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Abstract

Purpose:   The psychosocial implications of a 
strabismus have not received sufficient attention 
and yet may have a significantly negative effect on 
a person’s life.  Schizophrenia is the fourth leading 
cause of mental disability in the developed world.  
Both schizophrenia and strabismus appear to share 
a genetic and neurological origin.  This study thus 
set out to assess the prevalence of strabismus in 
a sample of schizophrenic subjects. Setting:  The 
study was carried out in Durban, Kwazulu-Natal in 
South Africa specifically at the Durban and Coastal 
Mental Health Institution. Method:  Fifty schizo-
phrenic subjects residing at the Durban and Coastal 
Mental Health (DMH) Institution were assessed 
for the presence of strabismus using the cover test 
and modified Krimsky test.  The inclusion criteria 
were all subjects diagnosed with schizophrenia, 
of both genders and any race.  The subjects were 
between fifteen to seventy years of age.  The ex-
clusion criteria included any other mental illness, 
systemic disease or medication other than that used 

on schizophrenic patients.  Results:  The preva-
lence of strabismus in this sample was found to 
be 74% which was considerably higher than that 
reported by other studies1,2.  There was a greater 
incidence of exotropia as opposed to esotropia.  
The mean distance exotropia as detected with the 
cover test was 33 prism dioptres.  Similarly, the 
near cover test indicated a mean of 11 prism diop-
tres exotropia, and with the modified Krimsky test 
a mean of 9 prism dioptres exotropia.   Most of the 
strabismic subjects (86.5%) presented with a stra-
bismus when fixating a near target.  Generally the 
strabismus was found to be constant and unilat-
eral and no gender bias was found.  Conclusion:  
There appears to be a strong relationship between 
strabismus and schizophrenia.  Health care profes-
sionals, especially those dealing with paediatric 
care, parents and the public should be made aware 
of this relationship so that psychological advice 
and early intervention can be sought for strabis-
mic children. (S Afr Optom 2011 70(3) 101-108)
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Introduction
A strabismus or heterotropia is a manifest devia-

tion of one or more of the visual axes, commonly re-
ferred to as a squint3,4.  A strabismus can be either 
congenital or acquired for example due to cataracts.  
The main etiology of strabismus includes mechani-
cal, paretic, refractive and neurological conditions or 

may be due to systemic conditions such as multiple 
sclerosis or diabetes3, 5, 6.   Being a manifest deviation, 
a strabismus has been regarded as a facial abnormal-
ity7.   Previous studies8-11 have reported that the pres-
ence of a noticeable strabismus has a negative effect 
on the self image and subsequently on the psychoso-
cial makeup of the individual.  Furthermore, Satter-
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field et al9 asserted that the negative influence persists 
and actually intensifies into adulthood.  This asser-
tion has been supported by Tonge et al12 and more 
recently by Durnian et al13 who postulated that since 
the presence of a strabismus can affect an individual’s 
interaction with others it can actually lead to psychi-
atric disorders.  Poor social functioning in the teen 
years has been associated with the later appearance of 
schizophrenia14.  Thus far, schizophrenia appears to 
be the only serious mental health disorder associated 
with strabismus1, 15.  

Schizophrenia, literally split mind, is a psychot-
ic disorder characterized by major disturbances in 
thought, emotion, behaviour and disordered thinking 
in which ideas are not logically related16, 17.  Schizo-
phrenia includes faulty perception and attention; flat 
or inappropriate affect (where a patient has virtual-
ly no emotional response to a stimulus) and bizarre 
disturbances in motor activity18.  The exact cause of 
schizophrenia is not known but is related to disorders 
in brain structure and chemistry which can be brought 
about by metabolic disorders, viruses, trauma or ab-
normal substances such as lead19, 20.  Schizophrenia 
is said to run in families, which implicates either 
genetic or environmental factors19-21.  Most schizo-
phrenic disorders occur in the second and third dec-
ades of life14, 17.  Signs of schizophrenia include hal-
lucinations which are perceptual experiences that feel 
real to the individual even though there is nothing to 
perceive and delusions which are beliefs that are not 
perceptually true but which the individual considers 
real17, 20.  

The risk of schizophrenia has been linked11-13 to de-
letions on chromosome 22q which is associated with 
facial abnormalities including a cleft palate14.  Previ-
ous studies22-24 have also established an association 
between schizophrenia and abnormal eye movements 
involving pursuits and saccades.  There appears to be 
a link between the neurological etiology of strabis-
mus and schizophrenia, and this link is thought to be 
genetic in origin1-3.  Past literature2, 25 have revealed 
two genes known as PMX2B and ARIX, which, when 
defective, has been found to have a strong correlation 
to both strabismus and schizophrenia.    The ARIX 
gene is known to encode a transcription factor pro-
tein25 shown to be responsible for the development 
of cranial nerves III and IV.  Although previous 
studies1, 15 suggest a link between strabismus and 

mental disorders, the psychosocial implications of 
a strabismus have not been given sufficient atten-
tion.  Furthermore, the prevalence of strabismus in 
schizophrenic patients has not been widely stud-
ied2.  Such studies are expected to benefit both par-
ents and individuals concerned with paediatric care 
by raising awareness of the link between strabismus 
and schizophrenia and by changing the treatment ap-
proach to some strabismic subjects to include moni-
toring behavioural changes, regular psychological 
assessments and counselling.  Following a literature 
review, only three studies1, 2, 15 have been found spe-
cifically investigating the link between strabismus 
and schizophrenia.  One study by Toyota et al2 that 
established the association between strabismus and 
schizophrenia was restricted to only Japanese people 
which may have biased implications when consid-
ering the genetic links.   The study by Schiffman et 
al15 investigated ocular alignment deficits on children 
whose parents had been diagnosed with schizophre-
nia.  A more recent study by Mohney et al1 limited 
the sample to subjects younger than 19 years of age, 
and was not restricted to schizophrenia.  It has been 
found, however, that schizophrenia rarely presents 
before the age of 25 years14, 17. None of the studies1, 

2, 15 attempted to quantify the strabismus in the 
study sample.  Our study therefore investigated a 
sample including different races and a broader pop-
ulation between the ages of 15-70 years.  Subjects 
over the age of 70 were excluded as people over 
this age are predisposed to developing a strabismus 
due to loss of muscle tonus with age26.  The aim of 
the present study was to determine in Kwazulu Na-
tal the prevalence of strabismus amongst a diverse 
population of schizophrenic subjects.

Methods
Study design and sample

A cross sectional study design was used.  Ethical 
clearance was obtained from the Faculty of Health 
Sciences at the University of Kwazulu Natal prior to 
commencement of the fieldwork (FECHSC 028/10). 
The study population comprised schizophrenic sub-
jects residing at the Durban and Coastal Mental 
Health (DMH) Institution and a saturated sample of 
50 subjects was obtained.  Consultation with a quali-
fied psychologist helped to determine the inclusion 
and exclusion criteria.  The inclusion criteria were 



The South African Optometrist          ISSN 0378-9411
103

S Afr Optom 2011 70(3) 101-108             D Ndlovu, S Nhleko, Y Pillay, T Tsiako, N Yusuf and R Hansraj - The prevalence of strabismus ... KwaZulu Natal

subjects that had been diagnosed with schizophrenia, 
who were between the ages of 15 and 70 years and of 
either gender.   Subjects that had any other mental or 
systemic illnesses and those who were on any medi-
cation other than that used to treat schizophrenia were 
excluded from the study.  This information was ob-
tained from the subjects’ medical records.  The man-
ager of DMH granted permission for the usage of the 
premises and patients.  They informed the subjects 
and determined possible participants according to the 
inclusion and exclusion criteria.  Informed consent 
was obtained from the subjects and their legal care 
givers prior to commencement of the testing.  

Study procedure
The battery of tests performed included observa-

tion, the cover test together with a prism bar and the 
modified Krimsky test.  Subjects were observed for 
any abnormal head postures or face turns that may 
have been adopted to compensate for diplopia in-
duced by the strabismus.  The data gathering instru-
ments used were an occluder to reveal the strabismus, 
a penlight torch to maintain fixation and view the cor-
neal reflexes, and a prism bar to measure and realign 
the corneal reflexes relative to the midline of the pu-
pil.  To ensure the consistency of the testing instru-
ments, one prism bar was used and the batteries of 
the penlight torch were changed as required to ensure 
consistent brightness.  To ensure standardisation and 
to give a level of quality control each technique was 
performed by two researchers.  Differences greater 
than two prism dioptres between the researchers were 
disregarded and the techniques repeated.  This deci-
sion was made by a third researcher.

The cover test is the most common, efficient and 
reliable objective method to assess a strabismus2.  It 
gives information on the magnitude, direction, later-
ality and stability of a deviation.  In the present study 
it was performed with the relevant target, which was 
a letter one line above the unaided visual acuity of the 
poorer eye, at distance (6 m) and then at near (40 cm).  
The unilateral cover test was used to detect a stra-
bismus by observation of the uncovered eye and the 
alternating cover test was used to measure the magni-
tude of the strabismus in conjunction with a prism bar 
using the appropriate base directions. 

Following the cover test, the modified Krimsky 
test was performed.  The fixation target was a penlight 

torch held in the midline at 50 cm from the subject 
and the examiner stood directly in front of the deviat-
ing eye to avoid errors of parallax27.  The position of 
the corneal reflection of the light in each eye was ob-
served by the examiner (DN/NY) while the other eye 
was covered.  The examiner determined which eye 
was the deviating eye and placed appropriate prisms 
in front of this eye until normal alignment (0.50 mm 
nasal from the centre of the pupil) was achieved.  The 
base directions of the prisms were the same as in the 
alternating cover test depending on the direction of 
the deviation.  The amount of prism to accomplish 
alignment was recorded as the magnitude of the stra-
bismus.  Von Noorden27 concluded that the advantag-
es of the modified Krimsky test include independence 
from the fixation behaviour of the deviated eye, and 
an estimate of the deviation in subjects even with ec-
centric fixation. 

Due to the nature of the subjects included in this 
study subjective methods to detect strabismus may 
not have been entirely reliable therefore both tests to 
investigate the strabismus were chosen based on their 
objectiveness and efficiency.  Both tests were done 
unaided as this study was aimed at determining the 
prevalence of a habitual strabismus in the study sam-
ple.  This however, is acknowledged as a limitation in 
this study as the strabismus could have been affected 
by poor visual acuity, refractive problems as well 
as accommodative anomalies hence the tests should 
have been done with the appropriate refractive cor-
rections.  

The methods used in this study to investigate the 
strabismus are similar to those used by previous stud-
ies1, 2.  Toyota et al2 used similar procedures imple-
menting both the unilateral and alternating cover test 
but using a Hirschberg test rather than a modified 
Krimsky test.  The modified Krimsky test was chosen 
in the present study because it allows for the measure-
ment of the deviation unlike with the Hirschberg test.  
Mohney et al1 used the modified Krimsky test to iden-
tify and measure deviations in his study investigat-
ing the link between strabismus and schizophrenia.  
Hence, these tests are documented as being valid and 
reliable for parameters assessed in the present study.

Data was captured and analysed using the Statisti-
cal Package for Social Sciences (SPSS, version 15.0) 
under the guidance of the faculty statistician.  The data 
collected was described in terms of frequencies and 
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means, and the Pearson’s chi-squared test was used to 
investigate correlations.  Statistical significance was 
set at the 95% confidence level.  

 
Results 
Demographics

The 50 subjects were between fifteen and seventy 
year of age with a mean age of 50.45 11.12  years.  
Of the sample 52% were female and 48% male show-
ing an almost equal gender distribution.  With regard 
to race, the most prevalent race in the sample were In-
dian (36%) followed by Africans (30%) and then Col-
oureds and Caucasians representing 24% and 10% of 
the sample respectively.  The race distribution of the 
sample is attributed to the location of DMH and not 
an indication of the prevalence of schizophrenia in 
different ethnic groups.

Gender
Of the subjects that presented with a strabismus, 

48.6% were female as opposed to 51.4% males. The 
Pearson Chi Square test revealed that there was no 
gender bias in those subjects presenting with a stra-
bismus (p=0.424). 

Strabismus characteristics
As illustrated by Figure 1, the prevalence of stra-

bismus, detected by any one of the three methods 
used, and either at distance, near or both, was 74% 
(n=37). 

Figure 1:  Prevalence of Strabismus

Irrespective of the test used, of the 37 subjects who 
presented with a strabismus, either at distance, near 
or both, 24% (n=9) had an esotropia and 76% (n=28) 
were exotropic (see Figure 2).  

Figure 2:  Direction of Strabismus

Only one subject (2.7%) presented with a vertical 
deviation (a hypertropia in addition to the esotropia).  
Furthermore, 13.5% (n=5) of the strabismic subjects 
presented with a deviation at both distance and near 
compared to 86.5% (n=32) of the strabismic subjects 
who only had a deviation when fixating at near as de-
termined by either the near cover test or the modified 
Krimsky test.     

Table 1 shows the prevalence of the strabismus 
with any one of the three tests.  As can be seen in Ta-
ble 1, the majority of the strabismus was detected with 
the patient fixating at near, and by the modified Krim-
sky test.  There was no correlation found between 
the different methods used to detect and measure the 
strabismus in this study.  The modified Krimsky test 
superseded the cover test both at distance and at near 
for the detection of the strabismus, with the modified 
Krimsky test detecting 86.5% of the strabismus that 
was present in the sample. 

The mean, median, mode and range of the stra-
bismus detected by the cover test at distance and at 
near and with the modified Krimsky test are shown 
in Table 2.  With the subject fixating a distant target, 
even though only five subjects presented with a stra-
bismus, the magnitude was quite significant with the 
average exotropia being 33 prism dioptres (pd) .  The 
average exotropia detected with the subject fixating a 
near target was lower being 11 pd as detected with the 
near cover test and 9 pd with the modified Krimsky 
test.  The average magnitude of the esotropia detected 
was less than that of the average exotropia being 6 pd  
as detected with the distance cover test and 6 pd  as 
detected with the modified Krimsky test.  The vertical 
deviation detected in only one of the subjects was a 
left hypertropia of 2 pd.

From the case history it was found out of the 74% 
who had strabismus, only 16% were aware of the de-
viations and presented with obvious deviations upon 
being observed. It was of concern though that none of 
them had any intervention regarding the strabismus 
but unfortunately the reasons for this were not ascer-
tained.
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Table 1: Prevalence of the strabismus detected, with the use of different tests in a sample of schizophrenic subjects

 

Table 2:  Magnitude of the strabismus detected in the sample using the three tests.  All measurements are in prism dioptres (pd).

Table 3:  Frequency and laterality of the strabismus detected using three tests in 50 schizophrenics based at DMH, Kwazulu-Natal, 
South Africa

Table 3 above classifies the strabismus as detect-
ed by the three tests in terms of their frequency and 
laterality.  With respect to frequency, the majority of 
the strabismus detected by any one of the three tests 
appeared to be constant exotropia.  Furthermore, ir-
respective of the direction of the strabismus, in the 
majority of the subjects the strabismus appeared to be 
unilateral.  However, it was not uncommon to find an 
alternating strabismus.

Discussion
The prevalence of strabismus in this sample of 50 

schizophrenic subjects at the DMH in Kwazulu-Natal 
was found to be 74% highlighting the association be-
tween schizophrenia and strabismus.  Toyota et al2 

found a prevalence of strabismus of 13% in a sam-
ple of 346 schizophrenic subjects.  Comparatively the 
prevalence of strabismus in the control group (5%) 
in the study by Toyota et al2 was less than half that 
in the schizophrenic group indicating a higher preva-
lence amongst schizophrenic subjects.  The difference 
in the prevalence established by this study and that 
of Toyota et al2 could be related to the measurement 
techniques used which may have been influenced by 
subject co-operation and attention.  Furthermore, the 
difference in sample size may have also resulted in 
varying results as the study by Toyota et al2 included 
346 schizophrenic subjects compared to the 50 sub-
jects examined in our study.   The present study as-
sessed the strabismus without any refractive correc-

XOT XOT XOTSOT SOT SOT
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tion which could have affected the presentation of the 
strabismus.  It is unclear as to whether or not the study 
by Toyota et al2 assessed the strabismus with the ap-
propriate refractive correction used.  Approximately 
13% of subjects in our study presented with a distance 
strabismus when assessed with the cover test.  This 
compares more closely to the findings of Toyota et 
al2.  The study by Mohney et al1 found that 41.3% of 
subjects with a history of childhood strabismus also 
had a mental health disorder.   Early on Hinton et al8 

had speculated that mental disorders for example psy-
chosis may arise due to the cosmetic influence of the 
strabismus.   More recently, Toyota et al2 discovered 
that both schizophrenia and strabismus share a com-
mon defective gene. This gene, known as PMX2B, 
may be the reason that they present concurrently. 

Speculation exists with respect to the side effects of 
drugs used to treat schizophrenia and their ocular ef-
fects.  The most common medications used for schiz-
ophrenia were found to be haloperidol and phenerine 
based on the subjects’ medical records. It has been 
found that schizophrenia medication may present 
with induced intraocular lens and corneal pigmentary 
changes which may produce visual impairment such 
as halos around lights, hazy vision, photophobia, and 
watering eyes28.  Other ocular side effects include in-
creased blinking, inability to move the eyes, miosis or 
mydriasis with loss of accommodation, narrow angle 
glaucoma, esophoria, impaired fusional convergence 
and divergence amplitudes28.   Not all individuals ex-
perience some or all of the side effects as side effects 
are found to be dependant on the duration of the ther-
apy and dosage of each medication with the side ef-
fects disappearing with withdrawal of the medication.  
Furthermore, neuroleptics such as haloperidol that are 
used in the treatment of schizophrenia can result in a 
locking of the eyes in an elevated position which is 
very different from that of a strabismus2.

The majority of the subjects with strabismus in the 
present study were found to be exotropic (76%) com-
pared to only 24% with an esotropia.  Toyota et al2 
found strabismus in 13% of schizophrenic subjects 
with 95% of these subjects being exotropic and only 
one subject (2.17%) being esotropic.  Mohney et al1 
did a retrospective study on the prevalence as well as 
the types of psychiatric disorders that were diagnosed  
by adulthood in a sample of 266 esotropic subjects 
and 141 exotropic subjects who had strabismus as 

children and who were residing at Olmsted County, 
Minnesota between January 1, 1985 and December 
31, 1994.  Forty five percent of the esotropic sub-
jects were female, and 58.2% of the exotropic sub-
jects were female.  The racial distribution was 95.7% 
White, 3% Asian American, 0.7% Black and 0.3% 
each of Native American and other.   Exotropic chil-
dren appeared to have a three times (95% confidence 
interval:  1.9-5.1 times) greater likelihood of develop-
ing a mental illness compared to orthotropic children 
in the control group1, and yet esotropic children did 
not appear at any greater risk of developing a psychi-
atric disorder when compared to the orthotropic chil-
dren1.  Toyota et al2 also reported an odds ratio for 
constant exotropia in schizophrenia was 20.6% (95% 
confidence interval, 5.03-56.2).  

The genes that have been linked to the association 
between strabismus and schizophrenia are also re-
sponsible for the development of the third and fourth 
cranial nerves25.  These nerves innervate, amongst 
other muscles, the medial rectus.  The medial rectus 
is primarily involved in adduction of the eye; hence 
defective innervations are expected to result in an ex-
otropia.  The lateral rectus muscle is innervated by the 
sixth cranial which is not controlled by these genes25.  If 
the lateral rectus was affected it would result in an eso-
tropia.  Furthermore, in comparison to esotropia, exotro-
pia has a more pronounced adverse cosmetic appearance 
and is easier to be detected even by a lay person just by 
observation and may therefore have a greater negative 
impact on a person’s self image12, 29, 30.   The prevalence 
of a vertical deviation in both the present study as well 
as that by Toyota et al2 was very low, being 2.7% and 
2.17% respectively, which may indicate that the vertical 
position of the eye and the muscles responsible are not 
as affected by defects in the PMX2B and ARIX genes.  

In our study, the majority of the strabismus (86.5%) 
was diagnosed with the subject fixating a near tar-
get.  When one fixates a near target convergence is 
required which once again calls on the actions of the 
medial rectii muscles.  Deficiencies in convergence 
can thus result in the manifestation of an exotropia.  
The study by Mohney et al1 did record a greater prev-
alence of convergence insufficiency in children with 
mental disorders such as schizophrenia, psychoses 
and bipolar disorder.  Most of the strabismus detected 
in this study was with the use of the modified Krim-
sky test.  There was no significant correlation found 
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between the different tests used to detect and measure 
the strabismus in this study.  Possible reasons for this 
discrepancy between the techniques are that the de-
viations may not have been detected with the cover 
test if there was eccentric fixation present especially 
if the angle of eccentric fixation was equal to the mag-
nitude of the strabismus.  Future studies should take 
eccentric fixation into account when determining the 
presence or absence of a strabismus.  The other expla-
nation for the differences between the techniques was 
the fixation behavior of the subjects, who tended to be 
wary of the presence of the occluder during the cover 
test, thus contaminating results of this procedure to 
an extent.  In the modified Krimsky test, the prism to 
reposition the corneal reflex is placed over the fixat-
ing eye, that is, the secondary angle of strabismus is 
measured, however, with the alternating cover test the 
prism is placed over the non-fixating eye and hence 
the primary angle is being measured.  In order for the 
modified Krimsky test to be accurately interpreted 
however, extraocular motilities must be full31.  This 
was not checked as part of this study and should be 
included in future studies investigating strabismus 
in schizophrenia.  This study was done by final year 
optometry students, and minimal experience with the 
testing  procedures and exposure to the subject popu-
lation may also have contributed to discrepancies in 
the findings.   

A difference in the magnitude of the strabismus 
when fixating at distance compared to near, as well as, 
with exotropia compared to esotropia was noted.  The 
mean exotropia at distance was 33 pd and the means 
when fixating at near were 11 pd with the near cover 
test and 9 pd with the modified Krimsky test.  Previous 
studies1, 5 have not reported on the actual magnitude 
of the strabismus in schizophrenic patients.  Statis-
tics around the magnitude of the strabismus are vital 
when one considers the implication that a noticeable 
strabismus has an effect on the psychosocial function-
ing of an individual.  The cosmetic appearance of a 
noticeable heterotropia can affect a patient emotion-
ally4.  Larson et al29 found that the threshold for the 
detection of a horizontal heterotropia was found to be 
12.5 prism dioptres.  Weissberg et al30 reported that an 
angle of 14.5 prism dioptres for esotropes and 8 prism 
dioptres for exotropes was noticeably visible by lay 
observers.  Even though the mean strabismus when 
fixating a near target reported in the present study are 

lower than the threshold values suggested above, it 
is important to note that ranges illustrated in Table 2.  
The upper limit of the ranges was much larger than 
the threshold values found by previous studies.  Thus, 
the additional benefit of squint surgery on the psy-
chosocial functioning of a person is becoming more 
apparent in recent times13.  

With respect to the frequency, the majority of the 
strabismus was found to be constant (Table 3).  Simi-
lar findings were reported by Toyota et al2.  The exact 
reason for why constant exotropia predominates in 
schizophrenia however remains unknown2.   Mohney 
et al1 also reported that subjects with a constant exo-
tropia appeared to be prone to developing a psychiat-
ric disorder earlier than in those with an intermittent 
exotropia.  Even though some of the subjects in the 
present study presented with an alternating strabis-
mus majority were unilateral (Table 3).  

Debate does exist among recent studies as to 
whether there is a gender bias with mental illness.  
Mohney et al1 revealed no gender difference with re-
spect to the prevalence of mental illness.   McKenzie 
et al32 on the other hand, found mental illness to be 
more prevalent in males than females in subjects that 
had intermittent exotropia.  There did not appear to be 
a gender bias with respect to the prevalence of strabis-
mus among the schizophrenic subjects in the present 
study.  

Conclusion
This study showed a high prevalence of constant 

exotropia in schizophrenic patients.  Among indi-
viduals who later develop schizophrenia in adulthood 
there have been limited studies investigating extraoc-
ular muscle dysfunction in childhood and this study 
thus adds to that knowledge base.   This study was not 
without limitations as it was a cross-sectional study 
done on a limited number of subjects.  Furthermore, 
the strabismus was assessed without the refractive 
compensation which could have altered the presen-
tation.    Future studies into this area are important 
and will help address the issue of whether extraocular 
muscle disorders are a function of schizophrenia or 
a precursor to the disorder.  It would benefit health-
care professionals in the management strategies when 
dealing with paediatric patients with strabismus and/
or disorders such as schizophrenia.  
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