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Motivation and Aim: Back pain (BP) is a major contributor to disability worldwide. We
conducted a cross-sectional study analyzing three BP-related phenotypes: chronic BP
(CBP), dorsalgia and intervertebral disc disorders (IDD), with heritability estimated at
40-60 %. Less than half of the heritability is explained by common genetic variants
identified by GWAS. More powerful methods of statistical analysis may offer additional
insights. In this study, we utilized a novel multi-trait approach to merge three BP-related
phenotypes: CBP, dorsalgia, and IDD, which have been previously used in BP studies.
Dorsalgia is a phenotype based on electronic health records (EHR) and is defined by
clinical diagnostic codes for back and neck pain, reflecting mainly the former. IDD is
another phenotype related to BP and defined by EHR-based codes for intervertebral disc
degeneration. These codes are typically used when BP is present, but not necessarily.
There are high genetic correlations between BP-related phenotypes, estimated to be in
the range of 87 to 92 % [1, 2], allowing for an approach that maximizes multi-trait
heritability. The aim of this approach is to reduce the genetic heterogeneity of the traits
and to identify a common genetic background for a number of traits that are genetically
correlated [3].

Methods and Algorithms: The SHAHER framework aims to create a multi-trait
phenotype from a set of genetically correlated traits and identify the genetic variants that
control this trait [3]. The method assumes that the genetic background of each of the
genetically correlated traits can be decomposed into two components: one common to
all traits (the shared genetic impact or SGI), and the other specific to each trait. A new
multi-trait phenotype, SGIT (the shared genetic impact trait), was created by linearly
combining the original traits. The coefficients in this combination were defined by
maximizing the heritability of SGIT. A GWAS of SGIT was performed using an
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algorithm based on the summary statistics calculated for the original traits. The
SHAHER method was previously described in our studies [2, 3].

Using imputed genotypes from the UK Biobank, we conducted a multi-trait gene-based
association analysis of three BP-related phenotypes: CBP, dorsalgia and IDD. The first
step of the analysis was performed using a discovery sample from the UK Biobank.
Initially, the GWAS summary statistics for the three BP-related phenotypes were
obtained. They were used for the calculation of the multi-trait (SGIT) summary statistics.
Then we performed a gene-based association analysis (GBA) of the individual and multi-
trait phenotypes. For all identified genes, conditional analysis (COJO) was applied. The
second step of the analysis used a replication sample from the FinnGen database. We
conducted a replication study by applying GBA to the 32 genes identified in the first step
and using GWAS summary statistics for the two BP-related traits available on the
FinnGen sample.

Results: We identified and replicated 16 genes associated with BP-related traits (Fig. 1).
Seven of the detected genes, namely, MIPOL1, PTPRC, RHOA, MAML3, JADEZ2,
MLLT10 and RERG, have not been previously reported. The rest nine genes have been
previously detected as associated with traits genetically correlated with BP or included
in pathways associated with BP.
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Fig. 1. Genes replicated on FinnGen data. Names of previously unreported genes
are shown in bold
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Conclusion: We conducted a genome-wide gene-based association analysis of BP-
related phenotypes using imputed genotypes from a UK Biobank project and applying
the SHAHER technique of multi-trait analysis [3].

SHAHER constructs a multi-trait phenotype as a linear combination of original traits,
where the coefficients are estimated to maximize the heritability of the multi-trait
phenotype. As a result, we identified seven genes associated with SGIT, which did not
show a significant association with the original traits. Additional six genes were
associated with both SGIT and CBP. These results confirm the effectiveness of the
chosen strategy.

In total, we identified and replicated 16 genes significantly associated with BP-related
traits. Thirteen genes were detected on the multi-trait phenotype that is in accordance
with high genetic correlation between BP-related traits. Some genes have been
previously described as associated with BP or with the genetically correlated traits, or as
included in pathways associated with BP. Our results verify the role of these genes in
BP-related traits and provide new insights into the genetics of back pain.
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