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Abstract

Purpose: Risk factors for chronic back pain (CBP) may share underlying genetic factors, making
them difficult to study using conventional methods. We conducted a bi-directional Mendelian
randomisation (MR) study to examine the causal effects of risk factors (education, smoking,
alcohol consumption, physical activity, sleep and depression) on CBP and the causal effect of CBP
on the same risk factors.

Methods: Genetic instruments for risk factors and CBP were obtained from the largest published
genome-wide association studies (GWAS) of risk factor traits conducted in individuals of
European ancestry. We used inverse weighted variance meta-analysis (IVW), Causal Analysis
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Using Summary Effect (CAUSE) and sensitivity analyses to examine evidence for causal
associations. We interpreted exposure-outcome associations as being consistent with a causal
relationship if results with IVW or CAUSE were statistically significant after accounting for
multiple statistical testing (p<0.003), and the direction and magnitude of effect estimates were
concordant between IVW, CAUSE, and sensitivity analyses.

Results: We found evidence for statistically significant causal associations between greater
education (OR per 4.2 years of schooling=0.54), ever smoking (OR=1.27), greater alcohol
consumption (OR=1.29 per consumption category increase) and major depressive disorder
(OR=1.41) and risk of CBP. Conversely, we found evidence for significant causal associations
between CBP and greater alcohol consumption (OR=1.19) and between CBP and smoking
(OR=1.21). Other relationships did not meet our pre-defined criteria for causal association.

Conclusion: Fewer years of schooling, smoking, greater alcohol consumption, and major
depressive disorder increase the risk of CBP. CBP increases the risk of greater alcohol
consumption and smoking.

Keywords
Low back pain; epidemiology; prognosis; risk factor; causation

Introduction

Chronic back pain (CBP) is the leading global cause of years lived with disability
worldwide.[1] Widely accepted risk factors for CBP include higher body mass index

(BMI) and smoking. [2, 3] Common co-morbidities include depression and anxiety.[4]
Results of twin studies have raised the question of whether these risk factors and
comorbidities have causal effects on CBP, or whether these conditions co-occur due to
shared genetic predispositions (pleiotropy).[5] Conventional epidemiology provides limited
tools to determine whether associations represent “true” risk factors i.e. they precede and
cause back pain (BP) or whether other explanations, such as confounding, exist. Newly
available genetic methods such as Mendelian randomisation (MR) allow such ambiguities to
be addressed.

MR uses genetic variants as instrumental variables (“instruments™) to support causal
inference about the effect of a risk factor on an outcome.[6] MR capitalises on the fact

that genetic variants are allocated randomly prior to birth (conditional on parental genotype),
are independent of environmental factors and temporally precede the onset of disease.[7]
Thus they can be used as proxies for health conditions. MR offers advantages over other
observational methods because it is less likely to be affected by reverse causation and
confounding. The strength of evidence provided by MR is considered to lie between
conventional observational studies and randomized trials.[6] Coronary artery disease has
many putative risk factors and MR has shown low density lipoprotein cholesterol to be a
true risk factor while uric acid is not.[6] This has important implications for urate-lowering
treatment in cardiovascular disease prevention. Until recently it was unclear whether raised
BMI is a true risk factor for BP or whether BMI increases after CBP develops. We have
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recently shown using MR that elevated BMI has causal associations with CBP, indicating
that weight loss may provide an important step in prevention.[8]

MR studies use genome-wide association studies (GWAS) to estimate causal effects of a risk
factor. In the present study we derived multiple genetic instruments from published GWAS
of possible risk factors for CBP to determine their true relationship with CBP. We conducted
a bidirectional MR study to examine both possible directions of effect, specifically the
causal association of risk factors on CBP and the causal association of CBP on the risk
factors.

This study used summary-level GWAS data. Research approvals included the UK Biobank
Research Ethics Committee (#11/NW/0382) and the VA Puget Sound Health Care System
(MIRB 00903).

We hypothesized that risk factors would have causal effects on CBP and that CBP would
have causal effects on risk factors. High genetic correlation between traits complicates

MR analysis using inverse variance weighted meta-analysis (IVW), the most commonly
used MR method, because it increases the chance of correlated horizontal pleiotropy and
violates the assumptions made in MR; this may generate false positive results. Additional
validation and sensitivity analyses are required in the case of a statistically significant result
when using IVW.[9] In order for our findings to be robust to potential violations of MR
assumptions, we used a pre-defined framework for analysis that included (1) a conventional
MR approach with IVW analysis; (2) a newer method, Causal Analysis Using Summary
Effect (CAUSE), which can reduce false-positive associations compared to VW, but has
less statistical power under certain scenarios;[9] and (3) sensitivity analyses to reduce
confounding by excluding genetic instruments associated with possible confounders.

Data Sources

We selected the largest publicly available GWAS for 8 risk factor traits (years of schooling,
ever smoking, alcohol consumption frequency, self-reported moderate physical activity,
accelerometer-measured overall activity, accelerometer-measured sedentary behaviour, sleep
duration hours, and major depressive disorder) across 6 risk factor categories (education,
smoking, alcohol consumption, physical activity, sleep and depression) in participants of
European ancestry (EA). The risk factor traits are listed in Table 1 and Supplemental

Table 1, and details are reported elsewhere.[10-13] Traits were considered as exposures

in forward MRs and as outcomes in reverse MRs. Additional traits implicated in CBP
(blood pressure, hyperlipidemia, BMI and type 2 diabetes; and the personality traits anxiety,
neuroticism, extraversion, openness to experience, agreeableness, and conscientiousness)
were also considered as possible confounders in sensitivity analyses that excluded genetic
instruments associated with these traits. We used the largest GWAS of CBP comprising
78,935 cases and 360,896 controls in UK Biobank including only EA participants.[8] CBP
was defined as having back pain for more than 3 months.
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GWAS summary statistics passing quality control were unified using tools implemented
in the GWAS-MAP platform.[14, 15] Extensive details on GWAS data quality control and
pre-processing can be found in the Supplementary Methods.

Statistical analysis

Results

We examined causal relationships between the 8 putative risk factors and CBP using IVW
MR and CAUSE analyses using a framework that was defined a priori[9] The primary
analysis consisted of forward MR analyses (putative risk factors as the exposures and CBP
as the outcome) and reverse MR analyses (CBP as the exposure and risk factors as the
outcomes) for each exposure-outcome pair of traits. The significance threshold for the
primary analysis was defined using a Bonferroni correction as 0.003125 = 0.05/(8*2), where
8 reflects the number of trait pairs and 2 reflects each direction of the bidirectional MR
analysis. Trait pairs exceeding the Bonferroni-corrected significance threshold (p<0.003125)
in at least one of the 2 primary analysis methods (IVW and CAUSE), and having
concordance between IVW and CAUSE methods, defined as the same direction and similar
magnitude of effect estimate produced by IVW and CAUSE, were included in sensitivity
analyses. In sensitivity analysis for each trait pair, the CAUSE analyses were repeated

while excluding genetic instruments associated with the risk factors under study or 14 other
possible confounders (Table 1), and the IVW analyses were repeated while excluding such
instruments while also excluding genetic instruments identified as horizontal pleiotropy
outliers using MR PRESSO.[16] The results of the sensitivity analyses were then checked
for concordance with the results of primary analysis, defined as having similar direction
effect estimates. We interpreted exposure-outcome associations for each trait pair as being
consistent with a causal relationship if 3 pre-defined criteria were met. Criterion 1 was that
the association must exceed the Bonferroni-corrected significance threshold (p<0.003125) in
at least one of the IVW and CAUSE primary analyses. Criterion 2 was that the magnitude
and direction of the effect estimates was concordant between IVW and CAUSE primary
analyses, irrespective of statistical significance. Criterion 3 was that effect estimate direction
must be concordant between the primary analysis and sensitivity analyses. Further details of
the analytic methods, our pre-defined plan for interpretation, and sample size calculations
are provided in the Supplementary Methods.

Table 1 summarizes the GWAS of traits from which the SNPs used as genetic instrumental
variables were drawn; further detail is provided in Supplementary Table 1.

The results of the forward MR analysis (risk factors causing CBP) are shown in Table

2 and Supplementary Tables 2, 4 and 5. Several risk factors (physical activity traits and
major depressive disorder) had few SNPs available for VW analysis but most had tens

or hundreds of SNPs (Table 2). All 3 pre-defined criteria for association consistent with a
causal relationship were met for years of schooling, ever smoking, alcohol consumption, and
major depressive disorder, indicating these traits are likely causes of CBP (Table 2). The
largest odds ratios (ORs) were for years of schooling (OR=0.54 per 4.2 years of schooling,
primary IVW analysis) and major depressive disorder (OR=1.41, primary IVW analysis);
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ORs for smoking (OR=1.27, primary IVW analysis) and alcohol consumption (OR=1.29

per increase in alcohol consumption category, primary IVW analysis) were smaller, and of
diminished magnitude in sensitivity analyses. While analyses of sleep duration and CBP met
criteria 1 and 2 for causality, they did not meet criterion 3 due to lack of concordance in
effect estimates between primary and sensitivity analysis. There was no evidence of a causal
relationship between the 3 physical activity traits (self-reported moderate physical activity or
accelerometer-measured overall activity or sedentary behaviour) and CBP.

The results of the reverse MR analysis (CBP causing risk factors) are shown in Table 3
and Supplementary Tables 3, 6 and 7. Most risk factors had fewer SNPs available for IVW
than in the forward MR, and there were fewer significant CBP-risk factor associations with
significant results. The 3 pre-defined criteria consistent with a causal relationship were
met for alcohol consumption, indicating causal effects of CBP on alcohol consumption
(OR=1.19 in primary IVW analysis, Table 3), and smoking (OR=1.21 in primary IVW
analysis, Table 3). Odds ratios for the effect of CBP on all risk factors were generally
smaller than those from the forward MR. While associations of CBP with years of schooling
and major depressive disorder met criteria 1 and 2 for causality, they did not meet

criterion 3 due to lack of concordance in effect estimate between primary and sensitivity
analysis. Noteworthy is that in sensitivity analyses of these 2 traits, all or nearly all genetic
instruments were removed as horizontal pleiotropy outliers by MR PRESSO, limiting the
ability to infer concordance between the results of primary and sensitivity analysis. There
was no evidence of a causal relationship between CBP and sleep duration or the 3 physical
activity traits.

Discussion

BP and CBP are known to be highly polygenic traits, with heritability around 40%.

[17] Work to identify the genetic variants involved began with studies of lumbar disc
degeneration[18, 19] and continued with recent studies of CBP in large genetic consortia
and biobanks.[20-22] The biopsychosocial model of pain is supported by the findings
from these studies and shows that the genetic factors involved in CBP underlie all three
contributors: biological, psychological, and social.[20] That is, associations are found not
only at the genes involved in the biology of the spine and musculoskeletal system, but
there are significant genetic correlations between CBP and psychological factors such as
depression and anxiety, and social factors such as years of schooling.[21]

Given this complex background, the current study sought to determine whether several
commonly studied risk factors have strong support for causal association with CBP and

vice versa (whether CBP has causal associations with these factors) using contemporary MR
methods. We found evidence for causal association of fewer years of schooling, smoking,
and major depressive disorder with the risk of CBP. While these findings are consistent

with the results of conventional observational studies,[23-25] they differ from longitudinal
twin studies which found no significant association of education,[26] smoking,[27] or
depression[28] with CBP after controlling for genetic factors. These longitudinal co-twin
control studies were informed by tens or at most hundreds of identical twin pairs, leading

to very limited power and unclear generalizability. In contrast, the current MR analyses
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were informed by more than 500,000 singleton individuals. Another notable aspect of our
findings was the clear evidence that greater alcohol use causes CBP but that CBP also
causes greater alcohol use - in other words, a bidirectional relationship. The separation of
these two directions of effect was possible through MR because the genetic instruments that
proxy risk factors are present from conception, long before the development of the outcome,
providing a clear temporal sequence of risk factor preceding outcome for each direction of
effect. While only one direction of effect may be relevant for some individuals, there is the
possibility that alcohol use and CBP reinforce each other in another subgroup of individuals,
acting in a positive feedback loop. Our demonstration of strong causal links with alcohol
use is novel and makes an important contribution given the ambiguity of the alcohol-back
pain relationship (outside of the context of substance abuse) according to systematic reviews
on this topic.[29, 30] Our study also confirms the bidirectional nature of the smoking-CBP
relationship, aspects of which have been noted before,[31, 32] but not with such clarity as
we show in the current study using very large samples.

Our bidirectional MR study did not find robust support for a causal effect of sleep on CBP,
or a causal effect of CBP on years of schooling or major depressive disorder. While these
analyses did show significant causal associations and concordant directions and magnitudes
of effect in our primary analyses, the results of sensitivity analyses were not uniformly
concordant with the primary analyses. Possible explanations for this include suboptimal
power, as some sensitivity analyses were informed by few genetic instruments, or no
instruments were available. Alternatively, the paucity of instruments available suggests that
these relationships with CBP are driven by pleiotropy — shared genetic influence on multiple
conditions — and are not truly causal. Our bidirectional MR of 3 physical activity traits and
CBP also did not show convincing evidence for causal relationships, a surprising finding
given the long history of exercise as a treatment for CBP.[33] A possible explanation for this
may be the assumption of a linear relationship between physical activity and CBP inherent
in our MR methods. This linearity assumption contrasts with one view that moderate activity
is beneficial for CBP but very high or low activity levels are not beneficial;[34] the results
of a single meta-analysis also support this view.[35] Unfortunately, there were no existing
GWAS that permitted the examination of non-linear relationships between activity and CBP
in the current study.

The clinical implication of this work lies in public health and education. As with

many prevalent chronic health conditions affecting Western populations, education and
avoidance of excessive alcohol and smoking may have an important role in mitigating
CBP. Additionally, depression may be a potentially modifiable risk factor for CBP. Our
findings support the potential benefits of modifying these psychosocial factors as part of
CBP prevention.

The present study has limitations. First, the risk factors considered in this study are
subject to possible bias which may affect GWAS and MR estimates, so caution is needed
when interpreting the results of psychosocial trait analyses; within-family MR studies are
recommended to examine the findings reported here.[36] Second, while CAUSE analysis
allows the use of overlapping samples, overlap is not recommended for IVW MR because
it may lead to biased estimates.[37] Our use of both CAUSE and a sensitivity analysis
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aimed to reduce the risk of bias due to confounding, and we required concordance of effect
estimates across all methods. Moreover, our selection of genetic variants which exceeded the
genome-wide significance threshold, should have reduced the potential for weak instrument
bias. To estimate the relative bias of IVW MR estimates and type 1 error rate inflation due
to sample overlap we conducted post hoc analyses using published formulae[38] and a web
application (https://sh452.shinyapps.io/overlap/) (see Supplementary Methods). For all risk
factors in forward and reverse IVW MR analyses, the relative bias did not exceed 0.3%

and type 1 error was close to the nominal level (5%). Given this small bias and absence

of inflation we conclude that our MR protocol incorporating both IVW MR and CAUSE
was robust to sample overlap. Further studies using data from other biobanks may estimate
the possible effects of assortative mating and other sources of bias. Third, no evidence

of causation is not equivalent to evidence of no causation; it remains possible that risk
factor-CBP and CBP-risk factor associations not confirmed as causal in the current analyses
(such as the effect of sleep on CBP) may result from low statistical power. However, if
undetected causal relationships do actually exist, their magnitude is likely smaller than the
MR effects detected in the current study:.

In summary, we found evidence that fewer years of schooling, smoking, greater alcohol
consumption, and major depressive disorder have causal effects on CBP. Conversely, we
found evidence that CBP has causal effects on greater alcohol consumption and smoking.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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