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Abstract

Objectives: To detect the associations of a healthy lifestyle and genetic susceptibility with incident OA in the UK Biobank study.

Methods: \We included 314 729 participants from UK Biobank. Five modifiable lifestyle factors including weight management, diet, physical
activity, sleep behaviour and sedentary behaviour were included to generate an overall lifestyle score. Genetic susceptibility was calculated by
using polygenic risk score (PRS) of OA. Participants diagnosed with OA were identified by using the International Classification of Diseases
(ICD)-9 and ICD-10. Covariates included age, sex, education, Townsend deprivation index, glucosamine use, analgesics use and comorbidities.
Cox regression analyses were performed to examine the associations of genetic susceptibility and healthy lifestyle with incident OA.

Results: Adopting a more favourable lifestyle can be beneficial in significantly reducing the risk of incident total, knee and hip OA (all P < 0.01).
PRS was significantly associated with greater risks of total, knee and hip OA. Compared with unfavourable lifestyle, favourable lifestyle was
significantly associated with a lower risk of total OA across low [hazard ratio (HR) 0.64; 95% Cl 0.58-0.70], intermediate (HR 0.59; 95% ClI
0.56-0.63) and high (HR 0.58; 95% CI 0.53-0.64) genetic risk groups. Similar results were observed on knee OA and hip OA. No significant
interactions were detected between lifestyle and PRS for total, knee or hip OA.

Conclusion: These data suggest that a healthier lifestyle is consistently associated with a lower risk of OA, regardless of genetic risks. Our
findings highlight the importance of adherence to an overall healthy lifestyle in attenuating the risk of OA.

Keywords: osteoarthritis, lifestyle, polygenic risk.

Rheumatology key messages

* Combining moderate and vigorous physical activity with walking behaviour as total physical activity is non-linearly associated with risk of OA.
* Adherence to a healthy lifestyle is associated with lower risk of OA regardless of genetic susceptibility.

* The findings of this study enhance the significance of healthy lifestyle in the protection of OA.
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Introduction

OA is the most common form of arthritis worldwide and
affects ~7% of the global population [1]. Previous studies in-
dicated that lifestyle factors including obesity, unhealthy diet,
physical inactivity, sleep deprivation and sedentary behaviour
were associated with incident OA [2-4]. Obesity has been
confirmed as a potential risk factor for OA [5]. Higher intake
of junk food and sugar-sweetened beverages may increase
OA risk [6]. The risk of OA is higher in people who sleep
<7h and >8h [7], and significant association of prolonged
TV watching time with overall OA and knee OA risks was
reported [8]. Nonetheless, previous research focused on sin-
gle indicators, which may not represent the whole picture of
lifestyle factors. Moreover, how much an overall healthy life-
style can reduce the risk of OA remains unclear.

Meanwhile, genetic susceptibility is also regarded as one of
the intrinsic risks of OA [9, 10]. Growing evidence suggests
that the genetic underpinnings of OA are polygenic in nature
[11]. Genome-wide association studies (GWASs) have been
successful in identifying OA-associated genetic variants [9].
Studies have identified over 100 OA-associated genomic loci
[9]. Since a single genetic variant may only contribute a small
portion to the genetic variability of OA, a polygenic risk
score (PRS) that combines multiple risk loci can serve as a
valuable tool in identifying individuals with a higher genetic
susceptibility to OA [11]. However, whether people with ge-
netic susceptibility to OA could benefit from a healthy life-
style is still unknown.

Therefore, we conducted a prospective cohort study utiliz-
ing data from the UK Biobank to examine the associations
between genetic susceptibility, lifestyle factors and risk of
OA, and to determine the interactions between genetic sus-
ceptibility and lifestyle factors in relation to the risk of OA.
This study provides validation evidence for the novel life-
style score.

Methods
Study populations

The UK Biobank is a population-based cohort of >500000
participants who attended one of 22 assessment centres
across the UK between 2006 and 2010 [12]. Analyses were
restricted to individuals with genetic information available.
Participants with missing information on covariates, or who
had genetic kinship with other participants were excluded
from the analysis (Fig. 1). In addition, those with self-
reported OA or a diagnosis of OA in hospital inpatient
records at baseline were excluded from analysis. Overall,
314 729 participants from UK Biobank were included. The
UK Biobank study was approved by the North West
Multicentre research ethics committee (REC reference 11/
NW/0382) [13] and written informed consent was provided
before participation. The current work followed the
Declarations of Helsinki.

Assessment of lifestyle factors

All lifestyle information was either self-reported or measured
at baseline (2006-2010). In the current study, we considered
five OA-specific and modifiable lifestyle factors, including
weight management, physical activity, diet, sedentary behav-
iour and sleep behaviour, to generate a lifestyle score. BMI
>30kg/m* was regard as unhealthy weight management
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[14]. We performed restricted cubic spline (RCS) curves to
test whether there was an association of the total physical ac-
tivity minutes (including walking, moderate activity and vig-
orous activity) with risks of total, knee and hip OA.
Performing >1300 min/week and <2000 min/week was de-
fined as appropriate physical activity (Supplementary Fig.
S1A-C, available at Rheumatology online). An adequate in-
take of at least half of the 10 food groups recommended as
dietary priorities for cardiometabolic health was defined as a
low-risk level for the diet. These food groups include in-
creased consumption of fruits, vegetables, whole grains, fish,
dairy and vegetable oils, as well as reduced consumption of
refined grains, processed/unprocessed meats and sugar-
sweetened beverages [15]. Healthy sleep behaviours were de-
fined as sleep 7-8 h/day according to literature, with early
chronotype, never or rarely insomnia symptoms, no snoring
and no excessive daytime sleepiness [16]. For each sleep be-
haviour, low risk was coded as 1 and high risk was coded as
0, respectively. We further summed the five scores to obtain a
healthy sleep score ranging from 0 to 5, with higher scores
(score of 4 or 5) indicating a healthier sleep pattern [7].
We used television watching, computer use and driving as the
total sedentary behaviour, and defined a low risk level as
<4 h/day [8]. In addition, to ensure the association between
sedentary time and the risk of OA, we additionally drew the
RCS curves and found that sitting >4.5 h/day is obviously
associated with increased risk of OA (Supplementary Figure
S2A-C, available at Rheumatology online). Thus, based on
the literature evidence and the findings in our study, we de-
fined sitting <4 h/day as the healthier lifestyle status. More
details of definition for lifestyle factors were described in
Supplementary Table S1, available at Rheumatology online.

For each of the five lifestyle factors, a low risk level was
assigned one point and otherwise zero point. We first con-
structed a simple additive lifestyle score as the sum of all five
factors, ranging from 0 to 5 and was subsequently catego-
rized into three groups (i.e. 0-1, 2-3 and 4-5). We compared
the effects of an additive healthy lifestyle scale and a three-
group healthy lifestyle categorization on the risk of total OA,
knee OA and hip OA. The categorical scale showed the same
direction of effect as additive scale but demonstrated a stron-
ger association with reduced OA risk (Supplementary Table
S2, available at Rheumatology online). Additionally, regard-
ing construction of the weighted lifestyle score, B coefficients
of each lifestyle factor were estimated using a Cox propor-
tional hazards model that included all five lifestyle factors
and OA incidence as the outcome. The weighted lifestyle
score was constructed as follows: the binary lifestyle variables
were multiplied by the f coefficients related to OA incidence,
summed up, and then divided by the sum of § coefficients
and multiplied by 100 [17]. We then categorized it into three
groups (favourable, neutral and unfavourable) based on the
distribution of the simple additive lifestyle score.

OA diagnosis

OA was ascertained using hospital inpatient records contain-
ing data on admissions and diagnoses obtained from the
Hospital Episode Statistics for England, Scottish Morbidity
Record data for Scotland and the Patient Episode Database
for Wales. Diagnoses were recorded using the International
Classification of Diseases (ICD) coding system. Participants
with OA were identified by ICD-9 (7151, 7152, 7153, 7158,
7159) and ICD-10 codes (M15-M19, M471, M472, M478,
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UK Biobank participants baseline examination (2006-2010) (n = 502,411)

Participants withdraw during follow-up (n = 1,298)

Participants without withdrawal during follow-up (n = 501,113)

Participants with missing data/unpassed QC criteria (n = 39,925)
- No QC data (n = 14,170)

- Sample missing rate > 0.05 (n = 229)

- Sex mismatch (n = 371)

- Heterozygosity beyond mean 3 SD (n = 11,563)

- Sex chromosome aneuploidy (n = 465)

- No PA/anagesic/sedentary data (n = 13,127)

Participants without missing data and passed standard QC (n = 461,188)

Participants have kinship with others (n = 146,459)

Total participants included (n = 314,729)

Figure 1. Flow chart of UK Biobank participants screening. QC: quality control; PRS: polygenic risk score; PA: physical activity

M479, M480) [18] (Supplementary Table S3, available at
Rheumatology online).

Polygenic risk score

Genetic susceptibility was calculated by using the PRS of
OA. The PRS was constructed for individuals by using a
polygenic score model constructed via Bayesian regression
framework with continuous shrinkage prior on SNP effect
sizes, as implemented in the PRS-CS software [19]. We
included all SNPs reported by the GWAS meta-analysis sum-
mary statistics for OA [9]. For the external linkage disequi-
librium reference panel, the UK Biobank Linkage
Disequilibrium reference panel was used to calculate the
PRSs. After calculating the PRS for individuals, we further
classified the PRS as low, intermediate and high genetic risk
groups based on the first quintile, the second to the fourth
quintile and the fifth quintile of the PRSs across population.

Covariates

Covariates were obtained via questionnaires including age,
sex, Townsend deprivation index, education level, glucos-
amine use, analgesics use and joint injury history. Baseline
prevalence of comorbidities including coronary artery
disease, chronic obstructive pulmonary disease, RA, gout, de-
pression and type 2 diabetes were also regarded as covariate
through the self-reported illnesses, history as well as ICD-9
and ICD-10 code. The first 10 principal components of an-
cestry were regarded as covariates when we were investigat-
ing the association between PRS and risk of OA.
(Supplementary Table S1, available at Rheumatology online).

Statistical analysis

Baseline characteristics were described across different levels
of lifestyle score, and differences among groups were tested
by analysis of variance for continuous variables and y* test
for categorical variables. We used Cox proportional hazard
regression models to estimate the hazard ratios (HR) and
95% CI of outcomes associated with PRS and lifestyle score.

Person-years were calculated from baseline until the date of
death or diagnosis for OA, or end of follow-up (31 December
2021), whichever occurred first. We further conducted multi-
plicative interaction analyses by PRS to investigate associa-
tions of the lifestyle score (neutral lifestyle, favourable
lifestyle) with incident OA among adults in different genetic
risk subgroups (intermediate PRS, high PRS).

To avoid spurious findings and test the robustness of the
results, we conducted several sensitivity analyses. First, we
created a weighted score for each healthy lifestyle factor to
accommodate the varying strengths of associations between
different lifestyle factors and outcomes. Second, we addition-
ally constructed a lifestyle score excluding weight manage-
ment, since weight management might be the consequence of
unhealthy dietary habits and inadequate physical activities.
Third, we excluded participants who were diagnosed with
OA within the initial 2 years of follow-up to mitigate the
effects of potential reverse causality. Fourth, among individu-
als who did not develop OA, we excluded those who had de-
ceased before the end of follow-up to eliminate the effect of
competing event affecting the probability of incident OA.
Fifth, we conducted a competing risk model considering
death as competing event to provide more accurate estima-
tions. Sixth, to explore early-onset OA, we analysed a subset
of younger individuals under 55 years of age. Seventh, we ex-
amined the association between a healthy lifestyle scale previ-
ously developed for dementia and the risk of OA. Finally, we
imputed missing values for covariates and re-evaluated their
associations with OA risk. Since each comparison was con-
sidered individually, multiple hypothesis testing correction
was not applied to the results. All analyses were conducted
using R software (version 4.2.1).

Results
Baseline characteristics of participants

Baseline characteristics of participants are shown in Table 1.
Overall, 35.66% of participants had an unfavourable
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Table 1. Baseline characteristic of participants in different level of healthy lifestyle

Healthy lifestyle
Mean (s.n.)/n (%) Unfavourable (7 =111 992) Neutral (=176 919) Favourable (2 =25 818) P-value
Age, years 56.75(7.91) 56.39 (8.12) 55.78 (8.12) 6.0x 1072
Female 60 454 (54.0) 77930 (44.0) 8072 (31.3) <2.2x107308
Deprivation index -0.84 (3.38) -1.21(3.27) -1.27(3.22) 1.4x107'7°
Education 35354 (31.6) 75 248 (42.5) 14218 (55.1) <2.2x107308
Comorbidities 28717 (25.6 26 924 (15.2) 2634 (10.2) <2.2x107%08
CAD 7972 (7.1) 7440 (4.2) 692 (2.7) <2.2x 107308
COPD 1205 (1.1) 918 (0.5) 9(0.3) 8.1x107%
RA 1507 (1.3) 1786 (1.0) 203 (0.8) 6.7 x 10722
Gout 2412 (2.2) 1915 (1.1) 138 (0.5) 4.5%x 107157
Depression 8536 (7.6) 9477 (5.4) 1060 (4.1) 6.1x10717¢
T2DM 13742 (12.3) 9142 (5.2) 718 (2.8) <2.2x107308
Glucosamine use 20318 (18.1) 35067 (19.8) 5559 (21.5) 5.6x107%
Analgesic use 51 543 (46.0) 64 978 (36.7) 7793 (30.2) <2.2x107308
Joint injury history 1424 (1.3) 2268 (1.3) 349 (1.4) 5.8x107!
Healthy weight management 56226 (50.2) 159 040 (89.9) 25481 (98.7) <2.2%x 107308
Healthy diet 5422 (4.8) 45 885 (25.9) 18 004 (69.7) <2.2x107308
Healthy physical activity 8185 (7.3) 53332(30.1) 17 119 (66.3) <2.2%x 107308
Healthy sleep behaviour 9375 (8.4) 85 853 (48.5) 22 663 (87.8) <2.2x107308
Non-sedentary 6459 (5.8) 79 812 (45.1) 22 850 (88.5) <2.2x107308
Total OA 27 742 (24.8) 31415 (17.8) 3678 (14 2) <2.2x107308
Knee OA 11 529 (10.3) 10 989 (6.2) 1177 (4. <2.2x107308
Hip OA 6208 (5.5) 7875 (4.5) 1007 (3. ) 2.5x107%°

Data are shown as mean (s.p.) for continuous variables or # (%) for categorical variables. P-values were calculated with one-way ANOVA test and 4 test for
continuous and categorical variables, respectively. Bold type denotes statistically significant. CAD: coronary artery disease; COPD: chronic obstructive

pulmonary disease; T2DM: type 2 diabetes.

lifestyle, 56.17% had a neutral lifestyle and 8.17% had a
favourable lifestyle. 20.06% of participants had a low PRS,
60.04% had an intermediate PRS and 19.90% had a high
PRS. Individuals with an unfavourable lifestyle were more
likely to be women, be less educated, use more analgesics and
to have a higher prevalence of comorbidities. Regarding OA
incidence, there were 27742, 31415 and 3678 cases in the
unfavourable, neutral and favourable lifestyle groups for to-
tal OA, accounting for 24.8%, 17.8% and 14.2%, respec-
tively. Similarly, 10.3%, 6.2% and 4.6% of participants
suffer from knee OA, while 5.5%, 4.5% and 3.9% partici-
pants suffer from hip OA in the unfavourable, neutral and
favourable groups, respectively.

Association between lifestyle score and incident OA

For total OA, compared with unfavourable lifestyles,
healthy lifestyles were significantly associated with reduced
risk of OA incidence. However, compared with unhealthy
diet, healthy diet has no significant association with risk
of total OA. Similar results were observed for knee OA
and hip OA (Supplementary Table S4, available at
Rbheumatology online). Cumulative hazard analyses with
risk tables indicate that shorter times to event for total OA,
knee OA and hip OA were observed in the group adhering
to an unfavourable lifestyle compared with those with a
favourable lifestyle (Supplementary Figs S3-S3, available at
Rheumatology online). Adhering to a more favourable life-
style can be beneficial in significantly reducing the risk of
total, knee and hip OA. The HR of total, knee and hip OA
for individuals in the favourable lifestyle group were 0.65
(95% CI 0.62-0.67), 0.53 (95% CI 0.49-0.57) and 0.77
(95% CI10.71-0.83), respectively (Supplementary Table S5,
available at Rheumatology online).

Association between polygenic risk score and
incident OA

We further detected the association between PRS and risk of
incident OA. We first regarded the genetic risk score as a con-
tinuous variable and examined the trend of the risk of OA for
increasing PRS with RCS curves based on Cox proportional
hazard model. The curves showed that higher PRS was signif-
icantly associated with high risk of total, knee and hip OA
(Fig. 2A-C). Furthermore, high genetic risk for OA was sig-
nificantly associated with increased risks of incident total OA
(HR 1.465 95% CI 1.42-1.50), knee OA (HR 1.88; 95% CI
1.79-1.97) and hip OA (HR 2.14; 95% CI 2.01-
2.07) (Table 2).

Interaction analysis of healthy lifestyle and
polygenic risk score with risk of OA

Table 3 shows the interactions between PRS and healthy life-
style score on the risk of OA. In the low genetic risk group,
favourable lifestyle was significantly associated with a lower
risk of total OA (HR 0.70; 95% CI 0.64-0.77), compared
with unfavourable lifestyle. In intermediate genetic risk group
and high genetic risk group, the results were largely similar
(HR 0.63; 95% CI 0.60-0.67 and HR 0.66; 95% CI 0.61-
0.77, respectively). Compared with unfavourable lifestyle,
favourable lifestyle was significantly associated with lower
risk of knee OA across low, intermediate and high genetic
risk groups (HR 0.53; 95% CI 0.44-0.63, HR 0.54, 95% CI
0.49-0.59 and HR 0.55; 95% CI 0.48-0.63, respectively).
For hip OA, adherence to favourable lifestyle was also signifi-
cantly associated with lower risk of OA incidence across low,
intermediate and high genetic risk groups (HR 0.74; 95% CI
0.59-0.91, HR 0.77, 95% CI 0.70-0.85 and HR 0.79; 95%
CI 0.69-0.91, respectively). No statistically significant
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Figure 2. Multivariable adjusted hazard ratios for risk of total, knee and hip OA according to PRS on a continuous scale. Solid red lines are multivariable
adjusted hazard ratios, with dashed red lines showing 95% Cls derived from restricted cubic spline regressions with three knots. Reference lines for no
association are indicated by the solid bold black lines at a hazard ratio of 1.0. Dashed blue curves show the probability density with different PRS. Arrows
indicate the PRS with the transformation of low hazard ratios to high hazard ratio for total (A), knee (B) and hip OA (C). Analyses were adjusted for age,
sex, Townsend deprivation index, education level, glucosamine use, analgesics use, joint injury history and comorbidity at baseline. PRS: polygenic

risk score

Table 2. Association between polygenic risk score and incident OA

Total OA Knee OA Hip OA
No. cases/ HR No. case/ HR No. cases/ HR
PRS person-years (95% Cl) P-value  person-years (95% Cl) P-value  person-years (95% Cl) P-value
Low 15497/ Reference 5497/ Reference 3349/ Reference
1012330 1082 654 1103 468
Intermediate 16 023/ 1.21 8.3 x 1072 5946/ 1.38 1.1x10™ 3997/ 1.49 2.0x107*
1010977 (1.18, 1.24) 1080 303 (1.32, 1.44) 1100 448 (1.41,1.57)
High 16 801/ 1.46 1.9 x 107148 6283/ 1.88 1.0x 1074 4572/ 2.14 3.4%x1071%°
1008 345 (1.42, 1.50) 1079 836 (1.79,1.97) 1098268 (2.01,2.27)
P for trend 2.3x107"%! 2.7 x 107152 6.8 x 10714

Cox proportional hazard regression model adjusted for age, sex, education, Townsend deprivation index, CAD, COPD, RA, gout, depression, T2DM,
glucosamine use, analgesic use and joint injury history. Bold type denotes statistically significant. HR: hazard ratio; PRS: polygenetic risk score; CAD:
coronary artery disease; COPD: chronic obstructive pulmonary disease; T2DM: type 2 diabetes.

interactions were detected between lifestyle and PRS on total
OA, knee OA or hip OA.

Accumulative analysis of lifestyle pattern and PRS
with risk of OA

Compared with having an unfavourable lifestyle and high ge-
netic risk, adherence to healthier lifestyle score and having
lower genetic risk had the lowest risk of total OA, knee OA
and hip OA (Supplementary Figs S6-S8, available at
Rheumatology online). Compared with having unfavourable
lifestyle and high genetic risk, the HRs of adherence to
healthier lifestyle score and having lower genetic risk are 0.48
(95% CI 0.44-0.52), 0.28 (95% CI 0.24-0.33) and 0.34
(95% CI 0.28-0.42) for total OA, knee OA and hip OA,
respectively.

Sensitivity analysis

We conducted several sensitivity analyses to examine the ro-
bustness of these associations. Adherence to a weighted
healthy lifestyle or a healthy lifestyle without healthy weight
management were significantly associated with reduced risk
of total OA in different PRS group (Supplementary Table S6,
available at Rbeumatology online). After excluding partici-
pants with occurrence of OA within 2 years, adherence to a
favourable lifestyle was consistently associated with reduced

risk of total, knee and hip OA (Supplementary Table S7,
available at Rheumatology online). A competing risk analysis
showed that these association remained consistent after rul-
ing out the effect of competing events, including death and
total joint replacement (Supplementary Table S8, available at
Rheumatology online). Adherence to weighted neutral and
favourable lifestyle was consistently and significantly associ-
ated with lower risks of OA incidence, regardless of genetic
risks (Supplementary Table S9, available at Rheumatology on-
line). Individuals under 55 years old showed higher genetic
susceptibility, particularly for hip OA and total OA, and were
more  substantially impacted by lifestyle  factors
(Supplementary Tables S10 and S11, available at
Rheumatology online). Healthy lifestyle score constructed by
dementia lifestyle factors was not associated with incident OA
(Supplementary Table S12, available at Rheumatology on-
line). After imputing missing values of covariates, adherence
to neutral and favourable lifestyles was also associated with
lower risks of OA incidence (Supplementary Table S13, avail-
able at Rheumatology online).

Discussion

In the current prospective cohort study with >12years of
follow-up, those adhering to a healthy lifestyle had a nearly
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Table 3. Association of healthy lifestyle with OA by different genetic risk
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OA phenotypes PRS Healthy lifestyle score HR (95%CI) P-value P for trend P for interaction
Total OA Low Unfavourable 1 (Reference)
Neutral 0.79 (0.75, 0.82) 7.6x 10724
Favourable 0.70 (0.64, 0.77) 1.6x 10713 1.5%x1072¢
Intermediate Unfavourable 1 (Reference)
Neutral 0.77 (0.75, 0.79) 1.9%x 107 8.7 %1070t
Favourable 0.63 (0.60, 0.67) 2.7%107%° 8.3x10712¢ 1.1x 10701
High Unfavourable 1 (Reference)
Neutral 0.78 (0.75, 0.81) 2.6x107%¢ 7.0 10701$
Favourable 0.66 (0.61, 0.71) 43x10724 2.5%x107% 4.7x 10701
Knee OA Low Unfavourable 1 (Reference)
Neutral 0.66 (0.61, 0.72) 5.1x10722
Favourable 0.53 (0.44, 0.63) 2.1x10712 1.5x1072°
Intermediate Unfavourable 1 (Reference)
Neutral 0.67 (0.65, 0.70) 2.3%x107%2 4.4%10701
Favourable 0.54 (0.49, 0.59) 2.9%x107™% 6.6x107¢ 5.8x 10701
High Unfavourable 1 (Reference)
Neutral 0.68 (0.64, 0.72) 8.3%x107%7 4.0% 107018
Favourable 0.55 (0.48, 0.63) 3.5x10718 1.7 x107*2 5.2x107°M
Hip OA Low Unfavourable 1 (Reference)
Neutral 0.88 (0.79, 0.98) 1.7 x 1072
Favourable 0.74 (0.59, 0.91) 5.4%x107% 1.3x107%
Intermediate Unfavourable 1 (Reference)
Neutral 0.86 (0.81, 0.90) 1.3x107%° 5.9% 1070
Favourable 0.77 (0.70, 0.85) 2.1x107°%7 4.5%x10712 7.7 % 1070t
High Unfavourable 1 (Reference)
Neutral 0.84 (0.78, 0.91) 3.4x107% 7.5%x107°1S
Favourable 0.79 (0.69, 0.91) 9.6x107%* 1.6 x107% 3.9%x 10701

Logistic regression adjusted for age, sex, education, deprivation index, CAD, COPD, RA, gout, depression, T2DM, glucosamine use, analgesic use and joint

injtury history. Bold type denotes statistically significant.

Interaction of neutral Healthy lifestyle score in intermediate PRS and neutral Healthy lifestyle score in low PRS.
* Interaction of Favorable Healthy lifestyle score in intermediate PRS and Favorable Healthy lifestyle score in low PRS.
S Interaction of neutral Healthy lifestyle score in high PRS and neutral Healthy lifestyle score in low PRS.
I Interaction of Favorable Healthy lifestyle score in high PRS and Favorable Healthy lifestyle score in low PRS.

50% reduction in the risk of OA. Moreover, adherence to
healthier lifestyle score and having lower genetic risk had the
lowest risk of total OA, knee OA and hip OA. We did not ob-
serve statistically significant interactions between lifestyle fac-
tors and genetic susceptibility on the risks of OA incidence.
These findings suggest that maintaining a healthy lifestyle
could substantially decrease the risk of developing OA.

Lifestyle risk factors for OA have been widely studied. A
higher BMI was found to be positively associated with in-
creased risk of knee OA, hip OA and hand OA [20-22].
Besides, diet-induced weight loss alone or combined with ex-
ercise was shown to improve the physical function and relieve
pain in knee OA participants with overweight or obesity
[23]. However, most of the studies did not consider cumula-
tive risk over time. The current study added evidence of the
association between weight management and cumulative
risks OA. For dietary intake, several studies have demon-
strated that increased consumption of fruits, vegetables,
whole grains, fish, dairy and vegetable oils are inversely asso-
ciated with risk of OA [24]. Nonetheless, our study was the
first to combine the dietary component as an overall score,
while we did not find a significant association with OA. This
could be attributed to unmeasurable confounding factors
that might influence the potential benefit of healthy diet on
OA patients.

Appropriate walking has been proved to be protective
against an increase in MRI-detected osteophytes in OA
patients [25]. Appropriate moderate or vigorous physical

activity has been proved to be associated with reduced risk of
OA and attenuated pain in OA patients [26]. Our study was
the first to combine them, and employed RCS curves to test
whether there was any nonlinear association of total physical
activity with OA, and found that an appropriate amount of
total physical activity could be beneficial to reducing the risk
of OA. A study has illustrated the increasing risk of OA with
excessive sleep or sleep deprivation [27]. However, a recent
study examining the causal effect of sleep disturbances on
risk of OA has shown that only short sleep duration and in-
somnia could have a causal effect on the increased risk of
OA, but not long sleep duration [28]. Given these controver-
sial results, our study included sleep duration, insomnia,
snoring, chronotype and daytime sleepiness to generate
healthy sleep scores, which are significantly associated with
reduced risk of OA.

A longitudinal study suggested that extensive sitting time
might not be associated with incident radiographic knee OA
[29]. However, a Mendelian randomization study indicated
that spending too much time watching TV might be causally
associated with the risk of overall OA as well as knee OA [8].
Nonetheless, spending time watching TV is not an accurate
proxy for sedentary time. Therefore, our study using RCS
curve to test whether there is a non-linear association of sed-
entary behaviour, including watching TV, using a computer
and driving, with risk of OA, and found that for those who
spend <4.5 h per day sitting, the risk of OA rose rapidly with
the increasing time, while for those who spend >4.5h per
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day, the risk of OA also rose with the increasing time, but
less rapidly. In addition, our study conducted an analysis
classifying the healthy status of sitting duration based on the
cut-off threshold of 4 h per day and found that spending >4 h
per day sitting was significantly associated with the risk
of OA.

A previous study investigated the interaction between
physical activity and genetic susceptibility with risk of OA
and found that moderate adherence to patterns of ‘strenuous
sports’ and ‘walking for pleasure’ might be associated with
reduced risk of OA, and the association was consistent across
different genetic susceptibility [30]. Distinct from this study,
our study took a different approach by adopting three inten-
sity levels of physical activity and consolidating them into a
continuous measure of exercise intensity. This alternative
methodology was employed to examine the impact of exer-
cise on the risk of developing OA, as exercise has been found
to exert a substantial influence on OA risk.

A similar lifestyle scale developed for dementia incorpo-
rated smoking, alcohol consumption, physical activity and
diet [17]. However, smoking and alcohol consumption are
not commonly recognized as significant risk factors for OA.
Therefore, this study investigated the association of these life-
style factors with the risk of OA over time, presenting a novel
lifestyle scale and providing validation evidence for the risk
of OA. The findings of this study indicate that promoting a
healthy lifestyle might be an effective strategy to attenuate
the risk of OA, regardless of the genetic risk level. This study
was conducted in a large-scale population, and consistent evi-
dence from literature supports the reliability of lifestyle scale
for future use. However, the lifestyle scale should be used
cautiously, as the effect size of lifestyle factors on OA risk
may vary across ethnic groups. Alternatively, researchers
should consider developing a new healthy lifestyle scale tai-
lored to their specific population.

This study introduces a novel lifestyle scale that integrates
multiple well-evidenced lifestyle factors. We ensured content
validity by using threshold determined by RCS curves to con-
firm that the scale items comprehensively captured the con-
struct of a healthy lifestyle. Additionally, we evaluated
criterion validity by examining the association between each
lifestyle factor, the overall lifestyle scale and OA incidence.
The results demonstrated strong and consistent relationships.
Our study analysed the joint association of genetic and life-
style factors to gain a comprehensive understanding of the
risk of OA. Moreover, our study performed a series of sensi-
tivity analyses. Nevertheless, we acknowledge several poten-
tial limitations. First, adherence to a healthy lifestyle may
change over the follow-up period, but this information was
not available in our study, preventing us from examining
how lifestyle changes might influence the association esti-
mates. Evidence from a clinical trial indicate that transition-
ing to a healthier lifestyle can provide considerable benefits
for patients with OA [31]. Second, although important
known covariates were used for adjustment in the models, we
cannot rule out the possibility of residual confounding. Last,
although this study included a multi-ethnic population, the
predominance of European ancestry (96.2%) limits the gen-
eralizability of the findings to other ethnic groups. Future
studies should aim to include more diverse populations.

In conclusion, these data suggest that healthier lifestyle is
consistently associated with lower risk of OA, regardless of
genetic risks. Further research in diverse populations is

needed to establish predictive validity, assess generalizability
and develop targeted strategies for reducing the burden of
this condition.
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