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Introduction 
Glucose-6-phosphate dehydrogenase (G6PD) deficiency is 
known as a disorder transmitted by an x-linked enzymatic 
mutation in the G6PD gene. It has been known that G6PD is 
the most common human enzymatic defect, represented in 
around 400 million humans around the world. The enzyme 
catalyzes pentose phosphate pathway’s first reaction, offering 
antioxidant protection to the cells counteracting any oxidative 
stress. Hence, individuals with deficiency of this enzyme are 
unable to protect red blood cells (RBC) against myriad of oxi-
dative stresses.1 The most recent worldwide assessment of the 
disease prevalence had shown that the Middle Eastern region 
stands second in prevalence (7.2%).2 G6PD deficiency is com-
mon among Iraqis; with an estimated prevalence around 6% 
in the middle part (Baghdad),3 and 10.9% in northern Iraq.4 
The disease is manifested silently, unless an affected individual 
eats fava beans or takes some hemolysis-inducing medicines.5 
The presentation of this disease depends mainly on the degree 
of deficiency and the severity of hemolytic attack.1 It presents 
usually with a sudden episode of acute hemolysis including 
fatigue, pallor, and dark colored urine.6G6PD deficiency rep-
resents a major health problem in Iraq; particularly during 
the harvest of fava beans, which peaks during spring season. 
Moreover, the diagnosis of G6PD deficiency continues to be 

a challenge for the health department, especially in regions 
where diagnostic facilities are not available and growing fava 
beans are widespread. 

This study was conducted to study the profile of G6PD 
and to examine the presence of any demographic, clinical, or 
biochemical factors that may be associated with the severity of 
hemolysis in patients treated at Emergency room of Children 
Welfare Teaching Hospital in Medical City/Baghdad.

Patients and Methods
Patients and Design
This cross-sectional study was conducted at the emergency 
room of Children Welfare Teaching Hospital in Medical City, 
Baghdad, Iraq. This hospital is a tertiary center and one of the 
largest hospitals in Baghdad with over 250 beds for patients. 
A purposive sampling method was used to recruit 57 patients 
who were visiting the pediatric emergency department from 
March to May 2017 with a presentation of acute hemolytic epi-
sode of G6PD. 

This study included patients who are younger than 14 
years, were previously diagnosed with G6PD deficiency 
via G6PD enzymatic assay, and had a history of ingestion 
of fava beans or with the first presentation of a hemolytic 
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episode of the disease. The medical diagnosis of G6PD 
deficiency was confirmed according to the medical history, 
clinical presentation at the time of admission and/or labo-
ratory investigations. Patients presented with sudden onset 
of pallor, jaundice, dark colored urine, with features of 
hemolysis (increased bilirubin, low hemoglobin, increased 
reticulocyte count if available, and increased urinary uro-
bilinogen if available) were further investigated to exclude 
other hereditary hemolytic disorders and/or acquired 
autoimmune hemolytic anemia. Those patients with suspi-
cious blood film results and negative Coombs test results 
were asked to do a G6PD enzymatic assay after hemolysis 
resolves. Because the G6PD enzyme can be falsely normal 
during a hemolysis episode, the enzymatic activity is usually 
assessed 1–3 months after a crisis for those with negative 
history of diagnosis. Information about recent infection or 
ingestion of drugs that may induce hemolysis was also elic-
ited. Patients who had ingested these drugs were excluded. 
The legal guardians of eligible patients were approached and 
invited to participate in this study. In accordance with the 
Helsinki Declaration of ethical principles,7 informed verbal 
consent was obtained from the legal guardians before enrol-
ment in this study. 

Data Collection and Quantification
Relevant demographic information about the patients were 
elicited, including age, gender, and residence (urban, or 
rural). Clinical data involved medical history and physical 
examination. Data about the form of fava bean ingested 
(fresh or dried), duration of exposure to fava beans before 
admission (in days), duration of onset of symptoms before 
admission (in days), presence of vomiting during the attack, 
history of previous episodes of hemolysis, history of neonatal 
jaundice, and personal or family history of G6PD deficiency 
were recorded. Information from the physical examina-
tion included fever (defined as temperature ≥38°C axillary 
corrected), pallor, jaundice, and organomegaly. Data about 
hematological and biochemical investigations that were 
performed at admission included blood group (A, B, AB or 
O), Rh (negative or positive), hemoglobin level, white blood 
cell (WBC) count, platelets, total serum bilirubin (TSB), 
reticulocyte count, alanine aminotransferase (ALT), and 
aspartate aminotransferase (AST). Data were quantified and 
expressed as either frequencies (for categorical variables) or 
means and standard deviation (for continuous variables). 
The severity of hemolysis was assessed based on hemoglobin 
level at admission. Cases with a hemoglobin level ≤5 g/dL 
were considered severe, while patients with a hemoglobin 
level of more than 5 g/dL were classed as having mild-mod-
erate hemolysis.

Statistics
Descriptive analysis was performed to describe the study sam-
ple. The differences between the mild and severe hemolysis 
groups were assessed by bivariate analyses. These included 
independent samples t-test for continuous data and Chi 
square analysis for categorical data. Because the outcome vari-
able is dichotomous (mild vs severe hemolysis). All analyses 
were performed using IBM SPSS (SPSS, Chicago, IL, USA) 
Statistics for mac.

Results
A total of 57 were recruited in this study. Of 57 children with 
G6PD deficiency, 17 (29.8%) were diagnosed as severe cases 
depending on the level of hemoglobin at time of presentation 
to the emergency room in Children Welfare Teaching Hospital. 

The total number is 57 patients. The mean age is 4.35 
years, males were constituting 85.9%, 32 patients were living 
in Urban area mostly from Baghdad, two-thirds of the patients 
have recorded ingestion of fresh type of fava beans (64.9%), 
while one-third ingested dried type (35%). Ten patients were 
already diagnosed with G6PD prior to the presentation; six of 
them were diagnosed based on previous episodes of hemoly-
sis, and four depending on routine assessment for a suspected 
family member. 

Analysis of the demographic and clinical characteristics 
of the 57 patients according to the severity of hemolysis (mild 
vs severe) and the results of the independent samples t-test 
(for continuous variables) and Chi square (for categorical vari-
ables) are represented in Table 1. Younger age group patients 
tend to present with the severe form of hemolysis (3.59 years 
with a P value of 0.001). No significant gender susceptibility 
was present between both types of hemolysis. The urban area-
based living individuals tend to present with mild hemolysis 
while those from rural areas tend to present with more severe 
episodes of hemolysis (P value 0.001). Moreover, there was a 
significant correlation between the type of fava bean ingestion 
and the severity of hemolysis, those who presented with more 
severe hemolysis usually had a history of ingestion of fresh 
type of fava bean. 

The mean duration of exposure was longer in those with 
mild hemolysis (2.87 days), and the mean onset of symptoms 
was also longer in severe hemolysis (2.20 days) with a signifi-
cant P value of 0.005. Eight individuals of severe type recorded 
previous episodes of hemolysis while three individuals of the 
mild type recorded previous episodes (P value 0.001). Eighty-
two percent of the severe cases recorded history of neonatal 
jaundice early in life treated with phototherapy, or exchange 
transfusion while 35% of the mild type recorded previous neo-
natal episode of jaundice (P value 0.001). 

Family history of G6PD was significant in 88.2% of indi-
viduals with the severe form (P value 0.005). No significant 
correlation was seen between the type of hemolysis and the 
presence of vomiting, fever, jaundice, organomegaly, or pallor 
in those patients. Pallor and jaundice detection in this study 
depend mainly on the clinical findings explored by the physi-
cian who was in charge in the ER. 

Baseline laboratory characteristics of 57 children with 
the diagnosis of G6PD had shown the following results: blood 
group was distributed as following: group O was detected in 
43.8% of patients, group B was detected in 26.3%, this is fol-
lowed by group A in 22.8%, and AB in 7%. Rh positive was 
seen in 50 patients. The CBC profile showed the mean hemo-
globin level detected was 6.1 g/dl, ranging from 2.1 to 8.5 g/dl, 
the mean reticulocyte count was 8% ranging from 3.5 to 25%. 
Liver function tests (TSB, ALT, and AST) were carried out to 
all patients where the mean serum bilirubin detected is 3.88 
mg/dl, ranging from 1.9 to 9.5 mg/dl.Table 2 shows the analy-
sis of the laboratory characteristics of the 57 patients accord-
ing to the severity of hemolysis (mild vs severe) and the results 
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of the independent samples t-test (for continuous variables) 
and Chi square (for categorical variables). No significant cor-
relation was detected between both types of hemolysis and 
blood grouping or Rh type. Significant correlation between 
hemoglobin level and the severity of hemolysis is expected to 
be detected as the classification of hemolysis was mainly based 
on the hemoglobin level. Additionally, TSB level and reticulo-
cyte count were found to be significantly higher in the severe 
form type (TSB mean of 5.07 mg/dl and reticulocytes count of 
11.9% with P values of 0.02 and <0.001, respectively). There 
was no statistical difference in the level of platelets and WBCs 
between both types of hemolysis.

Discussion
This report discusses the relationship between demographic 
profile, clinical, hematological and biochemical characteris-
tics, and the severity of hemolysis among favic patients. The 
results of this study showed that patients with severe hemoly-
sis were younger as compared to mild cases. This is consistent 
with a previous study conducted in Jordan, which reported 
similar results.8 Although the mechanism for this relationship 
is not clear, patients with more severe deficiency in the G6PD 

enzyme tend to present at earlier age in the course of the dis-
ease. Because acute hemolysis in favic patients is triggered by 
ingestion of fava beans, younger children may not be intellec-
tually able to realize the impact of ingesting fava beans, espe-
cially if unsupervised by their parents. But this is not the case 
here, as those who already knew that they are G6PD-deficient 
are three patients only in the severe form. 

Despite the fact that the results of the present study 
revealed that the majority (85.9%) of patients are male, the 
gender difference between mild and severe hemolysis groups 
was not significant. Male predominance in patients with G6PD 
deficiency was widely reported.9-11 Because G6PD deficiency 
follows an X-linked pattern of inheritance, it is fully expressed 
in heterozygous males and homozygous females.12 Therefore, 
heterozygous females are usually asymptomatic. 

The results also revealed that in comparison to city living, 
favic patients living in rural areas were more likely to develop 
severe hemolysis. Several factors may render people living in 
rural areas more susceptible to the severe form of hemolysis. 
First, the health beliefs in rural areas are still primitive, espe-
cially when it comes to disease and illness.13 Second, there is 
a lack of health awareness and education in the regional area 
regarding the nature of the disease and the factors that may 

Table 1.  Baseline demographic, history and clinical characteristics according to severity of hemolysis.

Item Mild hemolysis (n = 40) Severe hemolysis (n = 17) P value

Age (years)(SD) 5.57 (2.11) 3.59 (1.98) 0.001

Gender

Male 34 (85.0%) 15 (88.20%)

Female 6 (15.0%) 2 (11.76%) 1

Residence

Urban 28 (70.0%) 4 (23.5%)

Rural 12 (30.0%) 13 (76.4%) 0.001

Form of fava beans

Fresh 15 (37.5%) 12 (70.5%)

Dried 25 (62.5%) 5 (29.4%) 0.04

History

Mean Duration of exposure(SD) 2.87 (1.69) 2.50 (1.45) 0.1

Mean Onset of symptoms(SD) 1.42 (0.51) 2.20 (1.01) 0.005

Previous episodes 3 (7.5%) 8 (41.1%) 0.001

History of neonatal jaundice 14 (35.0%) 14 (82.3%) 0.001

G6PD cases 7 (17.5%) 2 (17.6%) 0.9

Family history of G6PD 15 (37.5%) 15 (88.2%) 0.005

Clinical characteristics

Presence of vomiting 15 (37.5%) 5 (29.4%) 0.1

Presence of fever 17 (42.5%) 6 (35.2%) 0.7

Presence of pallor 36 (90.0%) 17 (100.0%) 0.3

Presence of clinical jaundice 37 (92.5%) 17 (100.0%) 0.5

Presence of organomegaly 1 (2.5%) 1 (5.8%) 0.5
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contribute to inducing hemolysis.13 Parents may not be aware 
about the role of fava beans in inducing hemolysis among their 
children, even if they are not diagnosed with G6PD, and even if 
there is family history of G6PD, people from urban areas tend 
to avoid ingesting fava bean. Third, regional areas in Iraq are 
well-known for growing fava beans, unlike the urban region. 
The higher exposure to fava beans in rural areas, especially the 
fresh form during the harvest season, may explain the higher 
probability of developing severe hemolysis. This was also evi-
dent in this study as patients who had consumed fresh beans 
had more severe hemolysis as compared to those who had 
consumed dried beans. This is consistent with several reports 
from other Middle-Eastern countries, which showed that sea-
sonal peaks of favism are corresponding to harvesting fresh 
fava beans.14,15The frequency of previous episodes of hemolysis 
could predict the severity of hemolysis in this study. Patients 
with a history of more frequent hemolysis incidents had more 
severe hemolysis. The same was found for those who had a his-
tory of neonatal jaundice. The frequency of previous incidents 
may reflect the level of G6PD enzyme activity. According to 
the WHO classification of G6PD deficiency, the severity of 
G6PD enzyme deficiency corresponds to the chronicity of 
hemolysis.16Excessive heme metabolism resulting from severe 
intravascular hemolysis leads to significant increases in biliru-
bin, which overwhelms the hepatic conjugation process result-
ing in unconjugated hyperbilirubinemia state.17 Biochemically, 
our results showed that the more increase in TSB, and retic-
ulocyte count could predict the severity of hemolysis. Owing 

to intravascular hemolysis and destruction of RBCs, increased 
breakdown of hemoglobin results in increased TSB.18 As the 
bone marrow attempts to compensate for the continuous RBC 
destruction, reticulocytes release into peripheral blood drasti-
cally increases, reflecting the increasing amount of erythropoi-
esis.19This study has several noteworthy limitations. First, part 
of the data were collected based on patients’ and parents’ recall. 
Therefore, recall bias might have been present. Second, study 
participants were recruited using non-probability sampling, 
which has a limited generalizability.20 Therefore, these findings 
should be interpreted with caution, as it does not represent the 
entire Iraqi population. In addition, the clinical assessment of 
patients was carried out by physicians, which can be subjective. 
Therefore, measurement bias might have been present as well.
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