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ABSTRACT The results are presented on G6PD deficiency and abnormal hemoglobins in mentally retarded school
children of Visakhapatnam city of Andhra Pradesh in South India. Comparatively increased incidence of G6PD
deficiency was found in mentally retarded individuals (4%). Abnormal hemoglobins were also observed in mentally

retarded patients (4%). The results were compared with the data from control samples.

INTRODUCTION

Mental retardation is a genetic disorder
manifested in significantly below average overall
intellectual functioning and deficits in adaptive
behavior. Mental retardation is a particular state
of functioning that begins in childhood and is
characterized by decreased intelligence and
adaptive skills and also is the most common
developmental disorder (Bregman 1991). Mental
retardation in young children is often missed by
clinicians. The condition is present in 2 to 3
percent of the population, either as an isolated
finding or as part of a syndrome or broader
disorder (Daily et al. 2000). McLaren and Bryson
(1987) report that the prevalence of mental
retardation appears to increase with age up to
about the age of 20, with significantly more males
than females identified. Mental retardation is a
common and distressing disorder whose origins
are poorly understood. A state of mental retar-
dation may be produced by various endogenous
and exogenous influences acting independently
or in concern with each other. In at least 30 to 50
percent of cases, physicians are unable to de-
termine etiology despite thorough evaluation
(Baird and Sadovnick 1985). A number of sing-
le-gene disorders result in mental retardation.
Many of these are associated with atypical or
dysmorphic physical characteristics (Sultana et
al. 1995). Metabolic disorders are another possible
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cause of mental retardation. In some cases (e.g.,
PKU, hypothyroidism), retardation is preventable
with early treatment (Scriver 1995). Approximately
3% of the population has an intelligence quotient
(1Q) of less than 70, among whom a cause for the
mental retardation can be established in less than
half of all cases (Flint etal. 1995). The prevalence
of severe mental retardation is about 3 per 1.000
population and 30 per 1.000 for mild mental
retardation (Harper 1993).

Baker (1992) represented effect of G-6 PD
deficiency on sickle cell disease in Saudi Arabia.
Steen et al. (1999) and Schatz and McClellan
(2006) studied sickle cell disease as a neuro-
developmental disorder, the trait increasing the
risk of mild mental deficiency. Seth et al. (1981)
observed a high frequency of G6PD deficiency
(11.8%) in mentally retarded individuals.

Saleh (2009) reported two cases of G6PD
deficiency with autism.

The present study was conducted to seek
association, if any, of genetic markers glucose-6-
phosphate dehydrogenase deficiency and
abnormal hemoglobins with mental retardation in
school children of Vishakapatnam city of North
Coastal Andhra Pradesh.

METHODOLOGY

The material for the present study was
collected, March 2008 to March 2009 from
Lebenshilfe School, Vishakhapatnam city in
Andhra Pradesh, India. A total of 100 intravenous
blood samples were collected from mentally
retarded individuals and analysed for G6PD
deficiency and abnormal hemoglobins. Normal
healthy individuals (n=100) were taken as age
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and sex matched controls. G6PD deficiency was
determined by standard quantitative (kits ob-
tained from Crest Biosystems, Goa, India) and
qualitative (Bhattacharya et al. 1990) methods
and abnormal hemoglobins were typed using
standard cellulose acetate membrane electro-
phoresis (Kate et al. 1976). The statistical analy-
sis of the phenotype data comprises calculation
of allele frequencies by direct gene counting
method and a Chi-square test on Hardy-Wein-
berg equilibrium.

RESULTS

Table 1 represents the phenotype and allele
frequencies of Glucose-6-Phosphate Dehydro-
genase among patients and control groups. The
table shows that G6PD deficiency was observed
in both the groups 4% in cases and 3% in con-
trol group. Considering allele frequencies, the
frequency of GD B -allele was higher in patient
group (0.0420) compared with control group
(0.0330). The Chi-square test for homogeneity
was found to be statistically non-significant
(Chi-square: 0.1478; d.f. =1; 0.80>p>0.70).

Table 1: Phenotypes and gene frequencies of G6PD
among patient and control groups

Phenotypes Patient group Control group
I Alleles Number  Percent Number Percent
Phenotype
Normal 96 96.00 97 97.00
Deficient 4 4.00 3 3.00
Total 100 100.00 100  100.00
Allele
G6PD" B+ 0.9580 0.9670
G6PD” B- 0.0420 0.0330
Total 1.0000 1.0000

Table 2 provides glucose-6-phosphate de-
hydrogenase enzyme assays among study and
control groups. It is observed from the table that
G6PD enzyme levels range between 6.4 and 18.7.
Below the normal value two cases of males
(3.44%) and two cases of females (4.76%) were
observed in patient group, whereas in control
group one case of male (2%) and two cases of
females (4%) were observed.

Table 3 shows phenotypes and allele fre-
quencies of hemoglobin (HB) system among
patient and control groups. This table shows that
HB AS shows low incidence among patient gr-
oup (4%) whereas in control group this pheno-

Table 2: G6PD enzyme assays among patient and
control groups

Gender G6PD Patient group Control group
value /
range Number Percent Number Percent
Male 6.4 -18.7 56 96.56 49 98.00
<6.4 2 3.44 1 2.00
Total 58 100.00 50 100.00
Female 6.4 — 18.7 40 95.24 48 96.00
<64 2 4.76 2 4.00
Total 42 100.00 50  100.00

Table 3: Phenotypes and allele frequencies of
hemoglobins among patient and control groups

Phenotypes Patient group Control group
/ Alleles Number  Percent Number Percent
Phenotype
HB AA 96 96.00 100 100.00
HBAS 4 4.00 - -
HB SS - - - -
Total 100 100.00 100 100.00
Allele
HB *A 0.9800 1.0000
HB *S 0.0200 0.0000
Total 1.0000 1.0000

type is completely absent. Rare phenotype HB
SS was completely absent in both the groups.
Considering allele frequencies, the HB*S allele
frequency was 0.0200 in patient group and the
allele was completely absent in control group.
The homogeneity Chi-square test for this blood
protein system showed statistically non
significant result in patient group (x% 1.7076;
d.f.=1;0.20>P>0.10).

DISCUSSION

In the present study, a slightly increased
incidence of G6PD deficiency has been found in
mentally retarded individuals compared with
matched population of normal intelligence. In
mental retardation, 4% individuals were found to
be deficient in glucose-6-phosphate dehydro-
genase compared with 3% of the controls, the
two values being almost similar. Also, compara-
tively higher number of mental retardation
individuals was found to exhibit sickle cell trait
and G6PD deficiency. It is, therefore, presumed
that selection probably operates against these
two genetic systems simultaneously in malarial
regions. Kernicterus is a major cause of death
during the neonatal period of mental retarda-
tion and cerebral palsy with high tone deafness.
It may occur due to the deficiency of G6PD
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enzyme which is prone to develop acute hemo-
lysis when exposed to hemolytic triggers such as
antihistamines, anti-malarial drugs, antibiotics,
analgesics and antipyretics, herbal medicines and
miscellaneous agents and drugs. Babies with
G6PD deficiency who are exposed to hemolytic
triggers may be controlled to some extent by
educating parents and health professionals to
protect children from various triggering mecha-
nisms and the incidence of kernicterus may be
reduced. To achieve this all children with G6PD
deficiency should be identified. Early detection
of G6PD deficiency with appropriate manage-
ment can prevent mental handicap and related
developmental disabilities. In our study HB AS
were observed in 4 cases of mentally retarded
individuals. No sickle cell disease subject was
found in either patient or control groups. Re-
garding abnormal hemoglobins Steen et al.
(1999) and Schatz and Mcclellan (2006) obser-
ved subtle brain abnormalities in children with
sickle cell disease, stating that this condition was
mainly associated with a 23-fold increase in the
risk of mild mental deficiency.
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NOTE

Based on the intelligence quotient (1Q), mental
retardation is classified into four types: Mild mental
retardation (1Q scores between 50 and 70), Moderate
mental retardation (1Q scores between 40 and 54), Severe
mental retardation (IQ scores between 25 and 39) and
Profound mental retardation (1Q scores < 25).
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