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Abstract
Background: Previously published data have demonstrated that sickle red blood cells produce twice as much
reactive oxygen species (ROS) suggesting that co-inheritance of sickle cell disease (SCD) and glucose 6-phosphate
dehydrogenase (G6PD) enzymopathy could lead to more severe anaemia during sickling crises. Elevated foetal
haemoglobin (Hb F) levels have been shown to have positive modulatory effects on sickling crises and disease
outcomes. This study sought to assess how inheritance of G6PD enzymopathy affects the level of Hb F and
haemoglobin concentration in adults in steady state.
Methods: This cross-sectional study selected 100 out-patients (41 males and 59 females) visiting the University of
Cape Coast hospital, between January, 2016 and May, 2016. Cellulose acetate electrophoresis (pH 8.2–8.6),
methaemoglobin reductase test, modified Betke alkaline denaturation methods were used to investigate
haemoglobin variants, qualitative G6PD status, and %Hb F levels in venous blood samples drawn from these
participants. Data was analysed with GraphPad Prism 6 and SPSS and significance set at p < 0.05.
Results: Forty one percent of the participants demonstrated qualitative G6PD enzymopathy whereas only 10%
demonstrated Hb AS type (Sickle cell trait, SCT). 5% of the participants co-inherited SCT and G6PD enzymopathy.
%Hb F levels in G6PD deficient males was significantly higher than in G6PD deficient females [(p = 0.0003, 2.696%
(males) vs 1.975% (females)], although the %Hb F levels was comparable in non-G6PD deficient individuals. %Hb F
levels were significantly elevated in males with SCT only (p < 0.05), or G6PD enzymopathy only (p < 0.0001), or
SCT + G6PD enzymopathy (p < 0.0001) compared to males with none of these pathologies even though their
respective haemoglobin levels were comparable. Male participants with G6PD enzymopathy + SCT co-inheritance
had significantly elevated %Hb F when compared to their counterparts with only G6PD enzymopathy (p < 0.001).
Male gender [(p = 0.001, OR: 6.912 (2.277–20.984)] partial defective G6PD enzyme [(p = 0.00, OR: 7.567E8 (8.443E7–6.
782E9)] SCT [(p = 0.026, OR: 4.625 (1.196–17.881)] were factors associated with raised %Hb F levels ≥2.5.
Conclusion: The inheritance of G6PD defect and/or SCT significantly elevate %Hb F levels in the steady state even
though haemoglobin levels are not affected.
Keywords: Haemoglobinopathy, Sickle cell trait, Glucose 6-phosphate dehydrogenase, Co-inheritance, Foetal
haemoglobin
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Background
The normal physiologic functions of red blood cells
(RBC) may be hampered by inherited haemoglobinopathies (e.g. sickle cell disease), red cell enzymopathy or
red cell membrane abnormalities (e.g. G6PD deficiency).
Although both G6PD enzymopathy and sickle cell are
recessively inherited, whereas G6PD is sex-linked, sickle
cell gene is autosomal inherited. SCD occurs due to the
substitution of valine for glutamic acid in position 6 in
the beta globin [1–3]. This then leads to the production
of abnormal haemoglobin Hb S instead of normal
haemoglobin Hb A [1, 4, 5]. Heterozygous inheritance
leads to sickle cell trait (Hb AS) whereas homozygous
inheritance leads to SCD with its consequent vasoocclusive attacks, reactive oxygen species (ROS) generation, bacterial infections, priapism and chronic visceral
complications often associated with ischemia in different
organs [4, 6].
On the other hand, about 400 million people are
estimated to be G6PD deficient worldwide [6–8]. In G6PD
deficiency, terminally differentiated red cells become susceptible to oxidant stress-induced haemolytic anaemia due
to absence of NADPH [5, 7, 9–11]. Agents causing oxidant
stress in G6PD deficient individuals include fava beans and
drugs such as aspirin, primaquine and quinine [4].
As these red cell pathologies are independently
inherited, the potential for co-inheritance may be high
especially in sub-Saharan Africa where either of these
pathologies has been shown to provide protection
against malaria infection [12, 13]. Previously published
data have demonstrated that sickle red cells produce
twice as much ROS such as hydrogen peroxide, superoxides and hydroxyl radicals, compared to normal cells
[14]. This means that there is a possibility that SCD
individuals with G6PD deficiency will have an increased
tendency to frequent acute haemolytic crises as a consequence of ROS generated by sickled red cells. Studies investigating the potential modulatory effect of G6PD
enzymopathy on severity of sickle cell anaemia has produced conflicting results. Whereas some studies found
lower haemoglobin levels [15, 16], others found no effect
on clinical manifestations, haemoglobin level and reticulocyte counts in such co-inherited cases [17]. Besides, in
Ghana where co-inheritance of these two red cell pathologies are common [18], there is paucity of such data
to inform clinical decisions. Moreover, the endemicity of
malaria means that drugs such as quinine, primaquine,
and amodiaquine that predispose G6PD deficient to
oxidant stress may be routinely prescribed to malaria
patients. This necessitates that factors that has the potential to modulate disease pathologies in co-inherited
G6PD deficient and SCD ought to be explored. As foetal
haemoglobin (Hb F) levels have been demonstrated to
positively modulate SCD pathogenesis, we investigated
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the impact of the inheritance of G6PD enzymopathy
and/or SCT on the %Hb F as well as haemoglobin levels
in the peripheral blood of these patients in steady state.

Methods
Study design/study site

This cross-sectional study was conducted at the University
of Cape Coast hospital in the Central region of Ghana
from January to May 2016. The hospital has a bedding
capacity of 65, and has an average yearly out-patient
department (OPD) attendance and admissions of
61,509 and 2608 respectively. The hospital has OPD,
accident and emergency (A & E) unit, Surgical ward,
Medical ward, laboratory department, radiography
unit and physiotherapy unit.
Participants

A simple convenience sampling technique was used to
recruit 100 participants (41 males and 59 females) aged
15–84 years. The rationale for the study was explained
to all clients attending the OPD unit of the hospital during the period of the research. Only clients who gave
written informed consent were consecutively recruited
for the study. Individuals who had been transfused
within three months to the period of the research, or
pregnant or those taking medications known to cause
haemolysis in G6PD deficient individuals [19] were excluded. Only consenting participants who has no history
of any chronic disease were recruited for the study.
Sample collection

4mls of whole blood was taken from each participant
into an ethylenediaminetetraacetic acid (EDTA) anticoagulated tubes following standard protocols. The blood
was used for G6PD screening, haemoglobin concentration, foetal haemoglobin estimation and haemoglobin
electrophoresis.
G6PD screening assay

G6PD screening was undertaken using the methaemoglobin reduction assay as described by Cheesbrough
[20]. G6PD status was described as full defect (FD),
partial defect (PD) or no defect (ND).
Haemoglobin estimation

The haemoglobin levels of each participant was estimated using the URIT-12 haemoglobin meter (URIT
Medical Electronic Co. Ltd., Guangxi, China) following
manufacturer’s protocol [21].
Foetal haemoglobin estimation

The level of foetal haemoglobin in each participant was
estimated using the modified Betke alkali denaturation
method [22, 23].
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Haemoglobin electrophoresis

Haemoglobin variants in the participants were determined
using the cellulose acetate electrophoresis (pH 8.2–8.6) in
accordance with previously published protocols [24].
Haemoglobin type was described as SCT (AS), or NEG (A).
Statistical analysis

The data was inputted into Microsoft Office Excel 2007
and grouped into various categories and later analyzed
using the GraphPad Prism 6 (GraphPad Software Inc.,
USA). Descriptive analysis was performed and results
expressed as numbers and percentages. Data was
analysed for normality using D’Agostino-Pearson test.
Comparison between two groups were undertaken using
two-tailed unpaired t-test (if passed normality test) or
Mann–Whitney test (if it did not pass normality test).
Multiple comparisons were undertaken either with OneWay ANOVA with Dunn’s post-testing (those that passed
normality testing) or Kruskal-Wallis test with Tukey’s
post-testing (those not passing normality testing). The relationship between parameters were explored using Pearson correlation coefficients. However, SPSS version 22
(IBM, USA) was employed to interrogate factors associated with raised %Hb F levels ≥2.5 through logistic regression analysis. P value less than 0.05 was considered
statistically significant.

Results
The G6PD status and haemoglobin variants of the participants were stratified per gender (Table 1). The mean
age of the male and female participants was similar
(p = 0.77; 33.5 years vs 34.5 years). Overall, 41% of the
study participants demonstrated G6PD defect (31% full
defect and 10% partial defect). Whereas 58.5% of the
male participants showed G6PD full defect, only 11.9%
of the female participants demonstrated G6PD full
defect. Additionally, 10% of the study participants also
had the SCT (Hb AS type).
Table 1 Qualitative red cell G6PD enzyme test stratified by
gender

The prevalence of co-inheritance of G6PD enzymopathy and SCT among the study participants is presented
in Table 2. Overall, 5% (4 males vs 1 female) of the study
participants co-inherited G6PD enzymopathy and SCT.
Whereas 5% (2 males vs 3 females) of the study participants inherited SCT alone, 36% inherited G6PD enzymopathy alone (27 full defect vs 9% partial defect).
Figure 1 shows the %Hb F and haemoglobin levels in
participants stratified by their qualitative G6PD and/or
SCT status. Participants who demonstrated qualitative
G6PD full defect showed significantly higher levels of
%Hb F than those with partial defect or normal qualitative
G6PD activity [Fig. 1a, p=0.0003; G6PD ND (0.8726%) vs
G6PD FD (3.523%); p = 0.0003; G6PD ND (0.8726%) vs
G6PD FD + SCT (2.514%)]. However, although inheritance of SCT increased the % Hb F levels compared to
those with neither G6PD enzymopathy nor SCT, the
increment was not significant (p > 0.05). Haemoglobin
levels did not significantly differ among the participants
irrespective of their G6PD status and/or haemoglobin type
(p > 0.05, Fig. 1b).
Figure 2 shows the % haemoglobin F among study participants stratified by gender. Overall, male participants
had significantly higher %Hb F compared to female
participants [Fig. 2a, p<0.0001; 1.247% (females) vs
1.973% (males)]. When the data was stratified based on
the inheritance of G6PD enzymopathy, the significantly
increased %Hb F levels was found only between males
and females having G6PD enzymopathy [Fig. 2b,
p=0.0003; 1.975% (females) vs 2.696% (males)]. Male and
female participants with normal G6PD enzyme activity
had comparable %Hb F levels (p = ns, Fig. 2c; 0.9524%
(females) vs 0.9518% (males)].
Since the male participants had significantly elevated
%Hb F compared to the females, we evaluated the
impact of G6PD enzymopathy and/or SCT on %Hb F
levels in male participants (Fig. 3). The haemoglobin
levels did not significantly differ among the groups
(Fig. 3a). However, the inheritance of G6PD enzymopathy
and/or SCT was significantly associated with increased
%Hb F levels in the male participants (Fig. 3b).

Parameter

Male (%)
N = 41

Female (%)
N = 59

Total (%)

Mean age (yrs)

33.50 ± 1.87

34.4 ± 2.43

G6PD status + SCT co-inheritance (N = 100)

Male (%)

Female (%)

G6PD FD

24 (58.50)

7 (11.90)

31 (31%)

G6PD ND + NEG

15 (15)

39 (39)

G6PD PD

0 (0.00)

10 (16.90)

10 (10%)

SCT + G6PD PD

0 (0)

1 (1)

G6PD ND

17 (41.50)

42 (71.20)

59 (59%)

SCT + G6PD FD

4 (4)

0 (0)

SCT + G6PD ND

2 (2)

3 (3)

Hb AS

6 (14.60)

4 (6.80)

10 (10%)

G6PD FD + NEG

20 (20)

7 (7)

Hb A

35 (85.4.0)

55 (93.20)

90 (90%)

G6PD PD + NEG

0 (0)

9 (9)

Table 2 G6PD Status + SCT co-inheritance of participants

G6PD status

Haemoglobin type

G6PD Glucose-6-phosphate Dehydrogenase, FD full defect, PD partial defect,
ND no defect

G6PD Glucose-6-phosphate Dehydrogenase, SCT sickle cell trait, FD full defect,
PD partial defect, ND no defect, NEG negative
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Fig. 1 %Hb F (a) and haemoglobin (b) levels in participants stratified as per their qualitative G6PD and/or SCT status. [G6PD = Glucose-6-phosphate
Dehydrogenase, SCT = Sickle Cell Trait, FD = Full defect, PD = Partial defect, ND = No defect]

The study also explored the relationship between %Hb
F, Hb and age of participants through Pearson correlation coefficients (Table 3). Age and %Hb F levels were
inversely, but non-significantly correlated to each other
(r = −0.022; p = 0.830). However, age and Hb levels as
well as Hb and %Hb F levels were positively but nonsignificantly associated with each other.

Factors associated with raised %Hb F levels ≥2.5% were
predicted using binary logistic regression analysis (Table 4).
Male gender [p = 0.001, OR: 6.912, 95% CI (2.277–20.984)],
partial defective G6PD enzyme [p = 0.00, OR: 7.567E8, 95%
CI (8.443E7–6.782E9)] and haemoglobin variant AS
[p = 0.026, OR: 4.625, 95% CI (1.196–17.881)] were all
significantly associated with raised %Hb F levels ≥2.5.

Fig. 2 % Hemoglobin F and G6PD characteristics among study participants stratified by gender. a %Haemoglobin F comparison of all participants
based on gender; b %Haemoglobin F of participants with G6PD defect stratified by gender; c %Haemoglobin F of participants with no G6PD
defect stratified by gender
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Fig. 3 G6PD enzymopathy and/or SCT on %HbF levels in male participants. a compares the haemoglobin levels of male participants; b compares
the %Hb F levels in male participants

Discussion
We sought to investigate the impact of the inheritance
of G6PD enzymopathy and/or SCT on the %Hb F as
well as haemoglobin levels in the peripheral blood of
these patients in steady state. Our findings showed a 5%
co-inheritance of SCT and G6PD enzymopathy and
significantly elevated %Hb F levels in individuals with
G6PD enzymopathy compared to either individual with
SCT or normal G6PD enzyme activity. This suggests
that Hb F levels may modulate the severity of G6PD
enzymopathy in conditions of oxidant stress.
In the present study, a 41.0% prevalence of G6PD deficiency was recorded among the study population which
is higher than the suggested Ghana’s 15–26% prevalence
by the World Health Organization [25] or the estimated
1.2–30.7% prevalence in Africa [26]. This results is also
at variance with a previous cross-sectional study undertaken in the Brong-Ahafo region of Ghana which recorded 32% G6PD enzymopathy prevalence among
blood donors [27]. Many other studies in the sub-region
and beyond have recorded lower prevalence in the past.
For example, in a study in Iran, Nabavizadeh and
Anushiravani reported a 14.17% prevalence of G6PD
enzymopathy among 261 blood donors [28]. Also
Omisakin et al., reported a 25.5% G6PD enzymopathy
prevalence among blood donors in Nigeria [29]. These
differences may be due to the different geographic
Table 3 Correlations between age, Hb and %Hb F levels
Parameter
Age

Hb

%HbF

Age
r

1

Hb

%HbF

0.143

−0.022

P-value

0.156

0.830

r

1

0.094

P-value

0.353

r

1

r: Pearson correlation coefficient

locations as well as sampling frame employed in the
various studies. Our study also found more males with
G6PD enzymopathy compared to females [males (24.0%
with full defect) vs females (females 7.0% with full defect
and 10% with partial defect)]. This is not surprising
considering that the genetic locus of the G6PD gene is
on the X-chromosome and inherited in a recessive
manner [30, 31].
The sickle-cell trait is known to be widespread, reaching
its highest prevalence in parts of Africa as well as among
people with origins in equatorial Africa. Previous studies
have recorded high prevalence of SCT for countries such
as Democratic Republic of Congo (23.3%) [32], Gabon
Table 4 Factors associated with %Hb F levels ≥2.5
Parameter

OR (95% CI)

P-value

0.958 (0.160–5.746)

0.963

Age group
< 20
20–29

1.420 (0.447–4.506)

0.552

30–09

0.548 (0.121–2.471)

0.433

≥ 40

Reference

–

Sex
Male

6.912 (2.277–20.984)

0.001

Female

Reference

–

< 12

0.610 (0.185–2.014)

0.417

≥ 12

Reference

–

Haemoglobin (g/dL)

G6PD status
Reference

–

PD

7.567E8 (8.443E7–6.782E9)

< 0.001

FD

1.238 (1.238E10)

–

Normal

Haemoglobin variant
A

Reference

–

AS

4.625 (1.196–17.881)

0.026
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(21.1%) [33], and Nigeria (19.68% - 45%) [34, 35], and
Uganda (19.8%) [36]. It has been stated that in countries
where the trait prevalence is above 20%, the SCD affects
about 2% of the population. This study recorded a 10%
SCT prevalence among the participants which is lower
than the 19.5% SCT recorded among blood donors in
Ghana [27]. However, this finding agrees with a previously
published 11.3% SCT reported among blood donors in
Ghana [37]. This study thus supports the estimated annual
prevalence of SCD in Ghana with its associated high rates
of morbidity and mortality [38].
Previous studies have indicated the co-existence of
G6PD deficiency in patients with sickle cell disease
[39, 40]. The prevalence of both diseases are highest
in sub-Saharan Africa [41], and the Arabian Peninsula
[42]. This study found a 5% prevalence of co-inherited
SCT and G6PD enzymopathy which is comparable to the
7% prevalence of co-inherited G6PD enzymopathy and
SCT recorded in a previous cross-sectional study in
Ghana [27]. Another study in the sub-region by Egesie
et al., also recorded a 5.4% coinheritance of SCT and
G6PD deficiency among blood donors in Nigeria [43].
This 5% co-inheritance reported herein is however at variance with reported co-inheritance prevalence reported
elsewhere. For example Alabdulaali et al., reported
SCT and G6PD co-inherited prevalence of 0.35%
among blood donors in Riyadh, Saudi Arabia [44].
Another study that investigated the relationship between sickle cell disorders and G6PD deficiency in
Central-Eastern India recorded a 0.61% prevalence of
SCT and G6PD co-inheritance [45]. The differences
in the prevalence reported in this study compared to
the previous studies may be a function of the different selective pressures that exists in the different geographic locations where the studies were undertaken.
Studies investigating the potential modulatory effect of
G6PD enzymopathy on severity of sickle cell anaemia
has produced conflicting results. We report that, in the
steady state, the haemoglobin levels of participants with
SCT and/or G6PD enzymopathy did not significantly
differ from participants with normal G6PD status and/or
Hb A. Our study however found significantly raised
%Hb F levels in males with G6PD enzymopathy compared to their female counterparts. Additionally, among
the G6PD deficient males, the %Hb F levels were significantly elevated irrespective of the SCT status, when
compared to the G6PD normal male counterparts. This
observation is in agreement with a previous study in
India that reported elevated %Hb F levels in G6PD deficient individuals [46]. Hb F has been shown to modulate
the severity of haemoglobinopathies. In line with this,
hydroxyurea is a pharmaceutical product used clinically
to increase Hb F levels. Therefore, we propose that even
though the haemoglobin levels did not differ in steady
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state, it is plausible to suppose that in haemolytic
episodes, the elevated %Hb F levels in these defective
G6PD and/or SCT may modulate the severity by improving oxygen transport to tissues and organs in the
body. It is interesting to note that males who coinherited SCT and G6PD enzymopathy had significantly
elevated %Hb F compared to males who inherited either
SCT or G6PD enzymopathy alone. In evaluating the
factors associated with increased %Hb F levels ≥2.5%,
our study also found male gender, partial defective
G6PD enzyme and SCT as predictive of elevated %Hb F
levels. This is in agreement with a previous crosssectional study in Saudi Arabia that also found gender
and haemoglobin variants as being associated with increased %Hb F levels [47]. However, whereas that study
found age to be associated with elevated %Hb F levels,
this study did not. This is not surprising considering that
the El-Hazmi et al. study sampled both adults and cord
blood taken from day old babies whereas this study
recruited only adults (15–84 years).
To our knowledge, this is the first study in the subregion to clearly demonstrate G6PD enzymopathy to be
associated with elevated %Hb F levels. As the %Hb F
levels were significantly elevated in those with G6PD
enzymopathy compared to those with SCT, it will be interesting to compare the %Hb F levels in those with
sickle cell anaemia to those with G6PD defect as well as
assess the impact that %Hb F levels on the pathogenesis
of oxidant stress in individuals with G6PD enzymopathy.
However, the impact of our study was limited by the
sample size, and the G6PD screening assay employed
which is not as sensitive as the fluorescence method
[24]. Additionally, our study did not estimate the reticulocyte count in the participants as reticulocytosis could
have confounded the interpretation of the methaemoglobin reductase test.

Conclusion
In the steady state the inheritance of G6PD defect and/
SCT significantly elevate %Hb F, but not haemoglobin
levels in the peripheral blood. Male gender, SCT and
G6PD partial defect are factors associated with elevated
%Hb F ≥ 2.5. Therefore, in the management of individuals with G6PD defect and/or SCT, %Hb F levels should
be monitored to inform clinical decisions. Further studies employing animal models should be undertaken to
understand the modulating effect of %Hb F levels on
G6PD defect and/or SCT.
Abbreviations
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