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Loci and genes involved in chronic musculoskeletal pain
identified via analysis of genetically independent pain
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Abstract — We have evaluated four genetically independent
pain phenotypes of four common chronic musculoskeletal pains
(GIPs). We assume that the first GIP represents a
biopsychological component of chronic musculoskeletal pain,
related to physiological and psychological aspects and possibly
reflecting pain perception and processing.
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Introduction

Pain is an unpleasant sensory experience caused by tissue
damage (or by the threat of its occurrence). It is an adaptive
response of organism to the pathogenic influence, which
activates various protection mechanisms. Pain and especially
chronic pain, conventionally defined as a pain that lasts for 3
and more months sequentially, has a negative impact on all
spheres of human life. However, nowadays little is known
about the mechanisms of chronic pain onset. Somewhat, it is
caused by the fact, that genetic studies of pain are rather
complicated due to the high complexity and heterogeneity of
the phenotype. Nevertheless, recent studies have shown, that
chronic pain is a complex genetic trait with heritability up to
60%, based on different estimates. Moreover, it was found,
that various types of chronic pain have a number of genetic
factors in common. In this research we decided to apply the
method of principal component analysis (PCA) to reduce the
heterogeneity and studying of commonalities and pathways
that are shared by distinct, although related, pain phenotypes.

The aim of this work was to study the main genetic
component that underlies the risk of chronic musculoskeletal
pain observed at four different sites: back, neck/shoulder, hip,
and knee, using data from the UK Biobank.
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Materials and methods

This work is based on the results of genome-wide
association studies in the UK Biobank [1] data with total
sample size of 434 thousand people, split into a discovery set
0f256,000 people and a replication set of 178,000 people. The
matrix of genetic correlations for four chronic
musculoskeletal pains was calculated using LD Score
regression [2], then the principal components analysis (PCA)
was applied to compute the genetically independent pain
phenotypes (GIPs). The meta-analysis was conducted using
METAL [3]. The further in silico functional annotation of
GIPs was performed using DEPICT [4], COJO [5] and
GWAS-MAP platform [6].

Results

We have evaluated four GIPs of four chronic
musculoskeletal pains. Six loci were shown to be associated
with the first genetic principal component (GIP1), five of them
were replicated. Also we have found three loci, associated
with the second genetic principal component (GIP2) with one
of them being replicated. We identified 13 genes located near
the lead SNPs (+ 250 kb) in found loci. Most of them were
shown by us to be related to musculoskeletal disorders,
nervous system and skeletal development. Results of DEPICT
analysis for SNP sets associated with GIP1 at P <5.0e-08 and
P < 1.0e-05 have identified a significant enrichment of terms,
related to nervous system and its development and to sensory
organ morphogenesis, while the DEPICT analysis of other
GIPs did not provide any significant results. The analysis of
genetic correlations for GIPs has revealed high correlations
between GIP1 and different anthropometric, socio-
demographic and psychiatric human traits. The other GIPs



turned to be genetically correlated with various morphological
and anthropometric traits.

We speculate that in the framework of the conventional
biopsychosocial model of the chronic pain, the GIP1 relates to
the physiological (“bio-*) and psychological aspects and is
likely reflecting pain perception and pain processing.
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