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Objective: Osteoarthritis (OA) is one of the major disabling human diseases. The related studies indicate a potential correlation
between walking and OA. However, there is still a lack of evidence in genetics to support the correlation between walking and OA.
Therefore, this study aimed to explore the relationship between walking and OA at the genetic level.

Methods: The publicly available Genome Wide Association Study (GWAS) data were used, with inverse variance weighting (IVW,
the random-effects model) as the main analysis method, whereas MR-Egger, Weighted median, Simple mode, and Weighted mode as
the secondary analysis methods. In addition, Cochran’s Q test, pleiotropy test, and MR-Egger intercept test were conducted to examine
the heterogeneity and pleiotropy of the outcome.

Results: In the MR analysis, [VW results showed a negative correlation between types of physical activity in last 4 weeks: Walking
for pleasure (not as a means of transport) and OA (KOA or HOA) (odds ratio (OR) = 0.3224, 95% confidence interval (CI): 0.1261 to
0.8243), and the difference was of statistical significance (P = 0.0181). Moreover, IVW results also revealed a negative correlation
between types of physical activity in last 4 weeks: Walking for pleasure (not as a means of transport) and KOA (OR = 0.1396, 95% CI:
0.0484 to 0.4026), and the difference was statistically significant (P = 0.0003). However, IVW results did not demonstrate any
statistical significance types of physical activity in last 4 weeks: Walking for pleasure (not as a means of transport) and HOA (OR =
1.2075, 95% CI: 0.1978 to 7.3727, P = 0.8381).

Conclusion: From genetic studies, types of physical activity in last 4 weeks: Walking for pleasure (not as a means of transport) is
negatively correlated with knee osteoarthritis (KOA), but there is no clear evidence supporting its correlation with hip osteoarthritis
(HOA).
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Introduction

Osteoarthritis (OA) is a chronic and progressive degenerative joint disease, which accounts for one of the leading causes
of disability in the elderly population. Due to the increasing aging of the population, OA also shows an increasing
incidence rate year by year. In recent years, we have gained a deeper understanding of the pain mechanisms and
pathogenesis of OA." To be specific, the main mechanism of osteoarthritis is the inflammatory response of the synovium,
cartilage, and subchondral bone tissue, leading to gradual cartilage wear. This results in alterations in the biomechanical
environment of the joint, ultimately causing joint dysfunction.> As a degenerative disease, OA will induce changes in
the tissues surrounding the joint, including cartilage, bone, synovium, ligaments, muscles, and fat.® Such changes can
cause joint dysfunction, pain, stiffness, limited mobility, and loss of valuable activities.® Although OA can affect any
joint in the body, it usually affects the hands, knees, hips, and feet.*®* OA is one of the main causes of disability in the
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elderly, which significantly reduces the mobility of patients.” Meanwhile, people with OA often develop more comor-
bidities and are more likely to sit for a longer period of time than those without OA.® A lack of physical activity can
increase the age-adjusted mortality rate by 20%, since the lack of exercises can increase the risk of cardiovascular disease
and other diseases.”” OA is one of the main causes of disability in elderly individuals, significantly impacting their
quality of life and increasing their economic burden.®® Therefore, it is crucial to identify the pathogenic factors of OA
and find ways to reduce the likelihood of its occurrence.

Walking is a simple, convenient, low-cost, and beneficial physical activity for health, which does not require special
skills or equipment and can be done at any time and any place. As discovered by Chang et al'® from their research,
walking exercise improved the cardiorespiratory fitness and balance during walking. Besides, Moghetti et al'' concluded
that walking improved blood glucose control in patients with type 2 diabetes, and had positive effects on hypertension,
cardiorespiratory health, and weight management. Furthermore, most studies have suggested that walking can increase

muscle strength,'*!?

which may lower the progression and occurrence of HOA and KOA. However, there is a lack of
research support for the specific impact of walking on OA in terms of genetics.

Mendelian randomization (MR) is a randomized control method based on genetic variation, and it is used to evaluate
causal relationships in observational studies.'* In MR, researchers use the known genetic variations as a natural
randomization factor to randomly assign participants into different genotype groups, thus simulating a randomized
controlled trial.">'® As genetic variation is determined early in life and is not affected by environmental factors, MR
analysis can reduce the bias caused by confounding variables and improve the reliability of causal inference.'’

Researchers typically use single nucleotide polymorphisms (SNPs) as instrumental variables to assess the impact of
biological factors on health outcomes. By associating SNPs with the factors of interest, researchers can determine
whether these factors affect the specific health outcomes.'® This method helps address common problems in observa-
tional studies, including confounding variables, reverse causality, and measurement errors.'® Therefore, MR has been
widely applied in various research fields, and its reliability has been gradually demonstrated. Zheng et al*® applied MR
analysis and discovered that the use of glucosamine reduced the risk of dementia. Consequently, in the biomedical field,
the application of MR has a wide-ranging and profound impact, which has provided important tools and methods for
revealing the impact of biological factors on health.

This study aimed to employ MR analysis to examine the association between walking for pleasure (not as a means of
transportation) and OA over the past four weeks, so as to validate the preventive and therapeutic effects of walking on
OA from a genetic perspective.

Materials and Methods

Data Source and Population
We obtained our research data from the ieu Open GWAS project (https://mrcieu.ac.uk), which is a public database

comprising whole-genome association study (GWAS) data from the UK Biobank (UKB) and the European
Bioinformatics Institute (EBI). Therefore, no ethical approval is required for this study. To control for the influence of
the population on the results, only individuals of European ancestry were selected as the study subjects, and correspond-
ing screening of exposure and outcome was conducted to ensure the reliability and accuracy of our results.”'

Exposure data were GWAS ID: ukb-b-7337, which consisted of types of physical activity in last 4 weeks: Walking for
pleasure (not as a means of transport).”? The sample size was 460,376 individuals, including 329,755 walkers and
130,621 controls, with a total of 9,851,867 SNPs. The data was evaluated based on the participants’ responses to the
question “In the last 4 weeks did you spend any time doing the following?” (https://biobank.ndph.ox.ac.uk/showcase/

refer.cgi?id=100475). Walking for pleasure (not as a means of transport) was one of the options, different from “Other

CEINNT3

exercises (eg: swimming, cycling, keep fit, bowling)”, “trenuous sports”, “Light DIY (eg: pruning, watering the lawn)”,
and “Heavy DIY (eg: weeding, lawn mowing, carpentry, digging)”.

Outcome data included OA of the hip or knee joint (HOA or KOA), with GWAS ID: ebi-a-GCST007092,%* which
involved 417,596 individuals, including 39,427 OA patients and 378,169 controls, with altogether 30,265,359 SNPs.
KOA with GWAS ID: ebi-a-GCST007090** had a sample size of 403,124 individuals, including 24,955 KOA patients
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and 378,169 normal controls, with 29,999,696 SNPs in total. HOA with GWAS ID: ebi-a-GCST007091% contained
393,873 individuals, including 15,704 HOA patients and 378,169 normal controls, with a total of 29,771,219 SNPs.

Selection of Instrumental Variables

When selecting instrumental variables for the exposure, the instrumental variable should have a strong correlation with
the exposure, which is determined upon the thresholds of P < 5x10°%, linkage disequilibrium (LD) r2 < 0.001, clumping
distance (kb) = 10,000, and F-statistic > 10**** (Figure 1). Confounding factors in the instrumental variables should be
excluded, and SNPs in the instrumental variables related to the outcome should also be removed. In this study, coronary
artery disease, hypertension, body mass index, and type 2 diabetes were considered as confounding factors related to the
outcome.?*2° In addition, SNPs were queried by Phenoscanner (PhenoScanner (cam.ac.uk)), and the confounding factors
were manually removed.*°

Statistical Analysis

The statistical method used in MR analysis is mainly the two-sample random effects model with inverse variance
weighting (IVW) as the primary analysis method. The IVW method assumes that all hypotheses in MR analysis are
valid.>' However, instrumental variables may still affect the results via other pathways, leading to horizontal pleiotropy
and errors in the results.”* In view of this, MR-Egger, weighted median, simple mode, and weighted mode were used as
the secondary analysis methods.** A p-value <0.05 was considered statistically significant. When the IVW method shows
statistical significance but the other methods do not, OR values of the other methods must be consistent with the direction
of IVW, otherwise, they are considered not statistically significant.*

The heterogeneity test for MR was performed using Cochran’s Q test, where P > 0.05 indicating the absence of
heterogeneity, while P < 0.05 suggesting the presence of heterogeneity. If there is heterogeneity, Mendelian randomization
pleiotropy residual sum and outlier global test (MR-PRESSO) is used to remove outlier SNPs, ie, SNPs of P < 0.05.%%-
MR analysis is later performed again after removing outlier values to observe the differences in results.** Besides, MR-
Egger intercept and pleiotropy test are used to test horizontal pleiotropy, with P > 0.05 and MR-Egger intercept < 0.05
indicating no horizontal pleiotropy and more reliable results, otherwise, the result is considered invalid due to horizontal
pleiotropy.®

In this study, the two-sample MR method was utilized to evaluate the relationship between exposure and outcome
based on odds ratio (OR) and 95% confidence interval (95% CI). Data were analyzed with R 4.2.3 TwoSampleMR
package to obtain reliable research results.

The instrumental variables are unrelated to the outcome.

strongly correlated with the
exposure.

The instrumental variables are
unrelated to the confounding factors.

Figure | Selecting instrumental variables.
Abbreviations: SNP, Single nucleotide polymorphism; BMI, Body Mass Index; OA, Osteoarthritis; KOA, Knee osteoarthritis; HOA, Hip osteoarthritis; IVW, Inverse
variance weighting.
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Ethical Approval

No ethical approval was needed because the present work did not use primary data.

Results
GWAS Data Related to Walking Behavior

In the GWAS database, there are 20 SNPs that meet the criteria for being associated with walking (P <5 x 10°% LD 12 <
0.001, Clumping distance (kb) = 10,000). There were no unharmonizable palindromic SNPs. Due to the association of
rs34898535, rs11648192, rs12042107, and rs2679059 with confounding factors related to body mass index, they have
been excluded. As a result, 16 SNPs were finally selected, all of which met the criterion of F-statistic > 10 (Table 1).

MR Analysis

Upon MR analysis of the relationship between types of physical activity in last 4 weeks: Walking for pleasure (not as
a means of transport) and OA, the IVW results indicated that there is a statistically significant and negative correlation
between types of physical activity in last 4 weeks: Walking for pleasure (not as a means of transport) and OA
(OR=0.3224, 95% CI (0.1261, 0.8243), P=0.0181). Although the results of MR Egger, weighted median, simple
mode, and weighted mode were not statistically significant (P > 0.05), the OR values were all less than 1. Therefore,
it is considered that there is a relationship between types of physical activity in last 4 weeks: Walking for pleasure (not as
a means of transport) and OA (Table 2, Supplementary Figure 1).

According to MR analysis of the association between types of physical activity in last 4 weeks: Walking for pleasure
(not as a means of transport) and KOA, the IVW estimate showed that there is a statistically significant and negative
correlation between types of physical activity in last 4 weeks: Walking for pleasure (not as a means of transport) and
KOA (OR=0.1396, 95% CI (0.0484, 0.4026), P=0.0003). The weighted median estimate supported the IVW results
(OR=0.2672, 95% CI (0.0803, 0.8892), P=0.0314). Although the P-values of MR Egger, simple mode, and weighted
mode estimates were greater than 0.05, their OR values were all less than 1. Therefore, it was concluded that there is
a relationship between types of physical activity in last 4 weeks: Walking for pleasure (not as a means of transport) and
KOA (Table 2, Supplementary Figure 1).

Based on MR analysis of the relationship between types of physical activity in last 4 weeks: Walking for pleasure (not

as a means of transport) and HOA, the P-values of all the IVW, MR Egger, Weighted median, Simple mode, and

Table | SNPs Strongly Associated with Exposure

SNP Effect Allele | Other Allele Beta SE P value F

rs6739738 T C —0.00562931 | 0.000936803 1.90E-09 | 36.10886065
rs| 1896330 | A G —0.00594477 | 0.000976222 1.10E-09 | 37.08283528
rs7610856 A C 0.00559921 | 0.000949233 3.70E-09 | 34.79428018
rs7617548 C T —0.00642781 0.001 15066 2.30E-08 | 31.20556352
rs2910829 A G 0.00546852 0.0009513 9.00E-09 | 33.04491325
rs2670012 T C 0.00582567 | 0.000946359 7.50E-10 | 37.89482682
rs1927902 C T 0.0061759 0.00107623 9.60E-09 | 32.92989325
rs3026380 C G 0.00571482 0.00100974 1.50E-08 | 32.03214268
rs 1827089 A G —0.00634604 0.00113219 2.10E-08 | 31.41716414
rs61955196 | C G —0.00609887 0.00103066 3.30E-09 | 35.01611096
rs7133277 A G 0.00541499 | 0.000980372 3.30E-08 | 30.50798469
rs7207400 C T 0.0058561 | 0.00105208 2.60E-08 | 30.98281845
rs34224566 | T C —0.00616836 0.00105771 5.50E-09 | 34.00996647
rs968807 G A —0.0052677 | 0.000940533 2.10E-08 | 31.36851728
rs613872 T G —0.00746357 0.00123488 1.50E-09 | 36.52949825
rs1941943 T C 0.00631248 0.00113847 2.90E-08 30.7437506

Abbreviations: SNP, Single Nucleotide Polymorphism; SE, standard error; F, F-statistic.
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Table 2 MR Result

Outcomes MR Result OR L-95% CI U-95% CI P value
Osteoarthritis (Knee or Hip) SNP=16 MR Egger 0.1183 6.11E-07 22,914.0401 0.7362
Weighted median 0.4397 0.1601 1.2074 0.1109
Ivw 0.3224 0.1261 0.8243 0.0181
Simple mode 0.5672 0.1 3.2335 0.5328
Weighted mode 0.5673 0.1177 2.7349 0.4908
Knee osteoarthritis SNP=16 MR Egger 0.0152 1.64E-08 14,124.8144 0.56
Weighted median 0.2672 0.0803 0.8892 0.0314
Ivw 0.1396 0.0484 0.4026 0.0003
Simple mode 0.292 0.0383 2.2262 0.2534
Weighted mode 0.3186 0.0484 2.0958 0.2525
Osteoarthritis (hip) SNP=16 MR Egger 30.601 | 1.94E-09 4.83E+11 0.7794
Weighted median 0.7314 0.1656 3.2304 0.6798
Ivw 1.2075 0.1978 7.3727 0.8381
Simple mode 1.3176 0.1211 14.3407 0.8239
Weighted mode 1.2596 0.1401 11.324 0.8396

Abbreviations: IVW, Inverse variance weighting; OR, Odds Ratio; L-95% Cl, Lower 95% confidence interval; U-95% Cl, Upper 95% confidence
interval; SNP, Single nucleotide polymorphism; MR, Mendelian randomization.

Weighted mode results were greater than 0.05. In this regard, there was no statistically significant evidence supporting the
correlation between types of physical activity in last 4 weeks: Walking for pleasure (not as a means of transport) and
HOA (OR=1.2075, 95% CI (0.1978, 7.3727), P=0.8381). In other words, types of physical activity in last 4 weeks:
Walking for pleasure (not as a means of transport) might not be associated with HOA.(Table 2, Supplementary Figure 1).

Heterogeneity Analysis and Pleiotropy Analysis

In this study, heterogeneity analysis and pleiotropy analysis were completed to confirm the credibility of IVW results.
According to the MR Egger and IVW results, there was heterogeneity between the association of types of physical
activity in last 4 weeks: Walking for pleasure (not as a means of transport) and OA (P<0.05) (Table 3); but no
heterogeneity was detected between types of physical activity in last 4 weeks: Walking for pleasure (not as a means
of transport) and KOA (P>0.05) (Table 3); while heterogeneity was observed between types of physical activity in last 4
weeks: Walking for pleasure (not as a means of transport) and HOA (P<0.05) (Table 3). Moreover, according to the
results from MR-PRESSO and leave-one-SNP-out analyses, rs7207400 might have affected the outcomes in OA and
HOA (Supplementary Figure 2). In addition, pleiotropy test indicated that there was no multiple-effects between types of

physical activity in last 4 weeks: Walking for pleasure (not as a means of transport) and OA, KOA, or HOA, as evidenced
by the results of P > 0.05 and MR-Egger intercept < 0.05 (Table 3, Supplementary Figure 2). Thus, it was concluded that

the results were of high universality and applicability.

Table 3 Sensitivity Analysis and Pleiotropy Test

Outcome OA KOA HOA

IVW (heterogeneity) p value 0.0216 0.0672 0.0001
Q 27.9905 | 23.8771 | 44.1875

MR Egger (heterogeneity) p value 0.0145 0.0497 0.0001
Q 27.9382 | 23.7068 | 43.9575

MR Egger (pleiotropy) p value 0.8737 0.7558 0.7906
Intercept | 0.006 0.0132 —0.0192

Abbreviations: OA, Osteoarthritis; KOA, Knee osteoarthritis; HOA, Hip osteoarthri-
tis; MR, Mendelian randomization; IVW, Inverse variance weighting.
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MR Analysis After Heterogeneity Removal

After removing outliers based on the MR-PRESSO and The leave-one-SNP-out analysis results, the main result was
further analyzed using IVW. As a result, there was still a negative correlation between types of physical activity in last 4
weeks: Walking for pleasure (not as a means of transport) and the risk of developing OA and KOA, indicating that types
of physical activity in last 4 weeks: Walking for pleasure (not as a means of transport) might reduce the risk of OA
(OR=0.2377,95% CI (0.1121, 0.5040), P=0.0002) and KOA (OR=0.1396, 95% CI (0.0484, 0.4026), P=0.0003) (Figure 2,
Supplementary Table 1). However, there was no significant correlation between types of physical activity in last 4 weeks:
Walking for pleasure (not as a means of transport) and HOA (OR=0.5674,95% CI (0.1915, 1.6808), P=0.3064) (Figure 2,
Supplementary Table 1). Moreover, after excluding heterogeneity, no heterogeneity was detected in the results of OA or
HOA (P > 0.05) (Supplementary Table 2). Therefore, the results were considered to be highly stable.*®

Discussion
The MR results indicate that types of physical activity in last 4 weeks: Walking for pleasure (not as a means of transport)
is negatively correlated with knee osteoarthritis KOA and OA, but not correlated with HOA. Consequently, this study
suggested that types of physical activity in last 4 weeks: Walking for pleasure (not as a means of transport) mainly had
a positive effect on KOA patients, but no significant impact on HOA. This paper provides new evidence from a genetic
perspective on the clinical implications of the types of physical activity, specifically walking for pleasure (not as a means
of transportation), over the past four weeks in relation to KOA.

Our research shares many of the same arguments as numerous clinical studies. Master et al*” found that walking not
only did not increase the risk of knee replacement, but also significantly reduced the risk of joint replacement in KOA

patients within 5 years. Similarly, Lo et al*®

believed that for KOA patients aged 50 years and above, walking exercise
reduced the frequency of knee joint pain and had an effect on improving the disease, so they encouraged these patients to
take walking exercise to alleviate their burdens. Additionally, another study’® suggests that walking can not only relieve

1’40

joint pain in OA patients, but also improve their quality of life. As discovered by Bell et al,”™ walking significantly

outcome method OR pval

Osteoarthritis of the hip or knee(nSNP=15)

I
1

MR Egger = . 0.7311
]

Weighted median T 0.06
Inverse variance weighted #— E 0.0002
Simple mode - 0.5492
Weighted mode = : 0.5133
Knee osteoarthritis(nSNP=16) :
MR Egger = : 0.56
Weighted median - 0.0314
Inverse variance weighted #— : 0.0003
Simple mode —'—E— 0.2534
Weighted mode -~ 0.2525
Osteoarthritis (hip)(NSNP=15) E
MR Egger . 0.516
Weighted median - 0.6543
Inverse variance weighted —l—i— 0.3064
Simple mode : 0.7854
Weighted mode : = 0.8332
i
I I T |
05 1 2 3
Figure 2 Mendelian randomization forest plot, after removing heterogeneity, depicting the impact of walking on OA.
Abbreviations: OR, odds ratio; pval, p-value.
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increased the physical activity level of KOA patients in a short period of time. This type of exercise may be the simple
and effective intervention that can be used to improve various symptoms and quality of life of KOA patients. According

to Fenton et al,*!

KOA patients or high-risk individuals should maintain the moderate to high intensity (more than 100
steps per minute) when walking, so as to reduce the risk of developing a critical slow gait speed. Collectively, these
studies indicate that walking is mainly applied in the treatment and prevention of KOA, but there is a lack of the same
argument for its effect on HOA.

The mechanisms by which walking as a physical activity can reduce the incidence of KOA are diverse, which are
generally considered to be related to the following points. First, walking is a low-intensity exercise that can help reduce
weight and lower the load on joints.** Body weight (body mass index (BMI) > 30 Kg/m?) is one of the main factors
affecting joint load, and overweight can increase joint load, and accelerate the wear and tear of articular cartilage and the
formation of osteophytes.®*>** Weight loss is found to effectively reduce pain and mobility impairment in KOA
patients.*®** Second, walking can help improve fluid circulation in the joint, thereby increasing the supply of nutrients
to articular cartilage and synovial fluid, and enhancing the self-repair function of the joint cartilage and synovium.*®
Third, walking can promote the increase in muscle strength and improve the physical function.*” As reported in some
studies, walking can promote the increase in muscle strength, improve physical activity ability, and reduce joint stress
and damage.*®* Therefore, it is believed that walking as a physical activity can have positive effects on KOA patients
from multiple perspectives.

This study conducted a correlation analysis of walking and OA using two-sample Mendelian randomization. It has
several advantages. Firstly, as an MR analysis, this study avoided the ethical limitations of clinical research. Secondly,
the use of a large number of participants in the GWAS provided a high level of credibility for our research. Lastly, in the
selection of SNPs, strict screening criteria were applied, and SNPs related to confounding factors were removed.

Nonetheless, certain limitations should be noted in this study, despite its implications for clinical practice. First, The
MR analysis method used in this study relied on genetic variation, and it only reflected its effects at the population level,
but did not consider the impact of individual differences. Second, the data used in this study are from European
populations, and while the application is highly adapted to European populations, caution should be exercised in applying
it to other populations such as Asian and American. We will closely monitor the publication of GWAS data related to
other populations to supplement the study of walking and OA in other populations as soon as possible. Third, the GWAS
data has its own limitations, such as the inability to perform stratified analysis based on demographic variables like
gender and age, which is a common limitation in many MR analyses and not unique to this study.’ 0.51 Additionally, due
to the limitations of the GWAS data, it only focuses on walking activity in the past 4 weeks and does not provide detailed
descriptions of walking speed, distance, duration, and stride, making it difficult to apply comprehensively. We will
continue to monitor updates to the relevant data in order to improve the study as soon as possible. Lastly, OA is a disease
caused by multiple factors. This study utilized only considered the influence of a single genetic variation on the
relationship between walking and OA, rather than the joint effects of multiple genetic variations. At the same time,
there are many factors that can lead to OA, and clinical applications should also focus on other factors.

Conclusion
From genetic studies, types of physical activity in last 4 weeks: Walking for pleasure (not as a means of transport) can
reduce the risk of KOA occurrence, but in this study, it did not have a significant impact on HOA.

Data Sharing Statement
Summary statistics for the genetic associations with OA GWAS were obtained from EBI, and the walking GWAS
obtained from UKB.
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