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Abstract 

Background  Glucose-6-phosphate dehydrogenase (G6PD) deficiency, an X-linked disorder that is more common 
in males, is the most prevalent blood enzyme deficiency, affecting 5% of the population worldwide. Its prevalence 
in Saudi Arabia varies greatly from one region to another (4.7% to 12%), and no related data are available for the coun-
try’s Al-Qassim region.

Methods  This was a retrospective medical record-based study. Eligible patients were those who visited Dr. Sulaiman 
Al-Habib Hospital in Al-Qassim, Saudi Arabia, between June 2021 and November 2022, and underwent the test 
for G6PD enzyme deficiency. The study sample consisted of (n = 313) randomly selected Saudi patients. G6PD enzyme 
activity was evaluated using spectrophotometry.

Results  The prevalence of G6PD deficiency was 2.9%. The proportion of male patients (100%) was significantly 
higher than that of female patients. 88.9% of patients with G6PD deficiency experienced episodes of acute hemolysis 
and reported a history of favism, whereas 77.8% of the patients had a family history of favism.

Conclusion  The prevalence of G6PD deficiency was low in Al-Qassim region of Saudi Arabia.

Keywords  Glucose-6-phosphate dehydrogenase, G6PD deficiency, Hemolytic anemia, Al-Qassim, Saudi Arabia

Introduction
Glucose-6-phosphate dehydrogenase (G6PD) plays 
a key role in oxidative stress [1]. The most prevalent 
blood enzymatic deficiency, impacting millions of peo-
ple globally, is G6PD deficiency. Some studies estimated 
that G6PD deficiency affects about 5% of the world’s 

population, with the highest prevalence of the disease 
in ethnicities originating from malaria-endemic regions 
including the Mediterranean region, Middle East, Asia, 
and Africa. According to growing epidemiological evi-
dence, patients with G6PD deficiency are protected from 
severe malaria. This could be because G6PD deficiency 
causes more oxidative stress in red blood cells, which 
could make it difficult for parasites to reproduce [2, 3]. 
G6PD deficiency in erythrocytes is an X-linked recessive 
disorder that results in hemolytic anemia, affecting males 
more often than females. Females who are homozygous 
or phenotypically deficient heterozygotes (due to lyoniza-
tion) can have mild symptoms but are mostly asympto-
matic [4, 5]. Hemolytic episodes are mostly induced by 
certain drugs or the consumption of certain foods, such 
as fava beans [5, 6].
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G6PD deficiency can be diagnosed through various 
ways, such as a screening test using a qualitative enzyme 
assay (a fluorescent spot test), quantitative assays meas-
uring the activity of the G6PD enzyme using spectropho-
tometry, or genetic molecular testing using polymerase 
chain reaction (PCR) to confirm the diagnosis [2]. Several 
mutations have been described for the G6PD gene, some 
of which have different impacts on enzymatic activity and 
result in various clinical manifestations in patients [6, 7]. 
Hemolytic anemia and jaundice are the most frequent 
manifestations in the neonatal [8, 9]. In order to pre-
vent future hemolytic episodes, it is essential to educate 
patients about unsafe diets and medications. The key to 
managing G6PD deficiency is avoiding oxidative stress, 
such as exposure to specific medications or consump-
tion of specific foods including fava beans. Although 
most acute hemolysis is self-limited, it can occasionally 
be so severe that a blood transfusion is required. G6PD 
deficiency is among the most prevalent genetic hemato-
logical disorders in the Middle East and particularly in 
Saudi Arabia [10]. Saudi Arabia is a large country with a 
population of approximately 35 million people, and con-
tinuous investigations are needed to monitor the preva-
lence of G6PD deficiency [10]. The prevalence of G6PD 
deficiency in Saudi Arabia varies regionally. G6PD defi-
ciency rates of 12% in Riyadh, 17% in Dammam, and 4.7% 
in Taif were demonstrated in some studies conducted in 
Saudi Arabia [3, 10, 11]. This indicates a wide variation in 
the prevalence of G6PD deficiency between regions and 
countries. Studying the prevalence of G6PD deficiency in 
Al-Qassim region of Saudi Arabia is currently of interest. 
Therefore, the present study aimed to assess the preva-
lence of G6PD deficiency in Al-Qassim region of Saudi 
Arabia.

Methods
Patients and study design
This retrospective study utilized the medical record data 
of 313 patients screened for G6PD deficiency in inpatient 
and outpatient settings at a private hospital (Dr. Sulaiman 
Al-Habib Hospital) in Al-Qassim region of Saudi Ara-
bia. According to the General Authority for Statistics 
2020, the region’s population is estimated to be 1.4 mil-
lion. The study was carried out in January 2023. The test 
was administered to those for whom it was indicated, and 
everyone was included, including males and females who 
visited the hospital between June 2021 and November 
2022. The inclusion criteria were randomly chosen male 
and female Saudi patients who underwent G6PD testing 
for G6PD activity (using the UDI kit, Dammam, Saudi 
Arabia), using a quantitative photometric system (UV/
kinetic), and results reported in terms of units of enzyme 
activity per gram of hemoglobin. The normal expected 

values are 5.0–16.4 U/gHb. The following indications 
for ordering the test were a history of neonatal jaun-
dice; unexplained Coombs negative hemolytic anemia; a 
strong family history of G6PD deficiency; or prior admin-
istration of certain medications with a high risk of G6PD 
deficiency. There were no sex, age, or body mass index 
limitations. Patients with malignancies or other hemato-
logical disorders were excluded from the study.

A 6  ml venous blood sample was extracted in tubes 
with anticoagulants, such as ethylenediamine tetraacetic 
acid (EDTA), heparin, or acid-citrate-dextrose (ACD), 
and processed within 24 h of collection. The medical files 
of the recruited patients were retrieved, and data related 
to demographic characteristics, G6PD level, complete 
blood count (CBC), hemolysis workup (lactate dehydro-
genase (LDH), bilirubin, and peripheral blood film), and 
clinical findings were obtained. Patients with low G6PD 
levels were contacted by phone for more detailed infor-
mation. According to WHO sex-based criteria, anemia is 
described as a hemoglobin level lower than 130  g/L for 
men and lower than 120 g/L for women.

The ethical approval was obtained from the Research 
Ethics Committee of the Al Habib Research Center, 
Saudi Arabia (study number # RC23.01.02). All personal 
information collected, including the participants’ names, 
were kept confidential. The study participants’ consent 
waiver was due to using completely de-identified data 
with no associated risk to the participants.  All proce-
dures performed and patient confidentiality were in com-
pliance with the ethical standards of the institution, the 
National Research Committee in KSA, and the Helsinki 
Declaration.

Statistical analysis
The Statistical Package for Social Sciences, version 26 
(SPSS, IBM, TX, USA) was utilized for analyzing the 
data. Data were examined for accuracy and missing 
information. Frequencies are reported for categorical 
variables. A contingency table was created for the whole 
sample. Subsequently, the analysis was limited to patients 
with G6PD deficiency. The proportions by age and sex 
were compared and contrasted using Chi-square statis-
tics (significance p < 0.05). Finally, the laboratory, mor-
phological, and clinical characteristics were displayed in 
tabular form.

Results
A total of 313 patients were included in the current study: 
180 males (57.5%) and 133 females (42.5%). Most were 
infants (83.7%) or adults older than 16 years old (14.1%). 
All patients were Saudi as shown in Table 1. A total of 56 
patients were excluded because they were non-Saudi.
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The prevalence of G6PD deficiency was 2.9%, and 
males were the only affected sex (5% vs. 0%, p = 0.011). 
Moreover, the prevalence of G6PD deficiency varied by 
age group as the age group of 1–16 years had the high-
est prevalence followed by the 16 + age group and infants 
(5.7%, 4.5%, and 1.1%, respectively) (Table 2).

All patients with G6PD deficiency, except one, demon-
strated laboratory evidence of hemolysis, as displayed in 
Table 3, including low hemoglobin levels and high levels 
of lactate dehydrogenase, reticulocyte count, and total 
bilirubin.

88.9% of the patients had a personal history of favism, 
while 77.8% had a family history of favism. Chronic dis-
eases were present in only 22.2% of the cases, and asthma 
was the only reported chronic disease. Hemolytic crisis 
and jaundice were present in 88.9% of the patients, as 
illustrated in Table 4.

Discussion
G6PD deficiency is among the most common enzymatic 
deficiencies in Saudi Arabia. Among the 313 patients 
screened in the current study, 2.9% were diagnosed with 
G6PD deficiency. G6PD deficiency was observed only in 
males. G6PD deficiency is more common among males 
because it is an X-related genetic disorder [7, 9].

G6PD deficiency occurs in a wide range of ethnic 
groups worldwide. It has been found in as many as 28% 
of people in southwestern Nigeria, 1–10% of Indians, 
20–30% of Greeks, 1–17% of Saudi Arabians, and 5.5% 
of people in South China [12, 13].  Even in Saudi Ara-
bia, the prevalence of G6PD deficiency varies from 
region to region. Alqahtany revealed that the preva-
lence of G6PD deficiency was 12% in randomly chosen 
samples in Riyadh City [3]. Alharbi et al. reported a fre-

quency of G6PD deficiency of 4.7% in healthy male Saudi 
blood donors from Taif [11]. Al-Ali et  al. demonstrated 
the highest percentages of G6PD deficiency among the 
populations of the Eastern Province of Saudi Arabia in 
Al-Qatif (45.9%) and Al-Hassa (36.5%) [14]. G6PD defi-
ciency was found in 0.78% of blood donors in Riyadh, 

Table 1  Shows the population demographics (gender, age, and 
the prevalence of G6PD level)

Population demographics

N = 313 %

Gender Male 180 57.5

Female 133 2.5

G6PD level Normal > 5 IU/g Hb 304 97.1

Low < 5 IU/g Hb 9 2.9

Age Infants (0–1 years) 262 83.7

Children (1–16 years) 7 2.2

Adults (> 16 years) 44 14.1

Table 2  Shows the demographics of G6PD deficiency patients 
(gender and age)

a The total number of patients included was 313

G6PD activity was measured using the UDI kit Dammam, Saudi Arabia, using a 
quantitative photometric system (UV/kinetic)

N = 313a % P value

Gender Male 9/180 5 P = 

Female 0/133 0 0.011

AGE Infants (0–1 years) 3/262 1.1 P = 

Children (1–16 years) 4/7 5.7 0.001

Adults (> 16 years) 2/44 4.5

Table 3  shows laboratory findings in G6PD patients (n = 9)

Hemoglobin LDH (lactate 
dehydrogenase)

Reticulocyte absolute 
count

Reticulocyte 
percentage

Total bilirubin

High 0 8 (88.9%) 8 (88.9%) 8 (88.9%) 8 (88.9%)

Normal 1 (11.1%) 1 (11.1%) 1 (11.1%) 1 (11.1%) 1 (11.1%)

Low 8 (88.9%) 0 0 0 0

Table 4  shows clinical presentation findings in G6PD patients (n = 9)

a The only reported chronic disease was asthma

Personal history of 
favism

Family history of favism Chronic diseases a Hemolytic crisis Jaundice

Yes 8 (88.9%) 7 (77.8%) 2 (22.2%) 8 (88.9%) 8

No 1 (11.1%) 2 (22.2%) 7 (77.8%) 1 (11.1%) (88.9%)
1 (11.1%)
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as per Alabdulaali et  al. [15]. In the current study, the 
prevalence of G6PD deficiency was relatively low (2.9%), 
when compared to other previous studies carried out in 
KSA. This could be explained by the fact that the diag-
nostic test utilized was a fluorescent spot test, which has 
been demonstrated to have low sensitivity to measure 
G6PD activity at intermediate levels. Thus, it can miss a 
significant proportion of G6PD deficiency at intermedi-
ate levels when compared to spectrophotometry, which 
is the gold standard for diagnosing G6PD deficiency 
[16]. Moreover, studies that found the deficiency rate to 
be less than 5% included samples from blood donors. It 
is worth mentioning that blood donors undergo rigor-
ous screening before donating and blood is only collected 
from healthy donors. However, a different sampling 
strategy and recruitment from different hospitals would 
result in a better representation and greater sample vari-
ation, hence giving a different result. As in the present 
study, the majority (73.7%) of the recruited patients were 
infants and from one hospital only.

G6PD deficiency is characterized by the destruction of 
red blood cells, leading to increased hemoglobin catabo-
lism and a reduction in blood hemoglobin levels, followed 
by increased activity in the bone marrow, reticulocyte 
count, bilirubin, and lactate dehydrogenase levels [17–19]. 
In the current study, 88.9% of patients with G6PD defi-
ciency experienced hemolytic crises. It has been reported 
that the most common type of G6PD deficiency muta-
tion in Saudi Arabia is the Mediterranean type, resulting 
in severe hemolysis [20]. Patients were found to have an 
increase in the percentage of reticulocytes, total biliru-
bin levels, blood lactate dehydrogenase levels, and clini-
cal jaundice. Only one patient, despite having a low G6PD 
level, did not have any signs of hemolytic anemia. This 
could be explained by the fact that the G6PD gene has 
more than 180 different known mutations, and these vari-
ants have diverse impacts on enzymatic activity, resulting 
in various clinical manifestations in patients [21]. In the 
current study, 88.9% of patients with G6PD deficiency, or 
2.6% of all enrolled patients, experienced favism. This is a 
low prevalence when compared to a previous study con-
ducted by Almutairi in Dammam which reported a prev-
alence of favism among 17% of all enrolled patients [10, 
22]. Despite having a smaller sample size (182) compared 
to that in the current study (313), a higher prevalence of 
favism was reported. This can also be explained by the 
nature of the study, as the study conducted by Almutairi 
utilized online surveys to collect data while the current 
study collected data from patients visiting hospitals.

Hemolytic crises were reported in 88.9% of the 
patients. Initially, favism was a term utilized for describ-
ing hemolytic crises followed by the ingestion of fava 
beans. However, it is currently utilized for describing 

G6PD deficiency [10, 22]. Favism was reported in 88.9% 
of patients with G6PD deficiency, and a family history of 
favism was reported in 77.8%.

In the present study, we investigated the prevalence of 
G6PD deficiency in Al-Qassim region of Saudi Arabia 
and the frequency of hemolysis in patients with G6PD 
deficiency. We also compared the prevalence with that in 
other studies. However, the current study has some limi-
tations. For instance, it is very difficult to extrapolate the 
results to the entirety of Saudi Arabia because the study 
was retrospective and patients were recruited from only 
one region. On the other hand, it is the first study of its 
kind to be conducted in Al-Qassim region, and it utilized 
quantitative assays (spectrophotometry) to measure the 
activity of the G6PD enzyme, which is more sensitive 
than a qualitative enzyme assay (fluorescent spot test).

Conclusions
The prevalence rate of glucose-6-phosphate dehydrogenase 
(G6PD) deficiency is relatively low (2.9%) in Al-Qassim 
region of Saudi Arabia. Most of the patients (88.9%) experi-
enced hemolytic crisis, jaundice, reduced hemoglobin levels, 
and reticulocytosis. Future research is needed to identify the 
prevalence of G6DP in the general population and determine 
whether routine G6PD level testing should be performed on 
all newborns to facilitate early detection and management.
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