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A B S T R A C T

Objective: To investigate the causal association between Osteoarthritis (OA) and five comorbidities: depression,
tiredness, multisite chronic pain, irritable bowel syndrome (IBS) and gout.
Design: This study used two-sample Mendelian Randomisation (MR). To select the OA genetic instruments, we
used data from the largest recent genome-wide association study (GWAS) of OA (GO Consortium), with a focus on
OA of the knee (62,497 cases, 333,557 controls), hip (35,445 cases, 316,943 controls) and hand (20,901 cases,
282,881 controls). Genetic associations for comorbidities were selected from GWAS for depression (246,363
cases, 561,190 controls), tiredness (449,019 participants), multisite chronic pain (387,649 participants), IBS
(53,400 cases, 433,201 controls) and gout (6543 cases, 456,390 controls). We performed a bidirectional MR
analysis using the inverse variance weighted method, for both joint specific and overall OA.
Results: Hip OA had a causal effect on multisite chronic pain (per unit change 0.02, 95% CI 0.01 to 0.04). Multisite
chronic pain had a causal effect on knee (odd ratio (OR) 2.74, 95% CI 2.20 to 3.41), hip (OR 2.12, 95% CI 1.54 to
2.92), hand (OR 2.24, 95% CI 1.59 to 3.16) and overall OA (OR 2.44, 95% CI, 2.06 to 2.86). In addition,
depression and tiredness had causal effects on knee and hand, but not hip, OA.
Conclusions: Apart from Hip OA to multisite chronic pain, other joint OA did not have causal effects on these
comorbidities. In contrast, multisite chronic pain had a causal effect on any painful OA.
1. Introduction

Osteoarthritis (OA) is the most common cause of arthritis worldwide
and affects 10% of adults in the UK [1]. It is the second most common
cause of musculoskeletal pain after back pain [2], and is a major health
burden within the UK [3].

OA is a commonly diagnosed comorbidity with other chronic health
conditions such as cardiovascular, musculoskeletal, and neuropsychiatric
conditions in the UK and other European countries [4]. In our previous
research, we performed latent class analysis with electronic health data
from the Clinical Practice Research Database (CPRD) to identify cate-
gories (or clusters) of comorbidities among patients with existing OA. We
were able to classify people with OA into four broad clusters (cardio
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vascular, musculoskeletal and mental health, musculoskeletal and car-
diovascular, and metabolic) based on their comorbidities, as well as a
“relatively healthy” cluster [5]. One of the emerging clusters found was
musculoskeletal and/or chronic pain with mental illness. The cluster
includes conditions such as fibromyalgia, depression, chronic fatigue,
irritable bowel syndrome (IBS) and gout. We have also previously
investigated the association of chronic conditions with incident OA
recording in primary care using data from the CPRD (using age, sex and
practice matched controls without OA), finding that individuals with
pre-existing comorbidities were more likely to develop OA within the
following 20 years (an association being found for 40 of the 49 comor-
bidities assessed) [6]. It was discovered that fibromyalgia and poly-
myalgia were the leading comorbidities associated with knee OA within
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Table 1
Summary of data sets contributing to the Two-Sample MR analysis.

Phenotype N Ethnicity Country/'sb Recruited GWAS type % UKBBa Phenotype
definition

Phenotype
description

Unit Access site (code) Ref

Knee OA 396,054 European (1% East
Asian)

UK, IS, EE, JP,
NL, GR, US, NO

1984–2021 Meta-analysis
(fixed effect
IVW)

25 Self-report,
hospital
diagnosed,
radiographic

16% cases logOR Musculoskeletal Knowledge
Portal (KP.Format.GO.FILTER.GW.
KneeOA.FULL.09052019.txt.gz)

[12]

Hip OA 353,388 European UK, IS, EE, NL,
GR, US, NO

1984–2021 Meta-analysis
(fixed effect
IVW)

16 Self-report,
hospital
diagnosed,
radiographic

10% cases logOR Musculoskeletal Knowledge Portal
(KP.Format.GO.FILTER.GW.HipOA.
FULL.09052019.txt.gz)

[12]

Hand OA 303,789 European UK, IS, EE, NL,
US, NO

1984–2021 Meta-analysis
(fixed effect
IVW)

2 Self-report,
hospital
diagnosed,
radiographic

7% cases logOR Musculoskeletal Knowledge
Portal (KP.Format.GO.FILTER.GW.
HandOA.FULL.09052019.txt.gz)

[12]

Knee OA (no
UKBBa)

298,274 European (1% East
Asian)

UK, IS, EE, JP,
NL, GR, US, NO

1984–2021 Meta-analysis
(fixed effect
IVW)

0 Self-report,
hospital
diagnosed,
radiographic

14% cases logOR NA [12]

Hip OA (no
UKBBa)

296,748 European UK, IS, EE, NL,
GR, US, NO

1984–2021 Meta-analysis
(fixed effect
IVW)

0 Self-report,
hospital
diagnosed,
radiographic

8% cases logOR NA [12]

Hand OA (no
UKBBa)

296,202 European UK, IS, EE, NL,
US, NO

1984–2021 Meta-analysis
(fixed effect
IVW)

0 Self-report,
hospital
diagnosed,
radiographic

7% cases logOR NA [12]

Depression 807,553 European UK, US 2006–2016 Meta-analysis
(fixed effect
IVW)

45 Self-report 31% cases logOR IEU Open GWAS project
(ieu-b-102)

[15]

Tiredness 449,019 European UK 2006–2010 Primary GWAS 100 Self-report Tired: Not at all
(46%), Several days
(39%), More than
half the days (6%),
Every day (6%)

Per unit change IEU Open GWAS project
(ukb-b-929)

[16]

Multisite
Chronic Pain

387,649 European UK 2006–2010 Primary GWAS 100 Self-report Sites of pain:
0 (56%), 1 (24%), 2
(12%), 3 (5%), 4
(2%), 5 (0.7%), 6
(0.2%), 7 (0.03%)

Per unit change University of Glasgow
Enlighten
(chronic_pain-bgen.stats.gz)

[17]

Irritable Bowel
Syndrome

486,601 European UK, US, IT, NL,
EE, SE, BE, NO,
DE

1995–2016 Meta-analysis
(fixed effect
IVW)

69 Self-reported,
hospital
diagnosed

11% cases logOR NHGRI-EBI GWAS catalog
(GCST90016564)

[18]

Gout 456,390 European UK 2006–2010 Primary GWAS 100 Hospital
diagnosed

1% cases logOR IEU Open GWAS project
(ukb-b-13251)

[16]

a UKBB, UK Biobank.
b Standard two letter country codes were used to describe each country included in the study.
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20 years, and gout and irritable bowel syndrome were the leading
comorbidities associated with ankle/foot OA within 20 years. The asso-
ciation between OA and fibromyalgia and the aforementioned conditions
(with the exception of gout) is consistent with a central pain sensitisation
hypothesis of OA (where OA diagnosis is driven by pain perception) as
opposed to a peripheral mechanism hypothesis (where OA is due to
accumulated damage to the joints) [7].

The reason for the frequent co-occurrence of OA with comorbidities
remains largely unknown. It may be because of shared risk factors such as
ageing, or because of OA itself, the comorbidities themselves or the
medication used. However, using observational studies to investigate
such concurrence always runs the risk of bias due to unmeasured con-
founding. An alternative method for estimating causal effects is Mende-
lian Randomisation (MR), where genetic variants are used as
instrumental variables for a given exposure, which are randomly
assigned and are not influenced by later environmental confounders.
However, this rests on the assumption that the genetic variants used are
valid instrumental variables for the exposure being measured [8]. OA is
represented differently at different joints, for example OA in the hand is
different from knee OA. The association of different joint specific OA
with comorbidities is not yet well studied.

Even though we previously explored the bidirectional association
between OA and different comorbidities using an epidemiological
observational study design, the causal relationship is difficult to explain
[6]. We therefore decided to perform a bidirectional MR analysis to
investigate the causal relationship between three subtypes of symptom-
atic OA (Knee, Hip and Hand OA) and the five least studied comorbid-
ities, namely fibromyalgia (which we proxied with multisite chronic
Fig. 1. MR analysis for causality from OA to comorbidities
GO, Genetics of Osteoarthritis, GWAS, Genome Wide Association Study, OA, Osteoart
Inverse-Variance Weighted (analysis).

3

pain, a core symptom of fibromyalgia [9]), depression, fatigue (which we
proxied with self-reported tiredness [10]), IBS and gout (which we
included in order to proxy peripheral mechanisms of OA).

2. Materials and methods

This study used a Two-Sample MR framework, where genetic variants
proxying the exposure are identified in one population sample, and their
effects on an outcome are tested in a separate sample, as well as making
use of available summary statistics from GWAS. MR hinges on three core
assumptions, specifically: (i) the genetic variants are robustly associated
with the exposure being measured; (ii) the genetic variants are not
associated with known confounding variables; and (iii) the genetic var-
iants only affect the outcome through the exposure (i.e., no horizontal
pleiotropy) [8]. This study is part of an international collaborative
project on Comorbidities in Osteoarthritis (ComOA) [11].

2.1. Main analysis

2.1.1. Data sources

2.1.1.1. OA. This analysis used the most recent and largest GWAS of OA
to identify the genetic instruments used, which to date is the Genetics of
OA (GO) Consortium meta-analysis [12]. GO Consortium includes UK
Biobank as a contributing cohort. The consortium data includes partici-
pants from European and East Asian (1% of the Knee OA sample, inde-
pendent of UK Biobank) ancestry populations from the UK, Iceland,
Estonia, Japan, the Netherlands, Greece, China, the USA and Norway
hritis, MRC-IEU, Medical Research Council-Integrative Epidemiology Unit, IVW,
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from 1984 onwards. Participants were selected from a range of
cross-sectional and longitudinal studies and registries, and OA cases were
defined as symptomatic (i.e., self-reported joint pain), radiographic and
hospital diagnosed (i.e., ICD-10 codes) OA. In total, GWAS from 13 co-
horts contributed to the meta-analysis, with the summary single nucle-
otide polymorphism (SNP) values being pooled using a fixed effects
inverse variance weighting (IVW) method. All studies were approved by
local research ethics committees. The GO Consortium performed GWAS
for multiple OA phenotypes, and this analysis used the following as ex-
posures: Knee OA (62,497 cases, 333,557 controls), Hip OA (N ¼ 35,445
cases, 316,943 controls) and Hand OA (20,901 cases, 282,881 controls;
defined as OA in the carpometacarpal joints) [12]. We chose not to use
results from the All OA (N ¼ 177,517 cases, 649,173) GWAS, which
included patients with any OA phenotype as cases [12], as OA pathology
is mechanistically different per joint site [13], potentially leading to
causal effects cancelling each other out.

2.1.1.2. Comorbidities. We reported findings of five comorbidities,
namely fibromyalgia (which we proxied with multisite chronic pain, a
core symptom of fibromyalgia [9]), depression, fatigue (which we
proxied with self-reported tiredness [10]), IBS and gout in this manu-
script. The ComOA consortium is also exploring associations with other
conditions, not of interest to this manuscript.

To test the effect of comorbidities on OA, we selected genetic in-
struments from the largest available GWAS that had published its results
in a peer reviewed journal, or was made available for external analysis,
up until July 2022.

A summary of the different data sources used for this study can be
found in Table 1. For depression, the largest published GWAS did not
report the summary statistics, so the identified SNPs could not be used for
Fig. 2. MR analysis for causality from comorbidities to OA
GO, Genetics of Osteoarthritis, GWAS, Genome Wide Association Study, OA, Osteoart
Inverse-Variance Weighted (analysis).

4

MR directly [14]. Therefore, to select genetic instruments, we used the
Howard et al., 2019 GWAS (246,363 cases, 561,190 controls) [15] which
was ameta-analysis of three earlier GWAS, includingUKBiobank [15]. To
proxy fatigue, we used frequency of tiredness [10]. The largest published
GWAS of frequency of tiredness only reported one genome-wide signifi-
cant SNP [10], hence we instead used an unpublished GWAS of frequency
of tiredness from theMedical Research Council-Integrative Epidemiology
Unit (MRC-IEU) GWAS pipeline [16]. To proxy fibromyalgia, we used
multisite chronic pain [9]. The largest available GWAS for multisite
chronic pain was Johnson et al., 2019 [17]. For IBS the largest available
GWAS was the Eijsbouts et al., 2021 GWAS (53,400 cases, 433,201 con-
trols) [18], which was a meta-analysis of three GWAS from two cohorts,
including UK Biobank. The UK Biobank cohort was split between IBS
questionnaire responders and non-responders to reduce confounding
[18]. For gout, we used the unpublished 2018 GWAS of gout based on
self-reported non-cancer illness codes from the MRC-IEU GWAS pipeline
[16].

2.2. Statistical analysis methods

2.2.1. Instrumental variable selection
We extracted the genetic instruments from the genome-wide data set

for the exposure being measured. Of the genome wide significant (p <

5e�8) SNPs extracted from the data set, we used LD clumping to identify
the lead SNPs, excluding all non-independent SNPs at a threshold of r2 �
0.001 within an LD window of 1000 kb. For datasets accessible on the
MRC IEU database, this was achieved in R (version 4.1.2) using the
TwoSampleMR R package [16]. For publicly available datasets that were
not available on the MRC IEU database, this was achieved using the
“ieu-gwas-r” package [19].
hritis, MRC-IEU, Medical Research Council-Integrative Epidemiology Unit, IVW,
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To ensure that our effect estimates represented the effect of increased
exposure risk on an outcome, all SNP associations were harmonized to
the exposure increasing allele before analysis [20]. SNPs that are both
palindromic and indistinguishable allele frequencies (MAF>0.499) were
excluded from the analyses, as were SNPs that were not available in all
data sets. When MR was performed, SNPs were weighted by their re-
ported exposure association, Steiger filtering was applied to remove SNPs
that explained greater variance for outcome than exposure [21]. To
perform Steiger filtering, we estimated the F-statistic for each SNP
association.

After performing the analysis, we estimated the minimal detectable
odds ratio for an effect on the outcome, given 80% power, p-value of
0.05, the exposure GWAS sample size and the total variance explained by
the genetic instruments [22].

2.2.2. Inverse variance weighted (IVW) method
Once the instrumental variables were selected, we independently

extracted individual SNP-outcome associations and individual SNP-
exposure associations from the data sets. These associations were
measured either in the natural-log odds ratio (logOR), or per unit change.
We then calculated the ratio of the SNP-outcome association over the
SNP-exposure association (i.e., Wald ratios) and pooled the results by
joint site (Knee OA, Hip OA and Hand OA). In addition, we also pooled
Fig. 3. Causal estimates between comorbidities and Knee OA
a) OR, Odds Ratio, PUC, Per Unit Change, CI, confidence interval, MCP, multisite ch
b) Darker line and text mean p < 0.05 for both main and sensitivity.

5

the Wald ratio results by each comorbidity (i.e., all OA SNPs effect on the
comorbidity, and the comorbidity SNPs effect on all joint sites simulta-
neously) to get the Average Causal Effect of/on OA. We used the Two-
SampleMR package [16] to estimate both the individual and the overall
causal effects using random effects IVW analysis (the random effects
model being used to control for between SNP heterogeneity). For the
individual Wald ratios, we presented them on forest plots to examine the
heterogeneity visually and to present I2 values that we estimated from the
IVW analyses Q statistics. Where the exposure was in logOR, the overall
causal estimate was multiplied by 0.693 (i.e., log (2)), to be equivalent to
the change per 2-fold increase in the binary exposure [23]. Where the
exposure was per unit change, the original measure was used, hence
equivalent to the change per 1 unit change increase in the exposure.

2.2.3. Sensitivity analysis
In Two Sample MR, there is a risk that if the two samples have an

overlapping population, the MR result will be biased towards the
confounded association when using weak instruments. This is an issue
when the GO Consortium GWAS includes UK Biobank, and the selected
comorbidity GWAS datasets are 45–100% UK Biobank participants.
However, if the genetic instruments are strong (F-statistic >10) then this
bias is less likely to be an issue [24], therefore we used the GO Con-
sortium meta-analysis with UK Biobank (which produced more
ronic pain, IBS, irritable bowel syndrome, OA, osteoarthritis
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genome-wide significant hits) as the main result. Nonetheless, as a
sensitivity analysis, we independently used GWAS data sets from the GO
Consortium meta-analysis GWAS without UK Biobank (Knee OA, 42,996
cases, 255,278 controls; Hip OA, 25,159 cases, 271,589 controls; Hand
OA, 19,385 cases, 276,817 controls) [12] for both the OA to comorbid-
ities and comorbidities to OA MR analyses. Note, as this was a sensitivity
analysis for the main IVW estimates, we chose not to present the
MR-Egger and weighted median estimates for this analysis.

In addition, we undertook two other methods to verify the results,
specifically: i) MR-Egger, which uses the SNP-exposure and SNP-outcome
associations as equivalent to points for linear regression, with the inter-
cept value being used to determine the presence of horizontal pleiotropy
[25]; and ii) weighted median analysis, where the median value for all
the estimates is selected to reduce the impact of weak instruments
(providing less than 50% of the variants are weak instruments) [26].

2.3. Patient and public involvement

Three PPI representatives with OA were involved in this study
through group meetings. They provided their inputs at each step of the
study, including discussions about the struggles of living with multiple
conditions, the lack of research in causal relationship andmanagement of
multimorbidity, and the importance for this study. The results of the
Fig. 4. Causal estimates between comorbidities and Hip OA
a) OR, Odds Ratio, PUC, Per Unit Change, CI, confidence interval, MCP, multisite ch
b) Darker line and text mean p < 0.05 for both main and sensitivity.
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study were shared with the members in lay-person language and their
inputs were considered in writing the manuscript.

3. Results

We performed bi-directional MR, estimating the causal effects both of
OA on comorbidities (Fig. 1) and comorbidities on OA (Fig. 2). Of the
participants included in our analysis, >99% came from European
ancestry backgrounds in developed countries. At maximum there was a
25% overlap between the exposure and outcome (main Knee OA with
tiredness, multisite chronic pain and gout). Details of the minimum odds
ratios and mean F statistics for each analysis can be found in Supple-
mentary Table 1. All the analysis performed had amean F statistic greater
than 10 (range ¼ 33.49 to 133.78; Supplementary Table 1).

3.1. Effect of OA on comorbidities

There was inconsistent evidence of a causal effect of Knee OA on
depression, multisite chronic pain, and gout (Fig. 3). There was no causal
effect of any subtype of OA on tiredness or IBS. However, there was
consistent evidence (i.e., p-value <0.05 for both the main and sensitivity
analyses) of a causal effect of Hip OA on multisite chronic pain (Fig. 4).
No evidence of causal effects was seen for Hand OA (Fig. 5), and there
ronic pain, IBS, irritable bowel syndrome, OA, osteoarthritis
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was a consistent Average Causal Effect of OA on multisite chronic pain
and inconsistent evidence for a causal effect on tiredness (Fig. 6).

Supplementary Table 2 presents the SNP-associations for this anal-
ysis, Supplementary Figs. 1–5 present additional forest plots of the causal
effects and Supplementary Figs. 6–15 present the Wald ratio effects for
the SNPs used.

3.2. Effect of comorbidities on OA

There was consistent evidence of a causal effect of depression on Knee
OA, Hand OA, and Pooled OA, but inconsistent evidence of a causal effect
on Hip OA (Figs. 3–6). There was consistent evidence of a causal effect of
tiredness on Knee OA, Hand OA, and an Average Causal Effect on OA
(Figs. 3, 5 and 6). There was consistent evidence of a causal effect of
multisite chronic pain on all OA subtypes and an Average Causal Effect on
OA (Figs. 3–7). There was no causal effect of IBS on any subtype of OA.
There was inconsistent evidence of a protective effect of gout on Hip OA
and an Average Causal Effect on OA (Figs. 4 and 6).

Supplementary Table 3 presents the SNP-associations for this anal-
ysis, Supplementary Figs. 16–18 present additional forest plots of the
causal effects and Supplementary Figs. 19–27 the Wald ratio effects for
the SNPs.
Fig. 5. Causal estimates between comorbidities and Hand OA
a) OR, Odds Ratio, PUC, Per Unit Change, CI, confidence interval, MCP, multisite ch
b) Darker line and text mean p < 0.05 for both main and sensitivity.
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3.3. Other sensitivity analyses

For the MR-Egger analysis, there was no evidence of horizontal
pleiotropy for most of the consistent causal effects in the main analysis,
apart from the effect of multisite chronic pain on Hand OA, where plei-
otropy was detected, and the direction of effect changed. There was also
evidence of a protective effect of Hand OA on depression and multisite
chronic pain when adjusting for pleiotropy, and a protective effect of IBS
on all OA subtypes.

For the weighted median analysis, all the consistent causal effects
from the main analysis were replicated, apart from the effect of depres-
sion and tiredness on Hand OA (though the point estimates were still
consistent with the main causal effects). Evidence was also found for an
effect of Knee OA on multisite chronic pain, IBS and gout, Hand OA on
tiredness and gout on Hip OA.

Supplementary Table 4 presents the results for fixed effects IVW, MR-
Egger and the weighted median analysis.

4. Discussion

We used two sample MR methods to investigate bidirectional causal
relationships between subtypes of symptomatic OA and five common
ronic pain, IBS, irritable bowel syndrome, OA, osteoarthritis



Fig. 6. Average Causal Effects between OA and comorbidities
a) OR, Odds Ratio, PUC, Per Unit Change, CI, confidence interval, MCP, multisite chronic pain, IBS, irritable bowel syndrome, OA, osteoarthritis
b) Darker line and text mean p < 0.05 for both main and sensitivity.
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comorbidities. The key findings are: (i) there was a bidirectional causal
association between Hip OA and multisite chronic pain, (ii) there was
consistent evidence of causal effect of multisite chronic pain on all types
of OA, and (iii) there was a causal effect of depression and tiredness on
Knee OA and Hand OA. The findings were supported by the sensitivity
analysis with and without the UK Biobank data, as well as supported by
the other two MR analyses, apart from the horizontal pleiotropy bias
observed for Hand OA. Some consistent evidence was also observed for
an Average Causal Effect on OA for depression, tiredness and multisite
chronic pain, but that needs to be taken with caution due to the het-
erogeneity between, and double counting SNPs for the different pheno-
types of OA.

The general finding of the effects of comorbidities on OA being
stronger than the effects of OA on comorbidities is consistent with a
previous study by Barowsky et al., 2021 [27] for depression. The evi-
dence of a causal effect of Hip OA on multisite chronic pain is consistent
with cross-sectional research which found that 58% of patients diagnosed
with radiographic Hip or Knee OA (rather than purely symptomatic OA)
reported low back pain and pain at peripheral sites [28]. Further evi-
dence of a causal effect of Hip OA on chronic pain comes from the
observation that hip replacement is associated with long term change in
brain structures linked to pain processing [29]. The relatively weak ev-
idence of a causal relationship in our study between Hip OA and tiredness
8

contrasts with earlier observations of an association between fatigue and
Hip OA [30]. The finding of multisite chronic pain having a stronger
effect on OA than of OA on multisite chronic pain is counter to studies
which suggest that OA (particularly Knee OA) occurs before diagnosis of
fibromyalgia [6,31]. Similarly, previous studies have observed that prior
diagnosis of Knee OA is associated with later diagnosis of depression
[32], which was contradicted by our findings. However, these are all
observational studies, either cross-sectional or cohort design. The former
can only define association whereas the latter can only define tempo-
rality, and none can define causality.

Large estimates detected for depression, tiredness and multisite
chronic pain on OA is consistent with an important role of central pain
sensitisation in symptomatic OA and the association with depression and
anxiety and other pain traits [33]. Pain sensitisation has been shown to
have a genetic component [17,34], meaning it varies between in-
dividuals. It is hypothesized that people with more pain sensitisation are
more likely to be diagnosed earlier than those with less pain sensitisation
[7]. A central pain sensitivity mechanism could potentially be explained
with the delta-sleep deprivation hypothesis, leading to pain sensitisation
and an increased diagnosis of fibromyalgia and OA [35]. However, other
studies have suggested that general sleep quality is more strongly asso-
ciated with fibromyalgia and OA than any specific pattern of sleep [36].
Another possible mediator of the effects of depression, tiredness and



Fig. 7. Multisite chronic pain SNP effects on OA
a) OA, Osteoarthritis, GO, Genetics of Osteoarthritis, MCP, Multisite Chronic Pain, IVW, Inverse Variance Weighted
b) The scale of the forest plots is untransformed logOR.
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multisite chronic pain on OA could be BMI. BMI has been shown to be
strongly associated with depression [17,37], fatigue [38] and multisite
chronic pain [17,39], as well as having a direct causal effect on Knee OA
due to increased joint strain [40].

For the effect of Hip OA on multisite chronic pain, it is possible that
pain and biomechanical changes associated with Hip OA cause secondary
biomechanical insults to other lower limb joints and to the lumbar spine.
This may lead to additional pain at these sites and has been suggested as a
likely explanation for the association betweenHipOAand lower backpain
[41].

4.1. Strengths and limitations

This studyused the largest availableGWASofOA, including the largest
non-UK Biobank GWAS of OA for the sensitivity analysis [12]. All our
genetic instruments had anaverage F-statistic greater than10, limiting the
risk of weak instrument bias [24]. However, there were numerous esti-
mates that were inconsistent between the full meta-analysis GWAS data
set and the data set without UK Biobank. Given that the full GWAS
meta-analysis includesUKBiobank (2% for HandOA, 16% forHipOA and
25% for Knee OA), there may be bias linked to overlapping samples and
weak instruments for these estimates. The only causal effect of OA on a
comorbidity was Hip OA on multisite chronic pain. However, more SNPs
could be identified for Hip OA than for the other joint sites, meaning a
greater amount of variance inHipOAcouldbe explained, hence the lack of
associations could be due to statistical power. There was also some evi-
denceof horizontal pleiotropy inour estimates, namely estimates forHand
OA and irritable bowel syndromes effects on outcomes. The uncertainty in
the effect of comorbidities onHandOA is consistentwith thefinger, thumb
and wrist joints being non-load bearing, making any pain in these regions
less noticeable [42], consistentwith the central pain hypothesis. For IBS, it
should be noted that the IBS variant with the largest negative association
with OA (rs12549729; CLDN23) was not reported in the original GWAS
due to quality control issues [18]. Whilst there is the possibility that much
of the effects detected in this study could bemediated by BMI, it is beyond
the scope of this study, which is focussed on specific comorbidities, to
investigate. Depression, tiredness andmultisite chronic pain are traits that
are strongly correlated with each other, thus there is a potential risk of
violation of the second assumption of MR. Whilst we did not attempt to
identify the effects of these comorbidities independently from each other,
this could be achieved using multivariate MR methods [43]. Also, as a
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large percentage of the GO consortium GWAS of OA [12] is based on
self-reported symptomatic OA, this study is less relevant to understanding
the causal relationship of comorbidities with OA pathology. This study
was conducted using data derived from predominately (>99%) European
ancestry populations, thus the findings (particularly those for depression
and OA) may not replicate in African [44] or Asian [45] ancestry
populations.

Given the evidence found in this study for a causal effect of comor-
bidities linked to central pain sensitisation on all types of OA, it is
possible that psychological interventions to help patients deal with pain
could be effective at reducing the pain due to OA [46]. However, due to
the strong correlation between the central pain comorbidities and BMI
[17,37–39], further research is needed to differentiate the effects of
central mechanisms (i.e., multisite chronic pain, depression, and fatigue)
from the genetically correlated peripheral mechanisms (i.e., BMI).

In conclusion, we have found consistent evidence of bidirectional
causal effect of Hip OA and multisite chronic pain, consistent evidence of
a causal effect of multisite chronic pain on all types of OA, and depression
and tiredness on Knee and Hand OA. However, this is just the first step to
investigate the causality between OA and five common comorbidities.
Further study is needed to confirm the results and to understand the
mediating pathways of these causal relationships and potential targets
for further treatment.
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