
The genetic basis of mental retardation
Undoubtedly there has been remarkable progress in the mapping and localization of an
increasing number of single gene defects, and in the recognition of chromosomal anom-
alies. Chromosomal and genetic disorders account for between 30–40 per cent of
SMR and about 15 per cent of MMR. However, it is likely that many defects remain
undetected. Indeed new techniques involving molecular analysis and flourescent in situ
hybridization (FISH) have recently enabled the identification of previously unrecog-
nized subtle chromosomal abnormalities in a proportion of those with mental retarda-
tion (Flint et al. 1995; Knight et al. 1999; Slavotinek et al. 1999). The most recent of
these studies (Knight et al. 1999) reported that in a sample of 466 children with unex-
plained mental retardation, subtle chromosomal rearrangements in telomeric regions
were found in 0.5 per cent of children with mild retardation and 7.4 per cent of those
with moderate-severe retardation, with half of these rearrangements being familial.
This suggests that such anomalies are the second most common cause, after Down syn-
drome, of moderate-severe mental retardation.

Although single gene disorders and chromosomal anomalies are relatively rare, the
advances in understanding their genetic basis nevertheless have an impact on the field
of psychiatry in two important ways. First, mental retardation is a major clinical mani-
festation of many of these recognized genetic anomalies, and it is clearly clinically
important to recognize specific genetic causes of mental retardation. Second, where a
recognized and mapped genetic defect is more commonly associated with a particular
behavioural phenotype, this could offer a clue to the location of potential susceptibility
genes for a given type of behaviour or psychiatric disorder. Thus, for example as
described in chapters 7 and 10, it is recognized that the rate of autism is increased 
in tuberous sclerosis and psychotic illness more commonly occurs in those with 
velocardiofacial syndrome (see later). This has led to interest in examining the relevant
candidate regions for autism and schizophrenia. It remains to be seen to what extent
the study of behavioural phenotypes for specific genetic defects has an impact 
in identifying susceptibility genes for much more common psychiatric disorders 
(Flint 1999).

Although there have been such major advances in the identification of specific
genetic anomalies and the mapping of single gene disorders, it has to be recognized
that most mental retardation is not accounted for by these syndromes. Although there
are clearly many different causes of mental retardation including environmental
insults such as birth trauma and infections, in most instances, no specific cause can be
identified. Thus it is worthwhile emphasizing that individuals with so-called idiopathic
mental retardation constitute much the largest group.

In this chapter we will begin by considering what is known about the genetics of
idiopathic mental retardation, and then move onto discuss single gene defects and
chromosomal anomalies.
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Idiopathic mental retardation
In contrast to the wealth of research on the genetics of intelligence within the normal
range (see chapter 4), until recently there has been remarkably little interest in the
genetic epidemiology of idiopathic mental retardation, with no properly designed
family and twin studies published so far. Forthcoming results from a new twin study of
young children should help remedy this shortcoming (see chapter 4). The results of
such studies are dependent both on sample ascertainment, given that findings are likely
to differ depending on whether probands are identified from the community, special
schools or institutions, and on the rigour of screening for identifiable causes.

Until recently it would have been reasonable to use the term idiopathic mental retar-
dation to refer to those individuals who showed no evidence of gross chromosomal
defects or single gene anomalies. However older studies will not have carried out mole-
cular testing for fragile X or checked for subtle chromosomal anomalies, and clearly
other specific genetic defects that we cannot yet detect will in time be recognized.
Nevertheless it seems likely that a substantial proportion of individuals for whom men-
tal retardation is truly idiopathic will remain. Here aetiology may still best be explained
in terms of the traditional polygenic multifactorial model. The difficulty is that there are
too few studies to even properly consider the likely role of genes and environment in
determining idiopathic mental retardation. Given the dearth of published literature we
are reliant on attempting to draw conclusions from family and twin studies, most of
which are very old now and which report widely varying recurrence risks (Crow and
Tolmie 1998). Nevertheless, methodological considerations aside, a recent review sum-
marizes reported recurrence risks in siblings as varying between 2.4 per cent and 19.8
per cent for MMR and 2 per cent to 14 per cent for SMR (Crow and Tolmie 1998).

The familial clustering of MMR is perhaps not surprising given that genes and psycho-
social adversity, which are thought to be influential, are shared by family members.
Unfortunately so far there have only been three published small twin studies of mental
retardation: although they showed higher concordance rates in the MZ than DZ, twin
pairs were not large enough to draw definite conclusions about the contribution of genetic
influences (Rosanoff et al. 1937; Gottesman, 1971). However there have been twin studies
that have focused on cognitive ability (see chapter 4), but not necessarily mild mental
retardation. Those that have used the DeFries and Fulker regression method (see chapter 2;
DeFries and Fulker 1985, 1988) to examine the aetiology of low cognitive ability suggest
that it is influenced by the same genetic and environmental factors that influence cogni-
tive ability within the normal range (Petrill et al. 1997; Saudino et al. 1994).

Single gene defects
Single gene defects account for only a small proportion of mental retardation, and are more
likely to be seen in individuals with moderate to severe retardation. Bundey et al. (1989)

GENETICS OF MENTAL RETARDATION 115

guff05.qxd  18/8/04  9:13 AM  Page 115


