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ABSTRACT

Background: Studies in different populations have shown an association between diabetes mellitus and G6PD
deficiency. This association has not been investigated in the Ghanaian population. We conducted a cross-sectional
study to investigate the relationship between G6PD deficiency and type 2 diabetes mellitus in a Ghanaian population.

Methods: The cross-sectional study involved 125 registered type 2 diabetes mellitus clients and 125 non-diabetic
individuals. Chi-square analysis was used to assess the association between G6PD status and type 2 diabetes mellitus
with statistical significance pegged at p-value<0.05.

Results: The prevalence of G6PD deficiency in the study population was 24.0% and 13.6% for the diabetics and non-
diabetics respectively. In terms of gender, 29.5% of the diabetic males were G6PD deficient whiles G6PD deficiency
was observed in 11.1% of the non-diabetic males. Additionally, 21.0% of the diabetic females were also G6PD
deficient with 15.3% of the non-diabetic females being G6PD deficient. The results showed that the overall G6PD
deficiency was significantly associated with type 2 diabetes mellitus as compared to the non-diabetics. In terms of
gender differences, G6PD deficiency was significantly associated with type 2 diabetes in males but, there was no
significant association in females.

Conclusions: The study reports the first findings of the relationship between G6PD deficiencies among type 2
diabetes patients in Ghana. The study revealed that G6PD deficiency is more prevalent among type 2 diabetics than
non-diabetics. Type 2 diabetes mellitus is independently associated with G6PD deficiency in males but not females.
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INTRODUCTION

The regeneration of reduced glutathione (GSH), required
for reduction of oxidative stress in the biological system
is dependent on the reduced form of Nicotinamide-
Adenine-Dinucleotide Phosphate coenzyme (NADPH).!
Glucose-6-Phosphate Dehydrogenase (G6PD) acts as the
central regulatory enzyme in the metabolic pathway for
the regeneration of NADPH.! G6PD deficiency is a
common enzyme defect resulting from mutation in the
G6PD gene, estimated to be affecting over 400 million
people worldwide with significantly higher frequencies
recorded in Africa, Asia, and the Mediterranean area.?

The prevalence among males have been reported to be
significantly higher among males than females.>® The
WHO also estimates the prevalence of G6PD deficiency
in Ghana to be 15-26%.* Studies in different populations
have shown an association between type 2 diabetes
mellitus and G6PD deficiency.>® The relationship,
however, is still matter of debate. This association has not
been investigated in the Ghanaian population. The overall
aim of this cross-sectional study was to investigate the
association of G6PD deficiency and type 2 diabetes
mellitus in a Ghanaian population.
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METHODS
Study site and design

The cross-sectional study was carried out at Agoroyesum
Government Hospital in the Ashanti region between
January 2020 to March 2020.

Selection criteria

The study included both registered type 2 diabetes
mellitus clients (125) at the Diabetes clinic and non-
diabetic individuals (125). Non-diabetic subjects were
recruited from among blood donors and non-diabetic staff
of the hospital.

Measurements and statistical analysis

Fasting blood glucose was measured with a Cobas Integra
400 plus autoanalyzer and the methaemoglobin reduction
test assay was used to screen for G6PD status. Chi-square
analysis was used to assess the association between
G6PD status and type 2 diabetes mellitus with statistical
significance pegged at p-value <0.05.

RESULTS
Demographic characteristics of the study participants

The subjects were made up of 44 (35.2%) diabetic males
and 53 (42.4%) non-diabetic males. The females included
81 (64.8%) diabetics and 72 (57.6%) non-diabetics. There
was no significant difference in the gender distribution
(Table 1).

Table 1: Demographic characteristics of the study
participants.

Variable Type 2 diabetics Non-diabetics P value
Gender 0.243
Males 44 (35.2%) 53 (42.4%)

Females 81 (64.8%) 72 (57.6%)

Age (yrs) 53.3+129 42.7+8.78 <0.0001

Results are presented as number (%) and mean * standard
deviation

Distribution of G6PD deficiency in the study population

The results showed that the overall prevalence of G6PD
deficiency in the study population was 24.0% and 13.6%
for the diabetics and non-diabetics respectively. In terms
of gender, 29.5% of the diabetic males were G6PD
deficient whiles G6PD deficiency was observed in 11.1%
of the non-diabetic males. Additionally, 21.0% of the
diabetic females were also G6PD deficient with 15.3% of
the non-diabetic females being G6PD deficient (Table 2).

Table 2: Distribution of G6PD deficiency in the study

population.
G6PD status Diabetics Non-diabetics
No Defect
Males 31 (70.5%) 47 (88.7%)
Females 64 (79.0% 61 (84.7%)
Total 95 (76.0%) 108 (86.4)
G6PD deficiency
Males 13 (29.5%) 6 (11.3%)
Females 17 (21.0%) 11 (15.3%)
Total 30 (24.0%) 17 (13.6%)

Results are presented as number (%)
Association between G6PD and type 2 diabetes mellitus

The results showed that the overall G6PD deficiency was
significantly associated with type 2 diabetes as compared
to the non-diabetics. In terms of gender differences,
G6PD deficiency was significantly associated with type 2
diabetes in males but, there was no significant association
in females (Table 3).

Table 3: Chi-square analysis of association between
G6PD and type 2 diabetes mellitus.

Group OR 95% C.I P value
Males 3.56 1.28t0 9.03 0.012
Females 1.30 0.54 to 3.05 0.566
Total 2.01 1.05 to 3.93 0.035

OR: Odds ratio; C.I: 95% Confidence interval
DISCUSSION

There was no significant sex difference between the type
2 diabetes group and the non-diabetic controls. However,
the type 2 diabetes groupwere significantly older subjects
as compared to the non-diabetic controls. This
demographic picture of the participants in the study was
similar to that of Engwa et al though the number of
subjects in this present study was higher.> G6PD is a sex-
linked genetic disorder which when present manifests
from birth and therefore not age-dependent. The results
showed that the overall prevalence of G6PD deficiency in
the study population was significantly higher among type
2 diabetics as compared to non-diabetics. This finding
was consistent with other works in different populations
that have also reported higher proportions of G6PD
deficiency among type 2 diabetes clients.>® Similar to
G6PD, evidence for a strong genetic element of type 2
diabetes susceptibility is suggested by the high incidence
in certain racial/ethnic populations, high incidence among
first-degree relatives of persons with type 2 diabetes
mellitus and the high concordance among monozygotic
twins relative to dizygotic twins.%!® The results of the
study showed that in this terms of gender differences,
G6PD deficiency was significantly associated with type 2
diabetes in males but, there was no significant association
in females. This suggests that G6PD deficiency is
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independently associated with type 2 diabetes in males
but not in females. G6PD deficiency being an X-linked
genetic abnormality, manifests its pathophysiology more
profound in males than in females who may be
heterozygous. This may account for the strong
association of G6PD deficiency with type 2 diabetes in
males than in females. However, the exact biochemical or
metabolic mechanism for the relationship between type 2
diabetes mellitus and G6PD deficiency is still not defined
and a matter of debate. The complex pathophysiologic
nature of type 2 diabetes mellitus suggests that multiple
physio-metabolic pathways are implicated in the
development and progression of the disease. Several
studies aimed at identifying genetic loci for determinants
of the condition have been conducted.’*® The
identification of specific susceptibility loci for type 2
diabetes mellitus have been a challenge. This difficulty
may be due to the combination of multiple genes
involved and the interplay of many modifiable
environmental contributing factors.’* It is not known
whether the two conditions are co-inherited or one acts as
a predisposing factor for the development of the other.
However, reported findings from some researches have
suggested the hypothesis that through oxidative stress
G6PD deficiency may act as a risk factor for the
development of diabetes.by some.%¢ With the established
role of oxidative stress in the development and
progression of diabetes complications, it has been
suggested that G6PD-induced oxidative stress may be the
key link for the association between diabetes and the
enzymopathy. However, observation of such a link was
not identified in the work by Engwa et al.®

Limitation of the study is that, study adds to the literature
on the relationship between type 2 diabetes mellitus and
G6PD deficiency. The study design however, does not
purposively allude a causative link between the two
conditions.

CONCLUSION

The study reports the first findings of the relationship
between G6PD deficiency among type 2 diabetes mellitus
clients in Ghana. The study revealed that G6PD
deficiency is more prevalent among type 2 diabetics than
non-diabetics. The study also concludes that type 2
diabetes is independently associated with G6PD
deficiency in males but not females. Further studies using
a larger sample size and designed to identify potential
causal link between the two conditions will go a long way
in elucidating this observed relationship between the two
conditions.
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