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Recurrence risks in mental retardation

Yanick J Crow, J L Tolmie

Abstract
Despite improvements in diagnostic tech-
niques and progress made in mapping
genes associated with syndromal mental
handicap, the estimation of recurrence
risks in non-syndromal mental retarda-
tion is still dependent on empirical data.
Unfortunately, few studies are available to
guide the clinician and their results differ
significantly. For example, recurrence
risks to all sibs of a male index patient
with severe mental retardation vary be-
tween 3.5% and 14% in commonly quoted
series. The present review highlights the
problems involved in interpreting the pre-
vious work in this area and discusses the
definition ofmental retardation according
to the degree of severity, phenotype, and
its pattern of inheritance. In planning
future studies, an appreciation of these
issues should allow us to derive accurate
and comparable risk figures for use in
counselling affected subjects and their
families.
(JMed Genet 1998;35:177-182)
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The diagnosis of mental retardation in a child
comes as a tremendous blow for most affected
families and the assessment of such children
and young adults represents a major part of the
work load of a clinical genetics department. In
a minority of cases where a cause is apparent,
or there is an obvious pattern of inheritance,
counselling with respect to the risk of recur-

rence is straightforward. However, in most
cases no cause is identified and in this situation
the clinical geneticist is forced to rely on

empirical risk figures for guidance. Since Pen-
rose's original survey of mental retardation in
1938,' a number of studies of recurrence risks
in mental retardation have been performed but
the methods used vary and their results differ
significantly. Moreover, recent advances in the
investigation of patients with mental retarda-
tion (in particular, detailed cytogenetic analy-
sis, neuroimaging, and a molecular test for the
fragile X syndrome) diminish the applicability
of older studies for present day counselling
purposes. Here, we review the available pub-
lished reports on mental retardation recurrence

risks, highlight areas of uncertainty, and
consider the implications for genetic counsel-
ling.

Defining mental retardation
Although definitions of mental retardation
often vary between series,' classification on the
basis of intelligence quotients (IQ) has been
commonly used. Assuming that IQ is a
normally distributed continuous variable with
a population mean of 100 and standard devia-
tion of 15, mental retardation may be classified
within approximate IQ ranges as "mild",
within the range 50 to 70 (-2.0 to -3.3 SD), or
"severe" when IQ is less than 50. More
recently, some psychologists have become
reluctant to quote an IQ assessment, preferring
reports profiling strengths and weaknesses in
various skills. This is useful for management,
but less so for genetic diagnosis and obviously
makes the definition of degree of mental retar-
dation difficult.
Attendance at schools for children with

learning difficulties has also been used as an
indicator of degree of mental retardation, but
such a classification is not necessarily commen-
surate with the definitions according to IQ. For
example, in a study based on placement at
schools for children with mild mental retarda-
tion, only 53% of those included had an IQ in
the range 50-70.4 In a similarly defined group
studied by Bundey et al,5 27% had an IQ less
than 50 or greater than 70 and in a study of
children attending schools for those with severe
mental retardation, Bundey et alt found 21%
had an IQ above 50. Moreover, changing
educational practice has made the definition of
ability groups by institution, or even by criteria
such as "special needs" provision, increasingly
difficult.

Prevalence
A recent detailed review of mental retardation
prevalence studies concluded that severe men-
tal retardation has a prevalence of 3.8 per 1000
whereas the prevalence estimates for mild
mental retardation vary so much that the true
prevalence rate remains uncertain.7 Again, on
the assumption that IQ is a normally distrib-
uted continuous variable, by definition 2.3% of
children have mild mental retardation.8 Note
that in most genetic studies, case ascertainment
is problematic because as long as children with
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Table 1 Summary table of selected papers reporting recurrence risks for idiopathic mental retardation

FragileX
Reference Cytogenetics assessment Comments

34 No

No

Variable

Variable

Variable

Yes

Yes but without banding

Yes

No 523 males and 401 females seen at a hospital clinic
before 1970. IQ assessment of mental retardation.
Note, in 50% of sibs the form of retardation was either
different from the index patient or unknown

Clinical 179 patients with severe mental retardation (IQ<50)
derived from a hospital register. All families reviewed by
authors

No 351 patients defined by "severe psychomotor
retardation" or IQ<70. Hospital based series seen
between 1972-76. Recurrence risks not analysed by
degree of mental retardation or by sex of proband.
Exclusion of cases with a male maternal first cousin
with mental retardation. Uncertainty about the
classification of cases by "Cranial contour
abnormalities". The recurrence risk in a group of 45
index patients with non-specific mental retardation was
19% (table 2)

No 1560 patients with severe mental retardation seen at a
hospital clinic. 40 patients with "Pure severe mental
retardation". Clinical assessment of mental retardation.
Rigorous investigation/examination protocol. Specific
figures for severe mental retardation with multiple
congenital anomalies and severe mental retardation
with cerebral palsy

Variable Population based registry. 1952-1965 cohort. 2209
index cases not assessed directly by authors. IQ
assessment of mental retardation

Cytogenetic 156 male index cases with severe mental retardation
identified from a school population. IQ assessment of
mental retardation. 33 children with IQ>50. Note 39
cases with a specific cause for mental retardation
included in "idiopathic" group. However, exclusion of
these cases does not significantly alter the recurrence
risks given (S Bundey, personal communication).
Exclusion of 14 boys identified with a cytogenetic
diagnosis of fragile X syndrome. Note the high
recurrence rate in this group (5/17 male sibs)

No 302 index cases seen at a hospital clinic. Mental
retardation assessed on the basis of IQ. Concern about
the criteria used for subclassification (in particular
"Biological background by medical history")

Cytogenetic 228 index cases with mild mental retardation defined
by attendance at an ESN school. IQ assessment of
mental retardation. 61 children with IQ>70 and 40
children with IQ<50. 20 children excluded because of a
cytogenetic diagnosis of fragile X syndrome. Asian
population studied separately

an IQ of less than 70 cope to some extent
within the regular school system, they are usu-

ally excluded.

Why distinguish mild and severe mental
retardation?
The idea that mild mental retardation repre-
sents one end of a spectrum of intelligence
while severe mental retardation results from
discrete events, genetic or otherwise, having a

catastrophic effect on mental development, is
well validated.9 Thus, people with severe men-

tal retardation only rarely have a family history
of mental retardation and their social class dis-
tribution approximates to that of the general
population.'° In contrast, there is a much
increased likelihood for mild mental retarda-
tion to be familial and affect people from
socially disadvantaged backgrounds." Most
importantly, a biomedical cause is identified
twice as frequently in severe mental retardation
(up to 50% of cases) compared with mild
mental retardation (less than 20%).12 However,
that a substantial minority of people with mild
mental retardation have an identifiable patho-
logical cause for their handicap, and that
people with the same identifiable cause can
show differing severities of retardation, high-
lights the shortcomings in such a classification.

As discussed below, it may be that for the pur-
poses of recurrence risk estimation the level of
mental retardation is less important than the
presence of a qualitative difference in intelli-
gence between a child and his/her parents and
sibs.

Mental retardation phenotypes
Two particular terms should be distinguished.
Idiopathic mental retardation occurs where no

cause is identified. It is a diagnosis of exclusion
and certainly comprises a number of different
conditions. The use of the term non-specific
mental retardation should refer to a subgroup
where patients have no distinguishing physical
or neurological characteristics. There is debate
about the proportion of cases in this group that
have an X chromosome linked gene defect (see
below). When examination or investigation
shows abnormal characteristics, such as re-

stricted growth (of the cranium/stature), spe-
cific dysmorphic features, a recognisable be-
havioural phenotype, congenital anomalies,
neurological problems such as spasticity
(symmetrical/asymmetrical), or a neuroimag-
ing abnormality such as lissencephaly, the case

description should include these features since
better recurrence risk data might be
available."'8 Well defined autism carries a low
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Table 2 Sib recurrence risks for index patient (IP) with severe idiopathic mental retardation

Male IP Female IP

Reference Brother Sister All sibs Brother Sister All sibs Comments

34 2-9%* 3.5-4%* Table 1 "Undiagnosed" column. Note, in 50% of sibs the
form of retardation was either different from the index
case or unknown. *Unable to combine groups with
IQ<50

27 5.2% (6.7%) 1.6% (3.2%) 3.5% (5%) 2.2% (4.4%) 2.1% (6.3%) 2.2% (5.4%) Table 4. Figures for severe mental retardation in sibs. The
figures in brackets are for sibs with either mild or severe
mental retardation

15 14%* 14%* 40 cases of "Pure mental retardation" (ie, non-specific)
without autism. *Recurrence risks not broken down by
sex of proband

24 6% 2.3% 4.3% 2.9% 5.6% 4.2% Adjustment of table II by incorporation of 1125 cases
with IQ<50 into "severe" mental retardation. Note the
overall "Total" figures given in table H include 588 index
cases with unspecified level of mental retardation

6 10% 5% 7.5% Table 7. Males only (boys with a cytogenetic diagnosis of
fragile X syndrome excluded). Only sibs with severe
mental retardation included. Note the high risk of mild
mental retardation in the sibs of these males (7% for all
sibs). If children with a cytogenetic diagnosis of fragile X
syndrome are included the recurrence risks are 12% and
4% for the brothers and sisters respectively

29 14% 14% 14% 8.5% 9.6% 9.2% Derived from "Total" figures given in tables I-IV. 181
cases with an IQ<50

recurrence risk (although the risk may be
higher for other phenotypes within the "autistic
spectrum"),"9 but since about three quarters of
autistic people have an IQ below 70, care
should be taken to try and differentiate those
with autism complicated by reduced intelli-
gence from those with mental retardation
showing some autistic features.

Inevitably, individual cases may be difficult
to classify and, at present, clinicians make
empirical judgements: for example, mental
retardation in a young child with hypotonia and
disequilibrium is possibly more likely to have a
single gene aetiology than mental handicap
with spasticity, reduced somatic growth, and
epilepsy, although there is little published
evidence addressing this assertion.

THE "CHROMOSOMAL" PHENOTYPE
Why a case is judged "chromosomal" is often
difficult to define but clinicians suspect chro-
mosome imbalance when there is mental
handicap, reduced stature or head circumfer-
ence, and dysmorphism that is mostly evident
in the face, distal limbs, and (male) genitalia.
Within particular populations, cytogenetic
analysis (including the use of skin biopsy where
the phenotype is suggestive of mosaicism) has
detected chromosomal anomalies in up to 30%
of cases with severe retardation6 and 10% of
cases with mild mental retardation,4 but
trisomy 21 is by far the most frequent
abnormality and is readily diagnosed. Recently,
however, there is much appreciation of the
importance of submicroscopic or cryptic chro-
mosome lesions, several megabases or less in
size, that are undetectable by conventional
cytogenetic analysis. Flint et al!" found three
cryptic chromosome anomalies in a total of 99
cases of idiopathic mental retardation, includ-
ing one child with non-specific mental retarda-
tion. These authors estimated that cryptic
chromosome rearrangements in the telomeric
regions (which have a high concentration of
genes and are affected more commonly by
chromosomal rearrangements than other parts

of the genome) cause 6% or more of idiopathic
mental retardation. Ledbetter" has discussed
in detail the clinical situations in which an
underlying cryptic translocation should be
considered.

It seems probable that severely affected sub-
jects with dysmorphic features are more likely
to have cryptic lesions and certain familial
cases, especially where there are unaffected
intervening relatives, are at high risk.'9 How-
ever, in the absence of a whole genome screen-
ing test for cryptic chromosome imbalance, the
true prevalence is uncertain and the propor-
tions ofunbalanced cryptic aberrations that are
de novo or arise as a result of an inherited bal-
anced rearrangement are also unknown. This
point is important in the assessment of
recurrence risks where the phenotype is judged
"chromosomal" despite a normal karyotype.

X linked genes and non-specific mental
retardation
X LINKED MENTAL RETARDATION
It has long been recognised that males consist-
ently outnumber females in surveys of mental
retardation and the possibility of X linked
mental retardation represents a major concern
for genetic counsellors.22 Lehrke" hypothesised
that non-specific X linked mental retardation
could account for the excess of mentally
retarded males in a population. Bundey et at
observed in brothers of affected males with
severe mental retardation a recurrence risk that
was three times that for sisters (this figure
includes subjects with a cytogenetic diagnosis
of the fragile X syndrome). Herbst and Baird'4
also found an increased recurrence risk for
brothers of male cases with idiopathic severe
mental retardation (IQ 20-35) and for the
brothers ofmale cases with non-specific mental
retardation (where no distinction was recorded
for level of mental retardation). Herbst and
Miller"5 calculated a frequency for non-specific
X linked mental retardation of 1.83 per 1000
males and suggested that 27% of all non-
specific mental retardation in males might be
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Table 3 Sib recurrence risksfor index patient (IP) with mild idiopathic mental retardation

Male IP Female IP

Reference Brother Sister All sibs Brother Sister All sibs Comments

34 8% 4% Table 1 "Undiagnosed" column. "Mildly retarded"
(IQ 52-67). Note in 50% of sibs the form of
retardation was different from the index patient or in
doubt

24 4.6% 2.9% 3.7% 1.8% 3.1% 2.4% Table Im. Minimum estimates of recurrence risk in
561 index patients with IQ 52-67

29 20% 17% 19% 30% 21% 26% Derived from "Total" figures given in tables I-IV.
121 index patients with IQ 50-69

5 20% 16% 17.8% 25% 14.5% 19.8% Table 4. 10 males and 10 females excluded with a
cytogenetic diagnosis of fragile X syndrome. Note
the low recurrence risk (1.5% excluding the
offspring of consanguineous marriages) for the
Asian group analysed

the result of an X linked defect. These figures
were derived from the observation of an excess
of 72 male-male affected sibships in a British
Columbian birth cohort based on a number of
assumptions which included that the excess of
affected brother-brother pairs over affected
sister-sister pairs were all examples ofX linked
inheritance, zero fitness of affected males, and
equal fitness of carrier and non-carrier females.
Morton et alf6 suggested a similar figure.

Evidence for a significant X linked compo-
nent to mental retardation has not been
confirmed in all studies. Bundey and Carter27
noted an excess of males in a study of 179 chil-
dren with idiopathic severe mental retardation.
However, since no excess of retarded male sibs
was observed, they rejected this sex difference
as being the result of X linked genes,
attributing it to the greater susceptibility of
males to environmental effects. In a population
study from Coventry, Bundey et ar found no
evidence of a contribution byX linked genes to
idiopathic mild mental retardation. However, a
number of these children, originally identified
on the basis of a cytogenetic diagnosis of the
fragile X syndrome, were incorrectly excluded
from analysis.28 Costeff and Weller29 also found
no increase of segregation ratio among male
sibs ofmale probands with non-specific mental
retardation although confidence limits for their
data were wide.

THE FRAGILE X SYNDROME
The recognition of the fragile X syndrome was
felt initially to confirm Lehrke's observations
on the importance ofX linked mental retarda-
tion. However, the advent of a molecular test
for the condition showed that its prevalence
was significantly overestimated30 and high-
lighted inadequacies in the use of apparently
diagnostic clinical features." These findings
have implications for the interpretation of
studies estimating the proportion of mental
retardation owing to X linked genes, the
proportion of X linked mental retardation
resulting from'the fragile X syndrome, and the
recurrence risks for mental retardation where
subjects with a putative diagnosis of fragile X
syndrome were defined. For example, Morton
et al'8 have restudied children from a popula-
tion survey originally diagnosed with fragile X
syndrome. They show that in 18 out of29 cases
the original diagnosis was incorrect.

NON-SPECIFIC, X LINKED MENTAL RETARDATION
The difficulty in testing Lehrke's hypothesis
through direct measurement of the population
frequency ofX linked mental retardation is that
it is not possible reliably to distinguish this type
of mental retardation from that resulting from
other causes, genetic or otherwise, just as it is
often difficult to distinguish between forms of
mental retardation which definitely have an X
linked pedigree pattern. In the latter situation,
however, an approach to differentiation can be
made through detailed phenotype analysis and
localisation of the causal gene in appropriate
families.'2 At present, only 10 to 12 non-
overlapping loci are required to explain all
localisations of non-specific X linked mental
retardation so far identified." Much research is
directed towards identifying X linked genes,
but is this activity assisting the clinical
geneticist at present? In our experience, the
response is, "not greatly". Among the expand-
ing number of published X linked mental
retardation syndromes, there is such consider-
able overlap of supposedly distinctive pheno-
typic features (for example, obesity, macro-
cephaly, mild microcephaly, hypotonia,
hypogonadism) that confident clinical diagno-
sis and genetic counselling advice is impossible
given the commonest presenting scenario, the
isolated affected male, or even when affected
brothers present. In this situation we revert to
empirical advice and published data on non-
specific mental retardation.

Recurrence risks
COMPARABLE SURVEYS?
Despite the commonplace nature of the clini-
cal problem, a search of published reports
identifies surprisingly few studies of recur-
rence risks in mental retardation. A table of
key papers is given above (table 1). A number
ofpoints arise. Firstly, most of these papers are
over 10 years old. Improvements in diagnostic
technology result in a "chipping away" of cases
which would previously have been labelled as
idiopathic in nature and this point is particu-
larly important where cytogenetic analysis was
not part ofthe patient's assessment. Moreover,
none of these papers was published after the
introduction of a molecular test for fragile X
syndrome. Secondly, differences in the popu-
lations studied produce problems specific to
the method chosen and thus studies are
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Table 4 Sib recurrence risks in non-specific mental retardation

Reference Recurrence risk Comments

27 10% Subset of 43 children with severe mental retardation. Risk is
for mild and severe mental retardation

35 19% 45 cases (table 2). Not analysed by degree of mental
retardation

15 14% 40 cases with "pure", severe mental retardation without
autism

difficult to compare. Although whole popula-
tion studies are larger and less subject to bias
than clinic or hospital based series (with an
inherent tendency to selection of more severe
or unusual cases and families where there has
already been a recurrence), the criteria for
inclusion of cases are unlikely to be verified by
the reporting investigators. Also, although
preferable from the epidemiological perspec-
tive, population based studies are probably less
useful to the geneticist because clinic based
series more resemble the selected population
referred to the genetic clinic. Thirdly, previous
categorisation of mental retardation by sub-
groups varies widely and makes it difficult to
compare results. Of particular note are incon-
sistencies in the assignment of perinatal events
as a cause of mental retardation. It is
important that cases are not removed from
study with a diagnosis of "cerebral palsy"
when the evidence for this is insubstantial.
Nowadays, clinical and neuroimaging evi-
dence of prenatal and perinatal hypoxic-
ischaemic damage is rigorously assessed in
each case (the "joint" paediatric neurology-
genetic clinic is invaluable for this purpose),
but it is difficult to imagine that older genetic
studies of mental retardation did not misclas-
sify a significant proportion of cases. Given the
above reservations, it becomes understandable
that the recurrence risk results summarised in
tables 2 and 3 do vary so much.

MILD MENTAL RETARDATION
The high recurrence risks given for mild men-
tal retardation are especially notable. The data
of Bundey et aP and Costeff and Weller29 are
likely to be derived from families who have
other relatives, including one or both parents,
with an IQ at the lower end of the normal
range. These families often have considerable
socioeconomic disadvantages, thus bringing
environmental influences into the equation. In
our experience of holding genetic clinics at
community based child development centres,
the affected children in these families are
physically well and their parents do not
actively seek genetic advice. Rather, they tend
to be referred for genetic-diagnostic assess-
ment by community child health workers who
now appreciate the significance of genetic
diagnoses such as fragile X syndrome in this
group. It may be that these high recurrence
risk figures do not apply to the majority of
cases seen routinely for genetic assessment
and, as Bundey et at suggest, where there is an
obvious difference in intelligence between
parents and child, a lower recurrence risk may
be appropriate.

NON-SPECIFIC MENTAL RETARDATION
The studies reviewed above mostly relate to all
forms of idiopathic mental retardation,
whereas we suspect the recurrence risk is
higher in cases of non-specific mental retarda-
tion, that is, the well grown, non-dysmorphic,
usually male, child who has no clinical
problems other than moderate or severe men-
tal handicap (table 4). It is very likely that
many of these cases result from single gene
defects, rather than environmental or chromo-
somal causes, although the relative propor-
tions of autosomal and X linked genes are
unknown.36

RISKS FOR SISTERS SONS
The risks for sisters' sons depend mainly upon
the risk of a mentally retarded male having an
X linked condition. There are no available
empirical data to answer this question. It is
possible to derive risks37 using figures from
Herbst and Miller's study25 of mental retarda-
tion in British Columbia. As discussed above,
these calculations are based on a number of
assumptions which are unproven.

Conclusions
We set out to review studies of recurrence risks
in mental retardation already knowing that
data for genetic counselling are limited and
difficult to extract. Significant differences exist
between studies and these are reflected in the
figures given in medical genetics textbooks.37 38
Moreover, a recent postal survey of Consultant
Clinical Geneticists in the UK suggests that
clinicians vary in their assessment of recur-
rence risks, the importance ofX linked genes,
and the significance of dysmorphism for recur-
rence risks (appendix 1). Although advances in
diagnostic techniques and the gene mapping of
syndromes associated with mental retardation
mean that idiopathic mental retardation is a
dynamic concept, it is likely that we will remain
dependent on empirical data for the foresee-
able future when asked about the isolated case
with unexplained mental retardation. We sug-
gest that further empirical studies are needed
and are as challenging as exercises in gene
localisation. Future studies will incorporate
detailed clinical evaluation of cases, molecular
testing for the fragile X syndrome, and, ideally,
a molecular cytogenetic test for cryptic chro-
mosomal rearrangements. In this way it should
be possible to derive accurate and comparable
risk figures which can be used in counselling
affected subjects and their families.

We would like to thank the anonymous reviewers of the initial
submission for their helpful comments.
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Appendix 1
Questionnaires were sent to 70 Consultant
Clinical Geneticists throughout the UK. Re-
plies were received from 46; four did not
include specific risk figures leaving 42 to be
analysed. Clinicians were asked to suggest a
recurrence risk in the following scenarios. It
was stated that the children had been assessed
by a paediatric neurologist and a clinical
geneticist and that investigations, including
molecular testing for FRAX and chromosome
analysis, were normal.

(1) The proband is a male aged 8 years. The
pregnancy and perinatal period were unevent-
ful. He walked at 13 months. He was referred
to a paediatrician at 2 years 8 months because
of poor speech development. He has problems
with the understanding and use oflanguage but
manages at standard school with help from a
specialist teacher for children with special
needs. A recent IQ assessment was given as 65.
Apart from a degree of clumsiness, motor
function is normal. He has no dysmorphic fea-
tures. There is no family history of note. His
intellectually normal parents both attended
standard school.

(2) The proband is female. The clinical
details are otherwise as in (1).

(3) The proband is a 3 year old male. The
pregnancy and perinatal period were unevent-
ful. Global developmental delay was obvious by
age 14 mponths. There are no features of
regression. He is now cruising but is still unable
to walk independently. He has no words. Inves-
tigation including CT neuroimaging have
failed to show a cause for his severe handicap.
He has no dysmorphic features. There is no
family history of note.

(4) The proband is female. The clinical
details are otherwise as in (3).

(5) The proband is a male. Details are the
same as in (3) except that the child has non-
familial mild short stature, posteriorly rotated
ears, epicanthic folds, clinodactyly, and an
OFC at -2.5 SD.

Results were analysed in the risk ranges
below

Male index case Female index case

(1)&(2)
1-5% 23 35
6-10% 13 1
20-25% 6 6
Total 42 42
26 of 42 clinicians gave a higher recurrence risk if the index

case were male
Male index case Female index case

(3)&(4)
1-5% 29 40
6-10% 13 2
Total 42 42
26 of 42 clinicians gave a higher recurrence risk if the index

case were male

(3)&(5)
If the index case was dysmorphic then:
12 Consultants left the risk unchanged
12 Consultants increased the risk
18 Consultants decreased the risk
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