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Abstract

Objectives: To determine the prevalence of Glucose-6-phosphate 
dehydrogenase (G-6-PD) deficiency among Yemeni people from 
different regions of the country living in the capital city, Sana’a, 
giving an indication of its overall prevalence in Yemen.
Methods: A cross-sectional study was conducted among Yemeni 
male blood donors attending the Department of Blood Bank at 
the National Centre of the Public Health Laboratories in the 
capital city, Sana’a, Yemen. Fluorescent spot method was used for 
screening, spectrophotometeric estimation of G-6-PD activity 
and separation by electrophoresis was done to determine the G-6-
PD phenotype.
Results: Of the total 508 male blood donors recruited into the 
study, 36 were G-6-PD deficient, giving a likely G-6-PD deficiency 
prevalence of 7.1%. None of these deficient donors had history of 
anemia or jaundice. Thirty-five of these deficient cases (97.2%) 
showed severe G-6-PD deficiency class II (<10% of normal 
activity), and their phenotyping presumptively revealed a G-6-PD-
Mediterranean variant.
Conclusion: The results showed a significant presence of G-6-
PD deficiency with predominance of a severe G-6-PD deficiency 
type in these blood donors in Sana’a City, which could represent 
an important health problem through occurrence of hemolytic 
anemia under oxidative stress. A larger sample size is needed to 
determine the overall prevalence of G-6-PD deficiency, and should 
be extended to include DNA analysis to identify its variants in 
Yemen.
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Introduction

Glucose-6-phosphate dehydrogenase (G-6-PD) deficiency is 
the most common red cell enzymopathy, affecting 10% of the world 
population.1 It is transmitted by a mutant gene located on the 

X-chromosome and has a wide range of abnormal genetic variants. 
The G-6-PD enzyme functions to reduce nicotinimide adenine 
dinucleotide phosphate (NAPD) during oxidizing glucose-6-
phosphate in hexose monophosphate shunt, and as NAPD is 
required for the formation of reduced glutathione, a defect impairs 
the red cell susceptible to oxidant stress that is often triggered by 
certain drugs, fava beans, or infections leading to premature red 
cell destruction, causing hemolytic anemia.

Individuals with G-6-PD deficiency are usually asymptomatic 
and the condition is clinically relevant where many variants have 
significantly reduced activity that a level of G-6-PD activity of 20% 
(or less) of the normal activity is sufficient for maintaining normal 
red cell function and survival; but when red cells exposed to extra 
oxidant stress by some exogenous factor, hemolysis occurs.2

Yemen is located in the Southwest of the Arabian Peninsula 
with a population of 21 million.3 The capital city, Sana’a is located 
in the north of the western mountainous area of the country with 
a population of approximately 2.0 million people,3 composed 
of people from almost all different regions of the country. The 
previously reported prevalence of G-6-PD deficiency among 
Yemeni people was 5.94%, which has been obtained by studying 
Yemeni migrants in the United Arab Emirates (UAE), indicating 
a significant presence.4

Determining the prevalence of G-6-PD deficiency is an 
essential first step towards evaluating its impact on the health of a 
population. Since the study of Yemeni migrants may not accurately 
reflect the situation among the indigenous population; this pilot 
study was therefore conducted on male blood donors in the capital 
city, Sana’a, to determine the prevalence of G-6-PD deficiency 
among its residents, and to also obtain an indication of its overall 
prevalence in Yemen.

Methods

Five hundred and eight Yemeni blood donors (aged 18 - 60 years) 
from different parts of the country living in the capital city, Sana’a, 
Yemen, who attended the Department of Blood Bank at the 
National Centre of the Public Health Laboratories (NCPHL) 
in Sana’a City were recruited into this cross-sectional study 
between January and August, 2009. Among the 508 donors, 136 
were originally from the western coastal governorates, 346 from 
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the mountainous governorates, and 26 from the eastern desert 
governorates. The NCPHL serves as a blood supplier for hospitals 
in Sana’a City. All the enrolled subjects in this study completed 
pre-donation questionnaires for history of anemia and jaundice, 
and had given their verbal consent at the NCPHL. The names and 
residential origin of the donors were also recorded.

The samples were initially screened for G-6-PD deficiency 
using the semi-quantitative fluorescent spot method (Randox 
Laboratories Ltd, Antrim, UK), which classified a sample as non-
deficient or deficient when G-6-PD activity was <30% of normal 
activity levels. Then the deficient samples were further analyzed for 
the determination of the G-6-PD activity spectrophotometrically 
using a quantitative assay kit (Randox Laboratories Ltd, Antrim, 
UK), and also underwent cellulose acetate electrophoresis to 
identify their variant phenotype using G-6-PD electrophoresis 
(Helena Laboratories, Gateshead, UK). The severity of G-6-
PD deficiency was classified according to the World Health 
Organization (WHO) criteria of classification for G-6-PD 
deficiency based on enzyme activity levels.5

All the G-6-PD deficient samples, in addition to 30 blood 
samples collected from non-deficient blood donors as a “control 
group” underwent complete blood count (CBC) at the NCPHL 
on the same day, using a hematology analyzer (Mythic 18 5 
part Orphée Company, Switzerland), in order to compare the 
hematological parameter values of the deficient with the non-
deficient samples.

The data were analyzed by the SPSS 17.0 computer program. 
The results were expressed as Mean ± SD for normal distribution. 
Differences in variables that were normally distributed were tested 
using the independent sample t-test. The level of significance was 
indicated by p-value <0.05.

Results

Of the total 508, 36 blood samples were found to be G-6-PD 
deficient by both the screening fluorescent and quantitative 
methods, giving a likely G-6-PD deficiency prevalence of 7.1%. 
All the deficient samples exhibited G-6-PD activity of <10% of 
the normal levels of activity (range: 0.1 - 8.6%); except one which 
had G-6-PD activity of 18%. Since none of the patients had any 
history of anemia or jaundice according to their pre-donation 
questionnaires, the results indicate the presence of severe G-6-PD 
deficiency class II in 35 subjects (97.2%), and moderate deficiency 
class III in the remaining one case according to the WHO criteria 
for G-6-PD deficiency classification.5

The G-6-PD phenotyping showed that all the severe deficient 
samples with G-6-PD activity less than 10% of normal levels of 
activity (n=35) had a similar mobility to G-6-PD-B+, although 
in most cases the band was very faint or invisible, suggesting they 
were presumptively G-6-PD-Mediterranean. (Fig. 1)

As presented in Table 1; hemoglobin (Hb), packed cell volume 
(PCV) and red cell count were significantly lower in G-6-PD 
deficient subjects than in the non-deficient (control) group, 

(p<0.05). Reticulocyte count was significantly higher in the G-6-
PD deficient group compared to the control group by 1.7-folds, 
(p<0.05). On the other hand, there were no significant differences 
in the means of mean corpuscular hemoglobin (MCH), mean 
corpuscular volume (MCV) and white blood cell (WBC) count 
between the deficient and non-deficient groups; with the means of 
MCV and MCH being higher and the WBC count being lower in 
the deficient compared to the non-deficient group.

Figure 1: G-6-PD electrophoresis gel of severe deficient samples 
with G-6-PD activity 1.9, 2.1, 0.9, 2.9 and 3.4% of the normal 
in lane 2, 3, 4, 5 and 6 respectively. Lanes 2, 4 and 5 show G-6-
PD-Mediterranean bands, whereas lanes 3 and 6 show no 
Mediterranean bands. Control in lane (1) normal Hb A and G-6-
PD-B.

Table 1: Hematological parameters in G-6-PD deficient and non-
deficient (control) groups.

Parameters
G-6-PD 
deficient
(n = 36)

Control group
(n = 30)

p value

Hb (g/ dl) 15.09 ± 1.25 15.69 ± 0.70 0.023a

PCV (%) 46.55 ± 3.49 48.47 ± 1.82 0.008 a

MCV (fl) 87.85 ± 5.59 85.32 ± 6.67 0.098

MCH (pg) 28.37 ± 2.82 27.63 ±2.52 0.269

MCHC (g/ dl) 32.44 ± 1.45 32.35 ± 0.69 0.756

RBCs (×1012/ L) 5.32 ± 0.49 5.72 ± 0.48 0.001 a

WBCs (×109/ L) 4.88 ± 1.33 5.28 ± 1.44 0.245

Platelets (×109/ L) 264.44 ± 62.53 304.67 ± 54.09 0.007 a

Retics (%) 2.31 ± 1.28 1.37 ± 0.55 0.0004 a

G6PD (mU/109 
erythrocytes)

7.1 ± 5.7 269 ±92.3 0.001 a

a Indicates of significant results; Hb = Hemoglobin; PCV = Packed cell volume; 
MCV = Mean corpuscular volume; MCH = Mean corpuscular hemoglobin; 
MCHC = Mean corpuscular hemoglobin concentration; RBC = Red blood 
cell; WBC = White blood cell; G6PD = Glucose-6-phosphate dehydrogenase.

Furthermore, of the 36 G-6-PD deficient samples; 5 were found 
to be microcytic (MCV: <80 f; range: 76.4-77.7 fL), hypochromic 
(MCH: <27 pg; range: 22.5-25.3 pg) and exhibited relatively high 
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red cell count (>5.5 × 1012/L; range: 5.61-6.39 × 1012/L),6 with 
normal total Hb (range: 13.6-15.2 g/dL), thus suggesting traits of 
Thalassemia, giving a likely thalassemia trait prevalence of 13.9% 
among the G-6-PD deficient samples.

Iron defiency was excluded based on low MCV, MCH and high 
red blood cell count and Hb levels. In the current study samples; 
MCV and MCH were low, but red cell counts were high, and Hb 
levels were >13 g/L, which may be associated with a thalassemia 
trait rather than iron defiency.6

Discussion

This study represents the first attempt to evaluate the prevalence 
of G-6-PD deficiency in the indigenous population of Yemen 
and amongst people from different parts of the country living 
in the capital city, Sana’a. Glucose-6-phosphate dehydrogenase 
deficiency occurred in 7.1% of the population of blood donors 
attending the Department of Blood Bank at the NCPHL in 
Sana’a City, more than the figure obtained in Yemeni immigrants 
in the UAE reported by White et al.4 and lower than the 9.05% 
reported in the neighboring Saudi Arabia.7 The study also showed 
the predominance of severe G-6-PD deficiency class II. The results 
of the study suggest that G-6-PD deficiency is likely to be a health 
problem for the Yemeni population. A larger sample sized-study is 
needed to determine the overall prevalence of G-6-PD deficiency 
in Yemen.

Using the screening fluorescent spot test to distinguish between 
G-6-PD deficient and non-deficient samples based on the activity 
level at 30% of normal could have lead to an underestimation of 
G-6-PD deficiency prevalence in this study; since at this level many 
moderate (>10 - <60% of normal), and all mild G-6-PD deficiency 
(>60% - <normal) subjects were not detected.

Although the G-6-PD bands observed in this study were very 
faint or invisible, which is similar to those seen in most cases of 
G-6-PD-Mediterranean for Saudi subjects,7 and Kelantanese 
Malays,8 the phenotyping of these severe G-6-PD deficient 
samples (n=35) suggests the predominance of the presumptively 
G-6-PD-Mediterranean variant. The identification of this variant 
was supported by the very low activity of the G-6-PD enzyme 
(<10% of normal) found in these deficient samples, but also by 
the appearance of the bands for normal G-6-PD-B+ controls on 
the cellulose acetate plate, and the absence of anemia or jaundice 
history in any of these subjects, at least at the time of blood donation; 
however, none had presented documented records of their medical 
history. The results are consistent with these findings, since most 
G-6-PD deficient variants in the Middle East have revealed the 
G-6-PD Mediterranean variant and the predominance of G-6-PD 
Mediterranean variant among G-6-PD deficient individuals from 
the Gulf region have also been reported in earlier studies.7,9,10 This 
necessitates extending future studies to include DNA analysis in 
order to confirm these phenotype findings and to identify the G-6-
PD deficiency variants among Yemeni people.

The significantly lower Hb, PCV and red blood cell counts 
in the G-6-PD deficient samples compared to the control group 
could be attributed to the fact that G-6-PD-deficient red blood 
cells maintain viability less effectively than normal red blood 
cells, even without the cells being subjected to oxidative stress.11 
On the other hand, the low levels of Hb in the G-6-PD-deficient 
samples could be as a result of bone marrow compensation for the 
mild subclinical chronic hemolysis not being perfect, since the 
Hb levels of G-6-PD deficient individuals, although close to the 
normal range, were on average significantly lower than the normal 
individuals. This mildly lower level of Hb is accompanied by a 
tendency to cause macrocytosis and probably reflects the younger 
mean cell age.12 Reticulocyte count was significantly higher in the 
Mediterranean-G-6-PD deficient variant, thus reflecting bone 
marrow hyper-cellularity in accordance with other studies.13

Moreover, the 13.9% prevalence of the association of 
thalassemia trait with G-6-PD deficiency was not different from 
the overall prevalence of thalassemia trait in Yemen (13.3%),14 
suggesting that there is no association between thalassemia and 
G-6-PD deficiency genes. This study represents the first attempt 
to assess the prevalence of G-6-PD deficiency and its variants in 
the indigenous population of Yemen. The prevalence rate of G-6-
PD deficiency was found to be as high as 7.1% in the population 
of blood donors attending the NCPHL in Sana’a City, with the 
predominance of severe G-6-PD deficiency class II. These results 
suggest that G-6-PD deficiency could represent a significant 
health problem for the people of Yemen through the occurrence 
of hemolytic anemia under oxidative stress. These findings could 
raise the need for developing healthcare and educational programs 
to avoid and prevent the clinical symptoms and consequences of 
G-6-PD deficiency.

Conclusion

This initial study shows that the prevalence of G-6-PD deficiency 
with predominance of severe G-6-PD deficiency class II are present 
within the Yemeni population at a prevalence rate that is likely to 
cause a significant health problem. A larger sample sized-study, 
including individuals from different parts of the country is needed 
to determine the overall prevalence of G-6-PD deficiency and 
within each region of Yemen. The study also needs to be extended 
to include DNA analysis for the identification of the G-6-PD 
variants. This will enable further insight into the likely variants 
of this disorder and will provide a firm foundation for population 
studies in different areas of Yemen.
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