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Abstract
OBJECTIVE—We investigated the prevalence and types of psychiatric disorders diagnosed by early
adulthood among patients who had common forms of strabismus as children.

METHODS—The medical records of children (<19 years) who were diagnosed as having esotropia
(N = 266) or exotropia (N = 141) while residents of Olmsted County, Minnesota, between January
1, 1985, and December 31, 1994, were reviewed retrospectively for psychiatric disease diagnoses.
Each case subject was compared with a randomly selected, individually birth- and gender-matched,
control subject from the same population.

RESULTS—A mental health disorder was diagnosed for 168 (41.3%) of the 407 patients with a
history of childhood strabismus, who were monitored to a mean age of 17.4 years, compared with
125 control subjects (30.7%). Children with exotropia were 3.1 times more likely to develop a
psychiatric disorder than were control subjects when monitored to a mean age of 20.3 years. Children
with esotropia were no more likely to develop mental illness than were control subjects when
monitored for similar periods. Patients with intermittent exotropia also were significantly more likely
to have greater numbers of mental health disorders, mental health emergency department visits, and
mental health hospitalizations and to have suicidal or homicidal ideation.

CONCLUSIONS—Children diagnosed as having strabismus in this population, especially those
with exotropia, were at increased risk for developing mental illness by early adulthood. Patients with
intermittent exotropia seemed to he particularly prone to developing significant psychiatric diseases
by the third decade of life.
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What’s Known on This Subject
There is a single report of a genetic association of schizophrenia and “constant exotropia” but there are no other data on this association.
What This Study Adds
A strong link between childhood exotropia and the subsequent development of various forms of mental illness is demonstrated.
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Strabismus is a disorder of ocular alignment that afflicts 3% to 5% of children.1–6 Esotropia
(an inward deviation of the eyes) is more common than exotropia (an outward deviation) in
Western populations, although exotropia predominates among Asian individuals.7 Two
reports, one genetic8 and the other clinical,9 suggested a link between Strabismus and adult
schizophrenia. However, this association was found either with a rare form of childhood
strabismus (constant exotropia)8 or among patients with a family history of schizophrenia.9
Moreover, adult schizophrenia was the only disorder of mental health found to be associated
with strabismus. The purpose of this study was to evaluate the prevalence and types of
psychiatric disorders diagnosed by early adulthood among patients who had common forms
of strabismus as children.

METHODS
The medical records of all patients <19 years of age who were residing in Olmsted County,
Minnesota, and were diagnosed by an ophthalmologist as having the more-prevalent forms of
esotropia (including the accommodative, acquired nonaccommodative, and congenital forms)
or exotropia (intermittent exotropia or convergence insufficiency), between January 1, 1985,
and December 31, 1994, were reviewed retrospectively.4–6 Institutional review board approval
was obtained for this study. Patients with strabismus with an underlying or associated
developmental, neurologic, or ocular sensory disorder were excluded. Potential cases were
identified by using the resources of the Rochester Epidemiology Project, a medical records
linkage system designed to capture data on any patient-physician encounter in Olmsted County,
Minnesota.10 The racial distribution of Olmsted County residents in 1990 was 95.7% white,
3.0% Asian American, 0.7% black, and 0.3% each for Native American and other. The
population of this county (106 470 residents in 1990) is relatively isolated from other urban
areas, and virtually all medical care is provided to residents by a largely unified medical care
system (Mayo Clinic, Olmsted Medical Group, and affiliated hospitals) that has accumulated
comprehensive clinical records for nearly 100 years.

A total of 627 children with strabismus were diagnosed during the study years; however, 407
(64.9%) met the inclusion criteria of the study and demonstrated the 5 most-common forms of
strabismus. For each case subject with strabismus, we identified 1 control subject, from the
same population-based cohort of children living in Olmsted County, who did not have a
diagnosis of strabismus. Control subjects were chosen by selecting Olmsted County residents
who were of the same gender and whose year of birth and registration (within our 2 medical
institutions) matched for each of the index case subjects. Residence status, which was verified
by trained residency checkers, was assessed for case and control subjects at the time of birth
and at diagnosis by using information from city and county directories. Patients not residing
in Olmsted County, Minnesota, at the time of diagnosis were excluded from the study.

The medical records of the patients with strabismus and the matched control subjects were
reviewed for a diagnosis of mental illness (Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition codes), use of psychotropic medication, mental health emergency
department visits, or hospitalizations, suicide attempts, and suicidal or homicidal ideation.
Information was obtained from cumulative paper and electronic records that included inpatient
and outpatient psychiatric, psychological, and primary care and emergency department records.
A history of mental illness diagnosed elsewhere was included when the diagnosis was
confirmed by a mental health care provider within Olmsted County. The use of psychiatric
medications included the type, concurrent use, and total duration. A history of suicide attempts
or ideation was elicited from the mental health care record, whereas data on family history of
psychiatric disease, substance abuse, and maternal substance abuse during pregnancy among
case and control subjects were collected from mental health and self-reporting primary care
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records. The historical data were collected by 4 of the authors in 2006, 1 (Mr McKenzie) of
whom reviewed and confirmed the information for all 814 study subjects.

Continuous data are presented as medians and ranges. Categorical data are presented as counts
and proportions. Comparisons between case and control subjects for continuous variables were
completed by using Wilcoxon rank-sum tests, and Fisher’s exact test was used in comparisons
between case and control subjects for categorical data. All statistical tests were 2-sided, and
the threshold of significance was set at α = .05.

RESULTS
A total of 266 children with esotropia and 141 with exotropia were identified during the 10-
year study period. Girls represented 120 (45%) of the 266 children with esotropia and 82
(58.2%) of the 141 children with exotropia. The 266 children with esotropia, who were
diagnosed at a mean age of 3.9 years, were monitored to a mean age of 15.8 years (range: 6
months to 29.4 years), compared with 17.2 years for control subjects. Children wish exotropia
were diagnosed at a mean age of 7.8 years and were monitored to a mean age of 20.3 years
(range: 4–37.7 years), compared with control subjects, who were monitored to a mean age of
20.9 years.

Table 1 presents historical and clinical characteristics of the 407 children with strabismus,
according to the type of strabismus, and the control subjects. Children with esotropia were
more likely than control subjects to have been born prematurely and to have had a complicated
pregnancy. Children with exotropia had a younger age at psychiatric illness and were more
likely to have mothers with a history of chemical abuse while pregnant, compared with control
subjects. None of the study children was diagnosed as having fetal alcohol syndrome or other
disorders known to be associated with maternal chemical abuse during pregnancy. The
diagnosis of strabismus predated the mental illness for 153 (91.1%) of the 168 patients who
suffered from both disorders.

Table 2 presents the prevalence of specifically queried factors of mental illness among patients
with strabismus (exotropia and esotropia combined) and control subjects. A mental health
disorder was diagnosed for 168 (41.3%) of the 407 patients with a history of childhood
strabismus, compared with 125 (30.7%) of control subjects (P = .002). Children with
strabismus were also significantly more likely to have a greater number of psychiatric disorders,
to use psychotropic medications, to require psychiatric hospitalizations, and to have suicidal
or homicidal ideation.

There was a significant difference, however, in the 2 forms of strabismus, as shown in Table
2. During the follow-up period of this study, children with exotropia or an outward deviation
of the eyes (intermittent exotropia and convergence insufficiency) were 3.1 times (95%
confidence interval: 1.9–5.1 times) more likely to develop a psychiatric disorder than were
control subjects. Patients with exotropia were also more likely than control subjects to develop
a greater number of psychiatric disorders, to use psychotropic medications or outpatient
psychiatric services, and to have suicidal ideation. Children with esotropia were no more likely
to develop mental illness than were control subjects, although levels of suicidal ideation seemed
to be marginally higher among patients with esotropia (P = .05) when they were monitored for
a similar period. There was no significant difference in the rates of mental illness between
genders, and the rate of psychiatric illness among control subjects with esotropia (32.7%) was
not different from that among control subjects with exotropia (27%; P = .26).

Table 3 presents the types and total numbers of psychiatric disorders diagnosed among case
and control subjects, separated according to the type of strabismus. A mental illness predated
the diagnosis of strabismus for 5 of the children with esotropia (5.4%); all 5 cases involved
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either a learning disability or attention-deficit/hyperactivity disorder (ADHD). Ten of the
patients diagnosed as having exotropia (13.3%) already had 1 of the same 2 disorders.
Depression not otherwise specified, ADHD, adjustment disorder, illicit drug use, and
alcoholism were the 5 most common types of disorders. Although depression was similarly
prevalent among case and control subjects, dysthymia and major depression were more
common among subjects with strabismus than among control subjects. ADHD, adjustment
disorder, drug use, major depression, and learning disorders were all more prevalent among
children with exotropia, compared with control subjects, whereas eating disorders were the
only significantly increased group of disorders among children with esotropia.

Table 4 presents the prevalence of mental health characteristics among children with exotropia,
according to the type of exotropia, compared with control subjects. Patients with intermittent
exotropia were significantly more likely than control subjects to develop mental illness, to have
a greater number of mental health disorders, to have a greater number of mental health
emergency department visits or hospitalizations, and to have suicidal or homicidal ideation.
They were also more likely than control subjects to have a maternal history of chemical abuse.
Convergence insufficiency was associated only with increased incidence of mental health
disorders and use of psychotropic medications.

Table 5 presents the prevalence of psychiatric illness among children with esotropia, according
to the type of esotropia, compared with control subjects. Although patients with a history of
congenital esotropia tended to have more psychiatric illnesses (P = .06) and to require the use
of psychiatric medications (P = .06), these 3 common forms of childhood esotropia were not
significantly associated with the later development of mental illness.

DISCUSSION
Children with exotropia from Olmsted County, Minnesota, were 3 times more likely than
control subjects to develop a mental illness by early adulthood. Conversely, children with
esotropia were no more likely than control subjects to develop a mental illness. Patients with
intermittent exotropia, the most common form of exotropia, were also significantly more likely
to have greater numbers of mental health disorders, menial health emergency department visits,
and mental health hospitalizations and to have suicidal or homicidal ideation.

Strabismus is a common disorder that affects 3% to 5% of children, with ~126 400 new cases
occurring each year in the United States.4–6 The intermittent form of exotropia, which
constitutes one half of all exodeviations in the West, is more common than all other types of
strabismus in Asia and may be the most common form of strabismus worldwide. Although
intermittent exotropia seems to be significantly associated with the development of mental
illness among white individuals in the United States, it is not known whether Asian individuals
or other populations with intermittent exotropia are similarly at risk for developing significant
psychiatric illness by early adulthood.

Why exotropia and not esotropia would be associated with the development of mental illness
by early adulthood is unclear. Ocular misalignment would seem to have similar effects on
individuals with strabismus regardless of whether it is esotropic or exotropic. Studies on the
psychosocial impact of strabismus have reported no differences between subjects with
exotropia and those with esotropia with respect to adverse effects on self-esteem, academic
performance, interpersonal relationships, athletic achievement, and gainful employment.11–
14 Although some investigators have concluded that, at smaller angles of deviation, exotropia
is more readily apparent than esotropia,15,16 there are no known studies to suggest that
exotropia is associated with greater psychosocial stress. In fact, reports using digitally altered
photographs of children17 and adults18 have demonstrated that individuals with esotropia are
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viewed more negatively than patients with exotropia. Moreover, exotropia is more likely than
esotropia to be intermittent in nature. Regardless of the psychosocial stress of strabismus, there
is no direct evidence to support the notion that these stresses, by themselves, can evolve into
frank mental illness.

Heredity is a more likely basis for any association between exotropia and mental illness. The
more-prevalent forms of strabismus19 and most childhood mental illnesses are thought to be
the result of interactions between a number of susceptibility genes. Such interactions make it
unlikely for any single gene to have a large effect on the onset of either strabismus or childhood
mental disorders. However, this provides a potential hypothesis for how an individual gene
may be associated with 2 distinct oligogenetic illnesses. The only known example involved an
adult with a specific but rare form of strabismus (constant exotropia) and schizophrenia.8 A
polyalanine-length variant of a single gene, PMX2B, was demonstrated to be associated with
both conditions. The future identification of other gene variants may provide additional links
between the various forms of strabismus and mental illness.

Other potential explanations for the association between childhood exotropia and the later
development of mental illness may involve factors not captured by this study. For example,
the finding of a significantly higher incidence of maternal chemical abuse during pregnancy
among children with exotropia (P = .02) may explain a direct or indirect environmental effect
on the development of strabismus or mental illness, although it is unclear whether the abused
substances are associated with the development of strabismus. Various types of prenatal
exposures and not the exotropic alignment may be, at least in part, the basis for the subsequent
development of psychiatric disease.

Unlike patients with exotropia, children with esotropia were no more likely than control
subjects to develop mental illness by early adulthood. Children with congenital esotropia were
slightly more likely to have an increased total number of mental health disorders (P = .06) and
to use psychiatric medications (P = .06). However, the findings for each of those variables
might be attributable to chance alone, and numbers were too small to allow any definitive
conclusions. Moreover, the findings might be attributable in part to the association of premature
birth, which was more prevalent among patients with congenital esotropia than control subjects
or subjects with other forms of strabismus, and ADHD, which was diagnosed for 17.2% of the
patients with congenital esotropia and none of their control subjects.20 ADHD, in turn, is
associated with increased risk of developing other psychosocial and psychiatric disorders,21,
22 which may explain the weak link between congenital esotropia and an increased number of
mental health disorders.

The findings from this study may raise questions regarding the level of mental illness that
constitutes normalcy in human society. We found that 30.7% of control subjects without
strabismus were diagnosed as having some form of mental illness by the beginning of the third
decade of life. This finding seems abnormally high, and we have no other Olmsted County
data with which to compare this finding. However, a psychiatric diagnosis was made for 20.3%
of randomly selected children 9, 11, and 13 years of age who were living in a rural community
in the southeastern United States.23 Our prevalence of 30.7% among patients ~1 decade older
seems congruent. Moreover, children with exotropia in this study had a greater number and
severity of illnesses, such as major depression and illicit drug use; these diagnoses tend to have
significantly greater adverse effects on daily life, compared with many of the disorders
diagnosed among control subjects.

There are a number of limitations to this study. First, this investigation was performed in a
racially homogeneous population in a single geographic area. Extrapolating the findings from
this study to groups not represented within our community is problematic. Second, some forms
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of strabismus were relatively uncommon in our community. The cohort size of 29 patients with
congenital esotropia, for example, hindered our ability to examine the role of potential
confounders or statistical significance. Moreover, the numbers for some of the reported
variables were so small that reported associations might have been the result of chance alone,
as was possible for the elevated occurrence of eating disorders among children with esotropia.
Caution is therefore warranted regarding some of the reported factors until results are
confirmed in other populations. Third, given the stigma of mental illness, some patients from
our community might have sought diagnosis and care of their condition outside our geographic
area. For example, some routine Mayo Clinic patients had their mental illness managed at the
other medical facility in our community, Olmsted Medical Group, and vice versa. However,
we would expect the numbers of case and control subjects who did seek outside care to be
similar between the 2 groups. Fourth, follow-up monitoring for the control subjects with
esotropia was longer than that for the case subjects with esotropia. This difference might result
in underrepresentation of the number of children with esotropia who would develop mental
illness. Moreover, the children with esotropia were monitored to a mean age of 15.8 years,
compared with 20.3 years for those with exotropia. Such a difference might explain the lower
prevalence of mental illness among children with esotropia, because some forms of mental
illness that develop in late adolescence might not have been adequately represented. Finally,
because the follow-up monitoring in this study ended by late adolescence or early adulthood,
we were unable to detect an association with disorders that tend to develop later in life, such
as schizophrenia.

This population-based, nested-control study found that children with exotropia had a threefold
increased risk of developing mental illness by early adulthood, compared with control subjects.
Patients with intermittent exotropia, the most prevalent form of exotropia, also were
significantly more likely to have a greater number of mental health disorders, a greater number
of mental health emergency department visits or hospitalizations, and suicidal or homicidal
ideation. Children with esotropia, however, were no more likely than control subjects to
develop mental illness when monitored for a similar period.
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