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Autism and Tuberous Sclerosis’

Susan L. Smalley and Peter E. Tanguay
Department of Psychiatry, University of California-Los Angeles

Moyra Smith

Department of Pediatrics, University of California-Irvine

Griselda Gutierrez
Department of Psychiatry, University of California-Los Angeles

Autism is a behavior disorder with genetic influences indicated from twin and
family studies and from the cooccurrence of autism with known genetic
disorders. Tuberous sclerosis complex (TSC) is a known genetic disorder with
behavioral manifestations including autism. A literature review of these two
disorders substantiates a significant association of autism and TSC with
17-58% of TSC subjects manifesting autism and 0.4-3% of autistic subjects
having TSC. In initial data collected on 13 TSC probands and 14 autistic
probands in our family study of autism and TSC, we identified 7 TSC subjects
with autism. The seven TSC autistic probands are similar to non-TSC autistic
probands on the Social and Communication domains of the Autism
Diagnostic Inventory (ADI) (Le Couteur et al., 1989), but show fewer
Repetitive Rituals. There are more male TSC probands with autism than
female, despite an equal sex ratio among TSC probands. The TSC probands
with autism have significantly more seizures and mental retardation than those
without autism; however, the extent and etiology of associations require further
study. Our preliminary findings suggest that a fruitful approach for delineating
genetic influences in autism may come from further investigation of possible
mechanisms underlying the association of autism and TSC.

'This work was supported by an NIMH grant #1RO1MH44742-01 and by NIH grant
#2RO1HD23745. We acknowledge Cathy Lord for her advice regarding the ADI and Robin
Gilson for her help in data collection. We also thank all the family members who have
participated in this project for their commitment and enthusiasm for this research.
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Autism is a pervasive developmental disorder with onset in infancy or child-
hood characterized by severe impairments in social interactions, verbal and
nonverbal communication including imaginative activity, and restricted ac-
tivities and interests (American Psychiatric Association, 1987). Family and
twin studies in autism support genetic involvement but a single mode of
genetic transmission is unlikely (Folstein & Rutter, 1988; Rutter, 1991;
Smalley, Asarnow & Spence, 1988). Genetic heterogeneity in autism is in-
dicated from the cooccurrence of autism with known genetic disorders in-
cluding fragile X, untreated phenylketonuria, and tuberous sclerosis (Reiss,
Feinstein, & Rosenbaum, 1986). The present investigation reviews the lit-
erature regarding the association of autism with tuberous sclerosis, presents
new data regarding the cooccurrence of autism with this genetic disorder,
and discusses possible mechanisms underlying this association.

Tuberous sclerosis complex {TSC) is an autosomal dominant disorder
characterized by benign tumors (hamartomas) and maiformations (hamar-
tias) of one or more organs, most notably, the central nervous system, skin,
retina, kidneys, and the heart (Gomez, 1988, 1991). Genetic heterogeneity
is evident in TSC from linkage studies suggesting genes on the long arms
of chromosome 9 and possibly chromosome 11 (for review, see Johnson &
Gomez, 1991). There is a great deal of phenotypic variation in TSC; how-
ever, no specific clinical criteria have been identified, as yet, that differen-
tiate genetically homogeneous subgroups.

There are numerous case reports of autism and other behavioral
problems occurring in patients with TSC. We searched the TSC literature
for all case reports in which behavior problems other than mental retardation
and seizures were noted. Fifty cases were identified and a summary of the
behaviors noted is listed in Table 1. Behavioral categories listed in Table
I represent the most often used label for different behaviors. For example,
AGG includes behaviors described as aggressive as well as destructive, abu-
sive, violent, delinquent, and assaultive.

Three behavioral problems seem to predominate in TSC based on
these case reports: (a) autism or autistic-like behavior (36%), (b) hyperac-
tive or impulsive behavior (26%), and (c) aggressive or destructive behavior
(48%). The estimated frequencies of these behaviors based on case reports
(rather than a systematic study) are probably biased due to variations in
behavioral diagnoses and case reporting, as suggested from the higher pro-
portion of mental retardation (64%) and the unequal sex ratio compared
with epidemiological TSC samples (Osborne, Fryer, & Webb, 1991). The
frequency of mental retardation may be underestimated in these case re-
ports because we only denote the presence of mental retardation in Table
I; the absence of mental retardation in some cases may reflect the failure
of the author to discuss cognitive functioning in the case report. There
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were twice as many males than females in the pooled sample of case reports
suggesting that either behavioral problems are more common among TSC
males or there is more case reporting of behavioral problems in TSC which
are more common among males (e.g., autism and hyperactivity) in the gen-
eral population.

There are five published systematic studies of behavioral problems in
TSC, to our knowledge. Critchley and Earl (1932) examined 29 subjects
with TSC (the sex of subjects was not specified) in which 28 had mental
retardation and a variety of behavioral problems including psychoses, echo-
lalia, perseverative speech, and hand and finger stereotypies. Individual be-
haviors were described for some of the cases but no clinical diagnoses were
made; however, the authors suggested that psychopathology may represent
a forme fruste or variation in expression of a TSC gene based on the sub-
stantial psychopathology identified in the TSC patients and their relatives.
Hunt (1983a) collected questionnaire data on 97 tuberous sclerosis subjects
(47 male, 50 female) ranging in age from 1 to 51 years in Great Britain.
Of these TSC subjects, 82 had seizures and 66 of these had their onset in
infancy. The authors reported behavioral problems in 71% of the 82 TSC
patients with seizures, 81 of whom were also mentally retarded (Hunt,
1983b). Information regarding autism was not collected in this study. Hy-
peractivity was reported in 27% and destructive and/or aggressive behavior
in 22% of the subjects. Screaming (17%), temper tantrums (11%), and
sleeplessness (8%) were among other behavior problems noted in the sam-
ple. Unfortunately, the authors did not report on the sex of the TSC pa-
tients with behavioral problems.

In a second evaluation of TSC patients, Hunt and Dennis (1987) col-
lected questionnaire- and interview-based data on autism in 90 TSC sub-
jects. Although the sex of these subjects was not specified, families were
identified in a previous study where there were approximately equal num-
bers of males and females (Hunt, 1983a). A 321-item interview schedule
was used as well as medical records to obtain information on family life,
clinical signs of TSC, and behavior. Social impairment and autism, based
on Rutter’s criteria, were assessed using 13 questions tapping specific be-
haviors (e.g., “How does X get along with other children,” “Does X stay
aloof in a group,” “Is X very attached to one object?”). A cutoff score of
7 was used to indicate possible autism with diagnoses confirmed by medical
records. Among the 90 TSC subjects, 69 (77%) had reported infantile
spasms with onset prior to 17 months of age. Using these 69 subjects, the
authors found that 58% met criteria for autism at age 5, although three
of the cases no longer met criteria for autism in adolescence. This fre-
quency of autism is substantially greater than the 12.5% observed in a sam-
ple of 192 subjects (8 of whom had TSC) with infantile spasms (Riikonen
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& Amnell, 1981). The proportions of TSC males and females with these
problems were not reported.

Riikonen and Simell (1990) reported the frequency of autism, hy-
perkinetic behavior, and other behavioral problems in 24 TSC patients (sex
not specified) identified from a sample of subjects ascertained because of
infantile spasms. They found that among these 24 TSC patients with in-
fantile spasms and mental retardation, 17% were autistic, 21% hyperactive,
and 4% (i.e., 1 case) had poor social contact and extreme shyness. Curatolo
et al. (1991) reported behavioral problems in 34 (17 male, 17 female) TSC
patients ranging in age from 5 months to 18 years. All subjects had seizures
with 88% of the patients having seizures beginning in the first year of life,
Of 23 subjects 5 years and older, 70% had mental retardation based on
an IQ score < 69. The investigators found 26% of these 23 subjects met
criteria for infantile autism defined as a score of 10 or greater on the 13-
iter questionnaire used by Hunt and Dennis (1987). In addition, 34% were
hyperactive (including 3 cases with autism), and 7% had aggressive and
obsessive behavior.

These studies support a significant association of autism and TSC
based on the increased frequency of autism among TSC subjects (frequen-
cies vary from 17 to 58%) compared with the general population (frequency
approximately 0.05%) and compared with a population having infantile
spasms but not TSC (approximately 12%, based on the Riikonen and Am-
nell, 1981, sample excluding 8 TSC subjects in that sample). If autism and
TSC are associated, there should also be an increased frequency of TSC
subjects among autistic subjects compared with the general population fre-
quency of TSC of 0.01% (Gomez, 1988; Osborne et al., 1991).

There are seven systematic studies of autism (five epidemiologically
based and two clinically based), to our knowledge, in which the frequency
of TSC among autistic populations has been reported. Creak (1963) found
1 case of TSC in 100 cases (1%) of psychoses in children. Lotter (1967)
reported 1 case of TSC among 32 autistic subjects (3%) identified in an
epidemiological study in England. Olsson, Steffenburg, and Gillberg (1988)
found 1 case of TSC among 35 children with infantile autism (2.8%) iden-
tified in an epidemiological study of autism in Sweden. Ritvo et al. (1990)
found only 1 case among 233 cases of autism (0.4%) in their epidemiologi-
cal study of autism in the State of Utah. Gillberg, Steffenburg, and Schau-
mann (1991) found 1 TSC subject among 55 individuals with autistic
disorder (1.89%) identified in an epidemiological study of autism in western
Sweden. Riikonen and Amnell (1981) identified 24 autistic subjects among
192 subjects with infantile spasms, identified in their study of infantile
spasms. Two of these 24 autistic subjects had TSC, a frequency of 8%.
Gillberg (1991) found 14% of 66 autistic subjects with seizures to have TSC.
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These six reports substantiate an association of autism and tuberous scle-
rosis based on the increased frequency of TSC among autistic populations
(ie., 0.4 to 3%) compared with the frequency in the general population
(i.e, 0.01%) (Osborne et al., 1991). Furthermore, if a subset of autistic
subjects with seizures are examined, the frequency of TSC is even greater,
estimated at 8-14%.

Even though the frequency of TSC among autistic samples is signifi-
cantly greater than the population frequency of TSC, these frequencies
(0.4-3%) may be underestimated for two reasons. First, TSC cases in these
studies are primarily identified through medical records or, as in the case
of Lotter (1967), identified via an autopsy report. Given the great degree
of phenotypic variation in TSC, there may be cases that are not identified
because an ultraviolet light examination and CT or MRI scans are not rou-
tinely done in autism. Second, autistic subjects with TSC may be under-
represented in autistic samples identified in population-based studies of
autism because a medical diagnosis, such as TSC, may replace a diagnosis
based only on behavior sequelae and such cases may be missed in the
screening procedures.

Nevertheless, these reports substantiate a significant association of
autism and tuberous sclerosis given that the expected joint frequency is 5
x 108 based on the relative frequency of each disorder, 5/10,000 and
1/10,000, respectively. Investigations into putative mechanisms underlying
this association may improve our understanding of both disorders. Several
potential mechanisms include (a) similar CNS dysfunction, for example, cell
migrational abnormalities, localization of hamartomas, or seizure foci in
CNS; (b) similar timing of CNS delays or insults in neurodevelopment; and
(c) linkage disequilibrium of closely linked loci.

We are currently investigating each of these potential mechanisms in
an ongoing family study of autism and tuberous sclerosis at UCLA and
UC-Irvine. Families in this study are ascertained either through a TSC pro-
band, an autistic proband, or through a non-TSC, nonautistic control. In
this report, we present initial data on the frequency of autism in our TSC
subjects and compare behaviors in autistic subjects with and without TSC.

METHODS
Subjects
Studies of 27 probands, 14 autistic and 13 TSC, have been completed

to date. Ten of the TSC probands are sporadics based on physical exami-
nations of the parents including ultraviolet light and, in some cases, MRI
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and/or CT scans. The 3 familial cases provided 5 additional TSC subjects,
2 siblings, 1 parent, 1 niece, and 1 nephew.

Subjects were identified through several sources. Fifteen (7 autistic
probands, 8 TSC probands) families responded to announcements in news-
letters of national or regional autism organizations (e.g., the Advocate) or
the National Tuberous Sclerosis Association (i.e., NTSA newsletter). The
requests were tailored for each association and no mention of the alterna-
tive diagnosis (e.g., autism or TSC) was made in the announcement. Ten
families (5 autistic probands, 5 TSC probands) were identified through
UCLA and/or UC-Irvine affiliated hospitals or clinics. Two families (each
with an autistic proband) were identified through a newsflyer circulated
through the Los Angeles Unified classrooms for children with autism.

Measures

All mothers of probands are administered the Autism Diagnosis In-
terview (ADI; Le Couteur et al., 1989) by P.T., who is kept blind to any
information on the proband prior to the interview; however, by virtue of
several questions contained in the ADI, a diagnosis of TSC is often elicited
early in the interview. Additional information collected on subjects includes
a behavioral assessment (probands only), a battery of neuropsychological
tests (probands and relatives), including the Vocabulary and Block Design
subtests of the WAIS-R (Wechsler, 1981) or WISC-R (Wechsler, 1974) to
estimate Full-scale IQ, and psychiatric evaluations (probands and relatives)
using the SADS-LA (Mannuzza, Fyer, Klein, & Endicott, 1986) or KSADS-
E (Weissman et al., 1987). The Vineland Social Maturity Scale (Sparrow,
Balla, & Cicchetti, 1984) is used to assess mental age if a subject cannot
be administered standardized IQ tests.

A detailed family history interview assessing medical, social, and emo-
tional problems is conducted with at least two family informants when pos-
sible. A series of screening questions for autism and/or social deficits are
asked within the family history interview based on those used in the family
studies by Rutter and colleagues (M. Rutter, personal communication). If
social deficits and/or autism is suggested in any first-degree relative based
on the family history interview, an ADI is administered to the parent of
that subject as well (if available) and a behavioral assessment is conducted.
If a second- or third-degree relative is reported by family informants to have
social deficits and/or autism, that individual and their first-degree relatives
are contacted to participate as well. Approximately 15-20 ml of blood are
drawn for establishing cell lines and blood typing of red cell proteins, serum
enzymes, molecular markers, and fragile X typing (autistic probands only).
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All TSC subjects and their first-degree relatives undergo a physical
examination, including ultraviolet light, to evaluate TSC affection status, if
medical records are insufficient. All autistic subjects are seen by S.S. and
a medical geneticist at the UCLA Genetics Clinic or by M.S. at UC-Irvine
to evaluate the subject for TSC

Analyses

Data management and analyses are done using PCSAS (1987) on an
IBM compatible 486 personal computer.

RESULTS

Demographic information on the 13 tuberous sclerosis probands and
14 autistic probands are shown in Table II. Although age, IQ status, and
the presence of speech, were similar in the two groups, seizures were more
common among TSC probands than autistic probands and there were more
male autistic probands than male TSC probands, consistent with epidemi-
ological findings in TSC (Gomez, 1988, Osborne et al., 1991) and autism
(for review, see Smalley et al., 1988). We are currently collecting data on
non-TSC, nonautistic controls matched to these samples for sex, age, 1Q
status, and seizure presence as well as age of seizure onset.

Seven of the TSC probands (54%) met ICD-10 (World Health Or-
ganization, 1987) criteria for autism based on the ADI algorithm (C. Lord,
personal communication). Since TSC probands may be more severely af-

Table II. Demographic Information on All
Probands

Autistic
TSC probands  probands

n 13 14

n male 5(38%) 12(86%)
Mean age (SD) 10.1(7.4) 8.9(4.0)
1Q > 70 6(46%) 5(36%)
50<1Q <70 0 3(21%)
IQ < 50 7(54%) 6(43%)
Seizures® 11(85%) 1(7%)
No speech 5(38%}) 5(36%)
Sporadic 10(77%) 14(100%)

2At least two nonfebrile.
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fected than their relatives, we included the 5 TSC-affected relatives in the
total sample of TSC subjects to perhaps better reflect the frequency of
autism in the general TSC population. Including 5 TSC-affected relatives
in the TSC proband sample (n = 18) gives a frequency of autism among
TSC subjects of 39%. The algorithm cutoff scores for diagnosing autism on
the revised ADI (used in our study) are still in the process of being validated;
however, currently the cutoff score for the Social domain is between 11 and
15 (11 is used in this report), for nonverbal communication a score of 8,
for verbal communication a score of 10, and for repetitive rituals a score
of 3. In addition, to meet criteria for autism, the onset of symptoms must
occur by 30 months of age. The mean ADI subscale scores for the 7 TSC
probands and the 14 autistic probands are shown in Table I1I.

As shown in Table 111, the TSC autistic probands are similar to non-
TSC autistic probands on Social (t = 1.37, p = .02) and communication
domains, Verbal (f = 0.81, p = .4) and Nonverbal (+ = 1.6, p = .17), re-
spectively. In contrast, TSC autistic probands scored lower on the Repeti-
tive Ritual domain (¢t = ~3.2, p = .005) than their non-TSC autistic controls.
Given the small samples in this report, the lack of differences may be due
to a lack of power. However, the trend present on Social and Communi-
cation domains is for the TSC autistic probands to score higher than non-
TSC autistic probands.

To examine the specific behaviors which differed in these groups ac-
counting for the mean difference on the Repetitive Rituals domain, we
compared the proportion of subjects scoring 1 or greater on individual
items shown in Figure 1.

As shown in Figure 1, fewer TSC autistic probands had precccupa-
tions, compulsions, or unusual attachments to objects than autistic probands
without TSC although they did show similar frequencies of hand and finger
stereotypies and unusual sensory responses.

We next compared the 7 TSC autistic probands with the 6 TSC
nonautistic probands for age, sex, IQ status, seizure onset, and activity level,

Table III. Mean Scores on ADI Domains in Autism and TSC + Autism Groups

TSC + autism Autism
ADI domains n Mean SD n Mean SD
Social 7 44.4 14.8 14 384 12.8
Nonverbal communications 5 16.6 2.3 5 13.8 34
Verbal communication 2 20.5 0.7 9 18.7 3.5
Repetitive rituals 7 6.0 2.4° 14 11.7 33

“p < .01.
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Preoccupations

Repetitive Use

Unusual Sensory

Unusual Responses

Unusual Attachments

Hand Mannerisms

Compulsion Rituals

Resistance to Change

i 1 L AL I .| J;
0 10 20 80 40 50 B0 70 80 90 100
% deviant response

M Autism (N*14) TSC, No Autism (N=6)
L= TSC + Autism (N=7)

Fig. 1. Repetitive Ritual items from ADL

as assessed by two questions on the ADI, to identify specific factors that
might contribute to the occurrence of autism in TSC. There were no dif-
ferences in age or activity level between the groups; however, there were
significant differences in the sex ratio and frequency of mental retardation.
Significantly more male TSC probands (5/5) had autism than female pro-
bands (2/8) (Fisher’s Exact test, two-tailed, p = .002). There was also sig-
nificantly more mental retardation present among TSC autistic probands
(i.e., 6/7) than nonautistic TSC probands (i.e., 1/6) (Fisher’s Exact test, two-
tailed, p = .029). Although nonsignificant, there were more TSC subjects
with seizures among the TSC autism group (7/7) than among the nonau-
tistic TSC probands (4/6). These differences remained even when the 5
TSC-affected relatives (none of whom have autism) were included with pro-
band sample (i.e., n = 18). Among the 7 TSC autistic subjects, the fre-
quency of mental retardation, (86%), seizures (100%), and males (71%)
was greater than that observed in the 11 nonautistic TS subjects (9% mental
retardation, 39% seizures, 27% male).
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DISCUSSION

Identifying genetic influences in autism has proven to be an elusive
task in spite of considerable evidence for genetic involvement based on
twin and family studies (Rutter, 1991). One approach to accomplish this
goal has been to systematically investigate populations with fragile X, a
known genetic disorder, in which autism frequently occurs (Blomquist et
al.,, 1985; Brown et al., 1982b, 1986). Through the molecular elucidation
of fragile X (Montanaro et al.,, 1991), a better understanding of the biology
of behaviors associated with it may emerge (Cohen et al., 1991) We believe
this approach may be fruitful to elucidate the mechanism(s) underlying the
association of tuberous sclerosis and autism as well.

In a review of the literature, the association of autism and TSC is
strongly supported. Estimated frequencies of autism among TSC subjects
range from 17-58%, whereas the frequencies of TSC among autistic sub-
jects is in the order of 0.4-3%. Furthermore, in a subgroup of autistic sub-
jects with seizures, the estimated frequencies of TSC are much greater, 8
and 14%, from two studies reported to date (Giliberg, 1991; Riikonen &
Simell, 1990).

In preliminary data from our ongoing family study, we identified 7
TSC probands with autism among 13 TSC probands (54%). Including 5
TSC-affected relatives, ascertained through a TSC proband, the frequency
of autism is 39%. This is the first study of TSC and autism, to our knowl-
edge, in which a thorough diagnostic interview and standard diagnostic cri-
teria for autism have been used. The TSC autistic probands look very
similar to the 14 non-TSC autistic probands on Social and Communication
domains measured by the ADI but show fewer Repetitive Rituals suggest-
ing that the behaviors leading to a diagnosis of autism in TSC subjects are
those considered “core” deficits (i.e., social and language deficits) more
than motoric behaviors such as hand and finger stereotypies, which are also
commonly found in populations with mental retardation.

Although the sex ratio among TSC subjects is approximately equal,
we found more TSC males than females with autism. The sex ratio for
autism observed among TSC patients, if replicated in larger samples, sug-
gests sex-influenced expression (at least behavioral) of TSC genes or pos-
sibly that a closely linked (sex-influenced) gene involved in autism may be
present. Gomez (1988, 1991) has suggested that TSC and mental retarda-
tion as well as profound behavioral problems such as autism may result
from seizure foci and subsequent CNS damage. This is based on the finding
that TSC subjects with mental retardation invariably have seizures and that
cognitive impairment and age at seizure onset are strongly correlated
(Gomez, 1988, 1991). Curatolo and Cusmai (1987) suggested that specific
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CNS location of TSC hamartomas may lead to autism based on their sam-
ple of 8 TSC cases in which 3 subjects with autism had right parietotem-
poral MRI lesions, whereas 5 TSC subjects without autism did not.

In this preliminary sample of subjects, we found a strong association
of seizures, mental retardation, and autism; however, not all autistic TSC
subjects are mentally retarded (we have identified a male autistic TSC sub-
ject with an estimated IQ of 106). Furthermore, although all autistic TSC
subjects had seizures with onset in the first year of life, so did 3 of 4
of nonautistic TSC subjects with seizures as well. If seizures and or cortical
tuber positioning account for the presence of autism, one would predict
a sex difference to emerge on seizure activity or localization of hamartomas
in the CNS. To our knowledge, there is no report of a sex difference in either
of these variables although the latter has not been examined systematically.

In conclusion, autism and TSC are associated and the mechanism(s)
of this association remains to be elucidated; however, the association appears
to be, in part, independent of seizure onset at 1 year of life and mental
retardation. Interpretation of these data regarding the extent of association
of autism and TSC needs to be made with caution. First, our samples are
clinically, not epidemiologically, based and thus may provide a somewhat
biased estimate of the frequencies of behavioral problems. Second, the sam-
ples are very small at this point and these findings require replication in
larger samples with non-TSC, nonautistic, IQ, age, sex, and seizure-matched
controls. Third, these findings are based on the parental report of develop-
ment using the ADI; later reports will be made on our observational as-
sessments using the ADOS (Lord et al., 1989). In summary, identification
of the mechanisms underlying the association of autism and TSC, we believe,
may help identify genetic influences in autism and will certainly benefit fami-
lies with TSC members by improving our understanding (and counseling
risks) of behavioral manifestations in this disorder.
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