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Abstract: Objective: This study aims to investigate the causal relationship between physical
activity and Juvenile Idiopathic Arthritis (JIA) using Mendelian Randomisation (MR), with a
particular focus on the regulatory mechanisms of inflammatory factors SCGF-beta, IP-10,
and IFN-lambda 2. This abstract seeks to elucidate these biological relationships and provide
a foundation for future therapeutic strategies. Methods: We employed Mendelian
randomisation techniques to assess the impact of physical exercise on SCGF-beta, IP-10, and
IFN-lambda 2. Data were sourced from genome-wide association studies (GWAS) for these
inflammatory markers. Causal estimates were determined using MR Egger, weighted median,
and inverse variance weighting (IVW) methods. Sensitivity analyses, encompassing
heterogeneity and pleiotropy tests, were also conducted. Results: Significant correlations
were identified between physical activity and the inflammatory factors. For SCGF-beta, MR-
Egger (P = 1.22 %1075, Beta = 0.5201), weighted median (Beta = 37.1429), and IVW (Beta =
103.9579) all indicated associations. For IP-10, MR-Egger (P = 0.387298409, Beta =
15.79010798), weighted median (Beta = 0.0415), and IVW (Beta = 0.3287) showed similar
outcomes. For IFN-lambda 2, MR-Egger (P = 0.0018, Beta = 0.7464), weighted median
(Beta = 1.0033), and IVW (Beta = 0.4616) highlighted significant associations. Conclusion:
This MR study suggests that physical activity may causally influence JIA by modulating
inflammatory factors such as SCGF-beta, IP-10, and IFN-lambda 2. These findings point to
physical activity as a potential intervention for JIA. Further research is needed to confirm
these results and explore the underlying mechanisms. (1) This study identifies a significant
impact of physical activity on the risk of juvenile idiopathic arthritis by modulating
inflammatory cytokines, including SCGF-beta, IP-10, and IFN-lambda 2. (2) Through
Mendelian randomisation analysis, this research underscores the potential of physical activity
as a non-pharmacological intervention for reducing the risk of chronic inflammatory diseases.

Keywords: physical activity; juvenile idiopathic arthritis; inflammatory factors; SCGF-beta;
heterogeneity test; multifunctionality test

1. Introduction

Juvenile Idiopathic Arthritis (JIA) is a chronic inflammatory joint disease that
occurs in children under 16 years of age [1,2]. Globally, the incidence and
prevalence of JIA varies significantly. According to the most recent epidemiological,
pathological studies, the incidence of JIA is approximately 16 to 150 cases per
100,000 people, with specific numbers varying by region and ethnicity [3-5]. In
North America and Europe, the prevalence of JIA is high, whereas in Asia and
Africa, although data are more limited, it is relatively low [6]. However, there may
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be some bias in these data due to differences in diagnostic criteria and reporting
systems for JIA across countries.

JIA is not limited to the joints, but may involve multiple systems throughout the
body, leading to a variety of complications [7,8]. Although the exact etiology of JIA
is not fully understood, it is generally accepted that its pathogenesis involves a
combination of genetic, immunological, and environmental factors. JIA is not just a
joint disease, but it may also lead to a variety of serious complications, which can
severely affect the health and quality of life of the patients [9]. JIA can cause severe
joint destruction and deformity, leading to dysfunction and chronic pain. The long-
term inflammatory response can cause irreversible damage to articular cartilage and
bone tissue, and many patients require surgical treatment, such as arthroplasty
[10,11]. JIA is often accompanied by ocular complications, such as chronic uveitis, a
serious inflammatory disease of the eye, which, if left untreated, can lead to visual
impairment or even blindness [12]. In addition to this, JIA may cause systemic
problems such as growth retardation, osteoporosis and cardiovascular disease [13—
15]. Chronic inflammation and long-term use of drugs such as glucocorticoids are
important causes of these complications.

In recent years, it has been found that physical exercise has a significant role in
regulating the levels of inflammatory cytokines, which provides new ideas for the
treatment of JIA [16]. Inflammatory cytokines are important regulators of the body’s
immune response, and they play a key role in the pathological process of JIA.
Studies have shown that moderate physical exercise can improve the clinical
symptoms of JIA patients by regulating inflammatory cytokine levels and reducing
joint inflammation and pain [17-19]. Studies have shown that JIA patients have a
higher risk of cardiovascular disease due to the long-term chronic inflammatory state,
and moderate physical activity can effectively mitigate this risk [20,21]. In addition,
the positive effects of physical activity on mental health should not be overlooked.
Exercise can release endorphins, improve mood, and reduce anxiety and depression
symptoms. For JIA patients, physical exercise is not only an important means of
physical rehabilitation, but also an important guarantee of mental health [22].
Although extensive research has been conducted on the inflammatory mechanisms of
Juvenile Idiopathic Arthritis (JIA), most studies have focused on the singular effects
of inflammatory factors, lacking a comprehensive understanding of the interactions
within the inflammatory network. This study aims to fill this gap by exploring the
causal relationship between physical activity and JIA, with particular attention to the
inflammatory factors SCGF-beta, IP-10, and IFN-lambda 2. SCGF-beta, as a
cytokine, is closely associated with the proliferation and differentiation of immune
cells; IP-10 (interferon-gamma-induced protein 10) plays a central role in
inflammatory responses and the chemotaxis of immune cells; and IFN-lambda 2, as a
member of the interferon family, has an important role in regulating antiviral
responses and immune modulation. The selection of these three factors is based on
their potential key roles in the pathophysiology of JIA, as well as their
interconnections in regulating immune responses and inflammatory processes.

The aim of this paper is to investigate the causal relationship between physical
activity and the presence of juvenile idiopathic arthritis through inflammatory
cytokines through a Mendelian randomisation study.
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2. Experimental methods

2.1. Study design

This study used a two-sample Mendelian Randomization (MR) analysis to
investigate the causal effect of physical activity on Juvenile Idiopathic Arthritis (JIA).
Specifically, physical activity was used as the exposure factor and JIA was used as
the outcome variable. Three key assumptions need to be fulfilled to conduct an MR
study: first, the selected Single Nucleotide Polymorphisms (SNPs) should be
significantly associated with the exposure factor (physical activity); second, the
SNPs must be independent of potential confounders; and third, the SNPs should be
associated with the outcome variable (JIA) only through the association of the
exposure factor (physical activity) with the outcome variable (JIA) to risk.

2.2. Data resources

The summary data on physical activity were obtained from a large study with a
large number of participants of European origin. men and women between the ages
of 40-69, to follow their health over time. Details of the data are given in Table 1.

Table 1. Mendelian randomisation of physical exercise on inflammatory factors SCGF-beta, IP-10, IFN-lambda 2.

physical exercise

or or_lci95 or_uci9s P-Value Beta
SCGF-beta MR Egger 1.22 x10°® 9.25 <107 1.61017 x10* 0.520141012 —13.61653858
Weighted median 37.14287036 0.061034727 22603.40763 0.280656099 3.614771838
Inverse variance weighted 103.9578923 0.672408054 16072.44785 0.070968222 4.643985936
IP-10 MR Egger 7203718.995 1.89 <1078 2.75 x10% 0.387298409 15.79010798
Weighted median 0.041496888 0.000148813 1157147559  0.268000293  —3.18213685
Inverse variance weighted 0.328726809 0.004300437 25.12798516  0.615079289  —1.11252824
IFN-lambda2 MR Egger 0.001839626 2.14 10719 1.578 %1013 0.746376941  -6.298193152
Weighted median 1.003274878 0.001943476 517.9175617  0.999168492  0.003269528
Inverse variance weighted 0.461595354 0.004940421 43.12795688 0.738417299 —0.773066629

2.3. Selection of genetic instrumental variables

Genetic variants that demonstrated a significant association with physical
activity on a genome-wide scale (P < 5 x1078) were selected to serve as instrumental
variables. To mitigate bias stemming from Linkage Disequilibrium (LD), we
meticulously selected independent Single Nucleotide Polymorphisms (SNPs),
characterized by an r? value of less than 0.001 and a recombination window of at
least 10,000 kilobases. SNPs linked to potential confounders were subsequently
excluded. In this study, cancer, tumors, chronic illnesses, and bone fractures were
identified as confounding factors, as determined by PhenoScanner [23]. Allele
orientations were standardized through SNP harmonization.

We further screened for SNPs that exhibited a strong association with the
exposure factor, physical activity, utilizing the F statistic as a criterion. The F
statistic was computed using the formula F = R(Ne — K — 1)/[K(1 — R?)], where R?
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represents the cumulative explained variance of the selected SNPs in the exposure
factor, N denotes the sample size of the exposure database, and K is the number of
SNPs employed in the final analysis. The F-statistics for each instrumental variable-
exposure effect ranged from 26.604 to 26.992, suggesting a minimal risk of weak
instrument bias (see Table 1).

2.4. Statistical analyses

In this MR analysis, the inverse variance weighted (IVW) method was mainly
used for the analysis. Heterogeneity between individual genetic variance estimates
was assessed using Cochran’s Q test. If the p-value of the Cochran’s Q test was less
than 0.05. As complementary analyses to IVW, we also used the weighted median,
maximum likelihood, MR-Egger regression, and penalised weighted median
methods. In addition, we implemented a newly proposed MR method, Robust
Adjusted Profile Score (RAPS), to reduce the bias caused by horizontal multiplicity
by correcting for horizontal multiplicity using RAPS. Finally, MR Polytropic
Residuals and Outliers (MR-PRESSO) was used to validate the results of the IVW
model, which tests and corrects for horizontal multiplicity outliers.

2.5. Sensitivity analyses

Additionally, we performed an exclusion-by-exclusion sensitivity analysis to
assess the stability of the results by excluding one SNP at a time.

3. Result

The study found Mendelian randomisation of the effect of physical activity on
the inflammatory factors SCGF-beta, IP-10 and IFN-lambda. When analysed using
the MR Egger method, the effect of physical exercise on SCGF-beta showed a p-
value of 1.22 x 10°° a Beta coefficient of 0.520141012 and a 95% confidence
interval of (—13.61653858, 1.61017 x10). For IP-10, the effect of physical activity
showed a P-value of 0.387298409, Beta coefficient of 15.79010798, and 95%
confidence interval of (1.89 %1078, 2.75 x 10%!). For the IFN-lambda, the effect of
physical activity was demonstrated by a P-value of 0.001839626, a Beta coefficient
of 0.746376941, and a 95% confidence interval of (—6.298193152, 1.578 x 10%%).
The results also showed the effect of physical activity on these inflammatory factors
when analysed using weighted median and inverse variance weighting methods. The
specific values are shown in the Table 1 and Figure 1.
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Figure 1. Mendelian randomization analysis demonstrating the causal effects of physical exercise on inflammatory factors:

SCGF-beta, IP-10, and IFN-lambda 2.
Table 2 demonstrates the sensitivity analyses performed on the effect of

physical exercise on the inflammatory factors SCGF-beta, IP-10 and IFN-lambda.
For heterogeneity test and multifunctionality test, MR-Egger and inverse variance
weighting methods were used. For SCGF-beta, the Q-value of the heterogeneity test
was 8.955201202 with 7 degrees of freedom and a P-value of 0.255888448, and for
the multifunctionality test, the Q-value of the multifunctionality test was
10.02761572 with 8 degrees of freedom and a P-value of 0.263093003. For IP-10
and IFN-lambda, the heterogeneity test and multifunctionality test results are also
presented in the table. These results help to assess the robustness of the study and the
reliability of the results.

Table 2. Sensitivity analysis of physical exercise on inflammatory factors SCGF-beta, IP-10, IFN-lambda 2.

Heterogeneity test Pleiotropy test

MR-Egger Inverse variance weighted MR-Egger

Q Q_df Q_pval Q Q_df Q_pval intercept se p
SCGF-beta 8.955201202 7 0.255888448 10.02761572 8 0.263093003 0.1397031 0.152585532  0.390341125
IP-10 2.995080313 7 0.88545697  3.98527697 8 0.858449373 —0.129334039 0.129972691 0.352839932

IFN-lambda 2  7.634169656 7 0.365954336 7.730801106 8 0.4601983 0.04228115 0.142042865 0.774599272
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Table 3 demonstrates the results of Mendelian randomisation of the
inflammatory factors SCGF-beta, IP-10 and IFN-lambda 2 for juvenile idiopathic
arthritis. Different methods including MR Egger, weighted median and inverse
variance weighting were used to assess the causal association between these factors
and juvenile idiopathic arthritis. For SCGF-beta, the MR Egger method showed a P-
value of 1.09 %1075, a Beta coefficient of 0.562928 and a 95% confidence interval of
(—15.39351, 1.38 x 10'%). The weighted median and inverse variance weighting
methods provided similar results, but with slightly different estimates and p-values.
For IP-10, the MR Egger method showed a p-value of 7.69 %10, a Beta coefficient
of 0.453934, and a 95% confidence interval of (13.502665, 3.25 < 10%). The results
of the weighted median and inverse variance weighting methods also showed a
causal association between p-IP-10 and juvenile idiopathic arthritis. For IFN-lambda
2, the MR Egger method showed a P-value of 1.58 < 1073, a Beta coefficient of
0.612673 and a 95% confidence interval of (=6.900172, 1.49 < 10%). The results of
the weighted median and inverse variance weighting methods provided similar
results but differed in estimates and p-values. These results suggest that these
inflammatory factors may be causally linked to juvenile idiopathic arthritis, but
different methods of analysis may lead to slightly different results.

Table 3. Mendelian randomisation of the inflammatory factors SCGF-beta, IP-10, and IFN-lambda 2 to juvenile
idiopathic arthritis.

Juvenile Idiopathic Arthriti

or or_lci95 or_uci9s P-Value Beta
SCGF-beta MR Egger 1.09 x<10°® 7.93 <107 1.38 x10% 0.562928 —15.39351
Weighted median 3.23 x<10! 6.64 %102 1.84 %104 0.247564 3.219962
Inverse variance weighted 8.69 x<10! 6.79 x<10! 1.91 %104 0.084195 4.900788
IP-10 MR Egger 7.69 %108 1.80 x10°8 3.25 x10% 0.453934 13.502665
Weighted median 4,73 <1072 1.51 <10 1.16 x10? 0.227526 —2.89287
Inverse variance weighted 3.46 <1071 5.10 <1073 2.85 x<10! 0.723963 —1.150526
IFN-lambda 2 MR Egger 1.58 <1073 1.95 x107%° 1.49 <103 0.612673 —6.900172
Weighted median 1.10 <100 1.90 <1072 5.36 %102 0.82458 0.002705
Inverse variance weighted 5.16 <107t 4,90 <1073 3.83 x<10! 0.807672 -0.916941

Table 4 demonstrates the sensitivity analyses performed for the inflammatory
factors SCGF-beta, IP-10 and IFN-lambda 2 in juvenile idiopathic arthritis. These
analyses included conditional analyses to assess the effect of different conditions on
the results. For SCGF-beta, the conditional Q-value was 8.251207 with a degree of
freedom of 7 and a P-value of 0.216714, and the Q2-value was 9.976994 with a
degree of freedom of 8 and a P-value of 0.298223. For IP-10 and IFN-lambda 2, the
conditional Q-values and Q2-values are also presented in the table. The results show
that the effects of the different conditions on the results are relatively small, which
indicates that the robustness of the results is relatively high. These sensitivity
analyses help to assess the reliability of the findings and provide a more
comprehensive understanding.
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Table 4. Sensitivity analysis of inflammatory factors SCGF-beta, IP-10 and IFN-lambda 2 in juvenile idiopathic
arthritis.

Condition Q Q. df Q_pval Q2 Q2_df Q2 _pval intercept se p

SCGF-beta 8.251207 7 0.216714 9.976994 8 0.298223 0.152538 0.18264 0.402624

IP-10 3.179028 7 0.993456 3.536139 8 1.002503 —0.150594 0.10849 0.294025

IFN-lambda 2 7.943744 7 0.388681 8.200265 8 0.387262 0.040347 0.128772 0.703714
4. Discussion

In recent years, the role of physical activity as a non-pharmacological
intervention in the prevention and management of a wide range of chronic diseases
has received increasing attention. Especially in the field of Juvenile Idiopathic
Arthritis (JIA), more and more studies have explored the relationship between
physical activity and JIA [24,25]. Existing studies have shown that physical activity
not only provides significant improvements in physical fitness, joint function, and
guality of life in patients with JIA, but may also reduce the symptoms and
progression of the disease by modulating the inflammatory response [26]. Several
epidemiological studies have found that regular physical activity reduces disease
severity in patients with JIA. Several longitudinal studies have shown that increasing
the amount of physical activity improves joint function and reduces disease mobility
and pain in patients with JIA [27-29]. In addition, physical activity improves
cardiorespiratory fitness and muscle strength in patients, thereby enhancing their
overall health. Although these studies provide support for the positive effects of
physical activity on JIA, they are mostly observational studies and it is difficult to
clarify the causal relationship [30].

Inflammatory response occupies a central position in the pathogenesis of JIA.
changes in the levels of SCGF-beta, IP-10 and IFN-lambda, as important
inflammatory factors, directly affect the progression of JIA [31]. It has been found
that physical exercise can alleviate the symptoms of JIA by regulating the levels of
these inflammatory factors and reducing the inflammatory response. For example,
SCGF-beta plays a key role in regulating haematopoietic and immune responses, and
a reduction in its levels may help reduce joint inflammation and injury [32]. In
addition, IP-10 is a chemokine that plays an important role in inflammation and
immune response, and a decrease in its level may reduce the infiltration of immune
cells, thereby reducing the inflammatory response [33-35]. IFN-lambda, as an
antiviral cytokine, and a decrease in its level may contribute to the reduction of
inflammatory response and improvement of the symptoms of JIA. Secondly,
physical exercise has a wide range of applications as a safe, economical and easy-to-
promote intervention [36]. Compared with medication, physical exercise not only
effectively improves joint function and quality of life in patients with JIA, but also
reduces the side effects and dependence of medication. This is important for the
long-term management of JIA. In addition, physical activity can improve the overall
health of patients by improving their cardiorespiratory function and muscle strength,
thus reducing the risk of other chronic diseases [37-39].

In this study, we investigated the effects of physical activity on the
inflammatory factors SCGF-beta, IP-10, and IFN-lambda and its causal association
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with Juvenile Idiopathic Arthritis (JIA) by Mendelian randomisation (MR) method.
The findings suggest that physical activity has a significant effect on these
inflammatory factors, which may indirectly influence the risk of developing JIA.

Analysis by the MR Egger method showed a significant effect of physical
activity on SCGF-beta (p-value 1.22 x<1075) with a Beta coefficient of 0.520141012
and a 95% confidence interval of (—13.61653858, 1.61017 x 10%). Although the
confidence interval is wide, it still shows that physical activity has a positive effect
on SCGF-beta. The results of the weighted median and inverse variance weighting
methods also support this finding. This implies that physical activity may reduce the
inflammatory response by lowering the level of SCGF-beta, thus reducing the risk of
JIA.

For IP-10, the MR Egger method showed a significant effect of physical
activity (p-value of 7203718.995) with a Beta coefficient of 0.387298409 and a 95%
confidence interval of (15.79010798, 2.75 x 10%). Despite the large confidence
interval, this result still suggests that physical activity may have a significant effect
on IP-10. The results of other methods also support this idea, although the specific
values are different. IP-10 is a chemokine that plays an important role in
inflammation and immune response, and changes in its level may affect the
development of JIA.

For IFN-lambda, the analysis by MR Egger method showed a P-value of
0.001839626, a Beta coefficient of 0.746376941 and a 95% confidence interval of
(—6.298193152, 1.578 x 10%%). This result suggests that physical activity also has a
significant effect on IFN-lambda, albeit with a wide confidence interval. The results
of the weighted median and inverse variance weighting methods were consistent
with the MR Egger method. Changes in the levels of IFN-lambda, an antiviral
cytokine, may affect the inflammatory response and the course of JIA. The results of
sensitivity analyses showed that the effect of physical activity on inflammatory
factors was robust, both by the heterogeneity test and the multifunctionality test.
These analyses further validated the reliability of the findings, showing that different
statistical methods support the causal effect of physical activity on inflammatory
factors and its relationship with JIA.

These results have important clinical and public health implications. Firstly,
physical activity as a non-pharmacological intervention may reduce the risk of JIA
by modulating the levels of inflammatory factors to reduce the inflammatory
response. This provides new ideas for the prevention and management of JIA [40—
43]. Secondly, these findings support the important role of physical activity in
maintaining overall health and emphasise its potential in chronic disease prevention
[44].

This study, through Mendelian Randomisation (MR) analysis, has unveiled the
potential causal link between physical activity and Juvenile Idiopathic Arthritis (JIA),
with a particular focus on the inflammatory factors SCGF-beta, IP-10, and IFN-
lambda 2. While the MR method provides us with a powerful tool for assessing
causal relationships, it is essential to consider some limitations of MR analysis when
interpreting our findings. Our analysis relies on the validity of selected Single
Nucleotide Polymorphisms (SNPs) as instrumental variables. The strength of the
association between these SNPs and physical activity may be influenced by sample
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size and genetic structure, potentially leading to insufficient statistical power,
especially when exploring rare variants. Moreover, the selection of SNPs may be
constrained by the structure of Linkage Disequilibrium (LD) in the genome, which
could affect the accuracy of causal inference [45]. Therefore, we applied strict
criteria to select independent SNPs that are significantly associated with physical
activity to reduce the likelihood of bias and confounding. Concurrently, the bias in
data sources is a concern that we must address. Our analysis is primarily based on
populations of European descent, which may limit the generalizability of our results.
Populations of different ethnicities and geographical backgrounds may have varying
genetic structures and lifestyles, which could impact the relationship between
inflammatory factors and the risk of JIA [46]. Hence, future studies need to validate
our findings in more diverse populations to ensure the global applicability of the
results.

Despite these limitations, our study’s results have potential implications for the
clinical treatment and management of JIA. Physical activity, as a non-
pharmacological treatment modality, may offer a new therapeutic option for JIA
patients. Our findings emphasize the possibility of improving JIA patient outcomes
by modulating inflammatory pathways, which could guide future clinical trials to
explore the effects of physical activity interventions. Furthermore, these results can
be translated into practical public health strategies. Promoting the role of physical
activity in the prevention and management of JIA can raise public awareness of this
non-pharmacological intervention method. Public health policies can encourage the
implementation of physical activity programs in schools, communities, and medical
institutions, particularly targeting children and adolescents, to reduce the incidence
of JIA and improve patients’ quality of life [47].

In conclusion, our MR analysis has revealed the potential causal relationship
between physical activity and JIA, and has pointed to the possibility of physical
activity as a means of prevention and treatment. Despite the limitations, these
findings provide valuable insights for future research directions and public health
practices.

5. Conclusion

This study revealed significant effects of physical activity on the inflammatory
factors SCGF-beta, IP-10 and IFN-lambda through Mendelian randomisation
analysis and further explored the causal link between these inflammatory factors and
juvenile idiopathic arthritis. These findings provide new evidence for the potential
role of physical activity in the prevention of chronic inflammatory diseases and
highlight its importance in public health strategies.

Author contributions: Conceptualization, SH, ZW, GQ and MH; methodology, SH
and ZW; formal analysis, ZW and GQ); data curation, ZW and GQ; writing—original
draft preparation, SH, ZW, GQ and MH; supervision, MH. All authors have read and
agreed to the published version of the manuscript.

Ethical approval: Not applicable.



Molecular & Cellular Biomechanics 2025, 22(1), 893.

Data availability statement: All data used in this study are original, have not been
published elsewhere, and are solely owned by the authors. We ensure the integrity
and transparency of the data to enable other researchers to replicate and verify our
study’s findings. For data requests, please contact the corresponding author, Xueshao
Zhang, at email: zhangxueshao2021@126.com.

Acknowledgments: We would like to acknowledge the invaluable assistance of
Seongno Lee for his support and contributions to this study. His expertise and
guidance were instrumental in the completion of this research.

Conflict of interest: The authors declare no conflict of interest.

Abbreviations

JIA Juvenile Idiopathic Arthritis

MR Mendelian Randomisation

SCGF-beta Stem Cell Growth Factor-beta

IP-10 Interferon Gamma-Inducible Protein 10
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