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Abstract

Mental retardation (MR), defined by the World
Health Organization(WHO) as an intelligence
quotient (IQ) <70, is characterized by significantly
limited cognitive functioning, coupled with
limitations in adaptive skills. Down syndrome is the
most common genetic cause of intellectual disability
in the population and is due to a gene dosage effect of
the presence of an additional chromosome
21(Vundinti etal.,2011) or a partial trisomy, mainly
in the 21q22 region (Frias etal.,2002). The main aim of
this study is to evaluate the Cytogenetic causes for
the occurrence of the mental retardation. The present
study was carried out with 50 MR cases and 50 age
and sex matched healthy controls from North Coastal
Andhra Pradesh. With prior informed consent, 5 ml
of blood was collected into sterile heparinized tubes
from 50 MR cases and 50 healthy controls for
evaluation of the chromosomal abnormalities by
using Leucocyte Blood Culture and G-banding
techniques. Out of 100 mentally retarded people
analyzed,76(76%) had normal karyotype and
remaining 24(24%) were Down syndrome. Among
them regular free trisomy constituted 18(18%) cases,
Robertsonian translocations in 4(4%) cases and
mosaicism was recorded in 2(2%) cases. The study
confirmed the findings of earlier studies carried out
in India and other countries. It emphasizes free
trisomy 21 was found to the most  frequent  autosomal
aberration  of  Down syndrome when compared with
Robertsonian translocations and mosaics.

Keywords:  Mental Retardation; Trisomy;
Translocations; Mosaics.

Introduction

Mental retardation (MR), defined by the World
Health Organization(WHO) as an intelligence
quotient (IQ) <70, is characterized by significantly
limited cognitive functioning, coupled with
limitations in adaptive skills in two or more of the
following areas: social skills, community living,
communication, home living, health, self-direction,
work, and leisure (Curry etal.,1997; Battaglia
etal.,1999).  MR is generally divided into mild (IQ of
50-70), moderate (IQ of  35-50), and severe (IQ of 20-
35); those cases in which the IQ is below 20 are
occasionally defined as profound.(Battaglia
etal.,1999; Chiurazzi etal.,2000).

The incidence of mental retardation (IQ<70) is
found to be 2-3% worldwide (Lewis, 2007). Its
incidence in developing countries is about 2-3 times
more as compared to developed countries. Males are
found to be more affected than females. The risk of
mental retardation is found to be higher in children
with congenital structural defects (Decoufle et al.,
2001). Despite extensive studies in area of mental
retardation the overall prevalence of MR is still not
known with certainty. It is approximately 1-3%
(Munro, 1986; DeVries et al., 2005) and in  India too it
is estimated to be 2 – 3% of  the population (Kaur et
al., 2003).

The cause of mental retardation may be genetic
(30%) or environmental, congenital (for example, fetal
exposure to teratogenic agents, chromosome
disorders), or acquired (for example, central nervous
system infection, head trauma). Chromosomal
aberrations account for 15% of mentally retarded
individuals (Mulley et al., 1992). Monosomies and
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trisomies are reported to be more frequent than
tetrasomies, pentasomies, double aneuploids,
polyploidy, etc.,  whereas subtelomeric
rearrangements account for  5% of mental retardation
/malformation syndrome

(Archer et al., 2005). Several types of structural
aberrations are also known to cause mental
retardation, the common ones being deletion,
duplication, inversion, translocation and is
chromosome formation (Flint et al., 1995; Holinski-
Feder et al., 2000; Walter et al., 2004).

Down syndrome is the most common genetic cause
of intellectual disability in the population and is due
to a gene dosage effect of the presence of an  additional
chromosome21(Vundinti etal.,2011) or a partial
trisomy, mainly in the 21q22 region (Frias et al.,2002).

Down syndrome (DS) or trisomy 21, with its
characteristic clinical features is the most frequently
observed autosomal aneuploidy with an incidence
of about 1 in 700 live births. The prevalence of DS in
India is 0.88 per 1000 (1 out of 1139) to 1.09 per 1000
(1 out of 916) and three DS children are reported to be
born every hour (Rajangam and Thomas,1992; Malini
and Ramachandra, 2006). In general, over 95% of
Down syndrome individuals possess free trisomy21
resulting from non-disjunctional error of chromosome
21 during gametogenesis in one of the parents. While
about 2-4% result from a translocation of chromosome
21 on to a D  or Ggroup chromosome, 1-2% are mosaics
showing a normal cell line additionally, due to
mosaicism (Nussbaum et al., 2001).

Mental retardation (MR) is among the more
significant public health problems because of its
prevalence is about 2 to 3 percent in the population,
the few therapeutic options that are currently
available, and the resulting life-long harm to the
affected persons, their families, and society as a whole.
Causes of MR are numerous and include genetic and
environmental factors. In at least  30 to 50 percent of
cases, physicians are unable to determine etiology
despite thorough evaluation .Very few studies have
been focused on the MR in North Coastal Andhra

Pradesh. Therefore, the main aim of this study is to
evaluate  the Cytogenetic causes for the occurrence of
the mental retardation.

Materials and Methods

The present study was carried out with 100 MR
cases and 100 age and sex matched healthy controls
from North Coastal Andhra Pradesh. The patients
above 2 years from Labenshiff Mentally
Handicapped, Visakapatnam; Asramdham
Manovikas  Kendram, Anakapalli; Behara Manovikas
Kendram, Srikakulum were included in this study.
The study was consented and approved by the
institutional ethical committee for blood sample
collection  to  evaluate the chromosomal abnormalities.

With prior informed consent, 5 ml of blood was
collected into sterile heparinized tubes from 100 MR
cases and 100 healthy controls and were transported
to the Department of Human Genetics, Andhra
University, Visakapatnam for Leucocyte Blood
Culture and G-banding techniques

Results and Discussions

Down syndrome usually presents three cytogenetic
variants:
•    Regular trisomy 21 (T21)—with karyotype 47,

XX,+21 or 47,XY,+21, present in ~95% of the
cases.

•    Robertsonian translocations (rob)—involves the
rearrangement of chromosome 21 with another
acrocentric chromosome (group D or G) (46,XX
or 46,XY, rob(D or G;21)(q10; q10),+21 .

•      Mosaicism—presence of two or more different
cell lines in the same individual.  In this case, one
line with T21 and another normal line,
represented by the formula 47,XX or XY,+21/
46,XX or XY and corresponds to 1–3% of all
cases.(Frias et al., 2002; Hulten et al.,2008)

Table 1: Frequency of chromosomal abnormalities in MR cases and controls

Table 1 represents the frequency of chromosomal
abnormalities in MR people and controls. In MR
people, the frequencies of normal and abnormal

 Mr Cases  Controls  
Chromosomal Analysis       

No.  % No.  % 
       

Normal 76  76 100  100 
       
    -  - 

Abnormal 24  24    
       

karyotypes were 76% and 24% respectively whereas
in controls all were normal without any chromosomal
abnormalities.
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Table 2 demonstrates the distribution of cytogenetic
results of mentally retarded people. The frequencies
of regular trisomy, translocations and mosaics were
18%, 4% and 2% respectively. The frequency of regular
trisomy was higher than the frequencies of
translocations and mosaics in mentally retarded
people of the present study. The total number of
chromosomal abnormality was 24 (24%).

Down syndrome is the most common autosomal
trisomy, and is the most common genetic cause of
severe learning difficulties.  Its incidence ranges from
1 in 600 to 1 in 1000 in live-born infants (Devlin and
Morrison, 2004; Roizen and Patterson, 2003).

In agreement with previous reports (Thompson et
al., 1993), there was considerable karyotype variability
in individuals with DS, including cases of free trisomy
and partial free trisomy of chromosome 21, as well as
Robertsonian translocations between chromosomes

Table 2: Distribution of cytogenetic results of MR cases

Chromosomal Abnormality No. of Mr Cases % 
Regular Trisomy 18 18 

Translocations 4 4 
Mosaics 2 2 

Total 24 24 

14 and 21 and between the two chromosomes 21.
These observations emphasize the importance of
cytogenetic confirmation in cases of DS. In addition
to indicating the risks of recurrence of the syndrome,
karyotyping can also be useful in the clinical follow-
up of some disorders associated with DS. Certain
diseases, such as Duodenal stenosis, Alzheimer’s
disease and Acute leukemia, seem to be more common
in DS patients than in the general population (Fong
and Brodeur, 1987). In the case of acute leukemia, for
example, the incidence can be 14-30 times more
frequent in DS patients (Iselius et al., 1990). By
identifying each karyotype associated with DS, it is
possible to inform the patient’s family about the
susceptibility to Acute leukemia, Duodenal stenosis
and Alzheimer’s disease and help them notify the
associated symptoms. Treatment can then be
introduced early, thereby increasing the patient’s life
expectancy.

Table 3: Frequency of chromosomal abnormalities among Down syndrome people in different countries

Table 3 explains the frequency of chromosomal
abnormalities among Down syndrome people in
different studies.The frequencies of regular trisomy,
translocations and mosaics were found to be vary in
different studies. The variation in frequencies between
the present study and other studies may be attributed
to the differences in the sample size taken or

 
S. No Reference No. of Down 

Syndrome 
People 

Regular 
Trisomy2 

1 

Translocatio 
NS 

Mosaic 
S 

Country 

1 Cassiman 88 81(92.1) 6(6.8) 1(1.1) BELGIUM 
 Et al.,1975      
2 Speed 

Et al., 1976 
153 144(94.1) 2(1.3) 7(4.6) SCOTLAND 

3 English 
Et al.,1989 

65 63(96.9) 1(1.5) 1(1.5) ENGLAND 

4 Stoll 
Et al.,1990 

391 368(94.1) 14(3.6) 9(2.3) FRANCE 

5 Al-awadi 
Et al.,1991 

1024 985(96.2) 24(2.3) 9(0.9) KUWAIT 

6 Mutton 
Et al.,1996 

5737 5411(94.3) 220 (3.8) 66(1.2) ENGLAND 
AND WALES 

7 Mokhtar 
Et al.,2003 

673 642(95.4) 18(2.7) 5(0.7) EGYPT 

8 Devlin,2004 208 197(94.7) 3(1.45) 8(3.85) IRELAND 
9 Azman 149 141(94.6) 1(0.7) 7(4.7) MALAYSIA 

10 Et al., 2007 
Amayreh 

ET AL.,2009 

80 74(92.5) 2(2.5) 3(3.8) JORDAN 

11 Present Study 24 18(18) 4(4) 2(2) India 

geographical variation.
Among all cases studied from  table 3, the

frequency of translocations and mosaicism was very
much lower than the frequency of standard regular
trisomy. This could be attributed to the high fertility
rate and trends towards reproduction even at an
advanced maternal age (El – Zanaty et al., 1998).
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T21 is frequently the result of non disjunction in
maternal meiosis (~90%). Most occur in meiosis I (MI).
Errors of meiosis II (MII) only constitute 20% of
maternal errors (Frias et al., 2011). Trisomies of
paternal origin are less common (3% in MI and 5% in
MII) (Vekemons et al., 2005) and, in ~4% of the cases
the additional chromosome is the result of a post
zygotic error (Girirajan et al., 2009).

It is important to mention that the percentage of
mosaicism may be under diagnosed because the
number of cells analyzed generally is insufficient to
detect cell lines in low proportion. Mosaicism in
Down syndrome may originate from a normal zygote
or as a result of a trisomy due to post zygotic non-
disjunction or trisomic rescue, respectively (Gonzalez
et al.,1998).

It has been reported that Robertsonian tranlocation
may arise as a sporadic event (de novo) or may be
transmitted by a carrier parent (familial). One-quarter
of Robertsonian translocations in Down syndrome
are familial and three-quarters are de novo ( Shaffer
et al., 1992). In familial Robertsonian translocation
Down Syndrome, one of the parents(almost always
the mother) is a translocation  heterozygote and has
transmitted the translocation in an unbalanced state
to the offspring. Males with Robertsonian
translocation are occasionally associated with
infertility due to oligospermia because the
translocation may disrupt spermatogenesis
(Guichaoua et al., 1992). The distinction between de
nova and familial forms of translocation Down
syndrome is crucial. For the de nova translocation, a
recurrence risk of less than 1% applicable. In the case
of familial Robertsonian translocation Down
syndrome, the genetic risk for the female carrier to
have a live born child with translocation Down
syndrome is above 10% while the likelihood to detect
translocation trisomy 21 at amniocentesis is about

15%. For the male carrier ,the risk to have a child with
Down syndrome is small i.e., 1%. (Gardner et al.,1996)

The homologous translocation  21q21q  is one of
the most common chromosomal rearrangement in
Down syndrome. Classically this rearrangement has
been  termed Robersonian translocation. Molecular
studies have proved that most denovo arrangements
(21q21q) are isochromosomes derived from single
parental chromosome 21 and only a small proportion
are consistent with true Robertsonian tranlocations
(Shaffer et al.,1993). Molecular studies suggest that
many of these de nova cases originate at an early post
zygotic mitosis so the recurrence risk is low (Robinson
et al.,1994). However a small number of recurrences
in subsequently born sibling are otherwise recorded
and parental mosaicisam can be the basis of such
recurrence (Sachs et al.,1990).

Diagnosis of  Down syndrome is usually suspected
at birth because of characteristic phenotypic features
but this can be difficult to ascertain and the diagnostic
accuracy ranged from 100% in non disjunction and
translocation to as low as 37% of mosaic Down
syndrome(Devlin and Morrison,2004). This could be
due to the fact that these patients may be
phenotypically less severely affected than persons
with non disjunction or translocation. Therefore,
chromosomal analysis is needed to confirm the
diagnosis, to determine the risk of recurrence and for
genetic counseling.

Genetic diagnosis by cytogenetic screening thus
proved to be crucial in counseling of parents, and
special education and management of MR children.
The karyotype of parents with chromosomally
abnormal children could help to establish the
inheritance or recurrence risk in the family, and
proved significant in prevention and genetic
counseling.

47, XY , +21(DS Male Trisomy)
Karyotype

Fig. 1:
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47, XY , +21(DS Male Trisomy)
Karyotype

Metaphase

Fig. 4:

46, XX, t (21;21), +21(DS Female Robertsonian Translocation)
Karyotype

Fig. 3:

Fig. 2:
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