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Hematological Effects of the Co-Inheritance of Glucose-6-Phosphate
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ABSTRACT

Background: Glucose-6-phosphate dehydrogenase deficiency (G6PDD) and sickle cell disease (SCD) both result in
hemolysis associated with anemia. Studies on the hematological effects of SCD and G6PDD co-inheritance are lim-
ited, with conflicting results. The objective of the study was to compare the hematological parameters and bio-
chemical markers of hemolysis viz., lactate dehydrogenase (LDH) and unconjugated bilirubin (UBR), in patients
with SCD to patients with SCD/G6PDD co-inheritance.

Methods: A total of 214 patients with SCD including both homozygous (HbSS) and heterozygous (HbAS) variants,
with or without concomitant G6PDD were identified over a 14-year period at Charlotte Maxeke Johannesburg
Academic Hospital (CMJAH) in South Africa. SCD was diagnosed with high-performance liquid chromatography
(HPLC), while G6PD status was determined with G6PD spot testing. The full blood count (FBC) parameters,
along with the UBR and LDH levels, were recorded.

Results: The median ages at diagnosis were 4.5 and 20 years for HBSS (with and without G6PDD) and HBAS
(with and without G6PDD), respectively. The FBC parameters viz., red blood cell count (RCC), hematocrit (Hct),
mean cell hemoglobin (MCH), mean cell hemoglobin concentration (MCHC) and mean cell volume (MCYV), as
well as UBR levels, showed no significant differences between patients with HbSS alone and those with HbSS/
G6PDD. However, patients with HbAS/G6PDD had significantly higher mean UBR levels (p < 0.05) in comparison
to those with HbAS alone, although the FBC parameters showed no statistically significant differences between
these groups.

Conclusions: Co-inheritance of G6PDD with HbAS does not result in anemia, but elevated biochemical markers of
hemolysis suggest ongoing hemolysis. This raises concern about potential complications associated with chronic
hemolysis, beyond anemia.
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DD) is the commonest congenital red blood cell (RBC)
enzyme deficiency, with a global prevalence of ~ 400
million people globally [1]. G6PDD is inherited as an
X-linked condition and therefore males are predomi-
nantly affected. Homozygous females with G6PDD are
far less common. Heterozygous females are obligate
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carriers potentially affecting male offspring. Approxi-
mately 11% of affected patients are of Black African
ancestry [2,3]. The G6PD enzyme drives the hexose
monophosphate shunt, which is a branch of glycolysis
that is responsible for NADPH (nicotinamide adenine
dinucleotide phosphate) generation from NADP.
NADPH reduces glutathione (GSH) which plays a crit-
ical role in neutralising reactive oxidant species, an in-
herent physiological by-product of red cell metabolism
[4]. Red cells are also exposed to exogenous oxidants
such as those released by endothelial and immune cells
during inflammation or infection, as well as exogenous
agents such as drugs and toxins. A decrease or absence
of reduced GSH results in oxidative damage to proteins
and lipids with destabilisation of the red cell membrane
and eventual hemolysis [4]. The degree of hemolysis in
patients with G6PDD depends on the severity of the en-
zyme deficiency [4-7].

Sickle cell disease (SCD) encompasses a group of sickl-
ing disorders that include homozygous (HbSS) and het-
erozygous SCD (HbAS) and compound heterozygous
states such as HbS/HbC, HbS/beta thalassemia, HbS/
HbO, etc. SCD affects 300 million people worldwide,
with over 200,000 annual births in Africa [8,9]. The
SCD genetic lesion is a single nucleotide substitution in
the 6th codon of the beta globin gene that results in sub-
stitution of glutamic acid by valine at this codon posi-
tion. The mutant hemoglobin (hemoglobin S (HbS)) is
insoluble in the deoxygenated state due to an exposed
hydrophobic domain of valine. Binding of valine to oth-
er amino acids from adjacent hemoglobin (Hb) tetra-
mers renders the bound tetramers soluble and hence sta-
ble. This results in the formation of a continuous chain
of HbS molecules, called sickle tactoids, that ultimately
force the red cell into a sickle shape. Sickle cells are
rigid and often become trapped in the microcirculation
with resultant tissue hypoxia and severe pain localised
to that region, referred to as a sickle crisis. Vasoocclu-
sive episodes are triggered by hypoxia, infection, de-
crease in pH, trauma, etc. Repeated sickling and unsick-
ling of red cells also causes damage to the red cell
membrane and ultimately hemolysis.

Patients with HbAS are generally asymptomatic [10].
HbAS provides partial protection against Plasmodium
falciparum malaria, significantly influencing the geo-
graphical distribution of the mutant allele [11]. Similar-
ly, the high prevalence of G6PDD in malaria-endemic
regions suggests a selective advantage against malaria,
offering a survival advantage to these individuals [12].
Expectedly, there is a significant rate of co-inheritance
of SCD and G6PDD in malaria endemic regions [13-
15]. The combined effect of SCD and G6PDD on the
rate of hemolysis and the severity of anemia remains
unclear, with studies reporting conflicting results [13,
15,16].

In this study, we aimed to investigate the severity of
anemia and hemolysis in patients with HbSS/G6PDD
and HbAS/G6PDD) co-inheritance, compared to those
with SCD alone.

MATERIALS AND METHODS

The results of 214 patients were retrospectively ana-
lysed (Table 1).

The study was conducted at Charlotte Maxeke Johan-
nesburg Academic Hospital (CMJAH) and included re-
sults of patients between January 2008 and April 2022
at diagnosis of SCD with or without associated G6PDD.
Blood samples were collected in ethylenediaminetetra-
acetic acid (ETDA) containing BD (Becton Dickinson®,
Plymouth, UK) vacutainers. Full blood counts were per-
formed on the Sysmex XN9000® haematology blood
counting analyser (Sysmex® Corporation, Kobe, Japan)
at the National Health Laboratory Service (NHLS) lab-
oratory, CMJAH. Results were obtained within 4 hours
post collection. Hemoglobin subtypes were identified
using 2 methods viz., 1) High-performance liquid chro-
matography (HPLC) (Bio-Rad® D-10 analyser®, CA,
USA), and 2) Hb electrophoresis using the semi-auto-
mated Hydrasys® analyser (SEBIA® Hydrasys, Evry
Cedex, France). G6PD activity was qualitatively mea-
sured with the fluorescent spot test [17,18]. Bilirubin
and lactate dehydrogenase (LDH) levels were measured
with Roche cobas® 8000 analysers (Roche®, Basel,
Switzerland).

The data were captured on a Microsoft Excel spread-
sheet (Microsoft®, Redmond, WA, USA). Quantitative
data was tabulated and summarised with standard sta-
tistical analysis using SPSS® software (Statistical Pack-
age for the Social Sciences 11.0, Chicago, IL, USA).
The normal distribution of the quantitative data in each
group was tested using the Kolmogorov-Smirnov test.
Chi-squared cross tabulation was used to categorise the
data based on age, gender, and severity of anemia. The
Student’s #-test was utilised to compare the median val-
ues of Hb, red cell indices (viz., RCC, HCT, MCV,
MCH, MCHC), UBR, TBR and LDH in all patients. A
p-value of < 0.05 was considered statistically signifi-
cant.

RESULTS

The results of 214 patients were analysed. Breakdown
of patient numbers and conditions is summarised in Ta-
ble 1.

Table 1. Number of study patients and hemoglobinopa-
thy.

The median age at diagnosis was 4.5 and 20 years for
HbSS and HbAS respectively (with or without coexist-
ing G6PDD). The male: female ratio of the SCD/G6P
DD group was 2:1 and 1:1 in the SCD patients without
G6PDD.

In both the HbSS and HbAS groups, individuals with
co-inherited G6PDD had lower RCC, Hb, HCT and
MCV values compared to those without G6PDD,
though these differences were not statistically signifi-
cant (p > 0.05).

In assessing the degree of hemolysis, the HbAS/G6PDD
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Table 1. Number of study patients and hemoglobinopathy.

Number Diagnosis
HbSS 83
HbSS + G6PDD 21
HbAS 69
HbAS + G6PDD 41

HbSS: homozygous sickle cell disease, HbAS: heterozygous sickle cell disease, GOPDD: glucose-6-phosphate dehydrogenase deficiency.

Table 2. Median red blood cell indices, bilirubin and lactate dehydrogenase (LDH) of cohorts.

Parameter (RI) HBSS | HBSS+G6PDD | [ HBAS | HBAS+G6PDD [
(n=83) (n=21) P (n = 69) (n=41) P
Median age at diagnosis in years 4.5 4.5 - 20 20 -
M:F 1:1 2:1 - 1:1 2:1 -
HB
(11.6 - 16.4 g/dL) 11.8 9.7 0.10 12.7 11.8 0.10
HCT
(0.340 - 0.480%) LB 0.28 0.06 | 039 0.36 0.05
RCC
(3.93 - 5.40 x 10%/L) e 3.57 0.09 | 49 4.6 0.15
MCV
(789 - 98.5 L) 89.2 79.3 025 | 819 79.6 0.22
RCC
(3.93 - 5.40 x 10°/L) 4.39 3.57 0.09 4.9 4.6 0.15
MCH
(26.1 - 33.5 pg) 29.9 27.4 0.31 263 25.6 0.32
MCHC
(327 - 34.9 g/dL) 34.0 345 0.65 | 319 32.1 0.57
Thil
(5- 21 pmol/L) 70.48 54.18 035 | 9.38 57.27 0.04
Inbil
(0 -3 pmol/L) 53.90 32.83 0.53 6.15 39.74 0.02
LDH
(100 - 190 U/L) 771.04 654.54 0.12 - - i

RI: reference index, HBSS: homozygous sickle cell disease, G6PDD: Glucose-6-phosphate dehydrogenase deficiency, HBAS: heterozygous
sickle cell disease, HB: hemoglobin, HCT: hematocrit, RCC: red cell count, MCV: mean cell volume, MCH: mean cell hemoglobin, MCHC:
mean cell hemoglobin concentration, Tbil: total bilirubin, Inbil: indirect bilirubin, LDH: lactate dehydrogenase.

group had significantly higher unconjugated bilirubin
levels with a median value of 39.74 umol/L compared
to 6.15 umol/L in the HbAS group without G6PDD (p =
0.02). The HbSS/G6PDD group also had higher median
indirect bilirubin and LDH levels (53.90 and 771.04
U/L, respectively), compared to HbSS without G6PDD
(32.83 and 654.54 U/L, respectively). These differ-
ences, however, were not statistically significant (p =
0.53 and 0.12, respectively). A summary of the results
of the study population is provided in Table 2.

Table 2. Median red blood cell indices, bilirubin and
lactate dehydrogenase (LDH) results of the study co-
horts.
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DISCUSSION

This study aimed to investigate the impact of G6PDD
on HbSS and HbAS with respect to anemia and degree
of hemolysis. The findings provide valuable insights in-
to how G6PDD influences hematological parameters in
the two genotypic groups.

The most notable finding was a significant increase in
UBR levels in patients with co-inherited HbAS/G6PDD
compared to HbAS alone, suggesting a higher rate of
hemolysis in the former group. In contrast, there was no
statistically significant difference in the mean hemo-
globin levels between the two cohorts, indicating that
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these patients can adequately compensate for the hemo-
lysis. This finding is of clinical relevance, given the
well-documented adverse effects of chronic hemolysis
including iron overload, cholelithiasis, bony abnormal-
ities, thromboembolic phenomena, etc. Chronic hemo-
lysis contributes to a hypercoagulable state through sev-
eral mechanisms, including nitric oxide (NO) scaveng-
ing by free hemoglobin, inflammation and platelet acti-
vation [19]. Further evaluation is needed to assess the
clinical impact of co-inheritance and explore the need
for more intensive long-term monitoring of HbAS pa-
tients with G6PDD.

Within the HbSS group, the results showed no statisti-
cally significant difference in the severity of anemia or
the rate of hemolysis between HbSS patients with and
without G6PDD. However, the severity of G6PDD was
not assessed in this study, and the likely inclusion of in-
dividuals with mild enzyme deficiency could have in-
fluenced this result. Future studies specifically examin-
ing the impact of severe G6PDD in HbSS patients may
yield more meaningful insights.

Unconjugated bilirubin and LDH levels were used as
markers of hemolysis in this study. Even though hapto-
globin is known to be a more sensitive and specific
quality marker of hemolysis [19], it was not consistently
measured in this cohort and could therefore not be in-
cluded in the analysis. Haptoglobin is also not useful in
assessing the degree of hemolysis [19].

Limitations of the study were as follows: 1) This was a
retrospective record review, without the flexibility of
performing additional tests such as quantitative G6PD
assay (the inclusion of individuals with mild deficiency
may have skewed the results); 2) The study was con-
ducted at a single centre, limiting the generalisability of
the findings; 3) Nutritional assessments were not in-
cluded (deficiencies may have contributed to the ane-
mia); 4) As a laboratory-based study, clinical informa-
tion such as transfusion history and hydroxyurea thera-
py was not available.

CONCLUSION

While the degree of anemia in patients with HbSS and
HbAS co-inheriting G6PDD does not appear to be
worse, the observation of increased hemolysis in pa-
tients with co-existing HbAS and G6PDD is a notable
finding. This warrants further investigation with pro-
spective controlled studies.
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