Schizophrenia Bulletin vol. 48 no. 2 pp. 325-334, 2022
https://doi.org/10.1093/schbul/sbab121
Advance Access publication October 8, 2021

Association Between Childhood Visual Acuity and Late Adolescent Psychotic
Experiences: A Prospective Birth Cohort Study

Natalie Shoham™-'>°, Joseph F. Hayes'*“, Claudia Cooper'?, Magnus Theodorsson?®, and Gemma Lewis!

Division of Psychiatry, University College London, London, UK; 2Camden and Islington NHS Foundation Trust, St Pancras Hospital,
London, UK; *Department of Ophthalmology, King’s College Hospital, London, UK

*To whom correspondence should be addressed; Division of Psychiatry, University College London, 6th Floor Maple House,
149 Tottenham Court Road, London W1C 7NF, UK; e-mail: natalie.shoham.16@ucl.ac.uk

A cross-sectional association between visual impair-
ment and psychosis exists, but longitudinal evidence from
children and young people is limited. We investigated
whether childhood visual acuity was associated with sub-
sequent psychotic experiences. Our sample was 6686 indi-
viduals from the Avon Longitudinal Study of Parents and
Children (ALSPAC). We investigated whether our pri-
mary exposures, best corrected visual acuity at ages 7 and
11, were associated with psychotic experiences at ages 17
and 24. We also tested whether the following exposures at
ages 7 and 11 were associated with subsequent psychotic
experiences: requiring glasses, presence of any visual im-
pairment, and between-eye visual acuity difference; and at
age 7: strabismus, measures of binocular vision, history of
eye patch, near vision impairment, and abnormal saccadic
or pursuit eye movements. Analyses used multilevel models
before and after adjusting for confounders. Odds of psy-
chotic experiences increased with each 0.1-point deterio-
ration in visual acuity score at age 11 (adjusted odds ratio
[AOR] 1.23; 95% confidence interval [CI] 1.06-1.42), and
at age 7 (AOR 1.18; 95% CI 1.00-1.40). Wearing glasses
and visual impairment at age 11 were associated with psy-
chotic experiences (AOR 1.63; 95% CI 1.21-2.19; AOR
1.64; 95% CI 1.23-2.19, respectively). There was no evi-
dence of an association with other visual exposures. Visual
acuity impairment in childhood is associated with psychotic
experiences in late adolescence. Future research should aim
to elucidate the nature of this association.
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Introduction

Psychotic illnesses reduce quality of life and life ex-
pectancy.!? The point prevalence of schizophrenia is

approximately 0.5%,* whilst symptoms such as delusions
and hallucinations affect 5%—6% of nonclinical popula-
tions.** The peak incidence of both psychotic symptoms
and diagnoses occurs in adolescence,””’ which has recently
been defined as ages 10-24 based on culturally extended
periods of transitioning to adulthood.®

Visual impairment, typically defined as reduced visual
acuity, has been proposed as a risk factor for psychotic
symptoms and illnesses.!° In younger people the most
common cause of reduced visual acuity is myopia,!
when light is focused too far in front of the retina causing
blurred distance vision.!> Myopia affects at least 30%
of people in Europe,' but can often be corrected using
lenses.'* Best corrected visual acuity refers to the highest
acuity achievable with such aids.

The “Protection against Schizophrenia” (PaSZ) model
proposes that aberrant visual input contributes to devel-
opment of schizophrenia, and that optimal and lifelong
absent vision protect against it.” This is based on an ab-
sence of reported cases of a congenitally cortically blind
person developing schizophrenia, despite shared risk fac-
tors.!”® Silverstein et al have observed that compensatory
higher-order processes in congenitally blind individuals
enhance attention and auditory perceptual abilities in a
reverse pattern to typical cognitive impairments seen in
schizophrenia, potentially creating a buffering effect.!
Individuals whose vision deteriorates from normal lack
these changes and may be susceptible to psychosis due to
reliance on vision for cognitive processing.

Cross-sectional evidence shows that people with visual
impairment are more likely to have psychosis than people
without,'® but evidence regarding a temporal associa-
tion is mixed.'?! Furthermore, most studies focused on
adults, although any prevention strategies might be most
effective during neurodevelopment and before the peak
incidence of first episode psychosis.? Only 2, relatively
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small longitudinal studies were conducted with children.
Visual dysfunction at ages 4 and 11-13 was associated
with an increased risk of psychotic illness at ages 22 and
31-33, respectively.?*** Both studies used composite ex-
posure measures including squint and eye movement
scores combined with acuity. It is therefore unclear which
aspects of ocular function drove the association. The
studies do not present results adjusted for confounders.

To our knowledge, this is the first large study
investigating whether childhood visual impairment is
associated with future psychotic experiences. We investi-
gated whether poorer visual acuity at age 7 or 11 was as-
sociated with psychotic experiences at ages 17 and 24. We
also assessed, as secondary exposures: tests of binocular
vision, near vision impairment, and eye movements; in
line with other studies. %

Methods

We published our advance protocol on protocols.io.*®

Sample

The Avon Longitudinal Study of Parents and Children
(ALSPAC) is an ongoing UK birth cohort designed
to further knowledge of determinants of illness and
health.?”? All pregnant women in the catchment area
with a due date between April 1, 1991 and December
31, 1992 were eligible for invitation at antenatal appoint-
ments and through advertisements, and 14 541 were
originally recruited.””?® Their children were followed
into adulthood. At age 7, 913 additional children were
enrolled. In total, 14 901 infants surviving to age 1 were
included.” The ALSPAC Law and Ethics Committee
and Local Research Ethics Committees provided ethical
approval for the study and participants gave written in-
formed consent. Study data were collected and managed
using the REDCap electronic data capture tool hosted at
the University of Bristol: a secure, web-based software
platform.*

Further details of the cohort profile and a fully search-
able data dictionary can be obtained through the study
website (https://www.bristol.ac.uk/alspac/).

Outcome Variable

The Psychotic-Like Symptoms Screening Interview
(PLIKSi) is a semistructured interview based on the
Schedule for Clinical Assessment in Neuropsychiatry
(SCAN),*! designed to assess psychotic experiences in
nonclinical populations.® It includes 11 core questions
about psychotic experiences (hallucinations, delusions,
and thought interference).’ The PLIKSi has been valid-
ated in ALSPAC and was administered by trained inter-
viewers.*> Qur primary outcome measures were psychotic
experiences at age 17 or 24 as binary variables (suspected
or definite psychotic experiences/none). We did not
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include symptoms occurring only in partial sleep states
or fever, consistent with standard use of the PLIKSi.?

Exposure Variables

Trained orthoptists performed visual assessments at ages
7 and 11. Visual acuity was measured using the Early
Treatment Diabetic Retinopathy Study (ETDRS) chart
to give a Logarithm of Minimal Angle of Resolution
(LogMAR) score ranging from —0.3 to 1.0.** Zero is
equivalent to “normal” 6/6 or 20/20 vision, with nega-
tive numbers indicating “better than normal” and pos-
itive numbers indicating “worse than normal” vision.*
Carers reported whether children wore glasses. Children
who had used glasses in the preceding 6 months wore
these, and carers supported with matching cards if the
child did not know the alphabet. Testing was performed
using patches to occlude 1 eye and repeated using a
pinhole; a simple device to improve acuity in refrac-
tive errors including myopia.> Best corrected visual
acuity was the better measurement; with or without the
pinhole.

Additional measures at age 7 included: presence of
manifest strabismus (consistent squint)® on cover/un-
cover test; abnormal binocular fusion (ability to fuse
images from each eye),* determined by prism cover and
Worth Four Dots tests; history of eye patch reported by
parent or carer; autorefraction results; and abnormal
pursuit (smooth) and saccadic (rapid) eye movements
as observed by the examiner using a picture target and
light.*” The autorefractor estimates errors in focusing of
light on the retina in Dioptres; a measure of lens strength
required for correction, with positive numbers indicating
near visual impairment.3$¥

Our primary exposure variables were best corrected
LogMAR scores at ages 7 and 11 as continuous variables,
as the most informative measure of overall visual ability.
We tested between-eye visual acuity difference at each age
as secondary continuous exposure variables.”’ We created
a binary variable to compare types of vision: normal vi-
sion (LogMAR <0) without glasses, or visual impairment
(reduced vision; or normal vision with glasses). We also
analyzed as binary exposure variables: glasses use in past
6 months (yes/no) at ages 7 and 11; and at age 7, pres-
ence of manifest strabismus; history of patch (as a proxy
for amblyopia or “lazy eye”)*; abnormal prism test; ab-
normal Worth Four Dots test; near vision impairment
(>+2.00 Dioptres in either eye on autorefraction); ab-
normal pursuit movements; and abnormal saccadic eye
movements.

Putative Confounding Variables

Confounding variables were selected a priori based on
available literature>*4# and included in final models
if missing data did not preclude complete case model
analyses.
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We included sex of child and socioeconomic status of
mother, but not ethnicity of parents, owing to small num-
bers in all ethnic groups except White British (96%).?

Tobacco use and infection in pregnancy were es-
tablished by questionnaires administered to expectant
mothers, and we assessed these as binary variables
(present/absent). We included maternal vitamin D con-
sumption estimated from a dietary questionnaire at 32
weeks’ gestation as a continuous variable and number of
previous pregnancies reported as a discrete variable.

We included Intelligence Quotient (IQ) score at age 8 as
a continuous variable, only in analyses when the exposure
was measured subsequently (at age 11). We used parental
education, a categorical variable for each of mother and
mother’s partner (CSE/O level/A level/vocational/degree).

The Strength and Difficulties Questionnaire (SDQ)
is a measure of childhood adjustment and psychopa-
thology.”® Parents completed this when children were aged
6-7, and we included it as a continuous measure of base-
line psychopathology. We included maternal Edinburgh
Postnatal Depression Scale (EPDS) score when children
were 2-3 years old.”!

Analysis

Descriptive Statistics We calculated numbers and per-
centages for categorical variables. We report mean and
standard deviation for continuous variables that ap-
peared normally distributed on visual inspection, and
median and interquartile range for skewed variables.
Missing Data  Some participants dropped out and others
missed assessments intermittently (figure 1). To maximize
the sample size and reduce attrition bias, our main ana-
lyses used a multiply imputed dataset of participants with
a LogMAR score at age 7 and at least 1 of 10 available
short Mood and Feelings Questionnaire (SMFQ) scores
taken from ages 9 through to 22. The sMFQ is a 13-item
self-report measure of depressive symptoms>? which is as-
sociated with the PLIKS:i in the ALSPAC cohort and im-
proves prediction of missing PLIKSi values.” For example,
for the SsMFQ score with least missing data (at age 9), the
odds of scoring positive on the PLIKSi were increased by
11% for each additional point (odds ratio [OR] 1.11, 95%
confidence interval [CI] 1.07-1.16).

We used chained equations through the command mi
impute chained in STATA version 16.0% to generate the
imputed dataset, with 100 imputations, including all ex-
posure, confounder, and outcome variables. This process
uses a “burn-in” of 10 cycles for each imputation. We im-
puted binary variables using logistic regression, ordinal
variables using ordered logistic regression, and contin-
uous variables using linear regression. Where continuous
variables were nonnormally distributed, we used progres-
sive mean matching via the pmm command to impute
only observed values, making the distribution of imputed
variables consistent with the observed dataset.>
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Multiple imputation (MI) relies on the assump-
tion that data are Missing At Random (MAR): ie, that
missing values are associated with variables observed in
the dataset. The latter assumption was made more likely
through inclusion of auxiliary variables (variables associ-
ated with missing data but not included in our main ana-
lyses), such as mother’s housing situation, family income,
conduct disorder score, and mother’s marital status,
which are associated with missingness in the ALSPAC
data.3%

Primary Analyses We used multilevel logistic regression
(on the multiply imputed dataset) in Stata version 16.0.%*
Imputed data were combined following Rubin’s rules,*
producing an OR for scoring positive on the PLIKSi at
age 17 or 24 for each 0.1-point deterioration in LogMAR
score. Our model accounted for within-individual cor-
relation between PLIKSi scores at age 17 or 24 using a
random intercept for each individual. We repeated this
analysis using each exposure; unadjusted and adjusted
for putative confounding variables. We did not use
Bonferroni corrections because multiple exposures were
testing the same a priori hypothesis, and Bonferroni tests
increase the chance of a type II error without significant
benefit in this situation.”’

Sensitivity Analyses  We report results from the complete
case sample for comparison.

Additionally, visual hallucinations directly secondary
to reduced vision in Charles Bonnet syndrome are a well-
recognized phenomenon, and generally considered dis-
tinct from other psychotic experiences.” We repeated our
primary analyses in the complete case sample excluding
individuals who reported visual hallucinations except
in states of fever, intoxication, or sleep states, to assess
whether these drove any association.

Results

Description of the Sample

Characteristics of participants according to visual acuity
(“normal” vision [LogMAR <0] and reduced vision
[LogMAR >0]) are shown in table 1.

Six thousand six hundred and eighty-six individuals
provided visual acuity scores aged 7 and at least 1 MFQ
score. These individuals comprised the multiply imputed
sample in primary analyses. Complete data on the pri-
mary exposure at age 7, all confounders, and outcome
data at one or both of ages 17 and 24 were available for
3058 individuals. These individuals comprised the com-
plete case sample. Differences between participants with
and without missing data (ie, those in the imputed and
complete case samples) are shown in supplementary
table 1.

From the sample with complete visual acuity data at
age 7, 481 (11.5%) individuals with primary exposure
data scored positive on the PLIKSi at 1 or more time
points; 261 (7.4%) at age 17 and 291 (10.1%) at age 24.
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Original sample

Excluded N = 674

N = 14,541

l

Infant Cohort

N =13,867

® 69 unknown outcomes
® 604 no live birth
e 1 live birth only from a twin

Excluded N = 8,479

Offspring with primary exposure

® No LogMAR score at age 7

Excluded N = 2,975

data

N=7,166

e No PLIKSi result at age 17
or24

Excluded N=1,133

Offspring with outcome data at
one or more time points

4,191

Offspring with complete data
for at least one time point

N=3,058

v

e No data for one or more
confounders

Fig. 1. Missing data flowchart. Note: LogMAR, Logarithm of Minimal Angle of Resolution; N, number of participants; PLIKSi,

Psychotic-Like Experiences Symptoms Interview.

Potential confounders measured but not included due
to a high proportion of missing data (%) included: resus-
citation at birth (46), gestational age at birth (44), and
polygenic risk score for schizophrenia (28). Bivariable
models in the sample with all available data suggested
that these were not significant confounders, however.

Primary Results

In the MI analysis, we found evidence that the odds of
adolescent psychotic experiences increased with each
0.1-point deterioration in LogMAR score at age 7: OR
1.26 (95% CI 1.06-1.49), and at age 11: OR 1.31 (95% CI
1.13-1.51) (table 2). Evidence of these associations atten-
uated but remained after adjustments; at age 7: adjusted
odds ratio (AOR) 1.18 (95% CI 1.00-1.40), and at age 11:
AOR 1.23 (95% CI 1.06-1.42). Visual inspection of his-
tograms suggested that greater variation in the exposure
could account for the stronger evidence of association at
age 11 relative to age 7.
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Secondary Analyses

Following adjustment there was evidence of association
between greater odds of adult psychotic experiences and
needing glasses (AOR 1.63, 95% CI 1.21-2.19); and any
visual impairment (LogMAR >0 or requiring glasses)
(AOR 1.64, 95% CI 1.23-2.19), at age 11 (table 2). AORs
were also suggestive of a positive association at age 7, but
statistical evidence was weaker.

There was no evidence of an association with the out-
come for between-eye visual acuity difference at either
age, or with manifest strabismus, abnormal prism test,
history of eye patch, abnormal Worth Four Dots test, im-
paired near vision, or abnormal saccadic or pursuit eye
movements at age 7, either before or after adjustment.

Complete Case Sample

When we repeated the analyses in the complete case
sample, estimates for the association between psychotic
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Table 1. Characteristics of Sample With Complete Data for Visual Acuity at Age 7

Group With LogMAR Score
Characteristic Whole Sample Group With LogMAR Score <0 >0
Total N = 7166 N (%) N (%) N (%)
Male 3584 (50.1) 3135(50.3) 449 (48.9)
Maternal socioeconomic status based on occupation
Professional 248 (4.2) 228 (4.5) 20 (2.7)
Managerial and technical 1871 (32.0) 1661 (32.5) 210 (28.6)
Skilled nonmanual 2512 (43.0) 2184 (42.7) 328 (44.7)
Skilled manual 205 (3.5) 175(3.4) 30 (4.1)
Partly skilled 849 (14.5) 728 (14.3) 121 (16.5)
Unskilled 159 (2.7) 134 (2.6) 25(3.4)
Maternal educational level
CSE 839 (12.9) 689 (12.1) 150 (18.3)
Vocational 546 (8.4) 464 (8.2) 82 (10.0)
O level 2337 (35.9) 2045 (40.0) 292 (35.7)
A level 1733 (26.6) 1532(26.9) 201 (24.5)
Degree 1052 (16.2) 958 (16.8) 94 (11.5)
Mother’s partner’s educational level
CSE 1229 (19.4) 1009 (18.3) 220 (27.4)
Vocational 493 (7.8) 430 (7.8) 63(7.8)
O level 1439 (22.7) 1245 (22.5) 194 (24.1)
A level 1767 (27.9) 1577 (28.5) 190 (23.6)
Degree 1402 (22.2) 1265 (22.9) 137 (17.0)
Infection during first trimester of pregnancy 1467 (23.6) 1269 (23.4) 198 (25.2)
Maternal smoking in pregnancy 1248 (18.8) 1068 (18.5) 180 (21.3)
Mother’s parity in pregnancy Median 1 Median 1 Median 1
IQR 0-1 IQR 0-1 Range 0-8
1Q aged 8 Mean 105.2 Mean 105.9 99.6 (17.5)
SD 16.1 SD 15.7
SDQ score aged 81 months Median 6 Median 6 Median 7
IQR 4-10 IQR 4-10 IQR 4-11
Maternal EPDS score in pregnancy Median 6 Median 6 Median 6
IQR 3-9 IQR 3-9 IQR 3-10
Maternal vitamin D consumption in pregnancy in Median 3.5 Median 3.5 Median 3.3
micrograms IQR 2.5-5.4 IQR 2.5-5.4 IQR 2.3-5.1
LogMAR score aged 7 Mean —0.06
SD 0.07
LogMAR score aged 11 Mean —0.15 Mean —0.16 Mean —0.06
SD (0.09) SD 0.07 SD 0.1
Needed glasses aged 7 754 (10.6) 452 (7.3) 302 (32.9)
Needed glasses aged 11 989 (18.2) 691 (14.5) 298 (44.4)
Visual impairment (LogMAR >0 or needing glasses) 1370 (19.2)
atage 7
Visual impairment (LogMAR >0 or needing glasses) 1030 (19.4) 708 (15.2) 322 (49.5)
atage 11
Manifest strabismus aged 7 144 (2.0) 81 (1.3) 63 (6.9)
Abnormal prism test aged 7 746 (10.5) 612 (9.8) 134 (14.6)
History of eye patch aged 7 226 (3.2) 143 (2.3) 83 (9.0)
Abnormal Worth’s Four Dots test aged 7 209 (3.8) 129 (2.7) 80 (12.0)
Impaired near vision aged 7 278 (3.9) 149 (2.4) 129 (14.1)
Abnormal saccadic eye movements aged 7 361 (5.8) 293 (5.4) 68 (8.6)
Abnormal smooth pursuit eye movements aged 7 522 (7.3) 433 (6.9) 89 (9.7)
Scored positive on PLIKSi aged 17 261 (7.4) 228(7.2) 33(8.3)
Scored positive on PLIKSi aged 24 291 (10.1) 254 (9.9) 37(11.4)
Scored positive on PLIKS:i at either age 481 (11.5) 419 (11.3) 62 (12.6)

Note: EPDS, Edinburgh Postnatal Depression Scale; 1Q, Intelligence Quotient; IQR, interquartile range; LogMAR, Logarithm of Minimal Angle of

Resolution, where 0 = “normal” vision, <0 = “better than normal” vision, and >0 = reduced vision; PLIKSi, Psychotic-Like Experiences Symptoms Inter-
view; SDQ, Strengths and Difficulties Questionnaire. Missing data (%): sex (0.2); maternal ethnicity (9.5); maternal socioeconomic status (18.5); maternal
educational level (9.2); mother’s partner’s educational level (11.7); infection during first trimester of pregnancy (13.3); maternal smoking in pregnancy
(7.4); mother’s parity in pregnancy (8.8); IQ aged 8 (18.0); SDQ score aged 81 months (20.3); maternal EPDS score in pregnancy (13.2); maternal vitamin
D consumption in pregnancy (11.3); glasses use aged 7 (0.03); glasses use aged 11 (24.3); visual impairment aged 7 (0.3); visual impairment aged 11 (25.9);
manifest strabismus aged (0.1); prism test aged 7 (0.4); Worth’s Four Dots test aged 7 (23.1); impaired near vision aged 7 (0.3); saccadic eye movements
aged 7 (12.5); pursuit eye movements aged 7 (0.1); PLIKSi aged 17 (50.4); PLIKSi aged 24 (59.7); no PLIKS:i result at either age (41.5).

experiences and LogMAR scores, glasses use, and visual
impairment were similar to MI analyses, with CIs largely
overlapping (table 3). Unexpectedly, there was weak

evidence of a negative association between manifest stra-
bismus (AOR 0.23, 95% CI 0.06-0.91), abnormal sac-
cadic eye movements (AOR 0.44, 95% CI 0.20-0.98), and
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Table 2. Odds of Scoring Positive on Psychotic-Like Symptoms Interview (PLIKSi) According to Eyesight Variables in Multiply

Imputed Data

Exposure N OR (95% CI) P Value AOR (95% CI)° P Value

Outcome: positive result on PLIKSi aged 24 or aged 17
Best corrected visual acuity aged 72 6686 1.26 (1.06-1.49) .008* 1.18 (1.00-1.40) .057
Best corrected visual acuity aged 112 6686 1.31 (1.13-1.51) <.001* 1.23 (1.06-1.42) .006*
Difference in acuity between eyes aged 7° 6686 1.05 (0.88-1.25) .565 1.03 (0.86-1.22) 782
Difference in acuity between eyes aged 112 6686 0.94 (0.70-1.25) .654 0.92 (0.69-1.23) 571
Child needed glasses aged 7 6686 1.56 (1.02-2.38) .039* 1.42 (0.93-2.17) .103
Child needed glasses aged 11 6686 1.73 (1.28-2.33) <.001* 1.63 (1.21-2.19) .001*
Normal vision with glasses or subnormal vision aged 7° 6686 1.41(1.03-1.92) .032 1.28 (0.93-1.75) 125
Normal vision with glasses or subnormal vision aged 11° 6686 1.75 (1.31-2.34) <.001* 1.64 (1.23-2.19) .001*
Manifest strabismus aged 7 6686 0.56 (0.19-1.65) 292 0.46 (0.15-1.37) .161
Abnormal prism test aged 7 6686 1.25(0.83-1.89) .290 1.20 (0.79-1.82) .389
History of eye patch aged 7 6686 1.07 (0.54-2.12) .841 0.97 (0.49-1.92) 936
Abnormal Worth Four Dots test aged 7 6686 0.85(0.39-1.88) .693 0.79 (0.36-1.74 555
Impaired near vision aged 7 6686 0.62 (0.29-1.31) 209 0.57 (0.27-1.21) .140
Abnormal saccadic eye movements aged 7 6686 0.82 (0.45-1.49) 521 0.73 (0.40-1.33) .300
Abnormal pursuit eye movements aged 7 6686 0.68 (0.40-1.18) .169 0.64 (0.37-1.11) 112

Note: 95% CI, 95% confidence interval; AOR, adjusted odds ratio; 1Q, Intelligence Quotient; N, number of individuals in analysis; OR,

odds ratio. At age 11, this was further adjusted for IQ aged 8.
#Per 0.1 point deterioration.
PRelative to group with normal vision without glasses.

°Adjusted for sex; mother’s socioeconomic status; educational level of mother and mother’s partner; maternal smoking during preg-
nancy; perinatal infection during first trimester; parity of mother during pregnancy; mother’s reported vitamin D intake during preg-
nancy; Strengths and Difficulties Questionnaire (SDQ) score aged 81 months; and maternal Edinburgh Postnatal Depression Scale

(EPDS) score in pregnancy.
*P <.05.

abnormal pursuit eye movements (AOR 0.47, 95% CI
0.24-0.90) at age 7 and psychotic experiences, that was
not seen in MI analyses.

Sensitivity Analysis

Excluding outcome measures from individuals who re-
ported visual hallucinations at each time point did not
weaken the evidence of associations in the complete case
sample (supplementary table 2).

Discussion

Main Findings

There are 2 plausible explanations for our findings that
best corrected visual acuity in childhood; needing glasses;
and any visual impairment aged 11 are associated with
future psychotic experiences. First, reduced childhood
visual acuity may be a risk factor for these experiences.
Our findings are consistent with the PaSZ model, and
previous work proposing this.*!> We included no known
blind participants, so can comment on the first PaSZ
model assertion, that visual impairment is associated
with an increased risk of psychosis; but not the second,
that absent vision is protective. Alternatively, our findings
could be explained by early life central nervous system
dysfunction predisposing to both visual impairment and
psychosis.
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Although we found evidence that glasses use and visual
impairment at age 11 are associated with psychotic experi-
ences, there was very weak evidence for these exposures
at age 7. Best corrected visual acuity improved overall at
age 11 compared to age 7 with a slightly broader distri-
bution of values, suggesting that we were predominantly
assessing differences within the “normal” range. In our
multiply imputed dataset, more children wore glasses at
age 11, allowing greater power to detect the association
with glasses use. The increase in corrected myopia prev-
alence is expected since a process of ocular elongation
occurs in infants and may continue until adulthood.'

The finding that eye movement abnormalities and
squint were not associated with psychotic experiences
seems surprising, given that these are some of the most
widely replicated neurological abnormalities in schizo-
phrenia.” This might be because these measures are as-
sociated with psychotic illnesses but not other types of
psychotic experience, or because they occur closer to the
time when psychotic experiences are established, or result
from these.

Strengths and Limitations

To our knowledge, this is the first large study to assess the
association between reduced childhood visual acuity and
psychotic experiences in adolescence. Strengths include
the use of a large birth cohort, and the ability to consider
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Table 3. Odds of Scoring Positive on Psychotic-Like Symptoms Interview (PLIKSi) According to Eyesight Variables in Complete Case

Sample

Exposure N OR (95% CI) P Value AOR (95% CI)¢ P Value

Outcome: positive result on PLIKSi aged 24 or aged 17
Best corrected visual acuity aged 72 3058 1.37 (1.08-1.74) .009* 1.29 (1.02-1.64) .037*
Best corrected visual acuity aged 112 3074 1.23 (1.01-1.50) .037* 1.16 (0.94-1.42) .163
Difference in acuity between eyes aged 7° 3058 0.93 (0.70-1.24) .628 0.90 (0.68-1.21) .498
Difference in acuity between eyes aged 11° 3074 0.98 (0.67-1.43) 919 0.97 (0.66-1.43) .886
Child needed glasses aged 7 3379 1.27 (0.78-2.06) .329 1.16 (0.71-1.88) 552
Child needed glasses aged 11 3138 1.97 (1.32-2.94) .001* 1.91 (1.28-2.85) .002*
Normal vision with glasses or subnormal vision aged 7° 3051 1.36 (0.89-2.08) 151 1.20 (0.79-1.85) .393
Normal vision with glasses or subnormal vision aged 11° 3073 2.09 (1.40-3.11) <.001%* 1.99 (1.33-2.97) .001*
Manifest strabismus aged 7 3382 0.28 (0.07-1.07) .064 0.23 (0.06-0.91) .037*
History of eye patch aged 7 3387 0.50 (0.19-1.29) 150 0.42 (0.16-1.10) .077
Abnormal prism test aged 7 3373 0.88 (0.53-1.44) .606 0.83 (0.50-1.37) 456
Abnormal Worth Four Dots test aged 7 2556 0.64 (0.23-1.78) 392 0.55(0.20-1.51) .243
Impaired near vision aged 7 3368 0.56 (0.22-1.39) 207 0.50 (0.20-1.26) 141
Abnormal saccadic eye movements aged 7 2925 0.51(0.24-1.12) .092 0.44 (0.20-0.98) .044%*
Abnormal pursuit eye movements aged 7 3380 0.46 (0.24-0.89) .020 0.47 (0.24-0.90) .023%*

Note: 95% CI, 95% confidence interval; AOR, adjusted odds ratio; 1Q, Intelligence Quotient; N, number of individuals in analysis; OR,

odds ratio. At age 11, this was further adjusted for IQ aged 8.
aPer 1 point deterioration.
PRelative to group with normal vision without glasses.

°Adjusted for sex; mother’s socioeconomic status; educational level of mother and mother’s partner; maternal smoking during preg-
nancy; perinatal infection during first trimester; parity of mother during pregnancy; mother’s reported vitamin D intake during preg-
nancy; Strengths and Difficulties Questionnaire (SDQ) score aged 81 months; and maternal Edinburgh Postnatal Depression Scale

(EPDS) score in pregnancy.
*P <.05.

a wide range of potential confounders. The inclusion
of children at age 7 is particularly helpful in the context
of vision. The resulting age range represents the widest
consensus as to when the visual pathway is reaching its
final stages of development. Therefore, the development
of amblyopia (diminished vision secondary to impaired
visual stimulation during this period) would most likely
have manifested in this sample of children, and the subse-
quent measure of reduced visual acuity would have been
identified and included in analysis.®

Several limitations should be noted. The ASLPAC co-
hort consists mostly of White British participants,®! and
cannot be considered fully representative of the popula-
tion of the UK or global community. Although we aimed
to include a wide range of confounding variables, residual
and unmeasured confounding cannot be eliminated. The
proportion of attrition and missing data in ALSPAC is
also substantial and could bias findings. In our sample,
57% of participants with complete primary exposure
data aged 7 were missing data in the confounders or out-
come. The negative association with strabismus and eye
movements seen in the complete case sample suggests
bias caused by missing data. We have aimed to mitigate
this by using MI; simulations in the ALSPAC dataset
show that even when outcome data are Missing Not At
Random (MNAR), use of MI with appropriate auxiliary
variables gives less biased results compared to those from
complete case analyses.®

Although visual acuity was measured objectively, full
engagement with the process was required, and children’s’
motivation may have influenced test results. Reducing
visual acuity to a binary measure reduces its sensitivity,
and even small differences within the normal range of vi-
sion can lead to significant problems in visual processing.
However, we still found associations.®> We could not as-
sess uncorrected acuity, which likely led to an underes-
timate of the true strength of associations. Conversely,
the PLIKSi relies on self-reporting, and it is possible
that psychotic experiences were under-detected due to
stigma, which might have weakened ability to detect an
association.

Although we have shown an association between visual
acuity and psychotic experiences, this does not neces-
sarily equate to an association with psychotic illnesses,
since these phenomena do not entirely overlap.® Psychotic
experiences are associated with a range of psychiatric
morbidity,’ and so our findings could be driven by an
association between visual impairment common mental
disorder. Even so, the PaSZ model describes a gradient
of risk of psychotic symptomatology as a continuous
phenomenon according to degree of visual capacity, and
should therefore be generalizable to a broad range of psy-
chotic experiences.’

We have not explored possible mediators or effect
modifiers of the association in this study. Confounders
such as shared genetic mechanisms or risk factors such
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as birth trauma could explain the association.* It is also
possible that subsequent environmental influences, such
as bullying or trauma, might lie on a causal pathway be-
tween visual impairment and psychosis.%

Comparison With Other Literature

Our findings extend those from 2 small cohort studies of
children which found that ocular deficits predicted adult-
hood diagnosis of schizophrenia.?»* We have demon-
strated this association in a large sample, using psychotic
experiences rather than diagnoses. We have found that
visual acuity impairment specifically, rather than other oc-
ular measures, appears to account for the association. This
might be because visual acuity impairments affect more
people, leading to greater power. Alternatively, it might be
because acuity deficits emerge earlier in the development
of central nervous system dysfunction than do other oc-
ular deficits. Our results are consistent with those from a
Swedish cohort study, which showed that poorer visual
acuity at ages 18-19 was associated with subsequent diag-
nosis of psychotic illnesses.’ The Swedish study also found
that between-eye visual acuity difference was associated
with psychotic illness. We did not replicate this finding:
perhaps because we measured corrected rather than uncor-
rected visual acuity, so were less likely to detect between-cye
differences; or because this association did not exist in our
sample, which was younger; or because we explore psychotic
experiences rather than illnesses.”” The Swedish study is one
of the 2 largest cohort studies in older adolescents on this
topic. The second, Israeli study gave conflicting findings de-
spite reporting on a comparable population of young army
conscripts aged 16-17. It reported that refractive errors in
late adolescence were negatively associated with subsequent
schizophrenia.?! It did not describe how refractive error
was defined, so perhaps only severe visual impairment was
counted as an exposure, which could explain the discrep-
ancy both with our study and the Swedish study.

A 2020 systematic review collated studies that used optical
coherence tomography and electroretinography (ERG) to
compare ophthalmic structure and function in people with
schizophrenia and people without.®® Across studies, there is
evidence of retinal thinning and altered retinal waveforms
in schizophrenia, which are conceptualized as biomarkers
representing an underlying neuropathological process.® The
timing of the development of these alterations is unknown,
but rates of ERG abnormalities are also elevated in children
at high risk of psychotic illness.”” Reduced visual acuity
could therefore result from this process in some children in
our study and share an underlying neuropathology or ge-
netic predisposition with psychosis.

Conclusions

Our findings support a temporal association whereby
childhood visual acuity impairment is associated with

332

late adolescent psychotic experiences. Future research
should aim to elucidate the underlying mechanisms be-
hind this association, to further our understanding of the
development of psychotic illnesses and symptoms and
how they relate to vision.

Supplementary Material

Supplementary material is available at Schizophrenia
Bulletin online.
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