1,2,3,4,5, and 6 days to accumulate 75% of total weekly
MVPA were 1.0%, 9.8%, 29.5%, 39.7%, 19.7%, and 0.3%,
respectively. The proportions requiring 1, 2, 3, and 4 days
to accumulate 50% of weekly MVPA were 10.7%, 53.9%,
34.3%, and 1.1%, respectively. These results are presented
in Supplementary Figure 2 and Supplementary Table 2.

Associations between physical activity patterns and
osteoarthritis
Over a median follow-up duration of 7.9 years (interquar-
tile range, 7.3 - 8.4 years), osteoarthritis was newly identi-
fied in 8, 130 participants. Cumulative incidence curves es-
timates (Figure 3a and Supplementary Figure 3) demon-
strated that individuals classified as inactive experienced
the greatest cumulative incidence of osteoarthritis across
the 7.9-years and 5-years follow-up period, while both the
weekend warrior and regularly active groups showed lower
risks. To delineate the dose-response relationship between
physical activity patterns and incident osteoarthritis, spline
regression analyses were performed. The spline models in-
dicated that the lowest risk of osteoarthritis occurred at
moderate-to-vigorous physical activity (MVPA) levels of
approximately 150 to 250 minutes per week (Figure 3b).
In minimally adjusted analyses, engagement in ei-
ther a regularly active or weekend warrior pattern was as-
sociated with a comparably lower risk of osteoarthritis rel-
ative to inactivity (HR = 0.724, 95% CI: 0.682 - 0.769; HR
=0.746, 95% CI: 0.710 - 0.783, respectively) (Figure 3c).
With further adjustment for BMI, Townsend Deprivation
Index, and educational level, the magnitude of the associa-
tions decreased modestly but retained statistical signifi-
cance (HR = 0.885, 95% CI: 0.832 - 0.942) for the regu-
larly active pattern and HR = 0.889, 95% CI: 0.845 - 0.935
for the weekend warrior pattern) (Figure 3c). After com-
prehensive adjustment for all covariates, both physical
activity patterns remained similarly associated with a lower
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osteoarthritis risk (HR = 0.889, 95% CI: 0.835 - 0.946 for
the regularly active pattern and HR = 0.894, 95% CI: 0.850
- 0.941 for the weekend warrior pattern) (Figure 3c). Even
after further adjustment for total weekly MVPA, both the
regularly active and weekend warrior patterns remained as-
sociated with a lower risk of osteoarthritis. However, com-
pared with regularly active participants, those following
the weekend warrior pattern showed no statistically signif-
icant difference in osteoarthritis risk (HR, 1.031; 95% CI,
0.968 - 1.099) (Supplementary Table 6).

On the basis of this observation, participants in the
weekend warrior and regularly active categories were fur-
ther stratified according to a weekly MVPA threshold of
250 minutes. The analyses demonstrated that both week-

end warriors and regularly active participants had a signif-
icantly lower risk of osteoarthritis than inactive partici-
pants when weekly MVPA exceeded 250 minutes, whereas
only the weekend warrior pattern was associated with a
lower osteoarthritis risk when weekly MVPA ranged from
150 to 250 minutes (Supplementary Table 3, top two days
> 50%). When weekend warriors were defined using
thresholds of > 55% to > 65% of weekly MVPA accumu-
lated on the two most active days, both the weekend war-
rior and regularly active patterns were associated with a
lower osteoarthritis risk across weekly MVPA strata. At
thresholds ranging from > 70% to > 95%, the regularly ac-
tive pattern showed a more consistent association with a
lower osteoarthritis risk.

a
0.008
Median (IQR), min
O Inactive: 72.0 (43.2-115.2)
Active - WW: 288.0 (216.0-432.0)
Active - Regular: 432.0 (302.4-604.8)
=
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o
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Figure 2. Distribution of accelerometer-measured MVPA according to physical activity pattern using the 50%
top-two-day definition. a, Distribution of total weekly MVPA in inactive, WW, and regularly active participants. b
and c, Distributions of mean daily MVPA during the two most active days and the remaining five days among WW
and regularly active participants, respectively. Dashed vertical lines indicate medians; annotations report the median and IQR,
and the double-headed horizontal arrow shows the difference between the two medians. Inactive participants accumulated <150
min/week of MVPA. Among participants accumulating >=150 min/week, WW participants accumulated >=50% of total weekly
MVPA on the two most active days, whereas regularly active participants accumulated <50% on those days. Density is explicitly
defined as the relative population distribution estimated using kernel density estimation. Abbreviations: IQR, interquartile range;
MVPA, moderate-to-vigorous physical activity; WW, weekend warrior.
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Figure 3. Associations of physical activity pattern and total weekly MVPA with incident osteoarthritis. a, Cumulative risk of
incident overall OA through 7.9 years of follow-up by physical activity pattern. b, Association between continuous total weekly MVPA
and incident overall OA estimated using a Cox proportional hazards model with a natural cubic spline; the shaded area indicates the
95% CI and 150 min/week is the HR reference value. The spline model adjusted for age at accelerometer assessment, sex, ethnicity,
education, Townsend deprivation index, smoking status, alcohol intake frequency, and BMI. ¢, HRs for WW and regularly active
participants versus inactive participants from Cox proportional hazards models. Model 1 adjusted for age at accelerometer assessment,
sex, and ethnicity. Model 2 additionally adjusted for education, Townsend deprivation index, and BMI. Model 3 additionally adjusted
for smoking status and alcohol intake frequency. Inactive participants accumulated <150 min/week of MVPA. Among participants
accumulating >=150 min/week, WW participants accumulated >=50% of total weekly MVPA on the two most active days, whereas
regularly active participants accumulated <50% on those days. The activity pattern reference group was inactive. Incident overall OA
was defined as the first recorded ICD-10 M15-M19 diagnosis during follow-up among participants without OA at baseline. Abbrevia-
tions: BMI, body mass index; CI, confidence interval; HR, hazard ratio; ICD-10, International Classification of Diseases, 10th Revision; MVPA, mod-
erate-to-vigorous physical activity; OA, osteoarthritis; WW, weekend warrior.
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Subgroup analyses

In sex-stratified analyses, a significant association between
the weekend warrior pattern and lower osteoarthritis risk
was observed among females (HR = 0.847; 95% CI: 0.794
- 0.904), whereas no statistically significant association
was detected among males (HR = 0.975; 95% CI: 0.896 -
1.060) (Figure 4a and Figure 4b). This sex-specific differ-
ence suggests that the lower risk of the weekend warrior
pattern with osteoarthritis may be more pronounced in fe-
males. The results of the subgroup analyses according to

age groups were generally consistent with those of the pri-
mary analysis. In the fully adjusted model, the weekend
warrior pattern was significantly associated with a lower
risk of osteoarthritis in both younger participants (HR =
0.881; 95% CI: 0.814 - 0.953) and older participants (HR
=0.867; 95% CI: 0.812 - 0.927) (Figure 4c and Figure 4d).
These findings suggest that individuals across different age
groups derive comparable benefits against risk of osteoar-
thritis when adhering to the weekend warrior physical ac-
tivity pattern.

a Female
Physical Activity Patterns N Events HR(95%CI)
Active - VW 18539 1666 - 0.847 (0.794, 0.904)
'
]
Active - Regular 10122 842 = : 0.846 (0.780, 0.917)
'
Inactive (reference) 18296 2427 $ 1.00 (reference)
06 08 1 12 14
b Male
Physical Activity Patterns N Events HR{95%CI)
Active - VW 17626 1477 —— 0.975 (0.896, 1.060)
I
I
Active - Regular 9701 742 —@F— 0.968 (0.877, 1.068)
]
Inactive (reference) 9102 976 ﬂ 1.00 (reference)
06 08 1 12 14
c Age >=65
Physical Activity Patterns N Events HR(95%CI)
Active - VW 14126 1775 - | 0.867 (0.812, 0.927)
'
]
Active - Regular 6647 801 —i— X 0.848 (0.779, 0.923)
]
Inactive (reference) 12137 2063 ljl 1.00 (reference)
015 018 1 1i2 1i4
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]
I
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Figure 4. Sex- and age-stratified associations between physical activity pattern and incident osteoarthritis. HRs and 95% Cls
were estimated using Cox proportional hazards models separately among females, males, participants aged >=65 years, and participants
aged <65 years. Models adjusted for age at accelerometer assessment, sex, ethnicity, education, Townsend deprivation index, smoking
status, alcohol intake frequency, and BMI, with the stratification variable omitted from the corresponding model. Inactive participants
accumulated <150 min/week of MVPA. Among participants accumulating >=150 min/week, WW participants accumulated >=50% of
total weekly MVPA on the two most active days, whereas regularly active participants accumulated <50% on those days. The reference
group was inactive within each stratum. Incident overall OA was defined as the first recorded ICD-10 M15-M19 diagnosis during
follow-up among participants without OA at baseline. Squares indicate HR estimates and horizontal lines indicate 95% Cls. Abbrevia-
tions: BMI, body mass index; CI, confidence interval; HR, hazard ratio; ICD-10, International Classification of Diseases, 10th Revision; MVPA, mod-
erate-to-vigorous physical activity; OA, osteoarthritis; WW, weekend warrior.
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Sensitivity analyses

The findings of the sensitivity analyses were consistent
with those of the primary analysis. Robust inverse associa-
tions were also observed when alternative definitions of the
weekend warrior pattern were applied. When the weekend
warrior pattern was defined as accumulating at least 50%
of total weekly MVPA within any 1 or 2 consecutive days,
both the weekend warrior and regularly active patterns
were associated with a lower risk of osteoarthritis com-
pared with inactivity, with HRs of 0.886 (95% CI, 0.837 -
0.937) and 0.898 (95% CI, 0.851 - 0.947), respectively
(Figure 5a). Similarly, when the weekend warrior pattern
was defined as accumulating at least 50% of total weekly
MVPA during 1 or 2 weekend days, the corresponding HRs
were 0.845 (95% CI, 0.770 - 0.927) for the weekend war-
rior pattern and 0.899 (95% CI, 0.857 - 0.943) for the reg-
ularly active pattern (Figure 5b). Sensitivity analyses using
alternative consecutive-day concentration thresholds gen-
erally yielded similar findings (Supplementary Table 4). In
addition, excluding participants who developed osteoar-
thritis within the first 1, 2, or 3 years of follow-up did not
materially alter the results. Using the primary > 50% defi-
nition, the HRs for the weekend warrior pattern were 0.922
(95% CI, 0.874 - 0.973), 0.924 (95% CI, 0.872 - 0.979),
and 0.930 (95% CI, 0.873 - 0.991) after the 1-, 2-, and 3-
year exclusions, respectively. The corresponding HRs for
the regularly active pattern were 0.908 (95% CI, 0.850 -
0.970), 0.907 (95% CI, 0.845 - 0.974), and 0.903 (95% CI,
0.836 - 0.976), respectively (Supplementary Table 5).

The weekend warrior pattern was alternatively de-
fined using thresholds ranging from 55% to 95%, in 5-per-
centage-point increments, for the proportion of total
weekly MVPA accumulated on the two most active days.
In the fully adjusted models, at concentration thresholds
ranging from 55% to 90%, both the weekend warrior and
regularly active patterns were associated with a lower risk
of osteoarthritis compared with inactivity. The HRs ranged
from 0.747 to 0.910 for the weekend warrior pattern and
from 0.889 to 0.902 for the regularly active pattern. When
the concentration threshold was increased to 95%, the reg-
ularly active pattern remained significantly associated with
a lower risk of osteoarthritis (HR, 0.893; 95% CI, 0.852 -
0.935), whereas the association for the weekend warrior
pattern was no longer statistically significant (HR, 0.882;
95% CI, 0.670 - 1.160) (Figure 5c). Exploratory analysis
excluding BMI from the covariate adjustment in the asso-
ciation between activity pattern and osteoarthritis were
given in Supplementary Table 7.

Discussion

Using longitudinal cohort data with a median follow-up of
7.9 years, we evaluated the associations between distinct
physical activity patterns and the risk of incident osteoar-
thritis. The results indicate that, compared with physically
inactive individuals, both the weekend warrior pattern,
characterized by accumulation of guideline-recommended
physical activity within 1 to 2 days per week, and a more
evenly distributed regularly active pattern were associated
with a lower risk of osteoarthritis, with similar magnitudes
of association. These findings suggest that the weekend

warrior pattern may confer benefits against osteoarthritis
and represent a feasible physical activity option for indi-
viduals who are unable to participate in regular daily exer-
cise because of occupational or time constraints.

Physical inactivity is recognized as a major risk fac-
tor for the development of osteoarthritis. The health bene-
fits of physical activity are well established and include
prevention of obesity, attenuation of age-related functional
decline, and preservation of joint health (Hootman et al.,
2003). Among adults aged 50 to 79 years, vigorous physi-
cal activity has been associated with improved joint health
(Racunica et al., 2007). Ding and colleagues (Ding et al.,
2010) reported that women who engaged in regular walk-
ing were less likely to exhibit early joint abnormalities, in-
cluding cartilage degeneration. Although evidence regard-
ing the role of quadriceps strength in knee osteoarthritis re-
mains mixed, older adults with greater muscle mass-poten-
tially attributable to regular physical activity experience
less cartilage loss, suggesting that exercise-related in-
creases in muscle mass and strength may help protect joints
from degenerative changes (Ding et al., 2010). Current
guidelines from the World Health Organization (WHO)
and the US Department of Health and Human Services
(HHS) recommend at least 150 minutes per week of mod-
erate-intensity aerobic activity, 75 minutes of vigorous-in-
tensity activity, or an equivalent combination. These guide-
lines emphasize that achieving the minimum recom-
mended activity threshold confers substantial health bene-
fits. However, increasingly demanding work schedules of-
ten limit opportunities for daily exercise, rendering regular
participation in physical activity unattainable for many in-
dividuals. Consequently, some adults adopt the “weekend
warrior” pattern, in which the recommended volume of
aerobic activity is completed within one or two sessions per
week. The health benefits of the weekend warrior pattern
were first reported in 2004 (Lee et al., 2004), when Lee and
colleagues observed a 15% lower risk of all-cause mortal-
ity among weekend warriors compared with the general
population. Subsequent investigations have demonstrated
benefits of this activity pattern across multiple health do-
mains, including mental and neurological health, as well as
metabolic conditions such as diabetes (Hamer et al., 2017;
Lei et al., 2025; Lin et al., 2024; Zhao et al., 2025). In ad-
dition, an increasing body of evidence supports potential
benefits of the weekend warrior pattern for bone health. For
example, an analysis of NHANES data by Yuao Tao and
colleagues found that adults engaging in lower-frequency
but sufficient total physical activity exhibited a reduced
risk of low bone mineral density compared with inactive
individuals, with effect estimates comparable to those ob-
served among regularly active participants (Wang et al.,
2025). Huanhuan Wang and colleagues further reported
that both weekend warrior and regularly active patterns
were positively associated with femoral neck bone mineral
density, particularly among individuals younger than 50
years, men, and unmarried participants (Li and Wang,
2025). Even among adults aged 50 years or older, the
weekend warrior pattern was associated with a signifi-
cantly reduced risk of osteoporosis compared with physical
inactivity (Xu et al., 2025). Collectively, these findings
suggest that, for individuals unable to engage in daily
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exercise, achieving the World Health Organization-recom-
mended duration of physical activity at a lower frequency

in a structured, goal-oriented manner may represent a via-
ble alternative strategy for reducing osteoporosis risk.

a Weekend warrior defined as >=50% MVPA over any 1-2 consecutive days

N Events HR(95%CI)

I
Active - WW 24188 2090 5 : 0.886 (0.837, 0.937)
Active - Regular 31800 2637 . 0.898 (0.851, 0.947)
Inactive (reference) 27398 3403 I’.:J 1.00 (reference)

1

]

T T T 1

b Weekend warrior defined as >=50% MVPA over 1-2 weekend days

06 08 1 12 14

N Events HR(95%CI)
i
Active - WW 7501 536 -0 : 0.845 (0.770, 0.927)
Active - Regular 48487 4191 0. 0.899 (0.857, 0.943)
Inactive (reference) 27398 3403 [:] 1.00 (reference)
]
]

¢ Activity patterns defined using >=55%-95% top-two-day MVPA thresholds

06 08 1 12 14

Threshold Pattern N Events HR vs inactive (95% Cl)
i
>=55% Active - WW 25992 2284 L : 0.896 (0.848, 0.947)
Active - Regular 29996 2443 = : 0.889 (0.842, 0.939)
>=60% Active - WW 19679 1709 L= 0.876 (0.825, 0.931)
Active - Regular 36309 3018 &= : 0.902 (0.857, 0.950)
>=65% Active - W 13072 1145 - : 0.875 (0.817, 0.937)
Active - Regular 42916 3582 Eo ] . 0.898 (0.855, 0.944)
>=70% Active - WW 9070 821 L gl 0.895 (0.828, 0.967)
Active - Regular 46918 3906 o 0.892 (0.849, 0.937)
>=75% Active - WW 6018 958 -E—: 0.910 (0.831, 0.996)
Active - Regular 49970 4172 : 0.890 (0.848, 0.934)
>=80% Active - WW 3824 342 —E—: 0.875 (0.782, 0.979)
Active - Regular 52164 4385 . & 0.894 (0.852, 0.937)
>=85% Active - WW 2105 180 ——, 0.828 (0.712, 0.963)
Active - Regular 53883 4547 i : 0.895 (0.854, 0.939)
>=00% Active - WW 1312 103 —a— : 0.747 (0.614, 0.909)
Active - Regular 54676 4624 o : 0.897 (0.855, 0.940)
>=85% Active - W 552 52 0.882 (0.670, 1.160)
Active - Regular 55436 4675 o, 0.893 (0.852, 0.935)
]
1
06 08 1 12 14

Figure 5. Associations between alternative weekend-warrior definitions and incident osteoarthritis. HRs and 95% Cls were es-
timated using Cox proportional hazards models adjusted for age at accelerometer assessment, sex, ethnicity, education, Townsend
deprivation index, smoking status, alcohol intake frequency, and BMI. a, WW defined as accumulating >=50% of total weekly MVPA
during any one or two consecutive days. b, WW defined as accumulating >=50% of total weekly MVPA during one or two weekend
days. ¢, WW and regularly active patterns defined at top-two-day concentration thresholds from 55% to 95% in 5-percentage-point
increments. At every definition, inactive participants accumulated <150 min/week of MVPA; among participants accumulating >=150
min/week, WW participants met the stated concentration threshold and regularly active participants did not. The reference group was
inactive. Incident overall OA was defined as the first recorded ICD-10 M15-M19 diagnosis during follow-up among participants with-
out OA at baseline. Squares indicate HR estimates and horizontal lines indicate 95% Cls. Abbreviations: BMI, body mass index; CI,
confidence interval; HR, hazard ratio; ICD-10, International Classification of Diseases, 10th Revision; MVPA, moderate-to-vigorous

physical activity; OA, osteoarthritis; WW, weekend warrior.
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However, direct evidence from large-scale longitudinal co-
hort studies evaluating whether the weekend warrior pat-
tern confers protection against osteoarthritis, and whether
such potential benefits are comparable to those associated
with a regularly active pattern, has remained limited. Pre-
clinical evidence indicates that moderate-intensity physical
activity alters synovial expression of proinflammatory me-
diators (eg, IL-1pB, IL-6, TNF-a, and MMP-13) and in-
creases anti-inflammatory and chondroprotective markers
(eg, IL-4, IL-10, and lubricin) in rat models of osteoarthri-
tis, supporting a potential role in slowing early disease pro-
gression through improved synovial cellular function
(Castrogiovanni et al., 2019). In this longitudinal analysis
of UK Biobank participants (median follow-up, 7.9 years),
both the weekend warrior and regularly active patterns
were associated with a lower risk of incident osteoarthritis
relative to inactivity. After multivariable adjustment, both
activity patterns were associated with an approximately
10% lower osteoarthritis risk. The estimate for the week-
end warrior pattern was lower among women. Consistent
with these results, data from the Osteoarthritis Initiative
showed that women reporting moderate physical activity
had slower structural progression of knee osteoarthritis
than those with low activity, whereas comparable differ-
ences were not observed in men. Together, these findings
suggest that meeting guideline-recommended physical ac-
tivity targets may be associated with similar lower osteoar-
thritis risk, independent of activity frequency. These obser-
vations may inform physical activity-based prevention
strategies for osteoarthritis, particularly for individuals
with limited time to engage in regular physical activity
throughout the week.

From a public health standpoint, sustaining moder-
ate physical activity may be a practical approach to knee
osteoarthritis prevention (Abbasi, 2017), and encouraging
a weekend warrior pattern could broaden engagement in
exercise-based preventive efforts. The association between
the weekend warrior pattern and lower osteoarthritis risk
may reflect multiple mechanisms. Accumulating activity
into fewer sessions may improve muscle strength, enhance
periarticular support, and lessen mechanical loading across
the joint. However, the weekend warrior pattern may also
entail potential harms. When physical activity is com-
pressed into a limited time window, session intensity may
be higher, which could increase the likelihood of sports-
related injury. A systematic review suggested that expo-
sure to vigorous activity-such as elite sports participation
or heavy occupational workloads-may be associated with
earlier onset of osteoarthritis, particularly in men (Miglio-
rini et al., 2022). In contrast, other studies observed no
clear association between the duration of sports participa-
tion and knee osteoarthritis risk (Gates et al., 2022). Col-
lectively, these data indicate a nonlinearity in the associa-
tion between physical activity and osteoarthritis risk, with
potential benefit limited to a specific exposure range.
Higher-intensity or excessive activity has been linked to
greater risk of radiographic knee and hip osteoarthritis
(Lefevre-Colau et al., 2016), possibly through injury-re-
lated pathways. A meta-analysis of 14 observational stud-
ies reported a dose-response association between activity
intensity and knee osteoarthritis risk, with higher intensity

associated with greater risk than moderate-intensity activ-
ity. Limited evidence further suggests that activity levels
exceeding international recommendations may be associ-
ated with increased osteoarthritis risk. However, much of
the mechanistic and epidemiological evidence discussed
above was derived from studies of knee or hip osteoarthri-
tis. Because the outcome in the present study combined os-
teoarthritis diagnoses across anatomical sites, these mech-
anisms should be interpreted only as potential biological
context and may not apply uniformly to knee, hip, hand,
generalized, and other forms of osteoarthritis. Our findings
therefore cannot determine whether the associations be-
tween physical activity patterns and osteoarthritis differ ac-
cording to anatomical site. Accordingly, we evaluated the
nonlinear association between weekly activity duration and
osteoarthritis risk and observed a U-shaped pattern. The
lowest estimated risk occurred at approximately 150 to 250
minutes per week. We then stratified both activity patterns
according to whether weekly duration was below or above
this threshold. When weekend warriors were defined using
thresholds of > 55% to > 65% of weekly MVPA accumu-
lated on the two most active days, both the weekend war-
rior and regularly active patterns were associated with a
lower risk of osteoarthritis, regardless of whether total
weekly MVPA was 150 - 250 minutes or > 250 minutes.
Taken together, approximately 150 to 250 minutes per
week may represent a lower risk across both activity pat-
terns.

This study is strengthened by a large sample, a pro-
spective design, and extensive adjustment for potential
confounders. In addition, results were robust across multi-
ple MVPA thresholds, and we formally assessed nonlinear
associations between physical activity and incident osteo-
arthritis. Several limitations should be acknowledged.
First, physical activity in the UK Biobank was assessed us-
ing a wrist-worn accelerometer over a single week.
Changes in behavior during follow-up or an unrepresenta-
tive monitoring week may therefore have resulted in expo-
sure misclassification. Accordingly, our study evaluated
accelerometer-derived physical activity patterns at baseline
rather than assuming that participants maintained a fixed
behavioral pattern throughout the follow-up period. Future
studies incorporating longer and repeated accelerometer
assessments during follow-up are warranted. Second,
MVPA classification was derived from heterogeneous ac-
tivity types (eg, walking, jogging, and stationary cycling).
Although this approach has been previously validated, var-
iation in activity type may still have contributed to misclas-
sification. Third, MVPA was quantified using wrist-worn
accelerometers; however, the optimal intensity thresholds
remain uncertain, despite consistent findings across alter-
native cut points. Fourth, because the cohort was predomi-
nantly White and based in the United Kingdom, generali-
zability to other populations may be limited. Fifth, compre-
hensive data on undiagnosed joint pain, previous injuries,
and cumulative occupational mechanical loading were un-
available; therefore, residual confounding may remain.
Sixth, our findings should therefore not be interpreted as
specific to any individual joint site. Future studies using
complete site-specific diagnostic histories are warranted.
Finally, given the observational design, residual confound-
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ing by unmeasured factors cannot be fully excluded, even
after adjustment for measured covariates.

Conclusion

In this cohort, both weekend warrior and regularly active
physical activity patterns were associated with a similarly
lower risk of incident osteoarthritis. Accumulating guide-
line-recommended activity within 1 - 2 weekly sessions
may therefore be a practical option for time-constrained in-
dividuals in osteoarthritis prevention.
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Key points

* Both weekend warrior and regularly active patterns were
associated with lower incident osteoarthritis risk com-
pared with inactivity.

» Lower risks were similar between concentrated and regu-
larly distributed physical activity patterns.

» These findings support flexible physical activity recom-
mendations for adults with limited time for daily exer-
cise.
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Supplementary Figure 1. Distribution of accelerometer-measured MVPA according to physical activity pattern using the 75%
top-two-day definition. a, Distribution of total weekly MVPA in inactive, WW, and regularly active participants. b and c, Distributions
of mean daily MVPA during the two most active days and the remaining five days among WW and regularly active participants,
respectively. Dashed vertical lines indicate medians; annotations report the median and IQR, and the double-headed horizontal arrow
shows the difference between the two medians. Inactive participants accumulated <150 min/week of MVPA. Among participants
accumulating >=150 min/week, WW participants accumulated >=75% of total weekly MVPA on the two most active days, whereas
regularly active participants accumulated <75% on those days. Density is explicitly defined as the relative population distribution
estimated using kernel density estimation. Abbreviations: IQR, interquartile range; MVPA, moderate-to-vigorous physical activity; WW, weekend
warrior.
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Supplementary Figure 2. Minimum number of most active days required to accumulate 50% or 75% of total
weekly MVPA. Among participants accumulating >=150 min/week of MVPA, bars show the percentage requiring one

through seven of their

most active days to accumulate at least 50% or 75% of total weekly MVPA. Percentages are

displayed above all bars, including zero values. Abbreviation: MVPA, moderate-to-vigorous physical activity.
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Supplementary Figure 3. Five-year cumulative risk of incident osteoarthritis by physical activity pattern. Cu-
mulative risk curves were truncated at 5 years. Inactive participants accumulated <150 min/week of MVPA. Among
participants accumulating >=150 min/week, WW participants accumulated >=50% of total weekly MVPA on the two
most active days, whereas regularly active participants accumulated <50% on those days. Incident overall OA was
defined as the first recorded ICD-10 M15-M19 diagnosis during follow-up among participants without OA at baseline.

Abbreviations: ICD-10, International Classification of Diseases, 10th Revision; MVPA, moderate-to-vigorous physical activity; OA,
osteoarthritis; WW, weekend warrior.

Supplementary Table 1. Definitions of covariates.

Covariate Definition UL U LS00 T
ID(s)

Age Age at accelerometer assessment (years), continuous. 21003, 53, 90010

Sex Female or male. 31

Ethnicity White or non-White. 21000

Education College/university degree or above versus other qualifications. 6138

Townsend deprivation index (/?rea_-lev.el socioeconomic deprivation score; higher values indicate greater 189

eprivation.
Smoking status Never, former, or current smoker. 20116
Alcohol intake frequency Daily/almost daily, 3 - 4 times/week, 1 - 2 times/week, 1 - 3 times/month, 1558

special occasions only, or never.

Body mass index

Weight divided by height squared (kg/m?), continuous. 21001
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Supplementary Table 2. Threshold-gradient associations after additional adjustment for total weekly MVPA.

Top-two-day threshold

Weekend warrior, HR (95% CI); P

Regularly active, HR (95% CI); P

>50%

0.864 (0.813, 0.918); < 0.001

0.843 (0.777,0.913); < 0.001

=>55%

0.867 (0.814, 0.924); < 0.001

0.848 (0.789, 0.910); < 0.001

= 60%

0.854 (0.799, 0.913); < 0.001

0.868 (0.811, 0.929); < 0.001

= 65%

0.853 (0.793, 0.919); < 0.001

0.865 (0.810, 0.923); < 0.001

>70%

0.872 (0.803, 0.946); < 0.001

0.856 (0.804, 0.912); < 0.001

>75%

0.887 (0.807, 0.974); 0.012

0.855 (0.803, 0.909); < 0.001

=>80%

0.856 (0.764, 0.960); 0.008

0.861 (0.810, 0.916); < 0.001

=>85%

0.811 (0.696, 0.944); 0.007

0.864 (0.813, 0.918); < 0.001

=>90%

0.734 (0.602, 0.894); 0.002

0.867 (0.816, 0.921); < 0.001

>95%

0.864 (0.656, 1.137); 0.297

0.860 (0.810, 0.914); < 0.001

HRs were estimated using Cox proportional hazards models. The exposure was the physical activity pattern defined separately at each top-two-day threshold:
inactive (<150 min/week of MVPA), WW (>=150 min/week of MVPA and at least the stated percentage of total weekly MVPA accumulated on the two most
active days), or regularly active (>=150 min/week of MVPA but below the stated percentage). Inactive participants were the reference group. The outcome was
incident overall OA, defined as the first recorded ICD-10 M15-M19 diagnosis during follow-up among participants without OA at baseline. Models adjusted for
age at accelerometer assessment, sex, ethnicity, education, Townsend deprivation index, smoking status, alcohol intake frequency, and BMI, and additionally
adjusted for continuous total weekly MVPA (min/week). N=83,386; OA events=8,130. Abbreviations: BMI, body mass index; CI, confidence interval; HR,
hazard ratio; ICD-10, International Classification of Diseases, 10th Revision; MVPA, moderate-to-vigorous physical activity; OA, osteoarthritis; WW, weekend

warrior.

Supplementary Table 3. Threshold-gradient associations stratified by weekly MVPA volume.

Threshold MVPA volume (min/week) and pattern HR (95% CI) P value
150 - 250, regularly active 0.934 (0.828, 1.053) 0.264
150 - 250, weekend warrior 0.874 (0.819, 0.933) <0.001
o, b »
10D GO = el 5250, regulaily active 0.880 (0.823, 0.941) <0.001
> 250, weekend warrior 0.909 (0.857, 0.965) 0.002
150 - 250, regularly active 0.908 (0.831, 0.992) 0.033
150 - 250, weekend warrior 0.871 (0.810, 0.936) <0.001
0,
Top two days = 55% > 250, regularly active 0.884 (0.832, 0.938) <0.001
> 250, weekend warrior 0.916 (0.857, 0.979) 0.010
150 - 250, regularly active 0.919 (0.849, 0.994) 0.036
150 - 250, weekend warrior 0.854 (0.790, 0.923) <0.001
o, >
O o s 2 (04 > 250, regularly active 0.897 (0.847, 0.949) <0.001
> 250, weekend warrior 0.897 (0.832, 0.968) 0.005
150 - 250, regularly active 0.894 (0.833, 0.960) 0.002
150 - 250, weekend warrior 0.868 (0.793, 0.950) 0.002
0,
Top two days 2 65% > 250, regularly active 0.900 (0.853, 0.951) <0.001
> 250, weekend warrior 0.883 (0.807, 0.966) 0.007
150 - 250, regularly active 0.887 (0.828, 0.949) <0.001
150 - 250, weekend warrior 0.879 (0.794, 0.973) 0.013
o, >
L0 oD CERRE o020 > 250, regularly active 0.895 (0.848, 0.944) <0.001
> 250, weekend warrior 0.913 (0.822, 1.014) 0.089
150 - 250, regularly active 0.882 (0.826, 0.941) <0.001
150 - 250, weekend warrior 0.896 (0.796, 1.010) 0.072
o,
Top two days 275% > 250, regularly active 0.894 (0.848, 0.943) <0.001
> 250, weekend warrior 0.927 (0.815, 1.053) 0.243
150 - 250, regularly active 0.889 (0.834, 0.947) <0.001
150 - 250, weekend warrior 0.855 (0.740, 0.988) 0.033
o,
LODGIDCE B > 250, regularly active 0.897 (0.851. 0.945) <0.001
> 250, weekend warrior 0.905 (0.766, 1.069) 0.240
150 - 250, regularly active 0.894 (0.840, 0.952) <0.001
150 - 250, weekend warrior 0.755 (0.614, 0.927) 0.007
o, b »
Top two days = 85% >250, regularly active 0.896 (0.851, 0.944) <0.001
> 250, weekend warrior 0.925 (0.747, 1.146) 0.476
150 - 250, regularly active 0.896 (0.842, 0.953) <0.001
150 - 250, weekend warrior 0.673 (0.522, 0.867) 0.002
o,
RCEEROIGYEIE g > 250, regularly active 0.897 (0.852, 0.945) <0.001
> 250, weekend warrior 0.889 (0.656, 1.206) 0.451
150 - 250, regularly active 0.887 (0.834, 0.943) <0.001
150 - 250, weekend warrior 0.769 (0.527, 1.123) 0.174
Top two days > 95% , : ,
Op tWo days =257 > 250, regularly active 0.896 (0.851, 0.944) <0.001
> 250, weekend warrior 1.049 (0.707, 1.555) 0.813

HRs were estimated using Cox proportional hazards models stratified by weekly MVPA volume. The exposure was the physical activity pattern defined separately at each
top-two-day threshold: inactive (<150 min/week of MVPA), WW (>=150 min/week and at least the stated percentage of total weekly MVPA on the two most active days),
or regularly active (>=150 min/week and below the stated percentage). Active WW and regularly active participants were further classified as 150-250 or >250 min/week of
MVPA; inactive participants were the reference group for every comparison. The outcome was incident overall OA, defined as the first recorded ICD-10 M15-M19 diagnosis
during follow-up among participants without OA at baseline. Models adjusted for age at accelerometer assessment, sex, ethnicity, education, Townsend deprivation index,
smoking status, alcohol intake frequency, and BMI. Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; ICD-10, International Classification of
Diseases, 10th Revision; MVPA, moderate-to-vigorous physical activity; OA, osteoarthritis; WW, weekend warrior.
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Supplementary Table 4. Threshold-gradient sensitivity analysis using any two consecutive days.

Consecutive-two-day threshold

Weekend warrior, HR (95% CI); P

Regularly active, HR (95% CI); P

>55% 0.868 (0.812, 0.927); < 0.001 0.902 (0.858, 0.949); < 0.001
=60% 0.878 (0.815, 0.946); < 0.001 0.896 (0.853, 0.941); < 0.001
=>65% 0.840 (0.766, 0.921); < 0.001 0.900 (0.858, 0.944); < 0.001
>70% 0.863 (0.775, 0.961); 0.007 0.895 (0.854, 0.939); < 0.001
>75% 0.860 (0.755, 0.980); 0.024 0.894 (0.853, 0.938); < 0.001
=>80% 0.850 (0.723, 1.000); 0.050 0.894 (0.853, 0.937); < 0.001
>85% 0.762 (0.606, 0.958); 0.020 0.895 (0.854, 0.938); < 0.001
>90% 0.702 (0.521, 0.945); 0.020 0.895 (0.854, 0.938); < 0.001
>95% 0.669 (0.421, 1.063); 0.089 0.894 (0.853, 0.937); < 0.001

HRs were estimated using Cox proportional hazards models. At each threshold, the exposure was classified as inactive (<150 min/week of MVPA),
consecutive-day WW (>=150 min/week and at least the stated percentage of total weekly MVPA accumulated during any two consecutive days), or
regularly active (>=150 min/week and below the stated percentage). Inactive participants were the reference group. The outcome was incident overall
OA, defined as the first recorded ICD-10 M15-M19 diagnosis during follow-up among participants without OA at baseline. Models adjusted for age at
accelerometer assessment, sex, ethnicity, education, Townsend deprivation index, smoking status, alcohol intake frequency, and BMI. Abbreviations:
BMI, body mass index; CI, confidence interval; HR, hazard ratio; ICD-10, International Classification of Diseases, 10th Revision; MVPA, moderate-
to-vigorous physical activity; OA, osteoarthritis; WW, weekend warrior.

Supplementary Table 5. Threshold-gradient lag analyses excluding early osteoarthritis events

Threshold Lag period Weekend warrior, HR (95% CI); P Regularly active, HR (95% CI); P
1-year lag 0.922 (0.874, 0.973); 0.003 0.908 (0.850, 0.970); 0.004
>50% 2-year lag 0.924 (0.872, 0.979); 0.007 0.907 (0.845, 0.974); 0.007
3-year lag 0.930 (0.873, 0.991); 0.024 0.903 (0.836, 0.976); 0.010
1-year lag 0.924 (0.872, 0.979); 0.008 0.912 (0.861, 0.966); 0.002
>55% 2-year lag 0.913 (0.857, 0.972); 0.005 0.924 (0.868, 0.983); 0.012
3-year lag 0.918 (0.857, 0.983); 0.015 0.924 (0.863, 0.989); 0.022
1-year lag 0.910 (0.854, 0.969); 0.003 0.922 (0.873, 0.974); 0.004
>60% 2-year lag 0.898 (0.839, 0.962); 0.002 0.931 (0.878, 0.987); 0.017
3-year lag 0.908 (0.843, 0.978); 0.011 0.929 (0.871, 0.991); 0.025
1-year lag 0.910 (0.846, 0.978); 0.010 0.920 (0.873, 0.970); 0.002
>65% 2-year lag 0.901 (0.834, 0.975); 0.009 0.924 (0.874, 0.978); 0.007
3-year lag 0.907 (0.833, 0.987); 0.024 0.926 (0.870, 0.985); 0.015
1-year lag 0.935 (0.862, 1.014); 0.106 0.914 (0.868, 0.962); < 0.001
>70% 2-year lag 0.920 (0.842, 1.004); 0.063 0.918 (0.869, 0.971); 0.003
3-year lag 0.928 (0.843, 1.022); 0.129 0.919 (0.865, 0.977); 0.007
1-year lag 0.949 (0.863, 1.044); 0.286 0.913 (0.868, 0.961); < 0.001
>75% 2-year lag 0.923 (0.832, 1.024); 0.130 0.918 (0.869, 0.970); 0.002
3-year lag 0.943 (0.843, 1.055); 0.305 0.918 (0.865, 0.975); 0.005
1-year lag 0.901 (0.801, 1.014); 0.083 0.919 (0.874, 0.967); 0.001
> 80% 2-year lag 0.876 (0.770, 0.997); 0.044 0.922 (0.874, 0.974); 0.003
3-year lag 0.879 (0.764, 1.012); 0.073 0.925 (0.871, 0.981); 0.009
1-year lag 0.878 (0.751, 1.026); 0.101 0.920 (0.875, 0.967); < 0.001
>85% 2-year lag 0.875 (0.739, 1.035); 0.119 0.921 (0.872, 0.972); 0.003
3-year lag 0.912 (0.761, 1.093); 0.319 0.921 (0.869, 0.977); 0.006
1-year lag 0.782 (0.637, 0.959); 0.018 0.922 (0.877, 0.969); 0.001
>90% 2-year lag 0.794 (0.637, 0.988); 0.039 0.922 (0.874, 0.973); 0.003
3-year lag 0.844 (0.669, 1.064); 0.151 0.923 (0.871, 0.979); 0.008
1-year lag 0.906 (0.679, 1.210); 0.504 0.918 (0.873, 0.965); < 0.001
>95% 2-year lag 0.852 (0.618, 1.174); 0.327 0.919 (0.871, 0.970); 0.002
3-year lag 0.907 (0.646, 1.274); 0.575 0.921 (0.869, 0.977); 0.006

HRs were estimated using Cox proportional hazards models after excluding participants with follow-up of no more than the stated 1-, 2-, 3-year lag
interval, thereby excluding OA events occurring within that interval. The exposure was the physical activity pattern defined separately at each top-two-
day threshold: inactive (<150 min/week of MVPA), WW (>=150 min/week and at least the stated percentage of total weekly MVPA on the two most
active days), or regularly active (>=150 min/week and below the stated percentage). Inactive participants were the reference group. The outcome was
incident overall OA, defined as the first recorded ICD-10 M15-M19 diagnosis during follow-up among participants without OA at baseline. Models
adjusted for age at accelerometer assessment, sex, ethnicity, education, Townsend deprivation index, smoking status, alcohol intake frequency, and
BMI. Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; ICD-10, International Classification of Diseases, 10th Revision;
MVPA, moderate-to-vigorous physical activity; OA, osteoarthritis; WW, weekend warrior.
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Supplementary Table 6. Threshold-gradient direct comparison of weekend warriors with regularly active participants

Top-two-day threshold

Covariate-adjusted HR (95% CI); P Additionally adjusted for weekly MVPA, HR (95% CI); P

>50% 1.004 (0.945, 1.067); 0.901 1.031 (0.968, 1.099); 0.344
=>55% 1.006 (0.950, 1.065); 0.844 1.028 (0.969, 1.091); 0.362
= 60% 0.968 (0.912, 1.028); 0.291 0.988 (0.929, 1.051); 0.699
= 65% 0.971 (0.908, 1.038); 0.382 0.989 (0.923, 1.059); 0.752
>70% 0.998 (0.925, 1.077); 0.965 1.019 (0.943, 1.101); 0.633
>75% 1.016 (0.930, 1.111); 0.719 1.038 (0.949, 1.136); 0.413
=>80% 0.975 (0.873, 1.088); 0.649 0.996 (0.891, 1.114); 0.948
=>85% 0.920 (0.792, 1.068); 0.271 0.939 (0.808, 1.091); 0.409
=>90% 0.827 (0.680, 1.006); 0.057 0.846 (0.695, 1.030); 0.095
>95% 0.978 (0.744, 1.286); 0.873 1.001 (0.761, 1.316); 0.997

HRs were estimated using Cox proportional hazards models restricted to active participants accumulating >=150 min/week of MVPA. At each top-two-day threshold, the
exposure contrasted WW participants (at least the stated percentage of total weekly MVPA accumulated on the two most active days) with regularly active participants
(below the stated percentage); regularly active participants were the reference group. The outcome was incident overall OA, defined as the first recorded ICD-10 M15-M19
diagnosis during follow-up among participants without OA at baseline. The covariate-adjusted model included age at accelerometer assessment, sex, ethnicity, education,
Townsend deprivation index, smoking status, alcohol intake frequency, and BMI; the second model additionally included continuous total weekly MVPA (min/week).
Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; ICD-10, International Classification of Diseases, 10th Revision; MVPA, moderate-to-
vigorous physical activity; OA, osteoarthritis; WW, weekend warrior.

Supplementary Table 7. Threshold-gradient sensitivity analysis excluding BMI.
Top-two-day threshold Weekend warrior, HR (95% CI); P

Regularly active, HR (95% CI); P

>50% 0.779 (0.741, 0.818); < 0.001 0.751 (0.707, 0.798); < 0.001
>55% 0.782 (0.741, 0.826); < 0.001 0.757 (0.718, 0.799); < 0.001
>60% 0.770 (0.725, 0.816); < 0.001 0.769 (0.731, 0.809); < 0.001
>65% 0.770 (0.720, 0.824); < 0.001 0.769 (0.733, 0.807); < 0.001
>70% 0.794 (0.735, 0.857); < 0.001 0.764 (0.729, 0.801); < 0.001
>75% 0.809 (0.739, 0.885); < 0.001 0.764 (0.729, 0.801); < 0.001
>80% 0.781 (0.699, 0.874); < 0.001 0.768 (0.734, 0.805); < 0.001
>85% 0.736 (0.633, 0.856); < 0.001 0.771 (0.736, 0.807); < 0.001
>90% 0.674 (0.554, 0.821); < 0.001 0.772 (0.737, 0.808); < 0.001
>95% 0.792 (0.602, 1.042); 0.096 0.769 (0.735, 0.805); < 0.001

HRs were estimated using Cox proportional hazards models as a sensitivity analysis excluding BMI from the covariate set. The exposure was the physical activity pattern
defined separately at each top-two-day threshold: inactive (<150 min/week of MVPA), WW (>=150 min/week and at least the stated percentage of total weekly MVPA on
the two most active days), or regularly active (>=150 min/week and below the stated percentage). Inactive participants were the reference group. The outcome was incident
overall OA, defined as the first recorded ICD-10 M15-M19 diagnosis during follow-up among participants without OA at baseline. Models adjusted for age at accelerometer
assessment, sex, ethnicity, education, Townsend deprivation index, smoking status, and alcohol intake frequency. Abbreviations: BMI, body mass index; CI, confidence
interval; HR, hazard ratio; ICD-10, International Classification of Diseases, 10th Revision; MVPA, moderate-to-vigorous physical activity; OA, osteoarthritis; WW, weekend
warrior.



