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Abstract: Aim: Low back pain (LBP) is one of the most common health problems worldwide. This study aimed to
determine whether blood metabolites were causally linked to the risk of LBP. Methods: Based on summary-level
genome-wide association studies, we designed a Mendelian randomization (MR) study. Instrumental variables were
selected for each blood metabolite with the following criteria: genome-wide significance levels of < 5e® and inde-
pendent clumping (r? < 0.001, distance < 10,000 kb). Inverse-variance weighting (IVW) was used as the primary
statistical method. The weighted median (WM) method and MR-Egger regression were implemented to complement
IVW. Subsequently, sensitivity analyses were conducted, including Cochran’s Q test, MR-Egger intercept analysis,
scatter plots, leave-one-out analysis, and funnel plots. Results: IVW revealed that higher levels of lactate (odds ratio
[OR] = 0.974, 95% confidence interval [CI] 0.953-0.995, P = 0.017), medium low-density lipoprotein triglycerides
(OR = 0.990, 95% CI 0.983-0.997, P = 0.005) and albumin (OR = 0.985, 95% CI 0.973-0.998, P = 0.019) had a
causal effect on decreased risk of LBP, whereas positive causality was detected between genetic predisposition to
tyrosine and LBP (OR = 1.016, 95% CI 1.001-1.032, P = 0.043). Estimates from WM and MR-Egger were consistent
with the direction of the IVW method. Additionally, there was no evidence of heterogeneity or pleiotropy in this study.
Conclusion: This MR study demonstrated that four blood metabolites were causally related to LBP. It is possible
to enhance the diagnosis of LBP, prognostic outcome predictions, and the personalization of therapy by analyzing
novel signatures of metabolites.
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Introduction diagnosis, intervention, and sustained research
to address its prevalence and impact.

Low back pain (LBP), one of the non-specific

consequences of musculoskeletal diseases,
presents with diverse pain types, such as noci-
ceptive, neuropathic, and nociplastic pain [1].
Originating from the lumbar area components,
untreated LBP hinders daily activities, causing
reduced mobility and chronic discomfort [1].
The 2019 Global Burden of Disease study
emphasized LBP’s consistent rank among the
top 10 health concerns for 30 years, affecting
people of all ages [2, 3]. Back pain could result
in billions of dollars in economic costs along
with intangible expenses, such as difficulties
performing household duties, caring for others,
and participating in recreational activities as
well as relationship crises, despair, and anxiety
[4-6]. This underlines the importance of early

In light of the established understanding of
blood circulation, it is pertinent to note that the
influence of blood metabolites on the inception
and evolution of diseases has emerged as
a salient topic in contemporary research.
Leveraging high-throughput techniques, metab-
olomics has identified a wide range of small
molecules, including amino acids, carbohy-
drates, lipids, peptides, and organic acids,
among others [7]. Concurrently, as information
technology advances, metabolomics may pro-
vide insights into physiologic conditions and
aberrant processes. Notably, recent findings
emphasize the pivotal influence of specific
metabolites in the pathogenesis of LBP [8-10].
For instance, meta-analyses have identified an
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Figure 1. Study design of the Mendelian ran-
domization (MR) analysis of 249 blood metab-
olites and low back pain. SNP, single nucleo-
tide polymorphism.

association between significant reductions in
25(0H)D concentrations and a variety of chron-
ic pain conditions [9]. Additionally, the Men-
delian randomization (MR) method has been
used to demonstrate that in the European pop-
ulation, genetically higher levels of omega-3
fatty acids are associated with a reduced risk
of LBP [10]. As far as we know, however, there
is a dearth of systematic and comprehensive
studies evaluating the causal effects of blood
metabolites on LBP.

Although randomized controlled trials (RCTs)
have been widely regarded as the gold stan-
dard for determining causal relationships, they
may not eliminate confounding factors and
reverse causality [11, 12]. Furthermore, RCTs
are often impractical, expensive, and even
unethical due to their duration, cost, and time
constraints. Utilizing genetic instrumental vari-
ables, MR serves as an analytical method to
assess causality that might be obscured by
confounders or vulnerable to reverse causality.
MR provides an effective and reliable way to
investigate the causal association between
blood metabolites and LBP by leveraging envi-
ronmental exposure-related genetic variations
(instrumental variables, IVs).

Using the summary data from published
genome-wide association studies (GWAS) in
conjunction with MR analysis, we investigated
the potential causal relationship between blood
metabolites and the risk of LBP in this study.
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Methods
Study design

In this MR study, the aim was to examine wheth-
er blood metabolites contribute to LBP develop-
ment based on the summarized GWAS datas-
ets in order to determine the causal effects.
Three presumptions must be met for this MR
design to work: (i) genetic instruments predict
the interest exposure (P = 5 x 10°®), (ii) genetic
instruments are not linked to possible con-
founders, and (iii) genetic instruments only
have an impact on the outcome through risk
factors. Inverse-variance weighting (IVW) was
used for the main analysis to evaluate the caus-
al effects of blood metabolites on LBP, along
with the weighted median (WM) method,
MR-Egger regression, and WM-Egger regres-
sion to increase the robustness of the causal
findings. Additionally, the above results were
subjected to sensitivity analyses, such as
Cochran’s Q test, MR-Egger intercept analysis,
scatter plots, leave-one-out (LOO) analyses,
and funnel plots. The study frame chart in
Figure 1 illustrates the process.

Data sources

For the primary analysis, a total of 249 metabo-
lite GWAS datasets were extracted from the
Nightingale Health Metabolic Biomarkers
Phase 1 Study, including 115,078 randomly
selected participants from the UK Biobank
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cohort. The MR Base website and the IEU GWAS
project website provide a complete list of sum-
mary statistics using the accessing ID (met-d).
In total, over 12.3 million single nucleotide
polymorphisms (SNPs) were preserved for
downstream analysis. In addition, GWAS sum-
mary data were retrieved with the accessing ID
from the MRC-IEU consortium, which repre-
sents a large private-public partnership encom-
passing 461,857 European participants,
including 118,471 LBP cases and 343,386
controls.

IV selection

SNPs associated with metabolites required
p-values < 5 x 108, linkage disequilibrium (r2 <
0.001), Hardy-Weinberg equilibrium, and genet-
ic distance < 10,000 kb. Each SNP was then
genotyped to determine its major alleles, allele
frequencies, p-values, and standard errors.
Previous MR studies demonstrated the effec-
tiveness and accuracy of model estimation
when Vs are applied to high-strength models.
As a precaution against bias caused by weak
proxies, the F-statistic was calculated for each
instrument. An F-statistic of 10 was not found
for any IV. Finally, Table S1 summarizes all the
data related to the SNPs in detail. The selected
procedures were similar to those of a previous
study [13].

Mendelian randomization (MR) analyses

Three MR analytical methods were used in this
study to assess the causal effects of blood
metabolites on LBP in order to address the
potential pleiotropy of genetic variants. A
detailed MR analysis was carried out by using
the IVW method as the primary analysis. As
complementary methods in case the IV
assumptions could not be fully satisfied, the
WM and MR-Egger methods were also used to
provide more robust estimations [14, 15].
There is considerable heterogeneity and unbal-
anced pleiotropy in the MR-Egger regression;
however, it requires a larger sample size for the
same underexposure variation [16]. If horizon-
tal pleiotropy is valid for at least half of the vari-
ance of the data set, then a WM method can be
used to estimate the effect consistently [17].
Furthermore, a strict threshold was set for the
instrument p-value, and the results of different
MR analyses were recalculated if the results of
the different analyses were inconsistent [18].
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Several sensitivity analyses, including Co-
chran’s Q statistic, funnel plots, LOO analyses,
and MR-Egger intercept tests, were performed
to determine whether any pleiotropic effects
were present in the MR studies and to assess
the robustness of the results. To detect hetero-
geneity in the IVW approach, Cochran’s Q test
was used, and the intercept from the MR-Egger
regression was used as an indicator of horizon-
tal pleiotropy (the intercept with a p-value of
0.05 was taken as a sign of horizontal pleiotro-
py) [15, 16]. A LOO analysis was performed to
determine whether a single SNP is driving the
MR estimate in one direction or the other. To
satisfy presumption iii, we conducted a SNP
search with a phenoscanner (http://www.phe-
noscanner.medschl.cam.ac.uk) for the signifi-
cant estimates. We removed the SNPs associ-
ated with LBP confounders (obesity and bone
diseases) and re-performed MR without those
SNPs associated with the confounders.

The MR estimates presented in the paper were
expressed in the form of odds ratios (ORs)
and corresponding 95% confidence intervals
(Cls). The analyses were conducted using
TwoSampleMR (version 0.4.25) in R (version
3.6.1).

Results
Primary analysis

Four kinds of blood metabolites were causally
associated with the development of LBP in the
univariable MR with 249 metabolic traits. As
shown in Table 1, the presence of lactate was
universally inversely associated with the risk of
LBP based on the IVW estimates (OR = 0.974,
95% CI 0.953-0.995, P =0.017) and WM meth-
ods (OR = 0.961, 95% CI 0.932-0.990, P =
0.009). The MR-Egger estimates (OR = 0.988,
95% Cl 0.879-1.111, P = 0.851) also exhibited
a direction consistent with that of the IVW esti-
mates. Moreover, medium low-density lipopro-
tein triglycerides (M-LDL-TG) were also found to
decrease the risk of LBP using IVW analysis (OR
= 0.990, 95% Cl 0.983-0.997, P = 0.005).
Estimates from the WM (OR = 0.994, 95% Cl
0.986-1.002, P = 0.162) and MR-Egger meth-
ods (OR = 0.991, 95% CI 0.980-1.003, P =
0.138) were consistent with the direction of the
IVW method (Table 1). In addition, using 24
SNPs as IVs, the MR analysis from the three
models supported the notion that albumin
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Table 1. Significant MR estimates from 123 blood metabolites on low back pain experienced

MR estimates Heterogeneity Pleiotropy
Exposure Methods nSNP
OR (95% CI) P Cochran Q P Intercept P
Lactate VW 7 0.9744 (0.953-0.995) 0.017 6.126 0.409 -0.0005 0.813
WM 7 0.961 (0.932-0.990) 0.009
MR Egger 7 0.988 (0.879-1.111) 0.851
M_LDL_TG VW 54 0.990 (0.983-0.997) 0.005 92.960 0.0006  -6.85e-05 0.842
WM 54 0.994 (0.986-1.002) 0.162
MR Egger 54 0.991 (0.980-1.003) 0.138
Tyrosine VW 26 1.016 (1.001-1.032) 0.043 74.299 8.68E-07 0.0001 0.840
WM 26 1.011 (0.997-1.024) 0.115
MR Egger 26 1.014 (0.988-1.040) 0.315
Albumin IVW 24 0.985 (0.973-0.998) 0.019 44.392 0.005 0.0005 0.227
WM 24 0.980 (0.967-0.993) 0.003
MR Egger 24 0.976 (0.957-0.995) 0.022

nSNP, number of single-nucleotide polymorphisms; OR, odds ratio; Cl, confidence interval; M-LDL-TG, medium low-density lipo-

protein triglycerides; IVW, inverse-variance weighting; WM, weighted mean; MR, Mendelian randomization.

might be a protective factor for LBP (IVW OR =
0.985, 95% C1 0.973-0.998, P = 0.019; WM OR
=0.980, 95% Cl 0.967-0.993, P =0.003; Egger
OR = 0.976, 95% Cl 0.957-0.995, P = 0.022).
Notably, the IVW estimates showed that there
is a positive causal relationship between genet-
ic predisposition to tyrosine and LBP (OR =
1.016, 95% Cl 1.001-1.032, P = 0.043). The
p-value was very close to 0.05, and conclusions
of causality should be made with caution. As for
the other MR methods, the results showed a
consistent but non-significant direction (WM
OR = 1.011, 95% ClI 0.997-1.024, P = 0.115;
Egger OR = 1.014, 95% CI 0.988-1.040, P =
0.315). The calculated estimates about other
blood metabolites are shown in Table S2.

Sensitivity analyses

Sensitivity analyses, including Cochran’s Q test
for heterogeneity and MR-Egger regression for
pleiotropy, were conducted to evaluate whether
the results described above were robust (Table
1). All of the p-values for the MR-Egger inter-
cept tests were greater than 0.05, indicating
that there was no horizontal pleiotropy present
in the dataset. Although the heterogeneity
between lactate and LBP (Q =6.126, P =0.409)
was not present in our outcomes, heterogene-
ity was present in the Q test analysis between
LBP and M-LDL-TG (Q = 92.960, P = 0.0006),
tyrosine (Q = 74.299, P = 0.01), and albumin (Q
= 44.392, P = 0.005). Tables S3 and S4 sum-
marize the results of the pleiotropy test and the
heterogeneity test. Despite the heterogeneity
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detected in some of the results, the MR esti-
mates as random-effect IVW were not invali-
dated by heterogeneity, which may have bal-
anced the pooled heterogeneity. The scatter
plots in Figure 2 illustrate the estimates of four
kinds of blood metabolites. The LOO analysis
found that no SNP was driving the results, and
the funnel plots were symmetrical, indicating
that none of the estimates were violated, which
is consistent with the results of our previous
analysis (Figures 3 and 4). The phenoscanner
results of the IVs of significant estimates are
presented in Table S5. Twenty-eight SNPs cor-
related with confounders were removed (Table
S6). The MR estimates after removing the outli-
ers remained significant, consistent with previ-
ous findings (Table S7).

Discussion

In this study, multiple MR approaches were
implemented to assess whether blood metabo-
lites may be causally associated with LBP using
data collected from GWAS in the UK Biobank.
MR estimates of lactate, M-LDL-TG, and albu-
min levels in this study showed a causal effect
on lowering the risk of LBP. By contrast, genetic
predisposition to tyrosine had a positive causal
effect on LBP development. As far as we know,
this is the first MR study that systematically
assessed the causal role of human blood
metabolites in LBP.

In light of the heavy burden of back pain and
the unclear pathophysiological cause, there are
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Figure 2. Scatter plots and leave-one-out analysis of the effect of (A) lactate, (B) medium low-density lipoprotein
triglycerides (M-LDL-TG), (C) tyrosine, and (D) albumin on low back pain. MR, Mendelian randomization; SNP, single

nucleotide polymorphism.

still no specific treatments. To prevent LBP and
diagnose it early, it is imperative to discover its
modifiable risk factors. Recent noteworthy
advancements in high-throughput technologies
and the ability to perform genotyping in parallel
on large populations have allowed us to mea-
sure hundreds of circulating metabolites and
determine their genotype with great accuracy
[19, 20]. Multiple studies have also under-
scored the association between blood metabo-
lites and LBP. Silva et al., analyzing over 9,000
participants, linked inadequate vitamin D lev-
els with higher LBP incidence, advocating for
the benefits of 25(0H)D in LBP treatment [21].
Using MR analyses, another study found that
genetically increased plasma omega-3 concen-
trations in a European population were associ-
ated with a reduced risk of LBP but did not pro-
pose a causal association, further supporting
the theory that omega-3 supplementation can
reduce systemic inflammation in the body and
thus protect against the progression of LBP
[10]. Overall, metabolomics has emerged as a
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field of research that is rapidly advancing the
diagnosis and treatment of LBP. Although the
literature indicates that metabolic disturbanc-
es contribute to the development of LBP, evi-
dence of the causal involvement of circulating
metabolites cannot conclusively be estab-
lished. Metabolomics is a field of study that
explores the changes that high-molecular-
weight molecules undergo under physiological
and disease conditions as well as after treating
those conditions with drugs. In metabolic profil-
ing, plasma has been the main source of
metabolites because it is commonly consid-
ered a pool of metabolites [22]. To unravel the
metabolic coding that underlies the pathogen-
esis of LBP and find a novel direction for identi-
fying and treating LBP in the future, we con-
ducted this MR study to investigate the causal
connection between blood metabolites and
LBP on a systematic basis.

Intriguingly, integrating metabolomics and
GWAS, our results first provided a systematic
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Figure 3. Leave-one-out analysis of the effect of (A) lactate, (B) medium low-density lipoprotein triglycerides (M-LDL-
TG), (C) tyrosine, and (D) albumin on low back pain. MR, Mendelian randomization.

demonstration that blood metabolites are
causally associated with LBP. According to the
current study, higher levels of triglycerides in
the blood are causally associated with a
decreased risk of LBP. It should be noted, how-
ever, that several other studies have provided
evidence to the contrary. Using large-scale data
from annual health checkups in Japan, Takahiko
et al. found that low levels of high-density lipo-
protein cholesterol were significantly associat-
ed with LBP [23]. Many confounding factors
may have been responsible for the inconsistent
findings in these studies, such as the design of
the studies and the populations studied. MR
analysis allows for the inference of causal rela-
tionships by using genetic instruments in a

1371

potential causal mode of inference to avoid
bias associated with confounding factors and
estimate the magnitude of the putative causal
relationship in the context of different circum-
stances while minimizing the impact of con-
founding factors. Further, multiple studies have
demonstrated that obesity and overweight play
a significant role in the onset of intervertebral
disc degeneration in the spine, the causality of
which was confirmed by MR analysis [24]. A
meta-analysis of 10 cohort studies that includ-
ed 29,748 subjects showed that overweight
and obesity are risk factors for the develop-
ment of LBP in both male and female individu-
als [25]. This difference indicates that we
should be more careful in interpreting and
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Figure 4. Funnel plots of the effect of (A) lactate, (B) medium low-density lipoprotein triglycerides (M-LDL-TG), (C)
tyrosine, and (D) albumin on low back pain. MR, Mendelian randomization.

applying the negative causality between triglyc-
erides and LBP. It is a pity that little research
has focused on the relationship between these
metabolites - lactate, albumin, and tyrosine - in
LBP development; thus, further work is war-
ranted to decipher the underlying mechanisms.
In general, we would like to introduce the field
of “LBP metabolomics” and show how the
application of integrative “omics” approaches
can lead to the discovery of biomarkers for
complex traits, thus paving the way for future
studies to investigate how diseases are induced
and how patients can be provided with a more
personalized form of care. In particular, com-
prehensive metabolomics profiles not only elu-
cidate the etiology of LBP but also enhance the
early diagnosis, prognosis prediction, and per-
sonalized treatment of LBP. In addition, poten-
tial targets and drug treatments can be identi-
fied by regulating metabolic indicators and their
regulated enzymes.

This study has several strengths. To the best of
our knowledge, by exploring the extensive vari-
ety of blood metabolites, this study provides
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novel information on the regional alterations
associated with LBP markers as it is the first
comprehensive and systematic exploration of
the causal relationship between blood metabo-
lites and LBP. Second, the GWAS datasets for
LBP and serum metabolite genetic IVs come
from a European population, thereby avoiding
the effects of population stratification. More-
over, a series of methods were incorporated in
our study to eliminate reverse causality and
residual confounding factors as a result of the
MR design. Last but not least, another advan-
tage of the chosen GWAS dataset is its large
sample size, with millions of detected SNPs,
representing a substantial statistical enhance-
ment over previous GWAS datasets.

Nevertheless, several potential limitations
should also be considered. First, because most
of our GWAS summary statistics were derived
from patients of European ancestry, we can not
necessarily generalize our findings to those of
other ancestries. Second, we only analyzed one
GWAS dataset for LBP. It would be better to col-
lect a large number of GWAS datasets regard-
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ing LBP in order to prove our conclusion. Further
disadvantages of the MR method include the
assumption that each patient was exposed to
radiation for the entirety of their life, which
might not be the case in the real world. This
means that it may be necessary to value the
direction of the causal effect more than its
magnitude and that the magnitude of the esti-
mated levels should not be overestimated or
underestimated. In addition, our findings would
be strengthened by larger GWAS and RCTs con-
ducted in the context of LBP and metabolic
measurements in an effort to identify more
potential risk factors. Moreover, the underlying
mechanisms that are connected to blood
metabolites and LBP need to be explored fur-
ther to establish a clearer picture of their role.
Lastly, we unfortunately did not identify previ-
ously reported LBP-related metabolites. This
may be due to disagreement regarding the
standard diagnostic criteria between our study
and previous studies, which would have led to
different results.

Overall, the results of the present study sug-
gest that genetic factors could be involved in
the association between LBP and blood metab-
olites. For LBP screening and prevention in
clinical practice, lactate, triglycerides, albumin,
and tyrosine may be useful circulating meta-
bolic biomarkers for providing insights into the
treatment and prevention of LBP. The underly-
ing mechanisms that relate metabolites to LBP
must still be elucidated, and future research
may be necessary to continue this study.
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