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Abstract

Background: The rapid proliferation of electronic devices has increased screen time, raising concerns about its potential health
effects, including chronic pain. However, existing studies have limitationsin scope and causal inference, with inconsistent findings
and alack of exploration of potential biological mechanisms.

Objective: The objective of our study was to investigate the causal associations and potential shared biological mechanisms
between different forms of screen time and various chronic pain phenotypes.

Methods: Leveraging genome-wide association study data, we investigated the association and potential shared biological
mechanisms between screen time (time spent watching television, time spent using computer, and length of mobile phone use)
and chronic pain phenotypes (including multisite chronic pain [MCP], back, knee, neck or shoulder, hip pain, and headaches).
Two-sample Mendelian randomization (MR), reverse MR and multivariable Mendelian randomization (MVMR) analysis were
performed to examine associati ons between screen time and chronic pain. Summary data—based Mendelian randomization (SMR),
transcriptome-wide association study (TWAS), and colocalization analysis were used to identify the shared genes and potential
biological mechanism.

Results: MR analysis revealed that time spent watching television and length of mobile phone use were positively associated
with several types of chronic pain, while time spent using computer showed a negative association. Specifically, time spent
watching television was positively associated with the risk of MCP (P=1.05x10"%; odds ratio [OR] 1.61, 95% CI 1.49-1.74),
back pain (P=2.41x10"%, OR 1.14, 95% CI 1.09-1.19), knee pain (P=7.10x10"%; OR 1.09, 95% Cl 1.05-1.13), neck or shoulder
pain, and hip pain. Length of mobile phone use was positively associated with the risk of MCP (P=2.15x10"; OR 1.22, 95% Cl
1.11-1.34), headaches, and neck or shoulder pain. However, time spent using computer was negatively associated with the risk
of MCP (P<.001; OR 0.83, 95% CI 0.75-0.92), back pain, and knee pain. Thereverse MR results showed that M CP was positively
associated with time spent watching television (P=4.8x10"; OR 1.27, 95% Cl 1.16-1.4) and length of mobile phone use
(P=3.38x10"%; OR 1.29, 95% CI 1.14-1.45), while the association with time spent using computer (P=.61; OR 0.97, 95% ClI
0.87-1.09) was not statistically significant. The MV MR results failed to meet the criterion that all conditional F-statistics exceed

10. Integrative 3 analysis methods identified overlapping genes, with CEP170 emerging as a key gene consistently supported by
SMR, TWAS, and colocalization analysis in the relationship between time spent using computer and MCP.
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Conclusions: Our findings demonstrate an association between screen time and various aspects of chronic pain. The CEP170
gene might contribute to the shared biological mechanism between time spent using computer and MCP risk. However, due to
the absence of robust MVMR results, the potential influence of confounding factors cannot be ruled out.

(J Med Internet Res 2026;28:€78233) doi: 10.2196/78233

KEYWORDS

causality; chronic pain; medical genetics; multisite chronic pain; screen time

Introduction

With the widespread popul arity of electronic devices, the screen
time spent by people on phones, computers, and televisions has
increased significantly every day. Recently, an increasing
number of studies have shown that excessive screen time may
bring a series of health risks [1,2]. A study on children and
adolescents has shown that long-term screen time exposure is
closely related to obesity, restricted cognitive and language
development, decreased academic performance, and altered
sleep patterns[3,4]. Studies on adults have found that excessive
screen time is associated with reduced physical activity and
increased BMI [5]. Moreover, studies have found that the
incidence of headaches increases with increased screen time,
with similar trends observed in both adolescents and adults
[6-9]. Research has also shown that prolonged computer use
can contribute to pain in severa areas, such as the neck,
shoulders, and back [10].

While some studies have explored the relationship between
screen time and chronic pain, the current evidenceis still limited.
An important limitation is that existing studies have
shortcomings in assessment scope and underlying relationship
to fully reveal the association between the two. We found that
most studies have focused on the use of a single type of screen
time. One study only pointed out that prolonged computer use
can cause pain in multiple areas [10], but ignored the effects of
different types of screen time. Moreover, most studies on screen
time and chronic pain tend to focus on specific body regions,
such aslower back pain or headaches[11,12], while overlooking
the impact of screen time on multisite chronic pain (MCP) and
the combined effects of different types of chronic pain. In
addition, the results of existing studies are inconsistent, with
some studies finding an association between screen time and
chronic pain [13], while others fail to observe a significant
association [14]. This inconsistency may be caused by
confounding bias or aweaker ability to infer causality.

Another important limitation in the current research concerns
the mechanisms associated with screen time and chronic pain.
Some studies have suggested that the brightness or light wave
frequency of screens may trigger migraine attacks, while
prolonged exposure to screens may lower the threshold for
migraines [15-17], making them more likely to be triggered by
other factors. However, this explanation lacks a detailed
understanding of the biological mechanismsinvolved. To date,
the underlying biological mechanisms linking screen time and
chronic pain have remained largely unexplored, highlighting
the need for future research to address this issue and explore
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whether different devices cause chronic pain through common
or different mechanisms.

The genome-wide association studies (GWASs) of MCP [18],
the development of genetic epidemiology, and multiomics
integration analysis methods provide new opportunities to
address these limitations [19,20]. Two-sample Mendelian
randomization (MR) analysis can be used to examine the
potential relationship between screen time and chronic pain.
MR analysis uses genetic variants significantly associated with
exposure as instrumental variables (IVs) to infer causality,
thereby minimizing confusion and reverse causality [21]. In
addition, summary data—based Mendelian randomization (SMR)
and transcriptome-wide association study (TWAS) analysiscan
help identify overlapping genes between the two. In addition,
colocalization analysis can assess whether these associations
share causal genetic variation, thereby strengthening the
evidence for shared biological mechanisms. By using multiple
genetic epidemiol ogical methods, we can explore the biological
relationship between screen time and chronic pain.

In this study, we aimed to address these limitations. First, we
examined whether screen time was associated with MCP and
chronic pain in 5 other body parts. Next, we identified
overlapping genes through genetic epidemiological methods
approach and explored their potentially shared biological
mechanism, aiming to provide new insightsinto the complexity
of chronic pain.

Methods

Study Overview

Asshownin Figure 1, this study follows a 3-stage approach. In
Phase 1, we performed a2-sample MR analysisand reverse MR
to investigate the phenotypic association between screen time
and chronic pain. Considering the mutual influence among
multiple exposures, we conducted a multivariate Mendelian
randomization (MVMR) analysis. In Phase 2, wefirst performed
SMR anaysis combined with expression Quantitative Trait
Locus (eQTL) summary datasetsto expl ore associations between
gene expression and phenotypic traits. We then performed
TWAS analysis to identify gene expression associated with
screen time and chronic pain, and assessed whether the same
genetic variants were shared through colocalization analysis,
providing stronger genetic evidence. In Phase 3, we further
integrated the results of SMR, TWAS, and colocaization
analysis. We aimed to identify genes that were consistently
supported across these methods. The overlapping genes provide
more robust evidence of shared biological mechanisms in the
association between screen time and chronic pain.
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Figure 1. Fowchart of the overall study design. eQTL: expression Quantitative Trait Locus; FDR: false discovery rate; GTEX: Genotype-Tissue
Expression; GWAS: genome-wide association study; IV: instrumental variable; IVW: inverse variance weighted; LD: linkage disequilibrium; MCP:
multisite chronic pain; MR: Mendelian randomization; MVMR: multivariate Mendelian randomization; OR: odds ratio; SMR: summary data—based
Mendelian randomization analysis; SNP: single-nucleotide polymorphism; TWAS: transcriptome-wide association study; TV: television.
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Data Sources for Exposures, Outcomes, and eQTL
Summary Data

Exposures

The exposure phenotype in this study was screen time, which
included time spent watching television, time spent using
computer, and length of mobile phone use. These phenotypes
were derived from the UK Biobank touchscreen questionnaire.
The question for time spent using computer explicitly stated,
“Do not include using a computer at work,” whereas the
questionsfor television watching and mobile phone use captured
overall daily use. We provided detailed data sources about
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screen timein Multimedia Appendix 1. To address the issue of
weak instrument bias, agenome-wide significance threshold of

P<5x10® was used as the default criterion for identifying
single-nucleotide polymorphisms (SNPs); simultaneously, to
optimize the results and eliminate SNPs in strong linkage
disequilibrium (LD), an LD clustering method was adopted,

with thresholds of r>=0.001 and kilobase, kb=10,000 to ensure

accurate and precise clustering. r? is the squared correlation
coefficient between 2 SNPs' allele counts, used to quantify LD.
In the 2-sample MR analysis, we selected 112, 82, and 32
independently significant SNPs located on the autosomes as
IVs of time spent watching television, time spent using
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computer, and length of mobile phone use, respectively. Details
of these SNPs are presented in Multimedia Appendices 2-4.

Outcomes

The outcomes included 6 chronic pain phenotypes, namely
MCR, back pain for =3 months, knee pain for =3 months, neck
or shoulder pain for 23 months, headaches for =3 months, and
hip pain for =3 months. Among them, MCPis by far the largest
GWAS summary statistic for al chronic pain phenotypes,
involving 387,649 people from the UK Biobank [18]. Datafor
theremaining 5 types of chronic pain camefrom the Integrative
Epidemiology Unit (IEU) OpenGWAS, which covered atotal
of about 9,851,867 SNPs in both male and female individuals
[22]. Multimedia Appendix 1 presents the sources of these
outcome data. The participants were all European populations
to reduce bias caused by population heterogeneity. In reverse
MR analysis, Multimedia Appendix 5 shows that 31
independently significant SNPs located on the autosomes as
IVsof MCP.

eQTL Data

The Genotype-Tissue Expression (GTEX) project was
established to characterize the genetic influence on
transcriptomic variation across human tissues and to link
regulatory mechanismsto traits and diseases. GTEx v8 provides
15,201 RNA-sequencing samples from 49 tissues[23], collected
from 838 postmortem donors. The dataset comprehensively
characterizes ciss and trans-eQTLsS, revealing regulatory
associationsfor nearly all genesand offeringinsightsinto allele
heterogeneity, pleiotropy, and tissue-specific genetic effects.
For SMR analysis, we used 8 eQTL summary datafrom GTEXx
(v8): Adipose Subcutaneous, Adipose Visceral Omentum, Brain
Cerebellum, Brain Cortex, Brain Spina cord cervical c-1,
Muscle Skeletal, Nerve Tibial, and Whole Blood [23]. Thisis
aset of cis-eQTL summary datafor 8 human tissuesfrom GTEXx
V8.

For colocalization analysis, we additionally used eQTL data
from the eQTLGen Consortium [24]. eQTLGen provides a
larger scale of eQTL data than GTEXx, which can improve the
confidence of colocalization analysis.

Statistical Analysis

2-Sample MR Analysis

2-sample MR analysiswas conducted for exposure and outcome.
The strength of 1Vswas assessed using the F-statistics; F = R?x
(N—2)/(1—R?), where R? represents the proportion of variation
in the exposure variable explained by 1Vs[21]. The calculation
of R® involved multiplying beta (the estimated genetic
association of each SNPwith thetrait) by minor allele frequency
(MAF), using theformula2 x MAF (1—MAF) B2 An F-statistic
>10 indicates a robust instrument [21]. IVs with F-statistics
below 10 were considered weak instruments and excluded from
analysis. We applied inverse variance weighted (IVW)
regression as the primary method to estimate the effects of
screen time on chronic pain [25]. In order to assess the
robustness of the results, we a so performed different sensitivity
analyses. First, we complement the VW MR with theweighted
median, MR-Egger methods. The weighted median method can
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robustly estimate the causal relationship even when less than
50% of the genetic variantsareinvalid IVs[26]. The MR-Egger
method includes an intercept term to account for directional
pleiotropy [27]. Pleiotropy means that SNPs not only affect
outcomes through exposures but also directly influence
outcomes through other independent pathways. However, the
slope of the MR-Egger regression providesvalid MR estimates
in the presence of horizontal pleiotropy [27,28]. It should be
noted that when the number of SNPs is small, the statistical
ability of MR-Egger is limited, making its results less reliable
[27]. Second, we used Mendelian Randomization Pleiotropy
Residua Sum and Outlier (MR-PRESSO) to detect the presence
of outliersand to reassessthe effect after removing the detected
outlier SNPs [29]. Finally, we performed a leave-one-out
analysis to reevaluate the IVW effect by excluding SNPs one
by one[30]. To investigate potential bias dueto sample overlap
between screen time and chronic pain, we further conducted
the MRIap method [31]. We examined the Pyeence Of MRIEp
results, whichisthe P value used to test for differencesbetween
the observed (uncorrected) and corrected effects. We used the
Bonferroni correction to account for multiple testsin the IVW
result. An association was considered significant if the P value

in the primary analysis was below 2.778x107 (.05/18) and the
direction of effect estimates remained consistent across all
methods. Correspondingly, suggestive evidence was considered
if the P value for the IVW result was between .003 and .05.

To ensure methodological rigor and robustness, we also
conducted a reverse MR, which is similar to the approach of
2-sample MR.

MVMR Analysis

To clarify the independent effects of each type of screen time
on chronic pain, we performed MVMR analysis. The MVMR
takes into account the combined effects of multiple related
exposures, thereby adjusting for potential confounders and
providing a more precise estimate of the independent
contribution of each exposure. In the MVMR analysis, 3
phenotypes related to screen time exposures (time spent
watching television, time spent using computer, and length of
mobile phone use) were used as common exposure variables,
and SNPs with P<5x107® genomic significance were used as
IVs. At the same time, SNPs in strong LD with exposure

variables were removed through LD clustering (r?=0.001,
kb=10,000). Next, we merged the SNPs of 3 exposures and
deleted the duplicate SNPs. To ensure validity, only SNPs
present in the result data were retained and any SNPs that did
not match were excluded. The IVW method was used for main
effect estimation. We evaluated the strength of the IVs using
the conditional F-statistics, which measure the strength of each
exposure conditional on the others in the model. If the
conditional F-statistics for all exposures exceeded the
rule-of-thumb value of 10, the Vs were considered adequately
strong for the purposes of MVMR [32].

SMR Analysis

We performed SMR analysisto explore whether gene expression
is causally linked to both screen time and chronic pain [20],
thereby identifying potential functional genes involved in the
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relationship. SMR integrates GWAS and eQTL data, enabling
the investigation of associations between gene expression and
phenotypictraits. Inthe SMR analysis, exposures and outcomes
were analyzed separately with each eQTL summary data to
assess whether gene expression is linked to both screen time
and chronic pain. During the analysis, SNPs significantly
associated with gene expression in cis-eQTL summary data
were used as 1Vs, as they serve as genetic proxies for gene
expression levels. These SNPs were selected based on their
genome-wide significant association with gene expression in
eQTL summary data. False discovery rate (FDR) correction
was applied to control the FDR of multiple tests. Additionally,
to verify whether the observed associations could be caused by
a single causal variable, we evaluated the association results
using the heterogeneity in dependent instruments (HEIDI) test
implemented in the SMR tool, retaining only probeswith Pyg
values indicating low heterogeneity [33]. Ultimately, the SMR
analysisresultsfor screen time and chronic pain wereintegrated
toidentify overlapping genesand further exploretheir potential
roles in the association between screen time and chronic pain.

TWAS Analysis

We conducted TWAS to identify genes whose expression may
mediate the rel ationship between screen time and chronic pain.
GWAS datasets were obtained from IEU OpenGWAS, and
using the FUSION tool developed by Gusev et a [34], we
performed single-trait TWAS using the 3 cross-tissue weights
for cross-tissue features generated through sparse canonical
correlation analysis (SCCA) on GTEx v8 gene expression
(including SCCA1, sSCCA2, and sCCA?3) to identify regulatory
genes that may be involved in chronic pain pathways [19]. To
control for typel error rates, Bonferroni correction was applied
to each exposure and result to interpret multiple tests, setting
the significance level for each trait or tissue to P=.05/number
of genes (adjusted for the number of genes on each chromosome
inthe 3 GTEx v8 weights). Wethen extracted significant GWAS
of exposure and outcome, performed joint and conditional tests
on loci with multiple related features to assess whether loci
contain signals independent of expression. Finally, we sought
overlapping genes between exposures and outcomes in joint
tests.

Colocalization Analysis

To further verify thereliability of the SMR analysisresultsand
determine whether screen time and pain are driven by the same
genetic variation, we used colocalization anaysis. First, we
determined all independent signals of GWA S acrossthe genome
through LD independence analysis. Genes within a 1000-kb
window of each independent locus were subjected to
colocalization analysis [35]. Within these windows, we
combined the corresponding genes with eQTL data, which is
ciseQTL data in SMR format, and then conducted
colocalization analysis. We performed colocalization analysis

using the default priors of P;=1x107 P,=1x107 and
P,,=1x107 [36]. Colocalization analysis assesses whether 2

traits may be driven by the same causal variant by estimating
thejoint posterior probability (PP) of GWASand eQTL signals
at the same locus. This method assumes a maximum of one
causal variant per trait in a gene region and uses approximate
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Bayesian factor calculations to derive the PP for 4 mutually
exclusive hypotheses (Hg-H,), representing all possible
association configurations between 2 traits: (1) Hy: neither trait
has a genetic association in the region; (2) H, or Hy: only trait
1 or trait 2 has a genetic association in the region; (3) Hs: both
traits are associated, but with different causal variants; and (4)
H,: both traits are associated and share a single causal variant.
The PP of each configuration is denoted as PPH,, PPH;, PPH.,
PPH;, and PPH,, respectively [37]. We used PPH, to
characterize the possibility of colocalization. The probability
value of .5< PPH, <.8 suggests a moderate support for
colocalization, whereas PPH ,>.8 indicates a strong support for
colocalization, indicating that the 2 signals share acausal variant
at thislocus[38]. Using eQTL data, colocalization analysiswas
conducted separately for exposure and outcometraits, and genes
showing evidence of colocalization were subsequently
overlapped at the gene level.

Finally, to ensure the robustness of the analysis results, we
further screened and consolidated the results of 3 analysis
methods. We compared the colocalized genes with the
overlapping genes identified in SMR and TWAS analysis to
enhance the understanding of the potentia biological
mechanisms of these genes in the relationship between screen
time and chronic pain.

Ethical Consider ations

All data used in this study were deidentified publicly available
data; therefore, no ethical approval was required for this study.
All origina studies received ethical approval from their
respective institutional review boards, and all participants
provided informed consent. The data used were anonymized to
ensure privacy and confidentiality. No compensation was
provided to participants. Additionally, this study does not
include any identifiable images or figures.

Results

The Putative Association Between Screen Time and
Chronic Pain

The F-statistics of 1Vs are all greater than 10 in Multimedia
Appendices 2-4, indicating that the IVs are relatively strong.
We used a 2-sample MR method to make causal inference,
primarily relying on the IVW method. Figure 2 shows that the
2-sample MR results of screen time and chronic pain based on
the IVW. The box in Figure 2 indicates the point estimate of
the causal effect, and the error bars represent the 95% CI.
Multimedia Appendix 6 showed that time spent watching
television and length of mobile phone use were positively
associated with chronic pain, while time spent using computer
was negatively associated. Our VW results suggested
significant positive associations of time spent watching
television with MCP (P=1.05x10"%"; oddsratio [OR] 1.61, 95%
Cl 1.49-1.74), back pain (P=2.41x10%, OR 1.14, 95% ClI
1.09-1.19), knee pain (P=7.10x10°% OR 1.09, 95% ClI

1.05-1.13), and neck or shoulder pain (P=1.18x10"> OR 1.12,
95% Cl 1.06-1.17). The associ ation between time spent watching
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television and hip pain (P=.03; OR 1.06, 95% CI 1-1.11) reached
nominal significance. It is notable that even though there is
horizontal pleiotropy between time spent watching television
and back pain (Pyregger intercept=-02), it is significant after
MR-Egger correction (Pyr.ggger siope=4-20% 107). Similarly, our
IVW resultsindicated significant positive associations of length
of mobile phone use with MCP (P=2.15x10"; OR 1.22, 95%
Cl 1.11-1.34), headaches (P=.003; OR 1.08, 95% CI 1.03-1.13),

Jang et d

and neck or shoulder pain (P<<.001; OR 1.08, 95% CI
1.03-1.14). However, IVW results suggested significant negative
associations of time spent using computer with MCP (P<<.001;

OR 0.83, 95% Cl 0.75-0.92), and knee pain (P=3.20x10"; OR
0.92, 95% CI 0.88-0.96). The association between time spent
using computer and back pain (P=.01; OR 0.94, 95% CI
0.89-0.98) reached nominal significance. For the significant
associations, concordant estimates were basically suggested by
weighted median, MR-Egger, MR-PRESSO, and MRl ap.

Figure 2. Mendelian randomization analysis of screen time and chronic pain based on the inverse variance weighted. MCP: multisite chronic pain;

OR: oddsratio; TV: television.

Exposure Outcome OR (95% CI)  P-value
TV MCP —a—  1.61(1.49-1.74)  1.05%10"
back pain = 1.14(1.09-1.19)  2.41x10*
knee pain e 1.09(1.05-1.13)  7.10x10*
neck or shoulder pain —— 1.12(1.06-1.17) 1.18x10°
headaches —a— 0.95(0.90-1) 0.07
hip pain e 1.06(1-1.11) 0.03
09 g 18
Exposure Outcome OR (95% CI) P-value
phone MCP 1.22(1.11-1.34)  2.15x10°
back pain —r— 1.02(0.97-1.07) 0.43
knee pain 1.02(0.98-1.06) 0.39
neck or shoulder pain —e— 1.08(1.03-1.14) 6.60x10"
headaches —— 1.08(1.03-1.13) 2.60x10°
hip pain —p— 1.01(0.96-1.06) 0.78
e OR(95%CT) .
Exposure Outcome OR (95% CI) P-value
computer MCP 0.83(0.75-0.92) 5.44x10"
back pain —— 0.94(0.89-0.98) 0.01
knee pain —_—— 0.92(0.88-0.96) 3.20x10°
neck or shoulder pain —— 0.96(0.91-1) 0.05
headaches ——=——  1.03(0.98-1.09) 0.26
hip pain — — 0.96(0.91-1.01) 0.1
07 e | L

MRl ap-corrected resultsin Multimedia Appendix 6 showed that
time spent watching television significantly increased the risk

of MCP (Peorrecta=3-57%10%% ORgrecta=1.53, 95% ClI
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1.43-1.65), back pain (Poyrece=8-46%10% OR yrecte=1.27,

95% Cl 1.14-1.41), knee pan (Pyyrece=1.14%107%
ORorrected=1-22, 95% CI 1.11-1.36), and neck or shoulder pain
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(Poorrected=6.99%x10"%  OR_oreeq=1.19, 95% Cl 1.08-1.31).
Length of mobile phone use significantly increased the risk of
MCP (P gorrected=1.04%10"" OR oyrected=1.39, 95% Cl 1.18-1.64),
headaches (Pcqrrected™:03; ORcorrected=1-34, 95% Cl 1.04-1.74),
and neck or shoulder pain (Pgorrected=-01; ORcorrected=1-55, 95%
Cl 1.1-2.17). In contrast, time spent using computer was
negatively associated with the risk of MCP (Pyyyyeeq=1.65%1073;
ORcorrecteg=0-81, 95% ClI  0.71-0.92), back pan

(Peorrected=4-28%10%; OR oyrecteq=0.83, 95% Cl 0.73-0.94), and

knee pain (Pyyrected=348%10, ORrectei=0-83, 95% ClI
0.73-0.94). Overdl, the MRl ap-corrected causal estimateswere
consistent in direction and statistical significance with the
primary IVW resultsin Multimedia A ppendix 6, supporting the
robustness of the findings against biases induced by sample
overlap. Leave-one-out analyses in Multimedia Appendix 7
showed no outlying SNPs.

Inthereverse MR analysis, MCP was used asthe exposure, and
different types of screen time were treated as outcomes. The
F-statistics of 1Vs of MCP in Multimedia Appendix 5 are al
greater than 10, indicating that the 1Vs are relatively strong.
Theresultsin Multimedia Appendix 8 indicated that MCP was
positively associated with time spent watching television
(P=4.8x10""; OR 1.27, 95% Cl 1.16-1.4) and length of mobile

phone use (P=3.38x10"%; OR 1.29, 95% Cl 1.14-1.45), while
the association with time spent using computer (P=.61; OR
0.97, 95% CI 0.87-1.09) was not statistically significant. For
other exposures, the analysis could not be conducted due to the
limited number of available IVs or F-statistics below the
conventional threshold of 10.
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Independent Effect of Screen Time on Chronic Pain

Multimedia Appendix 9 showed that the causal effects of screen
time on chronic pain based on IVW MVMR. The conditional
F-statistics for both time spent using computer and length of
mobile phone useisless than 10 in the MVMR results.

Discovery of Screen Timeand Chronic Pain Genes
Based on SMR Analysis

As the main analysis result, SMR was corrected by FDR and
combined with the HEIDI test to screen for overlapping genes
between exposure and outcome in 8 eQTL summary data
Multimedia Appendices 10 and 11 provided the full results,
including the exact Prpg and Pyg p values for al tested genes
after FDR correction. A total of 72 overlapping genes related
to exposure and outcome were identified in Multimedia
Appendix 12, and the results showed that these overlapping
genes originated from 3 exposures and M CP: 40 genesfor time
spent watching television and MCP, 26 genes for time spent
using computer and MCP, and 6 genes for length of mobile
phone use and MCP. In the SMR analysis, the Adipose
Subcutaneous tissue had the most genes, while only one gene
was found in the Brain Spinal cord cervical c-1.

Genetic Findings of TWAS-Based Screen Time and
Chronic Pain

After Bonferroni correction, we examined genome-wide
significant associations in Multimedia Appendices 13 and 14,
followed by joint and conditional tests. Multimedia Appendices
15 and 16 provided the results of the jointly significant genes.
Then we identified 28 genes with overlapping exposures and
outcomes in Table 1. No genes overlapping with the exposure
were found in the hip pain for 23 months GWASS dataset.
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Table 1. Transcriptome-wide significant genesidentified by TWAS?in screen time and chronic pain.

Trait

Cross-tissue expression Gene (chromosome)

Time spent watching television — back pain for =3 months

Time spent watching television — M CP

Time spent watching television — MCP

Time spent watching television — knee pain for =3 months
Length of mobile phone use — neck or shoulder pain for =3 months

Length of mobile phone use— MCP

Time spent using computer — MCP

Time spent using computer — MCP

Time spent using computer — headaches for =3 months

SCCA1 . PMS2P3(7)

SCCA2 FUBP1 (1)
WDRA47 (1)
PLEKHOL1 (1)

FAM172A (5)

SCCA3 SUSD3 (9)
RPL35 (9)
RELA (11)
RMC1 (18)
SYPL2 (1)
SF3B4 (1)
ARPCSL (9)
PTPDCL1 (9)
FAM53B (10)

SCCA2 . GATC(12)
SCCA3 . RBM42(19)

SCCA3 . CSIPP1(11)
. TMOSF4(20)

SCCA2 WDRA47 (1)
RFTN2 (2)
NMT1 (17)
RMC1 (18)
FASTKDS (20)

TMISF4 (20)

SCCA3 . SYPL2(D)
. CEP170(1)
. SCOC-ASL (4)

SCCA2 . SHMT2(12)

3TWAS: transcriptome-wide association study.
bMCP: multisite chronic pain.

By combining the resultsof SMR and TWAS anaysis, wefound
that 7 overlapping genes (SYPL2, RMC1, FUBP1, ARPC5L,
RFTN2, NMT1, and CEP170) wereidentified between exposures
(time spent watching television and time spent using computer)
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and outcome (MCP) in Multimedia Appendix 17 and Figure 3.
In addition, we found that SYPL2 gene expression was
associated with both time spent watching television and time
spent using computer.
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Figure3. Resultssupported by genetic evidence. SMR: summary data—based Mendelian randomization analysis; TWAS: transcriptome-wide association
study.
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In Figure 3, the panel on the far left shows genes supported by
at least 2 lines of evidence. A total of 3 lines of evidence were
used to support genes, with each column representing one type
of supporting evidence. The SMR evidence shows different
colors according to 8 different eQTL summary data. TWAS
evidence is shown in light yellow and colocalization evidence
isshown in light blue. CEP170 was supported by all analyses.
ARPC5L, RMC1, RFTN2, FUBP1, SYPL2, SDCCAGS, and
NMT1 were supported by 2 lines of evidence.

Colocalization Analysis of Shared Genetic Variation

Colocadlization analysisidentified multiple geneswith moderate
or strong support for colocalization signasin the shared genetic
variation between screen time and chronic pain in Multimedia
Appendix 18. The results showed that 4 genes suggest a
moderate support for colocdization (SPNSL, TUFM, SDCCAGS,
and CEP170). Multimedia Appendix 19 showed that the 4 genes
are overlapped between screen time and chronic pain.

Gene Discovery

As shown in Figure 3, we presented the distribution of
significant genes in each analysis method, and the results
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showed that the CEP170 gene stood out in the association
analysis of “Time spent using computer” and MCP, receiving
triple support from SMR, TWAS, and colocalization analysis
(PPH,>.75). The signaling distribution of this gene involved 4
eQTL tissues. Adipose Subcutaneous, Adipose Visceral
Omentum, Nerve Tibial, and Whole Blood.

Discussion

Principal Findings

This study delves into potential phenotypic associations and
underlying genetic connections between screen time and chronic
pain. Theresults show that screen timeis associated with chronic
pain. In the 2-sample MR results, time spent watching television
and length of mobile phone use were significantly and positively
associated with chronic pain, including MCP, back pain, knee
pain, neck or shoulder pain, hip pain, and headaches. In contrast,
time spent using computer inversely was negatively associated
with MCP, back pain, and knee pain. It is particularly important
to note that we still list the significant VW results of exposure
to the length of mobile phone use. Even though the effect value
directions of the VW and MR-Egger results are not consistent,
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it is consistent with the direction of our main analytical method
in other methods. The statistical power of MR-Egger decreases
for fewer IVs[27]. Therefore, we still take the results of 1VW
asthe standard for the length of mobile phoneuse. Inthereverse
MR results, we found that there is a bidirectional positive
correlation among time spent watching television, length of
mobile phone use, and MCP. In the MVMR analysis, not all
the conditional F-statistics were >10, suggesting the presence
of weak instruments. Therefore, our interpretations were based
on the 2-sample MR results. However, the inverse association
between time spent using computer and MCP should be
interpreted cautioudly, asit stemsfrom the 2-sample MR results.
The lack of robust MV MR findings means we cannot rule out
the potential influence of confounding factors. In addition, by
integrating SMR, TWAS, and colocalization analysis, we
identified an overlapping gene CEP170 associated with time
spent using computer and MCP. These findings highlight the
important role of screen time in the development of chronic
pain.

Differential Associations Between Screen Time and
Chronic Pain

Previous studies have shown a positive correlation between
mobile phone use and neck pain [39], and a strong correlation
between watching television and back pain [40], which is
consistent with our research findings. In contrast, our research
found that time spent using computer may have a protective
effect on certain types of chronic pain, which differsfrom some
studiesthat concluded, “longer computer time increasestherisk
of multi-site pain” [8,39]. This difference may be due to the
study population, with earlier studies focusing on adolescents,
while our analysis was conducted on adults. Due to continued
musculoskeletal development, adolescents may be more
susceptible to the negative physical effects of sedentary
behavior.

Furthermore, 2 potential explanations may underlie the
differential associations between time spent using computer
and chronic pain, although thereisno direct evidence available
at present. One possible explanation is that the perception of
painisinfluenced by the allocation of cognitive resources; that
is, when attention isoccupied by other highly attractive stimuli,
the perception of pain may be reduced [41,42]. According to
the characteristics of the UK Biobank population (aged 40-69
years during 2006-2010) in this study [43], the use of mobile
phones and televisions was often associated with activities that
had relatively low cognitive requirements and less attention
input at that time. In contrast, even leisure-time computer use
generally involved more cognitively demanding activitiesamong
middle-aged adults, such as reading, writing, online
communication, or other interactive tasks. Research indicates
that pain is less likely to enter conscious awareness when
cognitive resources are occupied by goal-directed information
maintained in working memory and when sustained attention
is devoted to the task [44]. This indicates that computer tasks
with high cognitive load may potentialy reduce the pain
experience through distraction. Moreover, it is also important
to consider that individual s who frequently use computers tend
to have higher educational attainment, higher income, and better
overal heath [45]. Given that individuals in nonmanual
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occupations tend to have a lower likelihood of experiencing
chronic pain compared with those in manual 1abor occupations
[46,47], part of the observed lower risk associated with time
spent using computer may therefore reflect underlying
socioeconomic or occupational factors rather than a sole
reflection of the nature of computer-based activities themselves.
This may explain why length of mobile phone use and time
spent watching television were associated with a higher risk of
pain, while time spent using computer showed a protective
effect in this study.

Another possible explanation is that different types of screen
time may affect pain perception by engaging the brain’s reward
system to varying degrees. Dopamine is involved in pleasure,
reward, and incentive behavior [48]. Although maobile phone
and television use may induce pleasure, the limited interactivity
prevents them from triggering dopamine release to the same
extent as engaging in more goal-directed and cognitively
engaging computer activities. Successfully completing such
goalsmay dlicit asense of accomplishment. The reward system
may be activated, promoting dopamine release, which has been
proven to have analgesic effects[49,50]. M oreover, bidirectional
association analysis suggeststhat MCP may influence the choice
of screen behavior. People with MCP tend to increase passive
and low-effort screen behaviors (such as watching television or
casually browsing their mobile phones). This behavioral
adaptation may contribute to a pattern of bidirectional
reinforcement, where an increase in passive activity further
restricts physical movement and may exacerbate pain. However,
we emphasi ze that these explanations are specul ative, as direct
evidenceis currently lacking.

The Potential M echanisms by Which CEP170
Contributesto Screen Time and Chronic Pain

Leveraging multiomics approaches, we identified CEP170,
whose cis-regulated expression may contribute to the biological
mechanisms between time spent using computer and MCP. In
SMR results, the CEP170 gene expression level was positively
correlated with MCP but negatively correlated with time spent
using computer. This aligns with our MR results, where time
spent using computer was associated with alower risk of MCP.
One possible explanation is that CEP170 may influence
behavioral patterns related to screen time, where individuals
with higher gene expression tend to spend less time on the
computer, which in turn is associated with increased MCPrisk.
Although its colocalization results suggest a moderate support
for colocalization, CEP170 was detected in al analytical
methods.

CEP170 islocated at the centrosome and spindle microtubules
and participates in microtubule organization and assembly
[51,52]. Additionally, CEP170 plays an important role in
supporting ciliary homeostasis [53]. Ciliamay potentially play
acentral rolein cell signaling, and recent animal experiments
have further revealed that cilia have key regulatory functions
in controlling mechanical nociceptive thresholds and
inflammatory and neuropathic pain [54]. The SMR results show
that CEP170 exhibited significant signals in multiple eQTL
tissues, including Adipose Subcutaneous, Adipose Viscera
Omentum, Nerve Tibial, and Whole Blood. This indicates that
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CEP170 may be expressed in these tissues and may contribute
to the biological mechani sms behind the observed associations.
A large UK Biobank study revealed that abdominal adipose
tissue (including visceral fat and subcutaneous fat) was
associated with chronic muscul oskeletal pain. It suggested that
excessive and ectopic fat depositions may be involved in the
pathogenesis of multiste and widespread chronic
musculoskeletal pain [55]. This is likely attributable to the
chronic low-grade inflammation driven by accumulated visceral
fat, which can sensitize peripheral nerves and promote MCP
[56,57]. Inlinewith this, our SMR analysisfound that CEP170
expression in subcutaneous and visceral adipose tissue is
associated with MCP. Given the established importance of
microtubules in lipid metabolic homeostasis [58,59], we
hypothesize that CEP170 may potentially protect against MCP
by enhancing microtubule stability in adipose tissue. This
mechanism might potentially constrain adipose-derived
inflammatory signaling, thereby possibly alleviating peripheral
nerve sensitization and lowering M CPrisk. However, the current
results only provide preliminary genetic clues. Direct links
remain unclear and more functional studies, especially
tissue-specific experiments, are needed in the future to clarify
the potential contribution of CEP170 to pain pathways.

Strengths and Limitations

Our research has several advantages. First, we integrated a
variety of analytica methods to duplicate our findings and
strengthen the robustness of our results. Second, we leveraged
large-scale GWA S datafrom the UK Biobank, ensuring arobust
analysis with broad generalizability. Third, by identifying
overlapping genes and potentia biological pathways, our study
provides new genetic insights into the association between
screen time and chronic pain, which, despite limited evidence,
may inform future research in this field. Finaly, our study
considered different types of screen time separately, which
allows for a more nuanced understanding of their different
effects on chronic pain. These findings may serve as a useful
reference for subsequent studies on the genetic and
epidemiological links between screen time and chronic pain.

Although this study provides new insights, there are till some
limitations. First, using data from the same sourcesin multiple
analyses may introduce the bias of the winner's curse,
potentially inflating effect sizes or significance levels.
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Replicationin fully independent datasetsis necessary to confirm
the discovery. Second, our analyseswererestricted to European
populations, which may limit generalizability to other
populations with different screen use habits and pain reporting.
Third, the lack of detailed data on screen use posture, activity
type, and behavior patterns may limit the depth of causa
reasoning. Future studies could incorporate longitudina and
behavioral data to better clarify the mechanisms and causal
pathways. Fourth, as both exposures and outcomes are
self-reported, recall and measurement bias may lead to
misclassification and reduce precision. Self-reported pain may
not capture clinical heterogeneity, so future studies using
clinicaly validated phenotypes are needed. Fifth, due to the
weak strength of 1V's, we were unable to adequately control for
crucial potential confounding factors, such as socioeconomic
status and educational attainment. Consequently, the observed
protective association between “time spent using computer”
and chronic pain might be partially attributable to residual
confounding by socioeconomic status and rel ated factors. Sixth,
reverse MR could not be performed for the outcomes of back
pain, knee pain, neck or shoulder pain, headaches, and hip pain
dueto limited IV, limiting the assessment of reverse causality.
In addition, the smaller sample size for hip pain may have
limited statistical power, contributing to borderline significance
in the 2-sample MR analysis and precluding reverse MR for
this phenotype. Seventh, environmental exposure, such as air
pollution, was not taken into account in thisanalysis. Particulate
matter can affect inflammatory and stress-related biomarkers
involved in chronic pain [60-62]. Future studies should integrate
genetic and environmental data to clarify these relationships.
Eighth, the colocalization signal for CEP170isnot the strongest,
and direct evidence is lacking. Therefore, its role remains
speculative and warrants further investigation. Finally, this study
lacks validation in large surveys or independent cohorts,
highlighting the need to combine genetic and epidemiological
studiesin future research.

Conclusions

Thisstudy providesevidencethat reveal s an association between
screen time and chronic pain. We found the CEP170 gene might
contribute to the shared biological mechanism between time
spent using computer and MCP risk. Future studies should
further validate this association and clarify the functional role
of CEP170 in the development of chronic pain.

The authors would like to thank the participants and investigators involved in the GWASs used in this study.

Funding

This work was supported by the Hainan Provincial People’'s Hospital Scientific Research Start-up Fund (grant number

Y JRC2025009).

Data Availability

The code used in this study is available from the corresponding authors on reasonable request. The GWAS summary statistics
data used in this study are available from IEU OpenGwas and publicly available GWAS. The eQTL summary data for GTEx
used in the SMR analysis are available in the public database [63]. Precomputed SCCA weights for GTEx v8 used in this study

https://www.jmir.org/2026/1/e€78233 JMed Internet Res 2026 | vol. 28 | €78233 | p. 11

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jiang et a

are available in the public database [64]. The eQTL data used in the colocalization analysis are available from the eQTLGen
Consortium [65].

Authors Contributions

CX and ZL contributed equally as corresponding authors. JJ, CP, and JC contributed equally to thiswork and sharefirst authorship.
JJ and CX conceived the study. JJ and CP performed the data analysis and interpretation. JJ and CP wrote the manuscript. JC,
CP, and JJ critically revised the manuscript. CY, CP, JC, and CX provide additional methodological guidance and technical
support. CX and ZL supervised the study and were responsible for overall project administration. All authors reviewed and
approved the manuscript.

Conflictsof I nterest
None declared.

Multimedia Appendix 1

Data source of the exposures and outcomes.
[XLSX File (Microsoft Excel File), 12 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Characterigtics of genetic instruments of Time spent watching television and their effect sizes with chronic pain.
[XLSX File (Microsoft Excel File), 45 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Characteristics of genetic instruments of Time spent using computer and their effect sizes with chronic pain.
[XLSX File (Microsoft Excel File), 36 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Characteristics of genetic instruments of Length of mobile phone use and their effect sizes with chronic pain.
[XLSX File (Microsoft Excel File), 21 KB-Multimedia Appendix 4]

Multimedia Appendix 5

Characteristics of genetic instruments of multisite chronic pain.
[XLSX File (Microsoft Excel File), 15 KB-Multimedia A ppendix 5]

Multimedia Appendix 6

Putative causal effect of screen time on chronic pain from 2-sample Mendelian randomization analysis.
[XLSX File (Microsoft Excel File), 24 KB-Multimedia Appendix 6]

Multimedia Appendix 7

The leave-one-out plot of screen time on chronic pain.
[DOCX File, 365 KB-Multimedia Appendix 7]

Multimedia Appendix 8

Reverse Mendelian randomization analysis assessing the causal effect of chronic pain on screen time.
[XLSX File (Microsoft Excel File), 14 KB-Multimedia Appendix 8]

Multimedia Appendix 9

Causal effects of the screen time on chronic pain based on inverse variance weighted multivariable Mendelian randomization.
[XLSX File (Microsoft Excel File), 13 KB-Multimedia Appendix 9]

Multimedia Appendix 10

The top hit probes identified in summary data—based Mendelian randomization analysis after false discovery rate correction of
screen time.

https://www.jmir.org/2026/1/e€78233 JMed Internet Res 2026 | vol. 28 | €78233 | p. 12
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app1.xlsx&filename=42685fbff0f9dba8dc0b1e4952b5e11e.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app1.xlsx&filename=42685fbff0f9dba8dc0b1e4952b5e11e.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app2.xlsx&filename=dccfb7ad84500c833e4be80726883e04.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app2.xlsx&filename=dccfb7ad84500c833e4be80726883e04.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app3.xlsx&filename=bb40a6d5d145c7452eeae86431b453de.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app3.xlsx&filename=bb40a6d5d145c7452eeae86431b453de.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app4.xlsx&filename=b2d75b1f61af6eed634eb77016ecb91a.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app4.xlsx&filename=b2d75b1f61af6eed634eb77016ecb91a.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app5.xlsx&filename=3077e813ed38864df5a4503ad2978242.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app5.xlsx&filename=3077e813ed38864df5a4503ad2978242.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app6.xlsx&filename=08468e5666e0630291576021b81b003f.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app6.xlsx&filename=08468e5666e0630291576021b81b003f.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app7.docx&filename=f147ba767d5e92c6dc79c06ba185bc99.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app7.docx&filename=f147ba767d5e92c6dc79c06ba185bc99.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app8.xlsx&filename=66f31378fceab01c7f50cd0fc17ed02a.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app8.xlsx&filename=66f31378fceab01c7f50cd0fc17ed02a.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app9.xlsx&filename=d2a38227898a6a758f53bbdeb19c2d3a.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app9.xlsx&filename=d2a38227898a6a758f53bbdeb19c2d3a.xlsx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jiang et a

[XLSX File (Microsoft Excel File), 533 KB-Multimedia Appendix 10]

Multimedia Appendix 11

The top hit probes identified in summary data—based Mendelian randomization analysis after false discovery rate correction of
chronic pain.

[XLSX File (Microsoft Excel File), 108 KB-Multimedia Appendix 11]

Multimedia Appendix 12

The genes with overlapping exposure and results were screened by PFDR and PHEIDI in summary data—based Mendelian
randomization analysis.

[XLSX File (Microsoft Excel File), 13 KB-Multimedia Appendix 12]

Multimedia Appendix 13

Transcriptome-wide association study of screen time in three cross-tissue (sparse canonical correlation analysis) weights using
Bonferroni correction and cross-tissue expression Genotype-Tissue Expression v8.
[XLSX File (Microsoft Excel File), 269 KB-Multimedia Appendix 13]

Multimedia Appendix 14

Transcriptome-wide association study of chronic pain in three cross-tissue (sparse canonical correlation analysis) weights using
Bonferroni correction and cross-tissue expression Genotype-Tissue Expression v8.
[XLSX File (Microsoft Excel File), 74 KB-Multimedia Appendix 14]

Multimedia Appendix 15

The results of the jointly significant genes for screen time.
[XLSX File (Microsoft Excel File), 73 KB-Multimedia Appendix 15]

Multimedia Appendix 16

Theresults of the jointly significant genes for chronic pain.
[XLSX File (Microsoft Excel File), 23 KB-Multimedia Appendix 16]

Multimedia Appendix 17

Overlapping genes by both transcriptome-wide association study and summary data—based Mendelian randomization methods.
[XLSX File (Microsoft Excel File), 10 KB-Multimedia Appendix 17]

Multimedia Appendix 18

Results of the colocalization analysis for genes identified in the exposure and outcome traits.
[XLSX File (Microsoft Excel File), 41 KB-Multimedia Appendix 18]

Multimedia Appendix 19

Overlapping genesin colocalization.
[XLSX File (Microsoft Excel File), 10 KB-Multimedia Appendix 19]

References

1. PandyaA, LodhaP. Socia connectedness, excessive screen time during COVID-19 and mental health: areview of current
evidence. Front Hum Dyn. 2021;3. [doi: 10.3389/fhumd.2021.684137]

2. Van Dyck D, Cardon G, Deforche B, Owen N, De Cocker K, Wijndaele K, et al. Socio-demographic, psychosocial and
home-environmental attributes associated with adults’ domestic screen time. BMC Public Health. Aug 25, 2011;11:668.
[FREE Full text] [doi: 10.1186/1471-2458-11-668] [Medline: 21864412]

3. Goldfield GS, Murray M, Maras D, Wilson AL, Phillips P, Kenny GP, et a. Screen time is associated with depressive
symptomatology among obese adolescents: aHEARTY study. Eur J Pediatr. 2016;175(7):909-919. [doi:
10.1007/s00431-016-2720-z] [Medline: 27075014]

https://www.jmir.org/2026/1/e€78233 JMed Internet Res 2026 | vol. 28 | €78233 | p. 13
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app10.xlsx&filename=27d7f40c2438e0fb1d50cfea8694fc10.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app10.xlsx&filename=27d7f40c2438e0fb1d50cfea8694fc10.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app11.xlsx&filename=6bac67da5659427553234fb9b677962e.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app11.xlsx&filename=6bac67da5659427553234fb9b677962e.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app12.xlsx&filename=13f862ae69943920c9a584c0d2303358.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app12.xlsx&filename=13f862ae69943920c9a584c0d2303358.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app13.xlsx&filename=9f3a925d726f408b28408714dc9554c8.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app13.xlsx&filename=9f3a925d726f408b28408714dc9554c8.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app14.xlsx&filename=d8e9f7d3ad1950d76264c888bdaaedb0.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app14.xlsx&filename=d8e9f7d3ad1950d76264c888bdaaedb0.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app15.xlsx&filename=f6521c52a97ce44c55b48a1e62a3f251.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app15.xlsx&filename=f6521c52a97ce44c55b48a1e62a3f251.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app16.xlsx&filename=6ecce764cfa7f265cd1ad8b40dd77e32.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app16.xlsx&filename=6ecce764cfa7f265cd1ad8b40dd77e32.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app17.xlsx&filename=9088a9130be89366fd19446b9ea76b66.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app17.xlsx&filename=9088a9130be89366fd19446b9ea76b66.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app18.xlsx&filename=a27cfd83f7567f53ee84d4efe99cafaa.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app18.xlsx&filename=a27cfd83f7567f53ee84d4efe99cafaa.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app19.xlsx&filename=979da20faca71007404f7fbd40ab4a4e.xlsx
https://jmir.org/api/download?alt_name=jmir_v28i1e78233_app19.xlsx&filename=979da20faca71007404f7fbd40ab4a4e.xlsx
http://dx.doi.org/10.3389/fhumd.2021.684137
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-11-668
http://dx.doi.org/10.1186/1471-2458-11-668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21864412&dopt=Abstract
http://dx.doi.org/10.1007/s00431-016-2720-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27075014&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jiang et a

4,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24,

25.

26.

Nightingale CM, Rudnicka AR, Donin AS, Sattar N, Cook DG, Whincup PH, et al. Screen time is associated with adiposity
and insulin resistance in children. Arch Dis Child. 2017;102(7):612-616. [FREE Full text] [doi:
10.1136/archdischild-2016-312016] [Medline: 28288985]

Ahmadi-Abhari S, SabiaS, Shipley MJ, Kiviméki M, Singh-Manoux A, Tabak A, et a. Physical activity, sedentary behavior,
and long-term changes in aortic stiffness: the Whitehall |1 study. JAm Heart Assoc. 2017;6(8):e005974. [EREE Full text]
[doi: 10.1161/JAHA.117.005974] [Medline: 28784651]

Chetty-Mhlanga S, Fuhrimann S, Eeftens M, BaseraW, Hartinger S, Dalvie MA, et al. Different aspects of electronic media
use, symptoms and neurocoghitive outcomes of children and adolescentsin the rural Western Cape region of South Africa.
Environ Res. 2020;184:109315. [doi: 10.1016/j.envres.2020.109315] [Medline: 32172071]

MarquesA, CameiroL, Loureiro N, Frasquilho D, de Matos M G. Health complai nts among adol escents: associations with
more screen-based behaviours and less physical activity. J Adolesc. 2015;44:150-157. [doi:
10.1016/j.adolescence.2015.07.018] [Medline: 26275746]

Taehtinen RE, Sigfusdottir ID, Helgason AR, Kristjansson AL. Electronic screen use and selected somatic symptomsin
10-12 year old children. Prev Med. 2014;67:128-133. [doi: 10.1016/j.ypmed.2014.07.017] [Medline: 25045838]
Torsheim T, Eriksson L, Schnohr CW, Hansen F, Bjarnason T, Vélimaa R. Screen-based activities and physical complaints
among adolescents from the Nordic countries. BMC Public Health. 2010;10:324. [FREE Full text] [doi:
10.1186/1471-2458-10-324] [Medline: 20534116]

Hakala PT, Saarni LA, Punamaki RL, Wallenius MA, Nygérd CH, Rimpeld AH. Musculoskeletal symptoms and computer
use among Finnish adol escents--pain intensity and inconvenience to everyday life: a cross-sectional study. BMC
Musculoskelet Disord. 2012;13:41. [FREE Full text] [doi: 10.1186/1471-2474-13-41] [Medline: 22439805]

GuerraPH, Martelo R, da SilvaMN, de Andrade GF, Christofaro DGD, Loch MR. Screen time and low back pain in
children and adolescents: a systematic review of Brazilian studies. Rev Paul Pediatr. 2023;41:€2021342. [FREE Full text]
[doi: 10.1590/1984-0462/2023/41/2021342] [Medline: 37042940]

Montagni |, Guichard E, Carpenet C, Tzourio C, Kurth T. Screen time exposure and reporting of headachesin young adults:
A cross-sectional study. Cephalalgia. Oct 2016;36(11):1020-1027. [doi: 10.1177/0333102415620286] [Medline: 26634831]
Roman-Juan J, Roy R, Jensen MP, Mir6 J. The explanatory role of sedentary screen time and obesity in the increase of
chronic back pain amongst European adol escents: the HBSC study 2002-2014. Eur J Pain. 2022;26(8):1781-1789. [FREE
Full text] [doi: 10.1002/€jp.2003] [Medline: 35761772]

Silva AG, Couto PS, Queirés A, Neto M, Rocha NP. Chronic pain in high school students is associated with physical
activity and sleeping hours but not with screen time. Int J Adolesc Med Health. 2017;31(3):2017. [doi:
10.1515/ijamh-2017-0014] [Medline: 28628479]

Henry P, Auray JP, Gaudin AF, Dartigues JF, Duru G, Lantéri-Minet M, et a. Prevalence and clinical characteristics of
migraine in France. Neurology. 2002;59(2):232-237. [doi: 10.1212/wnl.59.2.232] [Medline: 12136063]

Kowacs P, Piovesan E, Werneck L, Fameli H, Pereirada Silva H. Headache rel ated to a specific screen flickering frequency
band. Cephalalgia. 2004;24(5):408-410. [doi: 10.1111/j.1468-2982.2004.00686.x] [Medline: 15096230]

Robbins L. Precipitating factorsin migraine: aretrospective review of 494 patients. Headache. 1994;34(4):214-216. [doi:
10.1111/j.1526-4610.1994.hed3404214.x] [Medline: 8014037]

Johnston KJA, Adams MJ, Nicholl BI, Ward J, Strawbridge RJ, Ferguson A, et a. Genome-wide association study of
multisite chronic pain in UK Biobank. PL0S Genet. 2019;15(6):€1008164. [FREE Full text] [doi:

10.1371/journal .pgen.1008164] [Medline: 31194737)

Feng H, Mancuso N, Gusev A, Mgjumdar A, Major M, Pasaniuc B, et a. Leveraging expression from multiple tissues
using sparse canonical correlation analysis and aggregate tests improves the power of transcriptome-wide association
studies. PL0S Genet. 2021;17(4):e1008973. [FREE Full text] [doi: 10.1371/journal.pgen.1008973] [Medline: 33831007]
Zhu Z, Zhang F, Hu H, Bakshi A, Robinson MR, Powell JE, et a. Integration of summary datafrom GWAS and eQTL
studies predicts complex trait gene targets. Nat Genet. 2016;48(5):481-487. [doi: 10.1038/ng.3538] [Medline: 27019110]
Burgess S, Thompson SG. Avoiding bias from weak instruments in Mendelian randomization studies. Int J Epidemiol.
2011;40(3):755-764. [doi: 10.1093/ije/dyr036] [Medline: 21414999]

Rusk N. The UK Biobank. Nat Methods. 2018;15(12):1001. [doi: 10.1038/s41592-018-0245-2] [Medline: 30504882]
GTEx Consortium. The GTEx Consortium atlas of genetic regulatory effects across human tissues. Science.
2020;369(6509):1318-1330. [FREE Full text] [doi: 10.1126/science.aaz1776] [Medline: 32913098]

Vodsa U, Claringbould A, Westra H-J, Bonder MJ, Deelen P, Zeng B, et al. et a. Large-scale cis- and trans-eQTL analyses
identify thousands of genetic loci and polygenic scores that regulate blood gene expression. Nat Genet. Sep
2021;53(9):1300-1310. [FREE Full text] [doi: 10.1038/s41588-021-00913-7] [Medline: 34475573]

Burgess S, Butterworth A, Thompson SG. Mendelian randomi zation analysis with multiple genetic variants using summarized
data. Genet Epidemiol. 2013;37(7):658-665. [FREE Full text] [doi: 10.1002/gepi.21758] [Medline: 24114802]

Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent estimation in Mendelian randomization with some invalid
instruments using a weighted median estimator. Genet Epidemiol. 2016;40(4):304-314. [EREE Full text] [doi:
10.1002/gepi.21965] [Medline: 27061298]

https://www.jmir.org/2026/1/e€78233 JMed Internet Res 2026 | vol. 28 | €78233 | p. 14

(page number not for citation purposes)


http://adc.bmj.com/lookup/pmidlookup?view=long&pmid=28288985
http://dx.doi.org/10.1136/archdischild-2016-312016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28288985&dopt=Abstract
https://www.ahajournals.org/doi/10.1161/JAHA.117.005974?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/JAHA.117.005974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28784651&dopt=Abstract
http://dx.doi.org/10.1016/j.envres.2020.109315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32172071&dopt=Abstract
http://dx.doi.org/10.1016/j.adolescence.2015.07.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26275746&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2014.07.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25045838&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-10-324
http://dx.doi.org/10.1186/1471-2458-10-324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20534116&dopt=Abstract
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/1471-2474-13-41
http://dx.doi.org/10.1186/1471-2474-13-41
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22439805&dopt=Abstract
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-05822023000100514&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.1590/1984-0462/2023/41/2021342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37042940&dopt=Abstract
http://dx.doi.org/10.1177/0333102415620286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26634831&dopt=Abstract
https://europepmc.org/abstract/MED/35761772
https://europepmc.org/abstract/MED/35761772
http://dx.doi.org/10.1002/ejp.2003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35761772&dopt=Abstract
http://dx.doi.org/10.1515/ijamh-2017-0014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28628479&dopt=Abstract
http://dx.doi.org/10.1212/wnl.59.2.232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12136063&dopt=Abstract
http://dx.doi.org/10.1111/j.1468-2982.2004.00686.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15096230&dopt=Abstract
http://dx.doi.org/10.1111/j.1526-4610.1994.hed3404214.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8014037&dopt=Abstract
https://dx.plos.org/10.1371/journal.pgen.1008164
http://dx.doi.org/10.1371/journal.pgen.1008164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31194737&dopt=Abstract
https://dx.plos.org/10.1371/journal.pgen.1008973
http://dx.doi.org/10.1371/journal.pgen.1008973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33831007&dopt=Abstract
http://dx.doi.org/10.1038/ng.3538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27019110&dopt=Abstract
http://dx.doi.org/10.1093/ije/dyr036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21414999&dopt=Abstract
http://dx.doi.org/10.1038/s41592-018-0245-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30504882&dopt=Abstract
https://europepmc.org/abstract/MED/32913098
http://dx.doi.org/10.1126/science.aaz1776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32913098&dopt=Abstract
https://europepmc.org/abstract/MED/34475573
http://dx.doi.org/10.1038/s41588-021-00913-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34475573&dopt=Abstract
https://europepmc.org/abstract/MED/24114802
http://dx.doi.org/10.1002/gepi.21758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24114802&dopt=Abstract
https://europepmc.org/abstract/MED/27061298
http://dx.doi.org/10.1002/gepi.21965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27061298&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jiang et a

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

Bowden J, Davey Smith G, Burgess S. Mendelian randomization with invalid instruments: effect estimation and bias
detection through Egger regression. Int J Epidemiol. 2015;44(2):512-525. [FREE Full text] [doi: 10.1093/ije/dyv080]
[Medline: 26050253]

Burgess S, Thompson SG. Interpreting findings from Mendelian randomi zation using the M R-Egger method. Eur J Epidemiol.
2017;32(5):377-389. [FREE Full text] [doi: 10.1007/s10654-017-0255-x] [Medline: 28527048]

Verbanck M, Chen C, Neale B, Do R. Detection of widespread horizontal pleiotropy in causal relationships inferred from
Mendelian randomization between complex traits and diseases. Nat Genet. 2018;50(5):693-698. [FREE Full text] [doi:
10.1038/s41588-018-0099-7] [Medline: 29686387]

Burgess S, Bowden J, Fall T, Ingelsson E, Thompson SG. Sensitivity analyses for robust causal inference from Mendelian
randomization analyses with multiple genetic variants. Epidemiology. 2017;28(1):30-42. [FREE Full text] [doi:
10.1097/EDE.0000000000000559] [Medline: 27749700]

Mounier N, Kutalik Z. Bias correction for inverse variance weighting Mendelian randomization. Genet Epidemiol.
2023;47(4):314-331. [doi: 10.1002/gepi.22522] [Medline: 37036286]

Sanderson E, Davey Smith G, Windmeijer F, Bowden J. An examination of multivariable Mendelian randomization in the
single-sample and two-sample summary data settings. Int J Epidemiol. 2019;48(3):713-727. [FREE Full text] [doi:
10.1093/ije/dyy262] [Medline: 30535378]

Mo X, Guo Y, Qian Q, FuM, Lei S, Zhang Y, et a. Mendelian randomization analysis revealed potential causal factors
for systemic lupus erythematosus. mmunology. 2020;159(3):279-288. [FREE Full text] [doi: 10.1111/imm.13144] [Medline:
31670388]

Gusev A, Ko A, Shi H, BhatiaG, Chung W, Penninx BWJH, et al. | ntegrative approachesfor large-scal e transcriptome-wide
association studies. Nat Genet. 2016;48(3):245-252. [FREE Full text] [doi: 10.1038/ng.3506] [Medline: 26854917]
GTEx Consortium, Statistical Methods groups—Analysis Working Group, Enhancing GTEx (eGTEX) groups, NIH Common
Fund, NIH/NCI, NIH/NHGRI, NIH/NIMH, NIH/NIDA, Biospecimen Collection Source Site—NDRI, Biospecimen
Collection Source Site—RPCI, Biospecimen Core Resource—VARI, Brain Bank Repository—University of Miami Brain
Endowment Bank, L eidos Biomedical—Project Management, EL S| Study, Lead analysts:, NIH program management:,
Biospecimen collection:, Pathology:, eQTL manuscript working group:, et a. Genetic effects on gene expression across
human tissues. Nature. 2017;550(7675):204-213. [FREE Full text] [doi: 10.1038/nature24277] [Medline: 29022597]
KiaDA, Zhang D, Gudlfi S, Manzoni C, Hubbard L, Reynolds RH, et al. Identification of candidate parkinson disease
genes by integrating genome-wide association study, expression, and epigenetic datasets. JAMA Neurol. 2021;78(4):464-472.
[FREE Full text] [doi: 10.1001/jamaneurol.2020.5257] [Medline: 33523105]

Giambartolomei C, Vukcevic D, Schadt EE, Franke L, Hingorani AD, Wallace C, et al. Bayesian test for colocalisation
between pairs of genetic association studies using summary statistics. PLoS Genet. 2014;10(5):€1004383. [FREE Full text]
[doi: 10.1371/journal.pgen.1004383] [Medline: 24830394]

Yi M, Feng X, Guan Q, Liu Y, LiuY, Su Z. A multi-omics Mendelian randomization study reveals PAM as a potential
therapeutic target for type 2 diabetes. J Trand Med. 2025;23(1):1067. [EREE Full text] [doi: 10.1186/s12967-025-07086-X]
[Medline: 41063246]

Cankurtaran F, Menevse O, Namli A, Kiziltoprak, Altay S, Duran M, et a. The impact of digital game addiction on
muscul oskeletal system of secondary school children. Niger J Clin Pract. 2022;25(2):153-159. [FREE Full text] [doi:
10.4103/njcp.njcp_177_20] [Medline: 35170440]

Shehab DK, Al-Jarallah KF. Nonspecific low-back painin Kuwaiti children and adol escents: associated factors. J Adolesc
Health. 2005;36(1):32-35. [doi: 10.1016/j.jadohealth.2003.12.011] [Medline: 15661594]

Buhle J, Wager TD. Performance-dependent inhibition of pain by an executive working memory task. Pain.
2010;149(1):19-26. [FREE Full text] [doi: 10.1016/j.pain.2009.10.027] [Medline: 20129735]

Buhle JT, Stevens BL, Friedman JJ, Wager TD. Distraction and placebo: two separate routes to pain control. Psychol Sci.
2012;23(3):246-253. [doi: 10.1177/0956797611427919] [Medline: 22261568]

Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, et al. UK biobank: an open access resource for identifying
the causes of awide range of complex diseases of middle and old age. PLoS Med. 2015;12(3):e1001779. [FREE Full text]
[doi: 10.1371/journal.pmed.1001779] [Medline: 25826379]

Legrain V, Crombez G, Verhoeven K, Mouraux A. The role of working memory in the attentional control of pain. Pain.
2011;152(2):453-459. [FREE Full text] [doi: 10.1016/j.pain.2010.11.024] [Medline: 21238855]

Czaja SJ, Charness N, Fisk AD, Hertzog C, Nair SN, Rogers WA, et a. Factors predicting the use of technology: findings
from the Center for Research and Education on Aging and Technology Enhancement (CREATE). Psychol Aging. Jun
2006;21(2):333-352. [FREE Full text] [doi: 10.1037/0882-7974.21.2.333] [Medline: 16768579]

Saastamoinen P, Leino-Arjas P, Laaksonen M, Lahelma E. Socio-economic differencesin the prevalence of acute, chronic
and disabling chronic pain among ageing employees. Pain. 2005;114(3):364-371. [doi: 10.1016/].pain.2004.12.033] [Medline:
15777862]

Vinstrup J, Sundstrup E, Andersen LL. Psychosocial stress and musculoskeletal pain among senior workers from nine
occupational groups: cross-sectiona findings from the SeniorWorkingLife study. BMJ Open. 2021;11(3):e043520. [FREE
Full text] [doi: 10.1136/bmjopen-2020-043520] [Medline: 33782021]

https://www.jmir.org/2026/1/e€78233 JMed Internet Res 2026 | vol. 28 | €78233 | p. 15

(page number not for citation purposes)


https://europepmc.org/abstract/MED/26050253
http://dx.doi.org/10.1093/ije/dyv080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26050253&dopt=Abstract
https://europepmc.org/abstract/MED/28527048
http://dx.doi.org/10.1007/s10654-017-0255-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28527048&dopt=Abstract
https://europepmc.org/abstract/MED/29686387
http://dx.doi.org/10.1038/s41588-018-0099-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29686387&dopt=Abstract
https://europepmc.org/abstract/MED/27749700
http://dx.doi.org/10.1097/EDE.0000000000000559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27749700&dopt=Abstract
http://dx.doi.org/10.1002/gepi.22522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37036286&dopt=Abstract
https://europepmc.org/abstract/MED/30535378
http://dx.doi.org/10.1093/ije/dyy262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30535378&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1111/imm.13144
http://dx.doi.org/10.1111/imm.13144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31670388&dopt=Abstract
https://europepmc.org/abstract/MED/26854917
http://dx.doi.org/10.1038/ng.3506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26854917&dopt=Abstract
https://europepmc.org/abstract/MED/29022597
http://dx.doi.org/10.1038/nature24277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29022597&dopt=Abstract
https://europepmc.org/abstract/MED/33523105
http://dx.doi.org/10.1001/jamaneurol.2020.5257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33523105&dopt=Abstract
https://dx.plos.org/10.1371/journal.pgen.1004383
http://dx.doi.org/10.1371/journal.pgen.1004383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24830394&dopt=Abstract
https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-025-07086-x
http://dx.doi.org/10.1186/s12967-025-07086-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=41063246&dopt=Abstract
https://doi.org/10.4103/njcp.njcp_177_20
http://dx.doi.org/10.4103/njcp.njcp_177_20
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35170440&dopt=Abstract
http://dx.doi.org/10.1016/j.jadohealth.2003.12.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15661594&dopt=Abstract
https://europepmc.org/abstract/MED/20129735
http://dx.doi.org/10.1016/j.pain.2009.10.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20129735&dopt=Abstract
http://dx.doi.org/10.1177/0956797611427919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22261568&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1001779
http://dx.doi.org/10.1371/journal.pmed.1001779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25826379&dopt=Abstract
https://core.ac.uk/reader/55797900?utm_source=linkout
http://dx.doi.org/10.1016/j.pain.2010.11.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21238855&dopt=Abstract
https://europepmc.org/abstract/MED/16768579
http://dx.doi.org/10.1037/0882-7974.21.2.333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16768579&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2004.12.033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15777862&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=33782021
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=33782021
http://dx.doi.org/10.1136/bmjopen-2020-043520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782021&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jiang et a

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Chinta SJ, Andersen JK. Dopaminergic neurons. Int J Biochem Cell Biol. 2005;37(5):942-946. [doi:
10.1016/j.biocel.2004.09.009] [Medline: 15743669]

Navratilova E, Porreca F. Reward and moativation in pain and pain relief. Nat Neurosci. 2014;17(10):1304-1312. [FREE
Full text] [doi: 10.1038/nn.3811] [Medline: 25254980]

Wood PB. Role of central dopaminein pain and analgesia. Expert Rev Neurother. 2008;8(5):781-797. [doi:
10.1586/14737175.8.5.781] [Medline: 18457535]

Mazo G, Soplop N, Wang W, Uryu K, Tsou MB. Spatial control of primary ciliogenesis by subdistal appendages alters
sensation-associated properties of cilia. Dev Cell. 2016;39(4):424-437. [FREE Full text] [doi: 10.1016/j.devcel.2016.10.006]
[Medline: 27818179]

Welburn JPI, Cheeseman IM. The microtubule-binding protein Cepl170 promotesthetargeting of the kinesin-13 depolymerase
Kif2b to the mitotic spindle. Mol Biol Cell. 2012;23(24):4786-4795. [FREE Full text] [doi: 10.1091/mbc.E12-03-0214]
[Medline: 23087211]

Weijman JF, Vuolo L, Shak C, Pugnetti A, Mukhopadhyay AG, Hodgson LR, et a. Rolesfor CEP170 in ciliafunction and
dynein-2 assembly. J Cell Sci. 2024;137(8):jcs261816. [FREE Full text] [doi: 10.1242/j¢cs.261816] [Medline: 38533689]
Fitzsimons LA, Staurengo-Ferrari L, Khomula EV, Bogen O, Araldi D, Bonet I1IM, et al. The nociceptor primary cilium
contributes to mechanical nociceptive threshold and inflammatory and neuropathic pain. J Neurosci.
2024;44(47):€1265242024. [doi: 10.1523/INEUROSCI.1265-24.2024] [Medline: 39349056]

Kifle ZD, Tian J, Aitken D, Melton PE, Cicuttini F, Jones G, et al. MRI-derived abdominal adipose tissue is associated
with multisite and widespread chronic pain. Reg Anesth Pain Med. 2025. [doi: 10.1136/rapm-2024-105535] [Medline:
39256036]

Neogi T. The epidemiology and impact of pain in osteoarthritis. Osteoarthritis Cartilage. 2013;21(9):1145-1153. [FREE
Full text] [doi: 10.1016/j.joca.2013.03.018] [Medline: 23973124]

Pou KM, Massaro JM, Hoffmann U, Vasan RS, Maurovich-Horvat P, Larson MG, et al. Visceral and subcutaneous adipose
tissue volumes are cross-sectionally related to markers of inflammation and oxidative stress: the Framingham Heart Study.
Circulation. 2007;116(11):1234-1241. [doi: 10.1161/CIRCULATIONAHA.107.710509] [Medline: 17709633]
JnY,RenZ, Tan Y, Zhao P, Wu J. Motility plays an important role in the lifetime of mammalian lipid droplets. Int JMol
Sci. 2021;22(8):3802. [FREE Full text] [doi: 10.3390/ijms22083802] [Medline: 33916886]

Liang Y, Zhu Z,LuY, MaC, Li J, YuK, et al. Cytoskeleton regulates lipid droplet fusion and lipid storage by controlling
lipid droplet movement. Biochim Biophys Acta Mol Cell Biol Lipids. 2025;1870(4):159610. [doi:
10.1016/j.bbalip.2025.159610] [Medline: 40189192]

Dolcini J, Landi R, Ponzio E, Picchini L, Luciani A, Formenti L, et al. Association between TNF-a, cortisol levels, and
exposureto PM 10 and PM2.5: apilot study. Environ Sci Eur. 2024;36. [FREE Full text] [doi: 10.1186/s12302-024-00961-2]
DuanY, Chen S, Li Q, Zang Y. Neuroimmune mechanisms underlying neuropathic pain: the potential role of
TNF-a-necroptosis pathway. Int JMol Sci. 2022;23(13):7191. [FREE Full text] [doi: 10.3390/ijms23137191] [Medline:
35806192]

Knezevic E, Nenic K, Milanovic V, Knezevic NN. Therole of cortisol in chronic stress, neurodegenerative diseases, and
psychological disorders. Cells. 2023;12(23):2726. [FREE Full text] [doi: 10.3390/cells12232726] [Medline: 38067154]
Datatable. GTEx Consortium. URL : https.//yanglab.westlake.edu.cn/datal SMR/GTEx_V8 cis eqtl_summary.html [accessed
2024-05-25]

Feng H. GTEX cross-tissue (SCCA) expression. gusevlab. URL : http://gusevlab.org/projects/fusion/
#atex-cross-tissue-scca-expression [accessed 2024-05-25]

cis-eQTLs. eQTLGen Consortium. URL: https://www.egtlgen.org/cis-egtls.html [accessed 2024-05-25]

Abbreviations

eQTL: expression Quantitative Trait Locus
FDR: falsediscovery rate

GTEx: Genotype-Tissue Expression

GWAS: genome-wide association study

HEIDI: heterogeneity in dependent instruments
IEU: Integrative Epidemiology Unit

IV: instrumental variable

IVW: inverse variance weighted

LD: linkage disequilibrium

MAF: minor alele frequency

MCP: multisite chronic pain

MR: Mendelian randomization

MR-PRESSO: Mendelian Randomization Pleiotropy Residual Sum and Outlier
MVMR: multivariable Mendelian randomization

https://www.jmir.org/2026/1/e€78233 JMed Internet Res 2026 | vol. 28 | €78233 | p. 16

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.biocel.2004.09.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15743669&dopt=Abstract
https://europepmc.org/abstract/MED/25254980
https://europepmc.org/abstract/MED/25254980
http://dx.doi.org/10.1038/nn.3811
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25254980&dopt=Abstract
http://dx.doi.org/10.1586/14737175.8.5.781
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18457535&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1534-5807(16)30719-5
http://dx.doi.org/10.1016/j.devcel.2016.10.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27818179&dopt=Abstract
https://europepmc.org/abstract/MED/23087211
http://dx.doi.org/10.1091/mbc.E12-03-0214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23087211&dopt=Abstract
https://europepmc.org/abstract/MED/38533689
http://dx.doi.org/10.1242/jcs.261816
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38533689&dopt=Abstract
http://dx.doi.org/10.1523/JNEUROSCI.1265-24.2024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39349056&dopt=Abstract
http://dx.doi.org/10.1136/rapm-2024-105535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39256036&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1063-4584(13)00760-7
https://linkinghub.elsevier.com/retrieve/pii/S1063-4584(13)00760-7
http://dx.doi.org/10.1016/j.joca.2013.03.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23973124&dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.710509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17709633&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijms22083802
http://dx.doi.org/10.3390/ijms22083802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33916886&dopt=Abstract
http://dx.doi.org/10.1016/j.bbalip.2025.159610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40189192&dopt=Abstract
https://doi.org/10.1186/s12302-024-00961-2
http://dx.doi.org/10.1186/s12302-024-00961-2
https://www.mdpi.com/resolver?pii=ijms23137191
http://dx.doi.org/10.3390/ijms23137191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35806192&dopt=Abstract
https://www.mdpi.com/resolver?pii=cells12232726
http://dx.doi.org/10.3390/cells12232726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38067154&dopt=Abstract
https://yanglab.westlake.edu.cn/data/SMR/GTEx_V8_cis_eqtl_summary.html
http://gusevlab.org/projects/fusion/#gtex-cross-tissue-scca-expression
http://gusevlab.org/projects/fusion/#gtex-cross-tissue-scca-expression
https://www.eqtlgen.org/cis-eqtls.html
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jiang et a

OR: oddsratio

PP: posterior probability

SCCA: sparse canonical correlation analysis

SMR: summary data—based Mendelian randomization
SNP: single-nucleotide polymorphism

TWAS: transcriptome-wide association study
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