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Background
Increased rates of visual impairment are observed in people with
schizophrenia.

Aims
We assessed whether genetically predicted poor distance acuity
is causally associated with schizophrenia, and whether genet-
ically predicted schizophrenia is causally associated with poorer
visual acuity.

Method
We used bidirectional, two-sample Mendelian randomisation to
assess the effect of poor distance acuity on schizophrenia risk,
poorer visual acuity on schizophrenia risk and schizophrenia on
visual acuity, in European and East Asian ancestry samples
ranging from approximately 14 000 to 500 000 participants.
Genetic instrumental variables were obtained from the largest
available summary statistics: for schizophrenia, from the
Psychiatric Genomics Consortium; for visual acuity, from the UK
Biobank; and for poor distance acuity, from a meta-analysis of
case–control samples. We used the inverse variance-weighted
method and sensitivity analyses to test validity of results.

Results
We found little evidence that poor distance acuity was causally
associated with schizophrenia (odds ratio 1.00, 95% CI 0.91–

1.10). Genetically predicted schizophrenia was associated with
poorer visual acuity (mean difference in logMAR score: 0.024,
95% CI 0.014–0.033) in European ancestry samples, with a similar
but less precise effect that in smaller East Asian ancestry sam-
ples (mean difference: 0.186, 95% CI –0.008 to 0.379).

Conclusions
Genetic evidence supports schizophrenia being a causal risk
factor for poorer visual acuity, but not the converse. This high-
lights the importance of visual care for people with psychosis
and refutes previous hypotheses that visual impairment is a
potential target for prevention of schizophrenia.
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Schizophrenia

Multiple studies have found evidence of a cross-sectional associ-
ation between psychotic illnesses and visual impairment, but the
direction of association is unclear.1–4 Schizophrenia causes
marked detriment to quality of life and life expectancy.5,6 Existing
treatments do not ameliorate these effects,7 and prevention would
be preferable because of the considerable distress and social,
mental and cognitive harms experienced.

Myopia/poor distance acuity

Myopia, or short-sightedness, is a type of refractive error. It is the
most common cause of distance visual impairment globally, along-
side cataracts.8 It occurs when light entering the eye falls short of the
retina, creating blurred images at distance (poorer visual acuity).9

Prevalence is increasing, and myopia is predicted to affect 50% of
the global population by 2050.10 In some populations in East
Asia, 80–90% of school-leavers are already affected.11 Myopia can
usually be corrected by visual aids, but this typically relies on the ini-
tiative of individuals to seek optical care, which is often only avail-
able privately.9

Visual impairment and psychosis

A meta-analysis of cross-sectional studies investigating the associ-
ation between visual acuity impairment and psychosis, which

cannot elucidate the direction of effect, found an association
(odds ratio 1.76, 95% CI 1.34–2.31) in studies classing visual
acuity impairment of any cause and psychosis (odds ratio 1.85,
95% CI 1.17–2.92) as the exposure.4

Several studies have considered whether visual impairment
could be a causal risk factor for psychosis.12 Theoretical rationale
for this is described in the Protection against Schizophrenia
(PaSZ) model.13 This model highlights the absence of reported
cases of a person with congenital cortical blindness developing
schizophrenia. It proposes that congenitally blind individuals are
protected from aberrant visual input – a risk factor for schizophre-
nia.13 It has been noted that cognitive alterations, such as improved
working memory, which enable congenitally blind people to per-
ceive the world without vision are the reverse of typical deficits in
schizophrenia, perhaps creating a buffering effect.14 Conversely,
individuals who lose vision but lack these adaptations might have
elevated risk because of a reliance on visual input to process sur-
roundings.14 Two large longitudinal studies of children and young
adults found that myopia is associated with future psychosis.12,15

Conversely, psychotic illnesses could be a causal risk factor for
visual impairment. Affected individuals may experience ocular
side-effects from antipsychotic medications and are at increased
risk of comorbidities that impair eyesight.1,16,17 They may also
spend more time indoors, a risk factor for myopia.18 N-methyl-D-
aspartate (NDMA) receptor dysfunction has also been implicated
in both impaired visual acuity and schizophrenia.19,20 Several
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cross-sectional studies have reported higher rates of myopia and
lower self-reported recent optician attendance in people with
schizophrenia and other psychotic illnesses than in the general
population.1,21–23 To our knowledge, this association has not previ-
ously been explored in longitudinal studies.

A third possible explanation for the association between visual
impairment and psychosis is that these conditions share an under-
lying neurological vulnerability, or that there is confounding by
other variables such as socioeconomic status and general health.
The possibility of shared neurological vulnerability is supported
by functional and imaging studies showing retinal changes in
people with psychotic illnesses and their offspring.24–26

Mendelian randomisation

Identifying the nature of the association could aid prevention or
treatment of either condition. Observational cohort studies are
subject to unmeasured and residual confounding, and cannot com-
pletely exclude reverse causation. Mendelian randomisation aims to
measure causal relationships by minimising the effects of confound-
ing and reverse causation.10 It uses genetic variants as proxy expo-
sures to simulate a randomised design, since genetic variants were
randomly allocated at conception.27 Assumptions of Mendelian
randomisation methodology include relevance (that genetic var-
iants associate with the exposure), independence (that they share
no common cause with outcome) and exclusion restriction (that
they influence the outcome exclusively via the exposure).27 We
aimed to conduct the first Mendelian randomisation study to test
the hypotheses that poorer distance visual acuity is a causal risk
factor for schizophrenia, and schizophrenia is a causal risk factor
for poorer distance visual acuity.

Method

We followed the Strengthening the Reporting of Observational
Studies in Epidemiology using Mendelian Randomization
(STROBE-MR) guidelines when reporting results.28 No individ-
ual-level data was used in this study; therefore participant consent
was not required.

We used summary statistics (published effect sizes and standard
errors from genome-wide association studies (GWAS)) to conduct
bidirectional, two-sample Mendelian randomisation. Two-sample
Mendelian randomisation allows for the largest samples to be
employed in finding genetic instruments, regardless of whether
the instruments’ association with the outcome was measured in
the same sample, increasing power.29

We ran a comparison analysis using dental caries in place of
poor distance acuity where an association was found, to assess
neglect of healthcare as a possible mechanism.

Samples used in schizophrenia GWAS
Psychiatric Genomics Consortium

The Psychiatric Genomics Consortium (PGC) is a consortium of
case–control studies aimed at identifying genetic variants associated
with psychiatric disorders.7 The data-set comprises 90 studies,
including 67 390 schizophrenia cases and 94 015 controls, of
which 80% had European ancestry (N = 129 124).7 Across
samples, cases could be defined as follows: diagnosis of schizophre-
nia, schizoaffective disorder or schizophrenia spectrum disorder
determined through consensus between psychiatrists; validated
diagnostic interview; structured assessment; review of medical
records or a combination of these.7 Analysed separately were 22
778 schizophrenia cases and 35 362 controls of East Asian ancestry
(N = 58 140).30

Samples used in myopia, refractive error and visual
acuity GWAS
UK Biobank

Between 2006 and 2010, over 500 000 UK residents aged 40–60 years
were recruited to the UK Biobank cohort.31 Further details are avail-
able.32 A range of health variables are assessed by questionnaires,
examination and blood sampling in this ongoing, longitudinal
study. Strength of lens required for correction of refractive error, or
spherical equivalent, is measured in dioptres. Myopia status was
determined either by spherical equivalent measured by autorefractor,
or inferred using a questionnaire and other data: age, gender, age of
first spectacle or contact lens wear, and year of birth.33 A total of
102 117 participants had bothmeasured refractive error and genotyp-
ing.33 An additional 108 956 cases and 70 941 controls had inferred
myopia status.33Myopia status was meta-analysed,33 and contributed
to our poor distance acuity exposure instrument.

We also used UK Biobank summary statistics for the phenotype of
continuous visual acuity. At baseline assessment, 116 011 participants
had their habitual visual acuity measured, using their usual corrective
aids.34 Of these, 90 214 had European ancestry and 923 had East Asian
ancestry. This generated a right eye logarithm ofminimal angle of reso-
lution (logMAR) score, with negative numbers indicating ‘better than
normal’ and positive numbers indicating ‘worse than normal’ distance
vision.34 Scores ranged from −0.66 to +1.35.35 Phenome-wide associ-
ation scans were performed using the PHEnome Scan ANalysis Tool
(PHESANT), to find single nucleotide polymorphisms (SNPs) asso-
ciated with a wide variety of traits in a hypothesis-free manner.36,37

We chose habitual right eye logMAR score because it incorporated cor-
rection of myopia (e.g. glasses), and non-receipt of corrective aids is a
possiblemechanism bywhich schizophrenia could cause poorer acuity.

We used the summary statistics for dental caries in the UK
Biobank,36 established by ICD-10 diagnosis from healthcare
records.38 There were 3646 cases and 416 885 controls with
European ancestry (N = 420 531).

In a post hoc analysis, we also used binary myopia correction
status, determined by reporting that glasses or contact lenses were
needed mainly for short-sightedness,39 which yielded 33 358 cases
and 386 580 controls of European ancestry (N = 419 938).

23andme

23andme is a private company offering genotyping. Consenting cus-
tomers were asked the following questions: ‘Have you ever been
diagnosed by a doctor with near-sightedness (near objects are
clear, far objects are blurry)?’ and ‘Are you near-sighted (near
objects are clear, far objects are blurry)?’; and with the same descrip-
tor, ‘What vision problems do you have?’ and ‘Prior to your LASIK
eye surgery, what vision problems did you have?’. These questions
identified 106 086 probable myopia cases and 85 757 controls
used in subsequent meta-analysis (N = 191 841).33

Consortium of Refractive Error and Myopia

The Consortium of Refractive Error and Myopia (CREAM),
designed to further knowledge of genetics of myopia and refractive
error, comprised 34 079 participants aged ≥25 years who did not
have major ocular conditions that could alter refractive error.33

All had refractive error measured and an average between the two
eyes taken.40 Methods specific to each study within CREAM are
described elsewhere.41 Linear regression was used to identify
SNPs associated with spherical equivalent.33

The Genetic Epidemiology Research in Adult Health and Aging Cohort

The Genetic Epidemiology Research in Adult Health and Aging
Cohort (GERA) cohort has been described in detail elsewhere.42 It
is part of the Kaiser Permanente Research Program on Genes,
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Environment, and Health, and includes 34 998 adults who had
spherical equivalent measured at least once between 2008 and
2014. Mean spherical equivalent from both eyes at first documented
assessment was used in meta-analysis.33 Linear regression was used
to determine SNPs associated with spherical equivalent.33

The above binary poor distance acuity status samples were com-
bined in a meta-analysis with a Z-score method (N = 542 932).33

Meta-analysis of severe myopia in East Asian and South-East Asian
ancestry participants

Meguro and colleagues performed a GWAS meta-analysis of 2549
patients with severe myopia and 11 547 healthy controls of East and
South-East Asian ancestry, to identify SNPs associated with high
(severe) myopia, which is expected to yield more genetic variants
than milder forms.43 The studies variably defined high myopia as
spherical equivalent in at least one eye of≤−5.0,≤−6.0 or≤−9.0 diop-
tres, or having an axial length >26 mm. Controls without myopia were
defined as spherical equivalent≥−0.50 or≥−1.0 dioptres in both eyes.
Formal ophthalmic examination determined phenotypes.

Instrument selection

All of our analyses used summary data. The PGC Schizophrenia
Working group have identified 270 independent genetic loci
across ancestries associated with schizophrenia as a binary pheno-
type with genome-wide significance.7 Around 60–80% of phenotype
variance in schizophrenia can be attributed to genetic factors,7 and
these genetic variants are estimated to account for 24% of this her-
itability.7 Fine-mapping has increased the credibility of many loci as
containing causal genes, and genes preferentially expressed in brain
tissues showed enriched associations.7

Across 542 934 individuals from the UK Biobank, 23andme, the
GERA cohort and CREAM consortium, 449 genetic loci associated
with myopia with genome-wide significance (P < 5 × 10−8) have
been identified through meta-analysis.33 These analyses were
restricted to participants of European ancestry. Refractive error
has a heritability of 60–80%,44 and collectively, these SNPs are esti-
mated to explain 18.4% of this heritability.33 The majority are in
regions with known, plausible biological pathways to myopia and
in genes preferentially expressed in ocular tissues.33

In the meta-analysis of East Asian and South-East Asian ances-
try participants, nine genetic loci were discovered to be associated
with high myopia with genome-wide significance.43

Where necessary, we calculated beta-values and standard errors
for SNP associations with poor distance acuity from the meta-ana-
lysis Z-scores, using formulae in a supplement.

We applied the following criteria to identify instrument SNPs
for each exposure: association with exposure in relevant ancestry
sample at significance level P < 5 × 10−8; minor allele frequency
(MAF) >0.005; imputation accuracy (only available for schizophre-
nia instruments) info score >0.7 and not in linkage disequilibrium
with another instrument SNP (defined as correlation >0.2). We
removed palindromic SNPs with MAF > 0.42 by using the
TwoSampleMR package in R software (version 4.3.0 for Windows;
Posit, Boston, MA, USA; https://posit.co/), because of potential
uncertainty about which was the effect allele.45,46

When selecting SNPs associated with habitual logMAR score
from the UK Biobank as instruments, we used the more lenient
threshold of P < 5 × 10−5 because the number of variants associated
at genome-wide significance was insufficient, and the same criteria
for SNP selection otherwise.

Mendelian randomisation analysis

We used instrumental SNPs identified as associated with the expos-
ure in discovery samples as proxies for the exposure, and tested their

associations with the outcome in the outcome sample, pooling these
associations to create an overall effect estimate of the exposure on
the outcome.

To test hypothesis 1 (that poor distance acuity is a causal risk factor
for schizophrenia), we used SNPs identified in the meta-analysis of
poor distance acuity samples as instrumental exposures, and tested
their association with schizophrenia in the PGC from summary statis-
tics. We also used SNPs associated with poorer habitual logMAR score
measured at a distance of 4m from the UK Biobank as instrumental
exposures.47 To test hypothesis 2 (schizophrenia is a causal risk
factor for poorer visual acuity), we used SNPs identified as associated
with schizophrenia in the PGC as instrumental exposures, and tested
their associations with poorer logMAR score in the UK
Biobank (Fig. 1).

For our primary analyses, we used samples with European ances-
try, as it was the group in which most relevant SNPs have been iden-
tified. Using statistics from homogenous ancestry groups reduces the
chances of confounding by population structure and use of invalid
instruments in Mendelian randomisation.27,48 We analysed data
from samples with East Asian ancestry to test whether findings are con-
sistent in other ancestry groups. No published schizophrenia GWAS
that was sufficiently large was available for any other ancestry group.

We used the package TwoSampleMR to run analyses, using R
version 4.0.3.45,46,49 Our primary analyses used the inverse variance-
weighted (IVW) method, which pools SNP effect estimates weighted
for the inverse variance of the ratio estimate.50 Where the outcome
was binary (poor distance acuity or schizophrenia), we converted the
association between exposure and outcome to an odds ratio.

Sensitivity analyses

Mendelian randomisation methodology assumes absence of direc-
tional horizontal pleiotropy, where SNPs influence the outcome dir-
ectly or via phenotypes other than the exposure, creating an
artificial direction of effect.51 Therefore we also conducted
Mendelian randomisation using several methods that are robust to
violations:Mendelian randomisation-Egger, which does not constrain
the intercept to zero; the weighted mode, which is valid if the largest
group of SNPs are valid instruments; and the weighted median
method, which is valid if >50% SNPs are valid instruments.29 We
report the significance of the Mendelian randomisation-Egger inter-
cept from a random-effects model to test for horizontal pleiotropy.
As further sensitivity analyses, we conducted single SNP and ‘leave-
one-out’ analysis, and the Mendelian randomisation pleiotropy
residual sum and outlier (MR-PRESSO) test to identify outlying
SNPs, with a significance threshold of 0.05.52 We performed
Cochran’s Q-test for heterogeneity, and generated scatter and funnel
plots to visually inspect results. Symmetry of the funnel plot is evi-
dence against directional pleiotropy.53

If a statistically significant association was found, we compared
the results where poor distance acuity was the phenotypic exposure
or outcome to dental caries, to see if overall neglect of physical health-
care was a likely mechanism by which the association could occur.

Schizophrenia as a cause of myopia non-correction

As a post hoc analysis, we also tested whether schizophrenia as
exposure was causally associated with reporting or not reporting
needing glasses for short sight as an outcome.

Results

Hypothesis 1: poor distance acuity is a causal risk factor
for schizophrenia in European ancestry samples

We found no evidence of a causal effect of poor distance acuity on
schizophrenia (odds ratio 1.00, 95% CI 0.91–1.10; P = 0.955)
(Table 1, Fig. 2 and Supplementary Figs 1–3).
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Hypothesis 1: severe myopia is a causal risk factor for
schizophrenia in East Asian ancestry samples

There was also no evidence of association between severe myopia as
exposure and schizophrenia as outcome in East Asian ancestry
samples (odds ratio 1.00, 95% CI 0.95–1.05; P = 0.962) (Table 1,
Fig. 2 and Supplementary Figs 1–3).

Hypothesis 1: poorer habitual visual acuity is a risk
factor for schizophrenia in European ancestry samples

Consistent with our previous analyses, using poorer continuous
logMAR score as the exposure phenotype to represent visual

impairment in a sample of people with European ancestry found
no evidence of an association with schizophrenia as outcome
(odds ratio for one-point poorer logMAR score: 0.99, 95% CI
0.88–1.12; P = 0.927) (Table 1, Fig. 2 and Supplementary Figs 1–3).

Hypothesis 1: poorer habitual visual acuity is a risk
factor for schizophrenia in East Asian ancestry samples

We similarly found no association between poorer visual acuity and
schizophrenia in East Asian ancestry samples in the IVW analysis
(odds ratio per one-point poorer logMAR score: 0.98, 95% CI
0.94–1.01; P = 0.179) or any other method.

Samples used in Mendelian randomisation study

Exposure Outcome

Hypothesis 2: Schizophrenia is a causal risk factor for poorer visual acuity

Hypothesis 1: Poorer visual acuity is a causal risk factor

Sample: PGC
Sample: meta-

analysis of myopia
consortia

SNPs associated with
schizophrenia

(binary)

SNPs associated with
myopia
(binary)

Sample: PGCSample: UK
Biobank

SNPs associated with
schizophrenia

(binary)

SNPs associated with
poorer logMAR score

(continuous)

Sample: UK
Biobank

Sample: PGC

SNPs associated with
poorer logMAR score

(continuous)

SNPs associated with
schizophrenia

(binary)

Fig. 1 Samples used in Mendelian randomisation study. logMAR, logarithm of minimal angle of resolution; PGC, Psychiatric Genomics
Consortium; SNP, single nucleotide polymorphism.
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Throughout hypothesis 1 analyses, sensitivity analyses were in
keeping with primary analyses (Table 1, Fig. 2 and Supplementary
Figs 1–3).

Hypothesis 2: schizophrenia is a causal risk factor for
poorer habitual visual acuity in European ancestry
samples

We found evidence of a causal effect based on schizophrenia instru-
ments’ association with the outcome (poorer habitual visual acuity)
when using the IVWmethod (beta coefficient: 0.024, 95% CI 0.014–
0.033; P = 9.63 × 10−7) (Table 1, Fig. 2 and Supplementary Figs 1–3).
The direction of effect was consistent across other Mendelian ran-
domisation methods. The Mendelian randomisation-Egger inter-
cept indicated no evidence of pleiotropy (P = 0.877), suggesting a
true effect, but Cochran’s Q-statistic showed evidence of heterogen-
eity (P = 0.029). However, the funnel plot was broadly symmetrical
(Supplementary Fig. 3(e)). MR-PRESSO did not identify outlying
SNPs, and IVW results remained significant in single SNP and
leave-one-out analyses, suggesting outliers were not responsible
for the association (Supplementary Figs 1(e) and 2(e)).

Hypothesis 2: schizophrenia is a causal risk factor for
poorer habitual visual acuity in East Asian ancestry
samples

The causal estimate for East Asian ancestry samples was larger (beta
coefficient: 0.186, 95% CI −0.008 to 0.379; P = 0.060) and direction-
ally consistent with the estimate for European ancestry. However, it

did not reach statistical significance, and the results from this ana-
lysis were imprecise (Table 1, Fig. 2 and Supplementary Figs 1–3).

Post hoc analysis: schizophrenia is a causal risk factor
for myopia

Schizophrenia was negatively associated with reporting glasses use
for myopia (odds ratio 0.95, 95% CI 0.920–0.974; P = 0.0002).
Sensitivity methods were consistent with this (Table 1, Fig. 2 and
Supplementary Figs 1–3).

Schizophrenia as exposure and dental caries as
outcome in European ancestry samples

There was a negative association between schizophrenia as exposure
and dental caries as outcome when using identical methods to those
used to test hypothesis 2 (odds ratio 0.948, 95% CI 0.903–0.995; P =
0.032) (Table 1, Fig. 2, Supplementary Figs 1–3 and Supplementary
Table 1).

Discussion

Main findings

We found no evidence to support a causal role of poor distance
acuity in the development of schizophrenia. Conversely, we found
evidence that schizophrenia is a casual risk factor for poorer
visual acuity in people of European ancestry. Although Cochran’s
Q-test showed evidence of heterogeneity, this test has been

Table 1 Results of Mendelian randomisation analysis

Mendelian randomisation method Number of SNPs Beta coefficient [95% CI] s.e. Odds ratio [95% CI] P-value

Poor distance acuity as exposure, schizophrenia as outcome in European ancestry sample
Inverse variance-weighted 405 0.003 [−0.090 to 0.096] 0.048 1.003 [0.913–1.101] 0.955
Mendelian randomisation-Egger 405 0.033 [−0.177 to 0.243] 0.107 1.034 [0.838–1.275] 0.757
Weighted median 405 0.001 [−0.124 to 0.126] 0.064 1.001 [0.883–1.135] 0.985
Weighted mode 405 0.023 [−0.070 to 0.117] 0.048 1.024 [0.932–1.124] 0.625

Severe myopia as exposure, schizophrenia as outcome in East Asian ancestry sample
Inverse variance-weighted 6 −0.001 [−0.054 to 0.052] 0.027 0.999 [0.947–1.053] 0.962
Mendelian randomisation-Egger 6 −0.075 [−0.222 to 0.072] 0.075 0.928 [0.801–1.074] 0.373
Weighted median 6 −0.010 [−0.055 to 0.034] 0.023 0.990 [0.947–1.035] 0.648
Weighted mode 6 −0.015 [−0.096 to 0.065] 0.041 0.985 [0.909–1.067] 0.721

Poorer habitual visual acuity as exposure, schizophrenia as outcome in European ancestry sample
Inverse variance-weighted 117 −0.006 [−0.125 to 0.114] 0.061 0.994 [0.882–1.121] 0.927
Mendelian randomisation-Egger 117 0.114 [−0.181 to 0.410] 0.151 1.121 [0.834–1.507] 0.450
Weighted median 117 0.032 [−0.105 to 0.169] 0.070 1.033 [0.900–1.184] 0.647
Weighted mode 117 0.191 [−0.239 to 0.621] 0.219 1.210 [0.787–1.861] 0.386

Poorer habitual visual acuity as exposure, schizophrenia as outcome in East Asian ancestry sample
Inverse variance-weighted 34 −0.022 [−0.055 to 0.010] 0.017 0.976 [0.947–1.010] 0.179
Mendelian randomisation-Egger 34 −0.051 [−0.124 to 0.021] 0.037 0.950 [0.883–1.022] 0.176
Weighted median 34 −0.020 [−0.068 to 0.029] 0.025 0.980 [0.934–1.029] 0.426
Weighted mode 34 −0.004 [−0.088 to 0.081] 0.043 0.996 [0.916–1.084] 0.933

Schizophrenia as exposure, poorer habitual visual acuity (logMAR score) as outcome in European ancestry sample
Inverse variance-weighted 355 0.024 [0.014–0.033] 0.005 − <0.001
Mendelian randomisation-Egger 355 0.047 [0.007–0.087] 0.022 − 0.022
Weighted median 355 0.025 [0.012–0.038] 0.007 − <0.001
Weighted mode 355 0.020 [−0.017 to 0.058] 0.019 − 0.290

Schizophrenia as exposure, poorer habitual visual acuity (logMAR) score as outcome in East Asian ancestry sample
Inverse variance-weighted 21 0.186 [−0.008 to 0.379] 0.099 − 0.060
Mendelian randomisation-Egger 21 −0.735 [−0.174 to 0.277] 0.516 − 0.171
Weighted median 21 0.0732 [−0.182 to 0.328] 0.130 − 0.574
Weighted mode 21 −0.081 [−0.533 to 0.371] 0.231 − 0.729

Schizophrenia as exposure, glasses use for myopia as outcome in European ancestry sample
Inverse variance-weighted 221 −0.055 [−0.084 to −0.026] 0.015 0.947 [0.920–0.974] <0.001
Mendelian randomisation-Egger 221 −0.239 [−0.353 to −0.125] 0.058 0.787 [0.703–0.882] <0.001
Weighted median 221 −0.094 [−0.127 to −0.062] 0.017 0.910 [0.880–0.940] <0.001
Weighted mode 221 −0.144 [−0.222 to −0.066] 0.040 0.866 [0.801–0.936] <0.001

SNP, single nucleotide polymorphism; logMAR, logarithm of minimal angle of resolution.
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Fig. 2 Graphical results of Mendelian randomisation. logMAR, logarithm of minimal angle of resolution; SNP, single nucleotide polymorphism.
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suggested to be oversensitive with large sample sizes.54 There was
little evidence of heterogeneity between results from European
and East Asian ancestry groups, and the smaller sample size resulted
in less precise estimates for the analyses in participants with East
Asian ancestry. The size of the effect was very small: less than a
one-line difference on the visual acuity chart.

In our comparison analysis to investigate neglect of physical
healthcare as a possible mechanism, we found a negative association
when dental caries was the outcome. This is likely to be because
people with schizophrenia were less likely to receive dental treat-
ment and have this outcome recorded, in keeping with neglect of
healthcare. Our finding that schizophrenia was negatively asso-
ciated with reporting glasses use for myopia further suggests that
neglect of eyecare specifically may be a mechanism.

Strengths and limitations

We tested the effect of poor distance acuity on schizophrenia risk
and schizophrenia on risk of poor distance acuity, using a method-
ology not previously applied to this question. We were able to
exclude reverse causation and reduce confounding from unobserved
environmental variables. The SNPs from European ancestry
samples were credible instruments because of their strong associa-
tions with the exposures in meta-analyses and replication samples
and recognised biological pathways to the exposures.

There are, however, limitations to our methodology. Mendelian
randomisation relies on the assumption of no directional horizontal
pleiotropy, which cannot be proven, although we have carried out
multiple sensitivity analyses to detect this.52 Sample overlap can bias
results toward the null in two-sample Mendelian randomisation.55

We have aimed to exclude this where possible, by using international
rather than UK samples alongside the UK Biobank. Also, as schizo-
phrenia is a relatively rare condition, it is unlikely that many cases
would be present in the other studies. We cannot exclude the possibil-
ity of collider bias as a possible explanation for the finding that schizo-
phrenia contributes causally tomyopia.56 However, myopia did not, to
our knowledge, influence the chance of selection,making this unlikely.

There are also limitations regarding choice of phenotypes. The
studies used to detect genetic variants associated with poor distance
acuity used different phenotypic measures, including self-reported
rather than objective measures. However, self-reported short-
sightedness has been shown to be a reliable indicator of myopia.57

Perhaps more importantly, we were unable to account for
correction of vision using aids when poor distance acuity was the
exposure, and so cannot exclude modification of risk through
this. There is some evidence that correction of myopia reduces
the association with subsequent schizophrenia.12 Indeed, people
self-reporting myopia may be more likely to be using aids than
people who are unaware of their poor eyesight. We had no informa-
tion regarding age at onset of myopia, which would alter the dose of
exposure received and whether it was received during central
nervous system development, which may modify associations,
particularly as schizophrenia is a neurodevelopmental disorder.58

Further, we have used techniques that assume a linear relation-
ship between exposure and outcome. As most cases of myopia lead
to mild, rather than severe, distance visual acuity impairment, we
consider the linear relationship likely despite the non-linear shape
of the PaSZ model across degrees of visual impairment. We were
nevertheless restricted to using severe myopia as the phenotype in
one analysis of East Asian ancestry samples. However, the authors
of this GWAS used this phenotype to yield more variants associated
with myopia overall.43 Our results are not necessarily inconsistent
with more severe forms of visual impairment, such as retinal condi-
tions with different genetic determinants, being a causal risk factor
for psychotic illnesses.

Comparison with other studies

We are unaware of any prior Mendelian randomisation studies on
this topic. Three longitudinal studies of children report a positive
association between ocular dysfunction and subsequent psychotic
symptoms or diagnoses.15,59,60 However, similar studies of adoles-
cents and adults give mixed findings, with some reporting no asso-
ciation, some a positive association and some a negative
association.12,61–64 There are, therefore, two likely explanations for
our null result when visual impairment is the exposure. The first
is that that myopia or mild visual impairment is a causal risk
factor for psychosis, but only during a critical period of central
nervous system development; this was captured in the studies of
children, but not with our phenotype measure in this study,
because genetic variants for childhood visual impairment specific-
ally may not fully overlap with our instrument, which related to life-
long phenotype.40 The second is that there is truly no causal effect of
poor distance acuity on schizophrenia, and the finding in other
studies is a result of residual confounding. We consider this the
most likely because there was no trend toward a positive association
in our study, which might be expected if poor distance acuity was
relevant at any time point. Further, psychotic symptoms, as mea-
sured in some of the studies, do not equate to having schizophrenia
andmight be non-pathological or result from other conditions asso-
ciated with poorer eyesight, such as depression.65

In conclusion, our results suggest that mild visual acuity impair-
ment is not causally associated with subsequent schizophrenia, but
schizophrenia as an exposure is causally associated with poorer
visual acuity, although the effect was very small. Regardless of the
mechanism, this study highlights a potentially unmet health need
in people with schizophrenia. A combination of visual side-effects
from medications, and possible lower propensity to seek treatment,
could be potentially important areas to investigate to improve
quality of care in this group. Shared actions of genes may also
account for some of the association. With further research, this
may translate into clinical benefit for patients, such as wider use
of routine eye tests at the annual physical health check for people
with serious mental illnesses. Future research could aim to use
mediation analyses to establish mechanisms by which schizophre-
nia might lead to poorer vision, and to assess whether interventions
to improve eye health for people with schizophrenia are acceptable
and effective.

Natalie Shoham , Division of Psychiatry, University College London, UK; and Islington
Early Intervention Service, Camden and Islington NHS Foundation Trust, St Pancras
Hospital, London, UK; Diana Dunca, UCL Genetics Institute, University College London,
UK; Claudia Cooper, Centre for Psychiatry and Mental Health, Wolfson Institute of
Population Health, Queen Mary University of London, UK; and Tower Hamlets Memory
Service, East LondonNHS Foundation Trust, London, UK; Joseph F. Hayes , Division of
Psychiatry, University College London, UK; and Camden and Islington NHS Foundation
Trust, St Pancras Hospital, London, UK; Andrew McQuillin , Division of Psychiatry,
University College London, UK; Nick Bass, Division of Psychiatry, University College
London, UK; and Tower Hamlets Memory Service, East London NHS Foundation Trust,
London, UK; Gemma Lewis, Division of Psychiatry, University College London, UK;
Karoline Kuchenbaecker, Division of Psychiatry, University College London, UK; and
UCL Genetics Institute, University College London, UK

Correspondence: Natalie Shoham. Email: natalie.shoham.16@ucl.ac.uk

First received 18 Aug 2022, final revision 28 Dec 2022, accepted 7 Jan 2023

Supplementary material

Supplementary material is available online at https://doi.org/10.1192/bjo.2023.6

Data availability

Data used in this study are publicly available. Data can be accessed from the Psychiatric
Genomics Consortium (https://www.med.unc.edu/pgc/), UK Biobank (http://www.nealelab.is/
uk-biobank) and papers referenced in the article.

Mendelian randomisation for schizophrenia and distance visual acuity

7

https://orcid.org/0000-0002-2317-7728
https://orcid.org/0000-0003-2286-3862
https://orcid.org/0000-0003-1567-2240
mailto:natalie.shoham.16@ucl.ac.uk
https://doi.org/10.1192/bjo.2023.6
https://doi.org/10.1192/bjo.2023.6
https://www.med.unc.edu/pgc/
https://www.med.unc.edu/pgc/
http://www.nealelab.is/uk-biobank
http://www.nealelab.is/uk-biobank
http://www.nealelab.is/uk-biobank


Acknowledgements

We are grateful to the Schizophrenia Working Group of the Psychiatric Genomics Consortium
for providing us with ancestry-specific summary statistics, and to the participants in all of the
GWAS studies included. We acknowledge the use of the UCL High Performance Computing
Facility, and associated support services, in the completion of this work.

Author contributions

J.F.H. conceptualised the idea for this study, with contributions from all co-authors to develop-
ing the idea. A.M. helped with obtaining ancestry-specific data from the Psychiatric Genomics
Consortium. N.S. wrote the study protocol, analysed the data and drafted the manuscript, with
support from D.D. and K.K. N.B. informed on the design of the study, and helped write the
manuscript with G.L. and C.C. All authors contributed to reviewing and editing the manuscript.

Funding

This work was funded by a National Institute for Health and Care Research (NIHR) Doctoral
Fellowship (number NIHRDH-NIHR300703) awarded to N.S. J.F.H. is supported by the
Wellcome Trust, the University College London Hospitals NIHR Biomedical Research Centre
and the NIHR North Thames Applied Research Collaboration. The funders had no role in the
study design, data collection, analysis, interpretation or writing of the manuscript.

Declaration of interest

N.S. is a trainee editor with BJPsych Open. No other authors have conflicts of interest to declare.

References

1 Viertiö S, Laitinen A, Perälä J, Saarni SI, Koskinen S, Lönnqvist J, et al. Visual
impairment in persons with psychotic disorder. Soc Psychiatry Psychiatr
Epidemiol 2007; 42(11): 902.

2 Moreno C, Nuevo R, Chatterji S, Verdes E, Arango C, Ayuso-Mateos JL.
Psychotic symptoms are associated with physical health problems independ-
ently of a mental disorder diagnosis: results from the WHO World Health
Survey. World Psychiatry 2013; 12(3): 251–7.

3 Shoham N, Lewis G, Hayes J, McManus S, Kiani R, Brugha T, et al. Psychotic
symptoms and sensory impairment: findings from the 2014 Adult Psychiatric
Morbidity Survey. Schizophr Res 2020; 215: 357–64.

4 Shoham N, Eskinazi M, Hayes JF, Lewis G, Theodorsson M, Cooper C.
Associations between psychosis and visual acuity impairment: a systematic
review and meta-analysis. Acta Psychiatr Scand 2021; 144: 6–27.

5 Hjorthøj C, Stürup AE, McGrath JJ, Nordentoft M. Years of potential life lost and
life expectancy in schizophrenia: a systematic review and meta-analysis.
Lancet Psychiatry 2017; 4(4): 295–301.

6 Fleischhacker WW, Arango C, Arteel P, Barnes TR, Carpenter W, Duckworth K,
et al. Schizophrenia—time to commit to policy change. Schizophr Bull 2014; 40
(suppl 3): S165–94.

7 Trubetskoy V, Pardiñas AF, Qi T, Panagiotaropoulou G, Awasthi S, Bigdeli TB,
et al. Mapping genomic loci implicates genes and synaptic biology in schizo-
phrenia. Nature 2022; 604(7906): 502–8.

8 World Health Organization (WHO). Blindness and Vision Impairment. WHO, 2022
(https://www.who.int/news-room/fact-sheets/detail/blindness-and-visual-
impairment).

9 Royal National Institute of Blind People (RNIB).Myopia and Pathological Myopia.
RNIB, 2022 (https://www.rnib.org.uk/eye-health/eye-conditions/myopia-and-
pathological-myopia).

10 Mountjoy E, Davies NM, Plotnikov D, Smith GD, Rodriguez S, Williams CE, et al.
Education and myopia: assessing the direction of causality by mendelian ran-
domisation. BMJ 2018; 361: k2022.

11 Morgan IG, Ohno-Matsui K, SawS-M.Myopia. Lancet 2012;379(9827): 1739–48.

12 Hayes JF, Picot S, Osborn DPJ, Lewis G, Dalman C, Lundin A. Visual acuity in late
adolescence and future psychosis risk in a cohort of 1 million men. Schizophr
Bull 2018; 45(3): 571–8.

13 Landgraf S, Osterheider M. “To see or not to see: that is the question.” the “pro-
tection-against-schizophrenia” (PaSZ) model: evidence from congenital blind-
ness and visuo-cognitive aberrations. Front Psychiatry 2013; 4: 352.

14 Silverstein SM, Wang Y, Keane BP. Cognitive and neuroplasticity mechanisms
by which congenital or early blindness may confer a protective effect against
schizophrenia. Front Psychol 2012; 3: 624.

15 Shoham N, Hayes JF, Cooper C, Lewis G. Association between childhood visual
acuity and adulthood psychotic experiences: a longitudinal birth cohort study.
Schizophr Bull 2022; 48(2): 325–34.

16 Osborn DP, Hardoon S, Omar RZ, Holt RI, KingM, Larsen J, et al. Cardiovascular risk
predictionmodels forpeoplewithseveremental illness: results fromthePrediction

and Management of Cardiovascular Risk in People with Severe Mental Illnesses
(PRIMROSE) research program. JAMA Psychiatry 2015; 72(2): 143–51.

17 Richa S, Yazbek J-C. Ocular adverse effects of common psychotropic agents.
CNS Drugs 2010; 24(6): 501.

18 Rose KA, Morgan IG, Ip J, Kifley A, Huynh S, Smith W, et al. Outdoor activity
reduces the prevalence of myopia in children. Ophthalmology 2008; 115(8):
1279–85.

19 Brandt AU, Oberwahrenbrock T, Mikolajczak J, Zimmermann H, Prüss H, Paul F,
et al. Visual dysfunction, but not retinal thinning, following anti-NMDA receptor
encephalitis. Neurol Neuroimmunol Neuroinflamm 2016; 3(2): e198.

20 Singh T, Poterba T, Curtis D, Akil H, Al Eissa M, Barchas JD, et al. Rare coding
variants in ten genes confer substantial risk for schizophrenia. Nature 2022;
604(7906): 509–16.

21 Zheng W, Tang L-R, Correll CU, Ungvari GS, Chiu HF, Xiang Y-Q, et al. Frequency
and correlates of distant visual impairment in patients with schizophrenia,
bipolar disorder, and major depressive disorder. East Asian Arch Psychiatry
2015; 25(3): 115.

22 Punukollu B, PhelanM. Visual acuity and reported eye problems among psychi-
atric in-patients. Psychiatr Bull 2006; 30(8): 297–9.

23 Smith D, Pantelis C, McGrath J, Tangas C, Copolov D. Ocular abnormalities in
chronic schizophrenia: clinical implications. Aust N Z J Psychiatry 1997; 31(2):
252–6.

24 Silverstein SM, Fradkin SI, Demmin DL. Schizophrenia and the retina: towards a
2020 perspective. Schizophr Res 2020; 219: 84–94.

25 HébertM, Gagné A-M, ParadisM-E, Jomphe V, RoyM-A,Mérette C, et al. Retinal
response to light in young nonaffected offspring at high genetic risk of neuro-
psychiatric brain disorders. Biol Psychiatry 2010; 67(3): 270–4.

26 Moreau I, Marc H, Maziade M, Alexandra P, Mérette C. The electroretinogram
as a potential biomarker of psychosis in children at familial risk. Schizophr
Bull Open 2022; 3(1): sgac016.

27 Davies NM, Holmes MV, Davey Smith G. Reading Mendelian randomisation
studies: a guide, glossary, and checklist for clinicians. BMJ 2018; 362: k601.

28 STROBE-MR Initiative. STROBE-MR: Transparent Reporting of Mendelian
Randomization Studies. STROBE-MR Initiative, 2023 (https://www.strobe-mr.org/).

29 Burgess S, Thompson SG. Mendelian Randomization: Methods for Using
Genetic Variants in Causal Estimation. CRC Press, 2015.

30 Lam M, Chen C-Y, Li Z, Martin AR, Bryois J, Ma X, et al. Comparative genetic
architectures of schizophrenia in East Asian and European populations. Nat
Gen 2019; 51(12): 1670–8.

31 Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, et al. UK Biobank: an
open access resource for identifying the causes of awide range of complex dis-
eases of middle and old age. PLoS Med 2015; 12(3): e1001779.

32 UK Biobank. Repeat Assessment: Participant Characteristics of Responders vs.
Non-Responders. UK Biobank, 2014 (https://biobank.ndph.ox.ac.uk/~bbdatan/
repeat_assessment_characteristics_v1.pdf).

33 Hysi PG, Choquet H, Khawaja AP, Wojciechowski R, Tedja MS, Yin J, et al. Meta-
analysis of 542,934 subjects of European ancestry identifies new genes and
mechanisms predisposing to refractive error and myopia. Nat Gen 2020; 52
(4): 401–7.

34 Cumberland PM, Bao Y, Hysi PG, Foster PJ, Hammond CJ, Rahi JS, et al.
Frequency and distribution of refractive error in adult life: methodology and
findings of the UK Biobank study. PLoS One 2015; 10(10): e0139780.

35 UK Biobank. Data-Field 5201. Description: logMAR, Final (Right). UK Biobank,
2021 (https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=5201).

36 Millard LAC, Davies NM, Gaunt TR, Davey Smith G, Tilling K. Software
Application Profile: PHESANT: a tool for performing automated phenome
scans in UK Biobank. Int J Epidemiol 2018; 47(1): 29–35.

37 Pan UKBB Team. Pan-UK Biobank. Pan UKBB Team, 2022 (https://pan.ukbb.
broadinstitute.org).

38 UK Biobank. Data-Field 131556. Date K02 First Reported (Dental Caries). UK
Biobank, 2021 (https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=131556).

39 UK Biobank. Data-Field 6147. Reason for Glasses/Contact Lenses. UK Biobank,
2022 (https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=6147).

40 Fan Q, Guo X, Tideman JWL, Williams KM, Yazar S, Hosseini SM, et al. Childhood
gene-environment interactions and age-dependent effects of genetic variants
associated with refractive error and myopia: the CREAM Consortium. Sci Rep
2016; 6: 25853.

41 Tedja MS, Wojciechowski R, Hysi PG, Eriksson N, Furlotte NA, Verhoeven VJM,
et al. Genome-wide association meta-analysis highlights light-induced signal-
ing as a driver for refractive error. Nat Gen 2018; 50(6): 834–48.

42 Banda Y, Kvale MN, Hoffmann TJ, Hesselson SE, Ranatunga D, Tang H, et al.
Characterizing race/ethnicity and genetic ancestry for 100,000 subjects in
the Genetic Epidemiology Research on Adult Health and Aging (GERA) cohort.
Genetics 2015; 200(4): 1285–95.

Shoham et al

8

https://www.who.int/news-room/fact-sheets/detail/blindness-and-visual-impairment
https://www.who.int/news-room/fact-sheets/detail/blindness-and-visual-impairment
https://www.who.int/news-room/fact-sheets/detail/blindness-and-visual-impairment
https://www.rnib.org.uk/eye-health/eye-conditions/myopia-and-pathological-myopia
https://www.rnib.org.uk/eye-health/eye-conditions/myopia-and-pathological-myopia
https://www.rnib.org.uk/eye-health/eye-conditions/myopia-and-pathological-myopia
https://www.strobe-mr.org/
https://www.strobe-mr.org/
https://biobank.ndph.ox.ac.uk/~bbdatan/repeat_assessment_characteristics_v1.pdf
https://biobank.ndph.ox.ac.uk/~bbdatan/repeat_assessment_characteristics_v1.pdf
https://biobank.ndph.ox.ac.uk/~bbdatan/repeat_assessment_characteristics_v1.pdf
https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=5201
https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=5201
https://pan.ukbb.broadinstitute.org
https://pan.ukbb.broadinstitute.org
https://pan.ukbb.broadinstitute.org
https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=131556
https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=131556
https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=6147
https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=6147


43 Meguro A, Yamane T, Takeuchi M, Miyake M, Fan Q, Zhao W, et al. Genome-
wide association study in Asians identifies novel loci for high myopia and high-
lights a nervous system role in its pathogenesis. Ophthalmology 2020; 127(12):
1612–24.

44 Tedja MS, Haarman AEG, Meester-Smoor MA, Kaprio J, Mackey DA,
Guggenheim JA, et al. IMI – Myopia genetics report. Invest Ophthalmol Vis Sci
2019; 60(3): M89–105.

45 Hemani G, Tilling K, Davey Smith G. Orienting the causal relationship between
imprecisely measured traits using GWAS summary data. PLoS Gen 2017; 13
(11): e1007081.

46 Hemani G, Zheng J, Elsworth B, Wade KH, Haberland V, Baird D, et al. The MR-
Base platform supports systematic causal inference across the human phe-
nome. Elife 2018; 7: e34408.

47 UK Biobank. UK Biobank LogMAR Score. UK Biobank, 2021 (https://biobank.
ndph.ox.ac.uk/ukb/refer.cgi?id=100250).

48 Huang QQ, Sallah N, Dunca D, Trivedi B, Hunt KA, Hodgson S, et al. Visual-acuity
testing using ACE. Nat Commun 2022; 13(1): 4664.

49 RStudio Team. RStudio: Integrated Development for R. PBC, 2020 (https://posit.
co/Publisher posit).

50 Burgess S, Butterworth A, Thompson SG. Mendelian randomization analysis
with multiple genetic variants using summarized data. Gen Epidemiol 2013;
37(7): 658–65.

51 Hemani G, Bowden J, Davey Smith G. Evaluating the potential role of pleiotropy
in Mendelian randomization studies. Hum Mol Gen 2018; 27(R2): R195–208.

52 Verbanck M, Chen C-Y, Neale B, Do R. Detection of widespread horizontal plei-
otropy in causal relationships inferred fromMendelian randomization between
complex traits and diseases. Nat Gen 2018; 50(5): 693–8.

53 Anderson EL, Howe LD, Wade KH, Ben-Shlomo Y, Hill WD, Deary IJ, et al.
Education, intelligence and Alzheimer’s disease: evidence from amultivariable
two-sample Mendelian randomization study. Int J Epidemiolo 2020; 49(4):
1163–72.

54 Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ 2003; 327(7414): 557–60.

55 Burgess S, Davies NM, Thompson SG. Bias due to participant overlap in two-
sample Mendelian randomization. Gen Epidemiol 2016; 40(7): 597–608.

56 Holmberg MJ, Andersen LW. Collider bias. JAMA 2022; 327(13): 1282–3.

57 Breslin KM, O’Donoghue L, Saunders KJ. An investigation into the validity of self-
reported classification of refractive error. Ophthalmic Physiol Opt 2014; 34(3):
346–52.

58 McCutcheon RA, Reis Marques T, Howes OD. Schizophrenia—an overview.
JAMA Psychiatry 2020; 77(2): 201–10.

59 Schiffman J, Maeda JA, Hayashi K, Michelsen N, Sorensen HJ, Ekstrom M, et al.
Premorbid childhood ocular alignment abnormalities and adult schizophrenia-
spectrum disorder. Schizophr Res 2006; 81(2): 253–60.

60 Schubert E, Henriksson K, McNeil T. A prospective study of offspring of
women with psychosis: visual dysfunction in early childhood predicts schizo-
phrenia-spectrum disorders in adulthood. Acta Psychiatr Scand 2005; 112(5):
385–93.

61 Caspi A, Vishne T, Reichenberg A, Weiser M, Dishon A, Lubin G, et al. Refractive
errors and schizophrenia. Schizophr Res 2009; 107(2): 238–41.

62 Stafford J, Howard R, Dalman C, Kirkbride JB. The incidence of nonaffective,
nonorganic psychotic disorders in older people: a population-based cohort
study of 3 million people in Sweden. Schizophr Bull 2019; 45(5): 1152–60.

63 Blazer DG, Hays JC, Salive ME. Factors associated with paranoid symptoms in a
community sample of older adults. Gerontologist 1996; 36(1): 70–5.

64 Hamedani AG, Thibault DP, Shea JA, Willis AW. Self-reported vision and halluci-
nations in older adults: results from two longitudinal US health surveys. Age
Ageing 2020; 49(5): 843–9.

65 Bourgin J, Tebeka S, Mallet J, Mazer N, Dubertret C, Le Strat Y. Prevalence and
correlates of psychotic-like experiences in the general population. Schizophr
Res 2020; 215: 371–7.

Mendelian randomisation for schizophrenia and distance visual acuity

9

https://biobank.ndph.ox.ac.uk/ukb/refer.cgi?id=100250
https://biobank.ndph.ox.ac.uk/ukb/refer.cgi?id=100250
https://biobank.ndph.ox.ac.uk/ukb/refer.cgi?id=100250
https://posit.co/Publisher posit
https://posit.co/Publisher posit

	Investigating the association between schizophrenia and distance visual acuity: Mendelian randomisation study
	Outline placeholder
	Schizophrenia
	Myopia/poor distance acuity
	Visual impairment and psychosis
	Mendelian randomisation

	Method
	Samples used in schizophrenia GWAS
	Psychiatric Genomics Consortium

	Samples used in myopia, refractive error and visual acuity GWAS
	UK Biobank
	23andme
	Consortium of Refractive Error and Myopia
	The Genetic Epidemiology Research in Adult Health and Aging Cohort
	Meta-analysis of severe myopia in East Asian and South-East Asian ancestry participants

	Instrument selection
	Mendelian randomisation analysis
	Sensitivity analyses
	Schizophrenia as a cause of myopia non-correction

	Results
	Hypothesis 1: poor distance acuity is a causal risk factor for schizophrenia in European ancestry samples
	Hypothesis 1: severe myopia is a causal risk factor for schizophrenia in East Asian ancestry samples
	Hypothesis 1: poorer habitual visual acuity is a risk factor for schizophrenia in European ancestry samples
	Hypothesis 1: poorer habitual visual acuity is a risk factor for schizophrenia in East Asian ancestry samples
	Hypothesis 2: schizophrenia is a causal risk factor for poorer habitual visual acuity in European ancestry samples
	Hypothesis 2: schizophrenia is a causal risk factor for poorer habitual visual acuity in East Asian ancestry samples
	Post hoc analysis: schizophrenia is a causal risk factor for myopia
	Schizophrenia as exposure and dental caries as outcome in European ancestry samples

	Discussion
	Main findings
	Strengths and limitations
	Comparison with other studies

	Supplementary material
	Data availability
	Acknowledgements
	Author contributions
	Funding
	Declaration of interest
	References


