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Background
Age at the first psychotic episode and an interval between
the onset of epilepsy and that of psychosis reflect
developmental processes of interictal psychosis. However,
factors relating to these indices remain unknown.
Aims
To identify clinical variables that are associated with the
timing of the development of interictal psychosis.
Method
In 285 adults with epilepsy with interictal psychosis, effects
of epileptic (epilepsy type), organic (intellectual functioning)
and genetic (family history of psychosis) variables on timing
of the development of psychosis were examined.

Interictal psychosis in epilepsy was first studied systematically by
Slater and his colleagues.1 They reported three main pieces of
evidence to delineate interictal psychosis (called schizophrenialike psychosis in the paper) as a distinct entity from schizophrenia:
psychopathological characteristics, psychosis occurring after the
development of epilepsy and no genetic loading for schizophrenia.
Subsequent studies have formed a general consensus that interictal
psychosis is mainly related to various epilepsy-related factors such
as type of epilepsy, seizure types and laterality and locality of
electroencephalogram (EEG) abnormalities, rather than nonspecific demographic factors.2 However, studies on interictal
psychosis have shown contradictive findings that some of the
demographic characteristics such as intellectual function3,4 and
family history of psychosis5 were associated with occurrence of interictal psychosis. This is similar to the positive associations
between these demographic factors and a high risk of functional
psychoses such as schizophrenia. Using a comprehensive, multicentre database of patients suffering from epilepsy with and
without psychosis, our group has found that interictal psychosis
occurred more frequently in individuals with certain risk factors,
including partial epilepsies, complex partial seizures, generalised
tonic–clonic seizures, earlier onset of epilepsy and borderline
intellectual function.6 Most of these risk factors were also
common in different types of epilepsy psychoses (e.g. interictal,
postictal and bimodal psychoses),7 but some factors historically
known as risk factors for interictal psychosis were not extracted
with multivariate analyses because they overlapped or interacted
with others.6–8
Age at the time of the first psychotic episode and the time
interval between the onset of epilepsy and that of psychosis are
key elements of studies in interictal psychosis, as these age-related
variables likely reflect neurodevelopmental and/or neurodegenerative processes in the brain.9 Indeed, Slater et al1 showed that
patients with interictal psychosis tend to suffer their first seizure
in early adolescence, with psychosis developing in their late
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Results
The mean interval between the onset of epilepsy and that of
psychosis was 14.4 years. Some psychosis occurred within a
few years of the first seizure. Generalised epilepsy, normal
intellectual function and a positive family history of psychosis
were associated with early onset of psychosis.
Conclusions
Early development of interictal psychosis in people with
epilepsy may reflect other individual vulnerabilities to
psychosis rather than epilepsy-related damage.
Declaration of interest
None.

twenties or thirties (approximately 15 years after the onset of
epilepsy). They interpret the long interval, during which epilepsy
and its consequences could cause further damage to the brain, as a
preparatory period for generation of psychosis. Whereas many
studies have reported similar age-related variables,2 some have
suggested the interval is an artefact as a result of the wide range
of distribution of time intervals and to the tendency of a shorter
interval in individuals with late-onset epilepsy.10,11 In our
previous study,12 age at onset of psychosis in a subgroup of
patients with chronic interictal psychosis was comparable with
that in those with schizophrenia, whereas the age at onset was
more advanced in the whole group of patients with interictal
psychosis (both episodic and chronic). We also showed no
difference between various types of partial epilepsies in age at
onset of psychosis and in time intervals.8 However, few studies
have examined the contributions of the other clinical factors to
age-related variables; thus, it remains unknown whether particular
clinical factors are related to the timing of development of
interictal psychosis. In the current study, we investigated the
timing of development of interictal psychosis in association with
epilepsy-related and demographic characteristics in a large cohort
of patients with interictal psychosis.

Method
Definition of interictal psychosis
In our study, psychosis was defined as the presence of hallucinations, delusions or a limited number of severe abnormalities of
behaviour in accordance with the ICD–10.13 The operational
criteria for interictal psychosis were as follows: the psychosis
developed after the onset of epilepsy;1,14,15 the psychotic episodes
occurred with no distinct antecedent seizures when the patient
was seizure-free or between habitual seizures;6,7 psychotic episodes
lasted 24 h or more in a state of full consciousness. Interictal
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psychosis included chronic schizophrenia-like psychosis (at least
one episode lasting 1 month or more) and brief (acute, episodic)
interictal psychosis (all episodes resolved within 1 month).1,16–18
Postictal psychosis, which occurred within 7 days after a decisive
seizure or cluster of seizures,7,17,19 and ictal psychotic phenomenon17
were excluded.
Participants
All participants met the criteria for epilepsy as set forth in the
1989 International Classification of Epilepsies and Epileptic
Syndromes.20 The participants all attended one of five institutions
with adult epilepsy clinics: National Centre Hospital for Mental,
Nervous, and Muscular Disorders; Nihon University Hospital;
Tokyo Medical University Hospital; Tokyo Medical and Dental
University Hospital; or Komagino Hospital. The five epilepsy
clinics cover the greater Tokyo area of a population of
approximately 35 million as the main neuropsychiatric
institutions for adults with epilepsy. In addition, the National
Centre Hospital is the only institution in the country that has a
neuropsychiatric in-patient unit dedicated to patients with
epilepsy, accepting tertiary referrals from outside the catchment
area. Since August 1996, these epilepsy clinics have maintained a
collaborative database designed specifically for epilepsy
psychosis.6–8,12 Our previous studies6–8,12 were based on the
database with patients who had been registered until the end of
1996. The current study was conducted with a data-set entered
until December 2000, with a total of 313 patients with epilepsy
and interictal psychotic episodes being identified. To focus on
interictal psychosis, 19 patients with bimodal psychosis, who
exhibited both interictal and postictal psychoses in distinct
periods,7 were excluded from the study. Five patients with epilepsy
resulting from a neurodegenerative disorder and four without
sufficient clinical information regarding the epilepsy were also
excluded. Consequently, 285 patients with interictal psychosis
were enrolled in the study. No participants showed evidence of
substance misuse, dementing process or a recent progressive
space-occupying lesion.
Variables studied
We investigated the following variables:
(a) age at the time of investigation;
(b) gender;
(c) family history of psychosis, i.e. any psychotic disorder (schizophrenia, other paranoid disorder, acute transient psychosis,
etc.) in a first-degree relative, according to the Japanese
version of the Family History Research Diagnostic Criteria;21
(d) age at the onset of epilepsy, i.e. age at the time of the first
afebrile seizure;
(e) type of epilepsy based on ictal symptoms, EEG findings
and neuroimaging in accordance with the International
Classification of Epilepsies and Epileptic Syndromes20 (i.e.
localisation-related epilepsies and generalised epilepsies,
including idiopathic and symptomatic);
(f) intellectual functioning: impaired (full-scale IQ on the
Wechsler Adult Intelligence Scale–Revised22 of 70 or below),
borderline (of 71–84), or normal (of 85 or above) in
accordance with the DSM–IV;23
(g) age at onset of psychosis (i.e. age at the time of the first
psychotic episode);

(h) time interval between the onset of epilepsy and that of
psychosis, calculated as age at onset of psychosis minus age
at onset of epilepsy.
As different neuroimaging techniques were used during
different time periods and by each institution, neuroimages were
used only for diagnostic information. Diagnoses and evaluations
were made by consultant neuropsychiatrists qualified in both
psychiatry and epileptology. The study was approved by the ethics
committees of the institutions.
Data analysis
Differences in linear variables (ages) for the categorical variables
(gender, epilepsy type and family history) were subjected to
analysis of variance (ANOVA). Correlation between categorical
variables was examined by means of the chi-squared test or
Fisher’s exact test. Correlations between linear or rank-order variables (intellectual functioning) were examined by means of simple
regression analysis or Spearman’s rank-order correlation
coefficient. Because age at the time of examination was correlated
significantly with the other age-related variables (age at the onset
of epilepsy (r = 0.39, P50.0005), time interval (r = 0.31,
P50.0005), and age at the onset of psychosis (r = 0.62,
P50.0005)), the weighted least squares procedure (weighted by
age at the time of examination) was applied.12 A P-value of
50.05 was considered significant. All statistical analyses were
performed with the Statistical Package for Social Sciences (SPSS)
14.0 for Windows.
Results
Clinical characteristics of the 285 patients with interictal psychosis
were as follows: mean age at the time of examination was 40.7
years (s.d. = 12.8, range 19–76, median 39). There were 146 men
and 139 women. A total of 236 patients had localisation-related
epilepsies and 49 generalised epilepsies (34 with idiopathic and
15 with symptomatic generalised epilepsies). With respect to
estimated aetiologies of epilepsy, there were 22 patients with
central nervous system infections, 26 with birth complications
(including cerebral palsy), 15 with head trauma, 7 with brain
tumours, 16 with migration disorders or other malformation, 5
with vascular disorders, and pathogenesis was unknown for the
remaining 194 patients. Intellectual function was normal in 140
patients, borderline in 55, and impaired in 90. There were 244
patients with chronic schizophrenia-like psychosis, 27 with brief
interictal psychosis and 14 with interictal psychosis of unknown
duration. Twenty-one patients had a family history of psychosis.
Distributional relations between the patients’ characteristics
studied were as follows: gender and intellectual functioning
(w2 = 2.6, P = 0.280), gender and epilepsy type (129 men and 107
women with localisation-related epilepsies, 17 men and 32 women
with generalised epilepsies; w2 = 5.7, P = 0.017), gender and family
history of psychosis (w2 = 0.11, P = 0.736), intellectual functioning
and epilepsy type (w2 = 4.1, P = 0.126), intellectual functioning and
family history of psychosis (w2 = 0.44, P = 0.802), and epilepsy type
and family history of psychosis (w2 = 0.06, P = 0.767).
Age-related factors observed were as follows: mean age at
onset of epilepsy was 11.7 years (s.d = 8.0, range 0–51, median
11), mean age at onset of psychosis was 26.1 years (s.d. = 9.6, range
12–65, median 24) and the mean time interval between the onset
of epilepsy and that of psychosis was 14.4 years (s.d. = 9.3, range
0–51, median 13). Distribution of the time intervals for the entire
patient group are shown in Fig. 1. Age at onset of psychosis
correlated significantly with that of epilepsy (r = 0.47,
P50.0005) and with the time interval (r = 0.64, P50.0005).
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In the current study, age at onset of interictal psychosis and time
interval between onset of epilepsy and that of psychosis varied
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Discussion

Age at onset of epilepsy

The time interval also correlated significantly with age at onset of
epilepsy (r = 70.38, P50.0005).
The estimated marginal means of age at onset of epilepsy, age
at onset of psychosis and the time interval for each variable are
shown in Table 1. The time interval and age at onset of psychosis
differed significantly between epilepsy types: interictal psychosis
developed at an earlier age and with a shorter interval in patients
with generalised epilepsies, in particular with idiopathic generalised
epilepsies, than those in patients with localisation-related epilepsies.
Intellectual functioning correlated significantly with age at onset
of epilepsy and the time interval: the onset of epilepsy was earlier
and the interval was longer in those patients with intellectual
disturbances than in those without. The onset of psychosis was
significantly earlier in patients with a family history of psychosis
than in those without.
We carried out further analyses on the participants with
localisation-related epilepsies (n = 236) and obtained similar
tendencies: intellectual functioning correlated significantly with
age at onset of epilepsy (r = 0.293, P50.0005; impaired, estimated
marginal mean 9.3 (s.e. = 1.1), borderline 11.3 (s.e. = 1.2), normal
15.3 (s.e. = 0.8)), with age at onset of psychosis (r = 0.128,
P = 0.049; impaired 26.3 (s.e. = 1.4), borderline 29.8 (s.e. = 1.6),
normal 30.0 (s.e. = 1.0)) or with time interval (r = 70.157,
P = 0.016; impaired 17.0 (s.e. = 1.2), borderline 18.5 (s.e. = 1.4),
normal 14.6 (s.e. = 0.9)). Likewise, in the family history of
psychosis of the participants with localisation-related epilepsies,
the estimated marginal mean age at onset of psychosis also
differed significantly (F = 5.45, P = 0.020; positive 22.7
(s.e. = 2.8), negative 29.4 (s.e. = 0.8)). However, there was no
significant difference in age at onset of epilepsy (F = 1.33,
P = 0.250; positive 10.3 (s.e. = 2.3), negative 13.0 (s.e. = 0.6)) or
in time interval (F = 2.33, P = 0.129; positive 12.4 (s.e. = 2.5),
negative 16.4 (s.e. = 0.7)).

Table 1

The time interval was 3 years or less in 31 patients (10.9%), 5 years or less in 45
(15.8%), 10 years or less in 101 (38.6%).

Estimated marginal mean (standard error, 95% CI) years for age-related variables per clinical variables (total n = 285)

Fig. 1 Distribution of the time intervals (years) between the
onset of epilepsy and that of interictal psychosis (mean
14.4 years, s.d. = 9.2, range 0–51, median 13).
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considerably. Participants with generalised epilepsy, normal
intellectual function or a positive family history of psychosis
tended to show an early onset of interictal psychosis.

Distribution of the time interval
The mean interval between the onset of epilepsy and that of
psychosis was 14.4 years, consistent with previously reported
data.1,2 This interval varied widely among patients, not showing
a simple bell-curve distribution. The wide variation may be in part
accounted for by the cumulative effects of various epilepsy-related
factors on the development of interictal psychosis, i.e. repeated
seizures, frequent epileptic discharges in the brain, adverse effects
of anti-epileptic drugs and psychosocial stress.2,18 However, it is
important to note that interictal psychosis developed in a
considerable number of patients shortly after their first epileptic
event (within a few years). Indeed, this fact has been described
in previous studies.1,11 It is not likely that such quick development
of interictal psychosis is as a result of the epilepsy-related process
alone. There is little evidence that occurrence of interictal
psychotic symptoms is precipitated by a higher impact of
particular epilepsy processes (e.g. excessive seizures and extensive
epileptogenesis),17 although severe epilepsy can be a risk factor
for the development of psychosis. Thus, in addition to the
epilepsy-related process, the presence of certain preparatory
conditions, such as individual vulnerabilities to psychosis24 that
may be common to organic psychoses or even functional
psychoses, may play a role in generating psychotic symptoms in
individuals with epilepsy.

intellectual functioning than in those without.7 In contrast,
normal intellectual functioning usually suggests having less
brain damage and is not related to increased risks for the
development of psychosis. Why do patients with a lower risk
suffer psychosis earlier than those at a higher risk? Again,
psychosis may develop more quickly in patients with normal
intellectual functioning who have strong congenital vulnerabilities
to psychosis than in those with acquired organic precipitators,
i.e. intellectual dysfunction and epilepsy, but without such
vulnerabilities.
Family history of psychosis
We have shown that interictal psychosis develops at an earlier age
in patients with a family history of psychosis than in those
without. A genetic tendency towards psychosis in patients with
epilepsy has long been underestimated2 since Slater’s initial study.1
However, large studies have shown that genetic factors play a
significant role in the development of psychosis in patients with
epilepsy.5,6 These findings appear to be similar to those found
in functional psychosis (i.e. schizophrenia); people with a positive
family history tend to have a higher risk of psychosis and to
exhibit their first psychotic symptoms earlier than those
without.28,29 A positive family history of psychosis may be a
universal risk factor for developing psychosis, and it appears to
reflect, at least in part, a congenital vulnerability to psychosis.23
Even in patients with epilepsy and a positive family history of
psychosis, psychotic symptoms are likely generated sooner
regardless of acquired risk factors related to either epilepsy or
brain damage.

Epilepsy type

Study limitations

The interval between onset of epilepsy and that of psychosis was
significantly shorter in patients with generalised epilepsies than
in those with localisation-related epilepsies, with the onset of
epilepsy being comparable among these two groups. Patients with
generalised epilepsies, unlike those with localisation-related
epilepsies, tend to have fewer epilepsy (organic)-related risk
factors for psychosis, i.e. no distinct brain insult, low seizure
frequency, simple medications and normal cognitive functioning,
which may be associated with a reduced frequency of development
of interictal psychosis.2,6 It is possible that patients with
generalised epilepsies in whom interictal psychosis develops might
be affected by non-epileptic precipitators of psychosis. This may
be similar to the difference between patients with schizophrenia
and those with epilepsy; psychosis is observed at a more advanced
age in patients with epilepsy than in patients with schizophrenia
that does not involve distinct brain damage.12 Among patients
with generalised epilepsies, only those with a strong vulnerability
may suffer interictal psychosis at an early age regardless of
acquired brain insults because of epilepsy.

Some limitations should be considered in relation to the current
study. Analysis of age at onset of psychosis in patients with
epilepsy is subject to some methodological issues.10 Because
epilepsy psychosis was defined operationally as psychosis
developing after the onset of epilepsy in accordance with Slater
& Roth’s definition,14 two patient groups were excluded: patients
in whom psychosis developed before epilepsy17 and patients in
whom novel psychoses will develop after the time of the
investigation or who died before the possible development of
psychosis. However, neither group would have been large enough
to markedly influence mean age at onset of psychosis or the mean
time interval between onsets of the two disorders. Neither of these
omissions explains the significant differences in age at onset of
psychosis or in the onset interval between patients with particular
clinical characteristics. In addition, despite the large cohort of
participants with interictal psychosis, the number of patients in
whom particular factors were analysed, such as a positive family
history of psychosis and generalised epilepsies, was insufficient
to produce strong statistical power. Factors that we did not
consider may be associated with age-related factors, but would
not have affected the result of our study. Although our findings
point to the effects of certain vulnerabilities to psychosis (reflected
by a positive family history), it is still unclear what these
vulnerabilities are. Evidence supporting such vulnerability
concepts is scarce, even for patients with functional psychosis.24
Results of the current study show some relationship between
age at onset of interictal psychosis and several clinical variables
that may reflect individual vulnerabilities. These vulnerabilities, in addition to epilepsy-related deficits, can affect the
generation of interictal psychosis independently or interactively. Further comprehensive studies to confirm such
vulnerabilities are required.

Intellectual functioning
Our patients with normal intellectual functioning exhibited
interictal psychosis sooner after the onset of epilepsy. This finding
was also seen in the subgroup of participants with localisationrelated epilepsies only. Impaired intellectual function is often
associated with severe epilepsy and brain damage,25 although it
is also observed in people without such conditions.26 Functional
psychosis develops two to three times more frequently in people
with impaired intellectual functioning than is reported in the
general population.26,27 Moreover, psychosis develops 1.3–4.7
times more frequently in patients with epilepsy with impaired
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