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Abstract
Background: Glucose-6- phosphate dehydrogenase (G6PD) deficiency is a common
inherited disorder in Iran and may cause neonatal jaundice in some conditions. This
study aimed to evaluate the distribution of ABO blood groups and Rh in G6PD deficient
newborns in Iran, Mashhad. Materials and Methods: This case-control multi central
study was conducted on 150 icteric newborns who admitted to the NICU of educational
hospitals in North-East state of Iran, Mashhad. G6PD deficiency was evaluated and case
and control groups were considered of 50 icteric newborns with G6PD deficiency and 100
icteric newborns with normal levels of enzyme. Distribution of ABO blood groups and Rh
were evaluated in G6PD deficient newborns and compared to controls. The prevalence
of hemolysis was compared in two groups as well. Results: Prevalence of hemolysis was
22% in case group and 19% in controls. There was no significant relationship between
G6PD deficiency and hemolysis (p>0.05). Distribution of blood group A was higher in
case group compared to control group (68% vs. 23% respectively), the difference was
significant (Z=2.55, p=0.0054). Distribution of positive Rh blood group was higher in
case group compared to control group (95% vs. 85% respectively) and the differences
were not significant (p>0.05). Conclusions: There was a significant relationship between
distributions of blood group A in G6PD deficient newborns.
Keywords: ABO blood-group system; Rhesus Blood Group System; G6PD deficiency;
Hyperbilirubinemia; Neonatal

Introduction
G6PD deficiency is the most common human enzyme deficiency in
the world. It is an X-linked, hereditary genetic defect which affects
an estimated 400 million people, mostly African, Mediterranean and
far-eastern populations. [1,2] According to the report of WHO, the
overall incidence of G6PD deficiency among the Iranian population
was 10−14.9%. [3] A meta-analysis regard G6PD deficiency showed its
incidence in Iran was between 2.1 to 7.6%. [4] This enzyme deficiency
is very prevalent in individuals of Africa, America, Mediterranean,
and East Asia. In India the incidence of G6PD deficiency has been
variably reported as 0–37% in different castes and communities with
higher incidence in north and west India (15%) as compared to south
India (1-2%). [5] In Kuwait, G6PD deficiency was found to be 22.3% in
newborns and 20.4% in adults with a mean average of 21.3%. [6]
Neonatal jaundice and hemolytic anemia are two major outcomes
associated with G6PD deficiency. A high level of unconjugated
bilirubin is a strong neurotoxic agent. Kernicterus is a neurologic
syndrome resulting from deposition of unconjugated bilirubin in
the basal ganglia and brain stem nuclei which may cause severe
neurological complications and even death in some populations. [7-9]
Many studies have been performed to decrease bilirubin level with
phototherapy and herbal extracts. [10] Hemolytic anemia results from
stress factors such as certain oxidative drugs, infections or fava beans.
G6PD deficiency is also known as ‘fauvism’, a term used to describe
acute hemolytic anemia after the consumption broad beans (Vicia faba)
that is a common food in Iran. [11,12]
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Numerous associations have been made between particular ABO
phenotypes and an increased susceptibility to diseases. For example,
a peptic ulcer (PU) is significantly more common in O blood group
individuals [13] and gastric or pancreas cancers are more common in A
blood group individuals. [14] Therefore, we aimed to determine distribution
of ABO blood groups and Rh in G6PD deficient newborns and to compare
the results in newborns with normal levels of the enzyme in Iran. The
prevalence of hemolysis was compared in two groups as well.

Materials and Methods
This case-control multi central prospective study included 150
newborns with hyperbilirubinemia who were admitted to NICU of
educational hospitals related to Azad University from 2012 to 2014
in North-East state of Iran, Mashhad. Inclusion criteria were healthy
term newborns with hyperbilirubinemia. Newborns with any other
disease, premature and those aged older than 28 days, were excluded.
According to the mean related prevalence,
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α = 5% = 1.96 and β = 20% = 0.84
and

n=

( Z1−α /3 + Z1− β ) 2 [ P1 (1 − P1 ) + P2 (1 − P2 ) ]
( P1 − P2 ) 2

Sample size was considered about 53 newborns that met inclusion
criteria and enrolled in the study as case group and 102 newborns
considered as control group. Three newborns in case group and two
newborns in control group refused the study. Therefore 50 and 100
newborns remained as case and control groups respectively. The
method of sampling was non-probability of easy sampling.
Data collection form was designed for the study. Clinical jaundice was
determined by yellowish color of sclera, mucosa and skin. A detailed
history and clinical examination was performed for the subjects and
demographic data and birth history was recorded as well.
The population of interest was screened for the quantitative
measurement of G6PD activity by enzymatic colorimetric assay.
Newborns with value <6.4 U/g Hb were considered as G6PD deficient.
Case group included 50 newborns with G6PD deficiency and 100
newborns without enzyme deficiency were considered as control
group. Distribution of ABO blood groups and Rh was determined in
G6PD deficient newborns and compared to newborns with normal
levels of the enzyme. The prevalence of hemolysis was compared
in two groups as well. Hemolysis was considered as meeting any
of the following criteria: hematocrit (Hct) <40% in the absence of
acute blood loss, reticulocyte count >5% in newborns aged birth to
5 days and >1% in newborns older than 5 days and positive Coombs
(considered dilution studies if there is clinically confident of hemolytic
process with negative coombs test). Variables as age, gender, weight,
height, maternal age, number and delivery type, Apgar score in 1 and 5
minutes Hct, reticulocyte and bilirubin were determined as well.

Ethical considerations
This study was conducted according to the guidelines of Helsinki, the
Guidelines for the Ethical Conduct of Medical Research Involving
Children, revised by the Royal College of Pediatrics and Child Health:
Ethics Advisory Committee. We considered Committee on Publication
Ethics (COPE) guidelines as well. There was no moral inconsideration,
and all the cooperators and the parents were well explained about the
study method and we received informed consent and ethical approval.
The data was analyzed. For comparison of results, T-Test was used and
for the quality variants, Fisher and Chi-Square tests were used with
P-value <0.05 through SPSS software.

Results
150 newborns met the enrolment criteria and participated in the study.
Case group included 50 icteric newborns with G6PD deficiency which
36 (72%) were males and 14 (28%) were females [Table 1].
In case group, there was significant statistical difference between male
and female infants that more than 50% of G6PD deficient newborns
were males (p=0.0009). Control group included 100 newborns, which
57 (57%) were males and 43 (43%) were females.
The mean age of newborns was 5.80 ± 0.34 and 5.54 ± 0.29 days in
case and control groups respectively. The mean weight of newborns
was 2947.4 ± 68.91 gr and 3108.65 ± 56.85 gr in case and control
groups respectively, and the mean height of newborns was 49.14 ±
0.49 in case group and 49.55 ± 0.26 cm in controls. There were no
significant differences between two groups by T test in regard to the
mean age, weight and height, maternal age, number and delivery type,
and Apgar score in 1 and 5 minutes (p>0.05).

Table 1: Proportion of males and females in the case group (G6PD
deficient).
Gender N (%)
Male/
Female Total p-value
Case group
Males
Females
Ratio
(G6PD deficient)
50
36 (72)
14 (28)
2.5:1
p=0.0009
(33.3)
Table 2: Hemolysis, ABO blood groups and Rh distribution in case
(G6PD deficient) and control groups.
(G6PD
Control Total
deficient)
Variables
p-value
N (%)
Hemolysis
11 (22)
19 (19) 30 (20) p>0.05
Non
120
39 (78)
81 (81)
Hemolysis hemolysis
(80)
100
150
Total
50 (100)
(100)
(100)
A
34 (68)
23 (23) 57 (38) p=0.0054
B
4
(8)
30 (30) 34 (22) p>0.05
Blood
groups
AB
2 (4)
10 (10) 12 (8)
p>0.05
O
10 (20)
37 (37) 47 (31) p>0.05
100
150
Total
50 (100)
(100)
(100)
20
Negative
5 (10)
15 (15)
p>0.05
(13.3)
130
RH
Positive
45 (90)
85 (85)
p>0.05
(86.7)
100
150
Total
50 (100)
(100)
(100)

The mean Hct was lower in case group (42.35 ± 1.27 vs. 45.70 ± 0.75),
but the difference was not significant (p>0.05).
Average of total bilirubin level was 21.32 ± 0.96 mg/dl in case group
and 21.41 ± 3.16 mg/dl in control group, with no significant difference
between two groups. The mean indirect bilirubin level was 20.31 ± 0.94
mg/dl and 20.69 ± 3.15 mg/dl in case and control groups respectively,
with no significant difference between two groups (p>0.05). The mean
reticulocyte count was higher in case group (2.42 ± 0.30 vs. 1.97 ±
0.17) but with no significant difference between two groups (p>0.05).
In this study, coombs test was 100% negative in both case and control groups.
Table 2 shows hemolysis, ABO blood groups and Rh distribution in
case and control groups.
Comparing hemolysis between case and control groups revealed
that in case group, 11 (22%) neonates had hemolysis and 39 (78%)
neonates had not hemolysis. In control group, 19 (19%) of neonates
had hemolysis and 81 patients (81%) were not hemolytic. There was
no significant relationship between existence of hemolysis and enzyme
deficiency by Fisher Exact Test (p>0.05). In evaluation of ABO blood
groups in G6PD deficient newborns, the distribution was as follows: 34
(68%) of newborns in case and 23 (23%) in control group had A blood
group. Although distribution of A blood group was higher in case group
compared to control group (68% vs. 23% respectively), the difference
was significant (p<0.05) [Table 2]. (Z=2.55, p=0.0054). Distribution
of B blood group was 4 (8%) in case and 30 (30%) in control group of
newborns. About AB blood group, 2 (4%) and 10 (10%) of newborns
had AB blood group in case and control groups, respectively. There
was no significant association between the AB blood group and G6PD
deficiency (p>0.05). Distribution of O blood group was 10 (20%)
in case and 37 (37%) control group. In total analyses, there was no
significant association between the distribution of ABO blood groups
and G6PD deficient newborns by Fisher Exact Test (p>0.05).
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In distribution of Rh blood group in case and control groups, 45 (90%)
newborns had positive and 5 (10%) had negative Rh blood group in
case group. 85 (85%) newborns had positive and 15 (15%) newborns
had negative Rh blood group in control group. Although distribution of
positive Rh blood group individuals was higher in case group compared
to control group (95% vs. 85%, respectively).
In total analyses, there was no significant association between the
distributions of Rh blood group in G6PD deficient newborns by Fisher
Exact Test (p>0.05).

Discussion
As expected, G6PD deficiency was significantly more in male newborns
in present study (p=0.0009). In similar studies in Iran, the male to
female ratio in newborns who were found to have G6PD deficiency
was 5 to 1, [15] 5.5 to 1. [16] and 3 to 1. [17] In present study, male to female
ratio in these newborns was 2.5:1. In a similar study, the prevalence
of G6PD deficiency was 11% among the children and male to female
ratio was greater in non- hemolytic vs. hemolytic group so that the
female share was significantly p= (p=0.004) higher in hemolytic group.
[18]
In present study, although mean Ht in case group was lower than
controls, but there were no significant differences between mean Ht
and existence of hemolysis and enzyme deficiency. In a similar study,
among 12 newborns with G6PD deficiency, hemolysis was seen in 5
(41.7%) newborns and the rate of G6PD deficiency without hemolysis
was 2.6%. [15] In a similar study, most of G6PD deficient newborns
had non-hemolysis. [17] Nabavizadeh et al. reported that there was no
evidence of higher hemolysis among newborns suffering from jaundice
having G6PD deficiency compared to icteric neonates with normal
enzyme activity. [4] In our study, the mean indirect bilirubin levels
were similar in case and control groups. The mean reticulocyte count
in case group was higher than control group, but with no significant
difference (p>0.05). The mean bilirubin and hemoglobin level and
also reticulocyte count was similar between case and control groups
in a study in Iran. [15] In another study, hyperbilirubinemia and jaundice
are approximately 3-fold higher in G6PD-deficient group than in the
G6PD-normal group (51% vs. 16%). [19]
Numerous associations have been reported between particular ABO
phenotypes and an increased or decreased susceptibility to diseases.
For example, individuals with blood type O tend to have lower levels
of the von Willebrand Factor (vWF) (12). Cihan et al. study revealed
that there is a significant relationship between non-melanoma skin
cancer and ABO/Rh factors. [20]
In all cancers, the highest frequency of blood group B (40.5%),
followed by A (34.2%), and O (16.0%) and AB (9.3%) was seen. A
high incidence of blood group B (37.5%) followed by A (35%) was
seen in oral cancers. Among gastrointestinal (GI) tract cancers, a high
frequency of blood group B (40%), followed by O (26.7%) was noted.
The incidence of A blood group was significantly higher in breast
cancer and lung cancer (42.4% and 50.0% respectively). [21] In patients
with pancreatic cancer the incidence of blood group O (31%) was
lower compared to 13.044 patients without pancreatic cancer (38%)
(p=0.0005). [22] People with blood group B are at risk of developing
oral cancer and women under 50 years of age with blood B group are at
highest risk of developing non –squamous cell oral cancer. [23]
Blood group A is associated with increased risk and blood group O is
associated with decreased risk of cancer. [24]
A study in Iran reported that the prevalence of coronary artery diseases
(CAD) in blood group O is markedly higher than in all other ABO
blood groups, which is in contrast with other studies done in Europe
and the United. [25] A similar study in China revealed that there are
no significant differences in the frequency distribution of ABO blood
groups between leprosy patients and normal controls. [26]

Racial and ethnic distribution of blood groups is an important factor for
predicting cancer and other disease.
As distribution of several diseases may be related to a certain blood
group, we tried to determine association between ABO blood groups
and Rh with G6PD deficiency. In present study distribution of A blood
group was higher in case group compared to control group (68% vs.
23% respectively) and the difference was significant (p=0.0054).
Distribution of positive Rh blood group was higher in case group
compared to control group (95% vs. 85% respectively) and also
distribution of negative Rh blood group in case group was lower
than control group (10% vs. 15% respectively), but the differences
were not significant. Saha et al. study pointed out that there was no
association between ABO blood groups and G6PD deficiency observed
in either Chinese or Malays newborns. They reported that for the Rh
system there was found to be a statistically significant decrease in the
frequency of genotypes containing the complex R1, in G6PD deficient
subjects compared with that in normal subjects. [27] In a similar study,
the distribution of ABO blood groups and also Rh negative types was
similar among asymptomatic non-G6PD deficient, asymptomatic
G6PD- deficient and G6PD-deficient children with hemolysis. [18]

Conclusion
More studies are needed to confirm this subject. In addition, since the
test has a low cost, it is better to test for G6PD deficiency in all of the
newborns, including female infants to detect its presence and to prevent
its complications such as favism and oxidant drug-induced hemolysis.
Breastfeeding is the best way to feed G6PD deficient baby but an
important emphasis and less recommended matter is that the nursing
mothers need to avoid the same things that their G6PD deficient baby
needs to avoid.
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