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Objective: We aimed to investigate the causal relationships between social isolation and
osteoarthritis.

Methods: Publicly available genome-wide association study (GWAS) summary statistics of
social isolation and osteoarthritis in European population were obtained from the Neale lab
Consortium and the Medical Research Council-Integrative Epidemiology Unit (MRC-IEU)
consortium, respectively. Single nucleotide polymorphisms (SNPs) associated with the traits
were identified by P < 5x10°® and linkage disequilibrium r* < 0.1. Three Mendelian
randomization (MR) methods including the inverse-variance weighted (IVW) method,
weighted median estimator, and MR-Egger regression were used to assess the potential
causal effect of social isolation on osteoarthritis and the potential causal effect of osteoar-
thritis on social isolation. Leave-one-out analysis and test of directional horizontal pleiotropy
via MR-Egger regression were performed as sensitivity analyses.

Results: When evaluating the causal effect of social isolation on osteoarthritis, five SNPs
(rs12364432, 1513291079, 152352075, rs4958586, rs599550) significantly associated with
social isolation were studied as instruments, and social isolation was found to be causally
associated with increased risk of osteoarthritis (odds ratio [OR] 1.197 (95% confidence
interval (CI) 1.096—1.308) estimated by the IVW method). When evaluating the causal effect
of osteoarthritis on social isolation, six SNPs (rs10405617, rs12133235, rs13107325,
1rs2290573, rs3771501, rs75621460) significantly associated with osteoarthritis were studied
as instruments but no causal effect of osteoarthritis on social isolation was found (OR 1.104
(95% CI 0.887—-1.375) estimated by the IVW method). Consistent causal relationships were
observed when estimated by the weighted median estimator and MR-Egger regression.
Leave-one-out analysis and test of directional horizontal pleiotropy suggested the robustness
of the above findings.

Conclusion: Social isolation is causally associated with osteoarthritis, and further work is
needed to investigate the potential mechanisms.
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Introduction

Social relationships are well-established determinants of both mental and physical
health.! As one of the social determinants of health, social isolation can generally be
defined as a state of complete or near-complete lack of contact between an individual and
society,” although the way it was defined and measured might vary between studies.*

An increased prevalence of social isolation has been observed, especially among the
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elderly, which is heightened by the coronavirus disease 2019
(COVID-19) pandemic.® Therefore, to understand the poten-
tial effects of social isolation on well-being is important in
a post-COVID-19 world.”® So far, social isolation has been
demonstrated as a risk factor for various conditions, including
coronary artery disease, stroke, and cancers.” '

As a rheumatic musculoskeletal disorder, osteoarthritis is
another highly prevalent condition in the elderly which has
a considerable impact on an individual patient (eg, pain and
disability) and causes heavy economic burden.'* The associa-
tion between osteoarthritis and social isolation has been inves-
tigated. A prospective observational study included about
2000 elderly individuals from six European countries and
found clinical osteoarthritis increased the risk of social
isolation.'* Intuitively, it is rather reasonable to speculate that
osteoarthritis may have a causal effect on developing social
isolation. However, given the nature of the observational study
design, association does not imply causation. Considering that
bidirectional associations are common between social deter-
minants and health,'” reverse causality cannot be ruled out
between osteoarthritis and social isolation. Obviously, it is
important to investigate the potential causal relationships
between osteoarthritis and social isolation, since social isola-
tion has been widely adopted as a measure against the
COVID-19 pandemic.

Methodologically, a well-conducted randomized con-
trolled trial is an ideal tool to investigate potential causal
relationships, while for social determinants, such as social
isolation, it would be impracticable due to ethical concern.
As an increasingly used observational epidemiological
method, Mendelian randomization (MR) is an analytical
method that uses genetic variants as instrumental variables
to assess the causal effect between exposure and
outcome.'®'” Similar to a natural experiment of randomiza-
tion, when cells divide during meiosis, genetic variants in the
populations have been randomly allocated, making MR less
likely to be affected by confounding or reverse causation than
conventional observational studies.'”!® In addition, com-
pared to the traditional single sample MR method, as one
of the statistical methods for MR, the two-sample MR
method provides an opportunity to substantially increase
the statistical power by incorporating data from multiple
sources, in which two different study samples are used to
estimate the instrument-exposure and instrument-outcome
associations to estimate a causal effect of the exposure on
the outcome.'®!'? This method has been successfully applied
to the investigation into the causal relationships between
social isolation and Alzheimer’s disease,”® while currently

there are no available studies that use the MR method to
study the causal relationships between social isolation and
osteoarthritis. Thus, in the present study, we used the two-
sample MR method to explore the potential causality
between social isolation and osteoarthritis.

Materials and Methods

Data Sources

Via the R package “TwoSampleMR” (version 0.5.6), we
accessed to the publicly available genome-wide associa-
tion study (GWAS) summary statistics provided by the
Integrative Epidemiology Unit (IEU) GWAS database
(http://gwas-api.mrcieu.ac.uk/, Medical Research Council
(MRC), University of Bristol).”! As presented in Table 1,
genetic variants associated with social isolation came from

the Neale lab Consortium, which contained 58,752 cases
and 273,511 controls. The total number of single nucleo-
tide polymorphism (SNP) was 10,894,596; genetic var-
iants associated with osteoarthritis from the MRC-IEU
consortium, which contained 38,472 osteoarthritis patients,
424,461 controls, as well as 9,851,867 SNPs.

Genetic Variants Associated with Social

Isolation and Osteoarthritis

When evaluating the causal effect of social isolation on
osteoarthritis, to select the SNPs associated with social iso-
lation as instruments, we used the threshold of statistical
significance as previous (P < 5 x 10°%, linkage disequili-
brium r* < 0.1).** Similarly, when evaluating the causal
effect of osteoarthritis on social isolation, we identified the
SNPs associated with osteoarthritis as instruments using the
same criteria (P < 5 x 105, linkage disequilibrium r* < 0.1).

Estimation of the Causal Relationships

Three MR methods were utilized to explore the causal
relationships between social isolation and osteoarthritis
(including the causal effect of social isolation on osteoar-
thritis, and the causal effect of osteoarthritis on social
isolation). The inverse-variance weighted (IVW) method
is the most classical statistical MR method, which uses
a meta-analysis approach to combine the Wald ratio
estimates of the causal effect obtained from different
SNPs.2"?* The IVW method relies on the assumption
that all the included SNPs are valid
? so the weighted median estimator is used

instrumental
variables,?
to further verify the causality estimated by the IVW
method. Unlike the IVW method, the premise of the
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Table | Details of the Traits Used in the Study

Trait Social Isolation Osteoarthritist
ID ukb-a-239 ukb-b-14486
Year 2017 2018

Author Neale Ben Elsworth
Consortium Neale Lab MRC-IEU*

Sex Males and Females Males and Females

Population European European

Unit SD SD

No. SNP 10,894,596 9,851,867

Sample size 332,263 462,933

Build HGI9/GRCh37 HGI19/GRCh37

Category NA Binary

No. case 58,752 38,472

No. control 273,511 424,461

Note http://www.nealelab.is/uk-biobank Output from GWAS pipeline using Phesant derived

variables from UKBiobank

Notes: 'Self-reported osteoarthritis; *Output from genome-wide association study (GWAS) pipeline using Phesant-derived variables from UK Biobank.
Abbreviations: ID, identity; MRC-IEU, Medical research council-Integrative Epidemiology Unit; SD, standard deviation; SNP, single nucleotide polymorphism; NA, not

available.

weighted median estimator allows up to half of the SNPs
are not valid instrumental instruments.”* We also use the
MR-Egger regression to estimate the investigated causal
relationships, which do not rely on non-zero mean
pleiotropy.”” To further examine the robustness of the
estimated causal relationships, a leave-one-out analysis
(which estimated the causal effect after excluding every
single SNP) and a test of directional horizontal pleio-
tropy (via the intercept term of MR-Egger regression)
were performed as sensitivity analyses. The R program
(R Core Team (2019). R: A language and environment
for statistical computing. R Foundation for Statistical

Computing, Vienna, Austria. URL https://www.
R-project.org/) was used to conduct all the analyses.

Results

Causal Effect of Social Isolation on
Osteoarthritis

When evaluating the causal effect of social isolation on
osteoarthritis, five SNPs were included as instruments for
social isolation (rs12364432, 1s13291079, 1s2352075,
rs4958586, 1s599550). As presented in Table 2, the variation
in the associations with social isolation was 0.056% among

Table 2 Associations of the Included SNPs with Social Isolation (Exposure) and Osteoarthritis (Outcome)

SNP EA Chromosome Location Social Isolation (Exposure) Osteoarthritis (Outcome)

EAF B SE P EAF [} SE P
rs12364432 | A I 0347 | -0.007 | 0001 | 3.25xI0°'" | 0346 | -0.001 | 0.001 | 0.160
rs13291079 C 0.425 —0.006 0.001 5.35x107° 0.423 —0.001 0.001 0.110
rs2352075 C 0.117 0.009 0.001 4.40%107'° 0.118 0.003 0.001 2.30x1073
rs4958586 A 5 0.632 0.006 0.001 1.01x10°8 0.632 0.000 0.001 0.550
rs599550 A 18 0.848 0.008 0.001 3.08x10°° 0.848 0.002 0.001 0.025

Abbreviations: SNP, single nucleotide polymorphism; EA, effect allele; EAF, effect allele frequency; SE, standard error.
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these five SNPs. The F statistic is a commonly used indicator
for evaluating the bias of weak instrumental variables.”® In
the present study, the F statistic was 37, greater than 10 to
effectively avoid the bias caused by weak instrumental vari-
ables. Associations of the five SNPs with the outcome of
osteoarthritis are also presented in Table 2.

The causal relationship between social isolation and
osteoarthritis estimated by using each single SNP as the
instrument is presented in Figure 1. When the multiple
SNPs were used as an instrument for social isolation, social
isolation was found to be causally associated with increased
risk of osteoarthritis (odds ratio [OR] 1.197 per SD increase
(95% confidence interval (CI) 1.096—1.308) estimated by the
IVW  method).
observed when estimated by the weighted median estimator,

Consistent causal relationships were
and MR-Egger regression (Table 3 and Figure 1). Figure 2
presents the relation between the effect sizes of the SNP-

social isolation association (SD units) and the SNP-

rs2352075

osteoarthritis associations (log OR) with standard error
bars, in which the slopes of the lines correspond to causal
estimates using each of the three different methods.

Causal Effect of Osteoarthritis on Social

Isolation
When evaluating the causal effect of osteoarthritis on
social isolation, six SNPs were included as instruments
for  social isolation  (rs10405617, rs12133235,
rs13107325, rs2290573, rs3771501, rs75621460). As pre-
sented in Table 4, the variation in the associations with
social isolation was 0.062% among these six SNPs, and
the F statistic was 46, which was also greater than 10.
Associations of the six SNPs with the outcome of social
isolation are also presented in Table 4.

The causal relationship between osteoarthritis and social
isolation estimated by using each single SNP as the instru-
ment is presented in Figure 3. When the multiple SNPs were

rs599550

rs13291079

rs12364432

All - MR Egger

All - Weighted median

All - Inverse variance weighted

0.00 0.25

' ' '
0.50 0.75 1.00
MR effect size for

‘Loneliness isolation || id:ukb-a-239' on ‘Non-cancer iliness code, self-reported: osteoarthritis || id:ukb-b-14486"

Figure | Forest plot of the causal effect of social isolation on osteoarthritis. Black points represent the log odds ratio for osteoarthritis per standard deviation increase in
social isolation, which is produced by using each single nucleotide polymorphism (SNP) selected as a separate instrument. Red points show the combined causal estimate
using all SNIPs together as a single instrument, using the three different Mendelian randomization methods. Horizontal line segments denote 95% confidence intervals of the

estimate.

6780 "

Dove!

International Journal of General Medicine 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Zheng et al

Table 3 Causal Effect of Social Isolation on Osteoarthritis

Methods B SE OR (95% CI)
IVW method 0.180 0.045 1.197
(1.096-1.308)
Weighted median estimator 0.160 0.058 1.174
(1.047-1.316)
MR-Egger regression 0.565 0.250 1.759
(1.078-2.870)

Abbreviations: SE, standard error; OR, odds ratio; Cl, confidence interval; IVW,
inverse-variance weighted; MR, Mendelian randomization.

used as an instrument for osteoarthritis, no causal effect of
osteoarthritis on social isolation was observed (OR 1.104 per
SD increase, 95% CI 0.887—-1.375, estimated by the IVW
method). Consistent results were found when estimated by
the weighted median estimator, and MR-Egger regression
(Table 5, Figures 3 and 4).

MR Test

Inverse variance weighted

/ MR Egger

0.003-

0.002-

0.001-

0.000-

SNP effect on Non-cancer illness code, self-reported: osteoarthritis || id:ukb-b-14486

0.006

Sensitivity Analysis

The result of leave-one-out analysis indicated that the
causal estimation was not biased or driven by any included
SNP when evaluating the causal effect of social isolation
on osteoarthritis (Figure 5). For the test of directional
horizontal pleiotropy, the P value of the pleiotropy was
relatively large, and the result was less likely to be affected
by genetic pleiotropy (MR-Egger regression intercept=
—0.003, standard error=0.002, P=0.215), suggesting the
robustness of the above findings. Result of leave-one-out
analysis for the evaluation of the causal effect of osteoar-
thritis on social isolation is presented in Figure 6.

Discussion
To the best of our knowledge, this is the first two-sample
MR analysis to investigate the causal relationships

between social isolation and osteoarthritis. This study

Weighted median

0.008 0010

SNP effect on Loneliness isolation || id:ukb-a-239

Figure 2 Scatter plot of the causal effect of social isolation on osteoarthritis. The plot presents the effect sizes of the single nucleotide polymorphism (SNP)-social isolation
association (x-axis, standard deviation units) and the SNP-osteoarthritis association (y-axis, log (odds ratio)) with 95% confidence intervals. The regression slopes of the lines

correspond to causal estimates using the three Mendelian randomization methods.
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Table 4 Associations of the Included SNPs with Osteoarthritis (Exposure) and Social Isolation (Outcome)

SNP EA Chromosome Location Osteoarthritis (Exposure) Social Isolation (Outcome)
EAF B SE P EAF B SE P

rs10405617 G 19 0.664 —0.003 0.001 430x1073 0.665 —0.001 0.001 0.601
rs12133235 C | 0.421 0.003 0.001 1.20x10°8 0.422 —0.001 0.001 0.225
rs13107325 T 4 0.075 0.01 0.001 9.00x10 " 0.075 0.003 0.002 0.052
rs2290573 A 15 0.56 0.004 0.001 2.90x10°¢ 0.567 —0.001 0.001 0.448
rs3771501 G 2 0.524 —0.004 0.001 1.40x10°8 0.526 —0.001 0.001 0.195
rs75621460 A 19 0.027 0.013 0.002 1.20x10°® 0.026 —0.000 0.003 0.965

Abbreviations: SNP, single nucleotide polymorphism; EA, effect allele; EAF, effect allele frequency; SE, standard error.

indicated that social isolation was causally associated with
an increased risk of osteoarthritis. In contrast, osteoarthri-
tis did not causally contribute to the level of social isola-
tion. The main implication of the current study includes:
(1) it establishes a causal relationship between social iso-
lation and osteoarthritis; (2) given the global exposure to

rs13107325

rs3771501

social isolation during the COVID-19 pandemic, the estab-
lished causal relationship suggests there might be an
increase in developing osteoarthritis after the pandemic,
and efforts are warranted either for prevention, screening,
or management; (3) the findings also warrant future studies
on the underlying mechanism of the causal relationship

rs10405617

rs75621460

rs2290573

rs12133235

All - MR Egger

All - Weighted median

All - Inverse variance weighted

-0.5

i .
0.0 0.5
MR effect size for

‘Non-cancer illness code, self-reported: osteoarthritis || id:ukb-b-14486' on 'Loneliness isolation || id:ukb-a-239"

Figure 3 Forest plot of the causal effect of osteoarthritis on social isolation. Black points represent the log odds ratio for social isolation by osteoarthritis, which is
produced by using each single nucleotide polymorphism (SNP) selected as a separate instrument. Red points show the combined causal estimate using all SNPs together as
a single instrument, using the three different Mendelian randomization methods. Horizontal line segments denote 95% confidence intervals of the estimate.
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Table 5 Causal Effect of Osteoarthritis on Social Isolation

Methods B SE OR (95% CI)
IVW method 0.099 0.112 1.104
(0.887-1.375)
Weighted median estimator 0.166 0.134 1.181
(0.908-1.536)
MR-Egger regression 0.352 0.262 1.422
(0.851-2.374)

Abbreviations: SE, standard error; OR, odds ratio; Cl, confidence interval; IVW,
inverse-variance weighted; MR, Mendelian randomization.

between social isolation and osteoarthritis, which may also
provide insight into novel target for management of
osteoarthritis.

The main strength of our study is the MR study design,
which helps to establish a causal relationship between
social isolation and osteoarthritis. It has been well known
that social isolation is harmful to both physical and psy-
chological health.""'""'? Previous observational studies

MR Test

Inverse variance weighted

/ MR Egger

SNP effect on Loneliness isolation || id:ukb-a-239

-0.002 -

0.004 0.008

have already established the association between social
isolation and osteoarthritis.'*?’ However, the traditional
observational study designs are susceptible to interference
from reverse causality and confounding factors, which
limits the understanding of the relationship between social
isolation and osteoarthritis. More importantly, different
from general physical risk factors, the causal relationships
between mental determinants and physical conditions are
usually more complicated, which could be bidirectional.
The development of MR methods, especially the two-
sample MR method, makes it easier and feasible to explore
causal relationships in an observational way. To explore
whether there was also a bidirectional effect between
social isolation and osteoarthritis, we used the two-
sample MR method to evaluate the potential causal effect
of social isolation on osteoarthritis, and the potential cau-
sal effect of osteoarthritis on social isolation, respectively.
Such an investigation has not been reported before, which
helps to fill in the knowledge gap in this topic. In addition,

Weighted median

0.012

SNP effect on Non-cancer iliness code, self-reported: osteoarthritis || id:ukb-b-14486

Figure 4 Scatter plot of the causal effect of osteoarthritis on social isolation. The plot presents the effect sizes of the single nucleotide polymorphism (SNP)-osteoarthritis
association (x-axis, standard deviation units) and the SNP-social isolation association (y-axis, log (odds ratio)) with 95% confidence intervals. The regression slopes of the
lines correspond to causal estimates using the three Mendelian randomization methods.
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rs4958586

rs12364432

rs13291079

rs599550

rs2352075

Al

0.0 0.1

0.2 0.3

MR leave-one-out sensitivity analysis for
‘Loneliness isolation || id:ukb-a-239' on 'Non-cancer iliness code, self-reported: osteoarthritis || id:ukb-b-14486"

Figure 5 Leave-one-out analysis of the causal effect of social isolation on osteoarthritis. Each black point represents result of the inverse-variance weighted (IVW) method
applied to estimate the causal effect of social isolation on osteoarthritis excluding each particular SNP from the analysis. Each red point depicts the IVW estimate using all
SNPs. No single SNP is strongly driving the overall effect of social isolation on osteoarthritis in this leave-one-out sensitivity analysis.

in this study, we included large sample sizes through the
two-sample MR approach, which helps to mitigate bias
due to weak instrumental variables and provides the study
with enough power to detect robust causality.

Several possible mechanisms may explain the causal
effect of social isolation on osteoarthritis, in which the
active inflammation status of individuals under social
isolation may play a role. Elevated levels of proinflam-
matory cytokines have been observed in individuals
under social isolation, including tumor necrosis factor
alpha (TNFo), and interleukin-6 (IL-6).*® Meanwhile,
the level of IL-6 is associated with the degree of articu-
lar degeneration in osteoarthritis.”” Gut microbiota could
be another possible pathway. The change of gut micro-
biota in osteoarthritis has attracted more and more atten-

tion from researchers,:;o’31

while it has been reported
that psychosocial stress under social isolation leads to
the activation of the hypothalamic pituitary adrenal axis

and affects gut microbiota.’> Nevertheless, further

studies are warranted since our study cannot directly
provide evidence about the underlying mechanisms.
There were inevitably some limitations in our study.
First, all the included participants were derived from
European, so further research is needed to explore
whether the finding is able to be generalizable to other
populations. Second, both social isolation and osteoarthri-
tis were based on the self-report data, rather than objec-
tive measurements, which might lead to measurement
error. Third, due to the limitation of GWAS summary
data, we were not able to conduct further subgroup ana-
lysis or get a more prominent view of how social isola-
tion affected the occurrence and development of
osteoarthritis. Fourth, as an inherent limitation of the
two-sample MR method, sample overlap is possible in
our study. Due to data limitation, we are unable to
validate or improve this limitation. However, the large
F statistic for the instrument-exposure association in our
study suggests that this concern can be minimized.*?
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rs12133235

rs2290573

rs75621460

rs10405617

rs3771501

rs13107325

All

' i ) .
02 0.0 0.2 0.4

MR leave-one-out sensitivity analysis for
‘Non-cancer illness code, self-reported: osteoarthritis || id:ukb-b-14486' on 'Loneliness isolation || id:ukb-a-239"

Figure 6 Leave-one-out analysis of the causal effect of osteoarthritis on social isolation. Each black point represents result of the inverse-variance weighted (IVW) method
applied to estimate the causal effect of osteoarthritis on social isolation excluding each particular SNP from the analysis. Each red point depicts the IVW estimate using all
SNPs. No single SNP is strongly driving the overall effect of osteoarthritis on social isolation in this leave-one-out sensitivity analysis.
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