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INTRODUCTION

	 G6PD is an enzyme that functions throughout the 
body, but its deficiency is seen predominantly in its 
effects on the red blood cells. In affected individuals, 
red blood cells are prone to premature break 
down leading to hemolytic anemia. It is the most 
common human enzymopathy which affects an 
estimated 400 million people worldwide.1,2 Glucse-
6-Phosphate dehydrogenase (G6PD) deficiency is 
an X-linked recessive inherited disorder, passes  
from one or both parents and  most often occurs in 
males. It may be found in both males and females 
but male hemizygote and female homozygote are 
affected more severely than female heterozygote.3

	 Patients with G6PD are at risk of hemolytic 
anemia in states of oxidative stress. This can be in 
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ABSTRACT
Objective: Glucose-6-phosphate dehydrogenase (G6PD) deficiency is the most common 
enzymatic disorder of red blood cells and more than 400 million people are affected in the 
world. 
Our objective was to evaluate the causes of hemolysis in G6PD deficient hospitalized patients.
Methodology: This retrospective study was done on 196 G6PD deficient patients during 2007-
2010. They were between 1-13 years of age who were admitted to Shahid Dastgheib hospital 
of Shiraz in Iran for management of hemolysis crisis. Patients with hemolysis but without any 
documents of G6PD deficiency were excluded.
Results: The prevalence of G6PD deficiency was higher in boys. Seasonal variations also affect 
hemolysis in these patients, peak incidence was observed in spring fallowed by autumn, winter 
and summer respectively. Ingestion of fava beans was the major cause where as infections, 
drugs, exposure to henna, pollen of fava beans and diabetic ketoacidosis were the other causes 
of hemolysis. 
Conclusion: The major cause of hemolysis is ingestion of fava beans fallowed by infections and 
oxidative drugs consumption in this region. So, awareness of G6PD deficient subjects about 
these factors and an early treatment of infection is very important for prevention of hemolysis 
in these patients.
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Hemolysis in G6PD deficient patients

severe infection, medication and certain foods with 
high levels of oxidants. G6PD protects red blood 
cells form potentially harmful bio-products that can 
accumulate following usage of certain medications, 
such as Aspirin, Aantimalarias and Sulfanamids, 
ingestion of fava beans or inhalation of pollen of 
fava bean plant.4,5

	 Infections are the most common cause of hemoly-
sis in G6PD deficient subjects in areas where favism 
is less prevalent. Oxidative metabolites produced by 
numerous bacterial, viral and rickettsial infections 
have been identified. Important infections that can 
precipitate a hemolytic episode include viral hepa-
titis, pneumonia and typhoid fever.6 In addition to 
these agents, topical application of henna can also 
induce hemolysis in G6PD deficient patients.7

	 G6PD deficiency tend to affect specific ethnic 
groups, the type seen in Mediterranean and Middle 
East area is often the most severe as compared to 
the  types found in other parts of the world.8

	 Most patients with glucose-6-phosphatase dehy-
drogenase (G6PD) deficiency are asymptomatic. In 
addition to hemolysis, some patients present with 
neonatal jaundice that often require exchange trans-
fusion. Other manifestations of G6PD deficiency 
include abdominal and/or back pain, gallstones, 
splenomegaly, dizziness, headache, dyspnea and 
palpitation.9

METHODOLOGY

	 This retrospective study was conducted on 196 
patients (aged between 1-13 years old) admitted in 
Shahid Dastgheib hospital of Shiraz in southwest 
of Iran for management of hemolysis crisis during 
2007-2010. Patients with signs and symptoms of he-
molysis who were known cases of G6PD deficiency 
or their problems were diagnosed with G6PD test 
were enrolled in this study.  Data were collected 
from records of patients who were admitted with 
the hemolytic through a review of medical records. 
Data such as age, sex, vital signs, season of admis-
sion, history of exposure to oxidative agent, blood 
group, laboratory results (CBC, urinalysis, urine 
culture, chest X-ray, Bun, electrolyte, sugar, LFT,…) 
and hospital courses were collected. In all patients 
at time of arrival, blood sampling had been taken 
by venupancture and qualitative fluorescent spot 
test used as a method of detecting G6PD deficiency. 
Subjects with hemolysis but without any documents 
of G6PD deficiency were excluded. Collected data 
were analyzed by using SPSS software ver 2.1 and 
statistical X2 test.  The non-parametric statistical test 
were applied for comparison of blood groups.

RESULTS

	 Results showed that males were affected more 
than females, Among 196 patients, 125 persons 
(63.8%) were boys and 71 persons were girls 
(36.2%) with male to female ratio equal to 1.76/1.0 
with regard to period of year, hemolytic crisis due 
to G6PD deficiency occurred largely in spring (173 
cases equal to 88.3%) followed by autumn (10 pa-
tients equal to 5.1%), winter (7 cases equal to 3.6%) 
and finally in summer (6 cases equal to 3.1%) p-val-
ue=0.001. Peak prevalence of hemolysis was seen 
during April and March (Table-I).
	 In respect to causes of hemolysis in G6PD 
deficient patients, ingestion of fresh fava beans was 
the major cause of hemolytic crisis in158 patients 
(80.6%). Inhalation of pollen of fava beans plant also 
induced hemolysis in 5 patients (2.6%). Nine patients 
(4.6%) had history of concomitant ingestion of fava 
beans and also one obvious infection. In 3 patients 
hemolysis was recorded who ingested fresh fava 
beans associated with usage of aspirin (A.S.A) and 
in one patient, it was combination of usage of fava 
beans and Nalidixic Acid. Various infections were 
recorded in 9 patients with acute hemolysis and one 
patient had history of topical application of henna 
plant. In one patient with acute hemolytic crisis, 
diabetic ketoacidosis was diagnosed and indeed 
he was a new case of IDDM, diagnosed following 
an attack of hemolysis due to G6PD deficiency.  In 
spite of extensive evaluation no causative factor 
could be detected for inducing hemolysis in 9 
patients and was considered as unknown (Table-
II). Results demonstrated that although O positive 
blood group was observed higher in G6PD deficient 

Table-I: Monthly and seasonal distribution of 
hemolysis crisis in G6PD deficient Patients.

Season	 Months	 Number	 %
Spring	 April	 80	 40.8
	 May	 78	 39.8
	 June	 15	 7.8
Total		  173	 88.4
Summer	 July	 2	 1.0
	 August	 3	 1.5
	 September	 1	 0.5
Total		  6	 3.0
Autumn	 October	 6	 3.1
	 November	 2	 1.0
	 December	 2	 1.0
Total		  10	 5.1
Winter	 January	 3	 1.5
	 February	 2	 1.0
	 March	 2	 1.0
Total		  7	 3.5
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patients compared to normal population but it was 
not significant statistically (Table-III).

DISCUSSION
	 Glucose-6-phosphate dehydrogenase deficiency 
is an important disorder of hexos monophosphate 
pathway and is responsible for different clinical 
syndromes including neonatal jaundice, episodic 
hemolytic anemia induced by; infections, certain 
drugs and fava beans and spontaneous chronic 
nonspherocytic hemolytic anemia. It is common 
in areas where malaria has been endemic such 
as Mediterranean, Caribbean, Africa and south 
East Asia. The protective effect of certain red 
cell polymorphisms, such as hemoglobin S and 
G6PD deficiency against severe Plasmodium 
falciparum malaria has been suggested because 
epidemiological evidence links the distribution 
of these polymorphisms to areas currently or 
historically highly endemic for malaria.10 The 
prevalence varies in different parts of the worlds. 
According to World Health Organization (WHO), 
prevalence of G6PD deficiency is 10-14% in Iran.
	 According to results of this investigation, 
hemolysis due to G6PD deficiency was more 
prevalent in spring. Fava beans was also reported 
as the major cause of hemolysis. Other causes of 
hemolysis were usage of oxidative drugs, infections, 
pollen of fava beans and diabetic ketoacidosis. There 
was not any correlation between blood groups and 
G6PD deficiency in these studied patients.
	 In study by Nabavizade et al,11 the prevalence of 
G6PD deficiency in blood transfusion recipients in 
Yasuj in south of Iran was reported equal to 14.7% 
whereas Emamghorashi showed 13.6% results in 
a city of south of Iran.12 As G6PD deficiency is an 
X-linked heredity disease, majority of our patients 
were boys but involvement of girls in this research 
was more than it was expected (36.2%), which is 
comparable with Mendalawi et al, who reported 

37.8% of G6PD deficient patients in Iraq were 
females.13 On the other hand, Eghbalian reported 
that the male to female ratio of G6PD deficiency in 
newborn was 5/1 in Iran.14

	 Chien et al, also reported change in the male to 
female ratio in screening population in Taiwan dur-
ing 1996 – 2005.15 In our study, male to female ratio 
among all the patients with acute hemolysis due to 
G6PD deficiency was 1.76 /1.00 (boys: 63.8%, girls: 
36.2%). The preponderance of females noted in 
some studies in the Eastern Mediterranean region 
may be due to high rates of consanguinity, leading 
to increased number of homozygous females in ad-
dition to high frequency of inactivation of the nor-
mal X chromosome in female heterozygotes, which 
leads to disturbances in the Hardy-Weinberg equi-
librium. Meloni et al, revealed that fresh fava bean 
is the major cause of hemolytic anemia in G6PD de-
ficient patients like our study.16 Pollen of the fava 
beans also induced acute hemolysis in 5 patients 
(2.6%) that is in agreement with Schilliro17 whereas 
Katomis et al, never observed cases of favism that 
were induced by pollen inhalation.18 Infection is also 
a major cause of hemolysis in G6PD deficient pa-
tients. In this research also various infections were 
able to induce hemolysis in patients. The mecha-
nism of linking infection and hemolysis is complex 
and poorly understood. However it has been sug-
gested that during phagocytosis, leucocytes dam-
age erythrocytes in their vicinity by discharging 
reactive oxygen species. Moreover, certain infec-
tious organisms, such as Plasmodium, Clostridium, 
Babesia and Bartonella spp are directly toxic to red 
blood cells.19 In addition, infectious diseases appear 
to be a common precipitating factor.20

	 Drugs also triggered hemolysis in some of these 
patients. Medications that cause hemolysis in G6PD 
deficient patients inflict oxidative damage to eryth-
rocyte leading to their destruction.21 According to 
Youngster et al,22 drugs can be divided into three 
groups: medications that should be avoided in in-
dividuals with G6PD deficiency, medications that 
were considered unsafe by at least one source, but 
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Table-II: Distribution of causes of hemolysis in 
G6PD deficient patients.

Hemolysis factors	 Number	 %
Fava beans	 158	 80.6
Infection	 9	 4.6
Fava beans + infection	 9	 4.6
Fava beans pollen	 5	 2.6
Fava beans + Aspirin	 3	 1.5
Diabetic Ketoacidosis	 1	 0.5
Fava beans +Nalidixic acid	 1	 0.5
Application of Henna plant	 1	 0.5
Unknown	 9	 4.6
Total	 196	 100

Table-III: Comparison of distribution of prevalence
of blood group with G6PD deficiency.

Blood group	 Prevalence in shiraz	 Prevalence in Iran	 z
O+	 36.18	 42.3	 1.78
A+	 25.97	 24.0	 -1.62
B+	 24.2	 20.4	 1.24
O-	 5.75	 6.6	 1.1
AB+	 3.14	 3.1	 -0.25
B-	 2.21	 2	 -0.32
A-	 2.04	 1.5	 -0.29
AB-	 0.55	 0	 -0.99
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can probably be given safely in normal therapeutic 
dosages to individuals with G6PD deficiency, and 
medications where no evidence at all was found to 
contravene their use in G6PD-deficient patients. In 
this research drug-induced hemolysis was associ-
ated with other oxidative agents such as infection 
and usage of fava beans. So, combination of two 
oxidative agents caused severe hemolysis.
	 In our study, there was one case of hemolysis due 
to topical application of henna that is in line with 
Raupp et al, that reported henna induced hemoly-
sis in four patients in UAE.7 Because in some part 
of Asia, application of henna is a tradition, G6PD 
deficient patients should avoid  application of this 
material.
	 In this research we also reported one case of 
hemolytic crisis in G6PD deficient patient who had 
diabetes ketoacidosis as a trigger that is in line with 
Messina et al who also reported hemolytic crisis in 
non-ketotic and euglycemic child with G6PD defi-
ciency and onset of type 1 diabetes.23 Eugene et al, 
declared that ketotic prone diabetes (KPD) display 
a propensity to hyperglycemic induced acute insu-
lin stress in B cells.24

	 Regarding blood groups, results revealed that 
ABO blood group of our patients were comparable 
with normal distribution of blood groups in normal 
habitants in Shiraz. Although crisis was more ob-
vious in the patients having positive blood groups   
but statistically this difference was not significant. 
Hedayat et al, also reported a higher incidence of 
fauvism in O positive blood group patients25 where-
as Meloni et al, disagreed any association between 
G6PD deficiency and blood group.16

	 As mentioned in results, the highest peak of fava 
beans induced hemolytic crisis was observed in 
spring and mostly in April and May that is in line 
with other studies.16,17 It is probably due to harvest 
time and increased consumption of fava beans dur-
ing these months in Iran.
	 We conclude that the most important precipi-
tating factors for hemolysis in these patients were 
ingestion of fava beans, infections and oxidative 
drugs consumption. G6PD-deficient patients or 
their parents/care-givers must be counseled about 
avoiding trigger factors, early treatment of infec-
tions and vaccination of preventable diseases, in 
order to minimize hemolytic crisis and to improve 
the quality of life. It also warrants greater attention 
for the medical community as well.
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