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Abstract 

Background: Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency is one of the most 
common human genetic abnormalities, with a high prevalence in Sardinia, Italy. Evidence indicates 
that G6PD-deficient patients are protected against vascular disease. Little is known about the 
relationship between G6PD deficiency and diabetes mellitus. The purpose of this study was to 
compare G6PD deficiency prevalence in Sardinian diabetic men with severe retinal vascular 
complications and in age-matched non-diabetic controls and ascertain whether G6PD deficiency 
may offer protection against this vascular disorder. 
Methods: Erythrocyte G6PD activity was determined using a quantitative assay in 390 diabetic 
men with proliferative diabetic retinopathy (PDR) and 390 male non-diabetic controls, both aged 
≥50 years. Conditional logistic regression models were used to investigate the association be-
tween G6PD deficiency and diabetes with severe retinal complications. 
Results: G6PD deficiency was found in 21 (5.4 %) diabetic patients and 33 (8.5 %) controls 
(P=0.09). In a univariate conditional logistic regression model, G6PD deficiency showed a trend for 
protection against diabetes with PDR, but the odds ratio (OR) fell short of statistical significance 
(OR=0.6, 95% confidence interval=0.35-1.08, P=0.09). In multivariate conditional logistic regres-
sion models, including as covariates G6PD deficiency, plasma glucose, and systemic hypertension or 
systolic or diastolic blood pressure, G6PD deficiency showed no statistically significant protection 
against diabetes with PDR. 
Conclusions: The prevalence of G6PD deficiency in diabetic men with PDR was lower than in 
age-matched non-diabetic controls. G6PD deficiency showed a trend for protection against dia-
betes with PDR, but results were not statistically significant. 

Key words: Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency; diabetes mellitus; prolifera-
tive diabetic retinopathy; conditional logistic regression analysis 

Introduction 
Glucose-6-Phosphate Dehydrogenase (G6PD) is 

a cytoplasmatic enzyme affecting the production of 
the reduced form of the extramitochondrial Nico-
tine-Adenosine-Dinucleotide Phosphate coenzyme 

(NADPH) by controlling the step from glu-
cose-6-phosphate to 6-phosphogluconate in the pen-
tose phosphate pathway. In erythrocytes, defense 
against oxidative damage is heavily dependent on 

 
Ivyspring  

International Publisher 



Int. J. Med. Sci. 2013, Vol. 10 

 
http://www.medsci.org 

1908 

G6PD activity, which is the only source of NAPDH.1 
The gene encoding G6PD is located in the telomeric 
region of the long arm of the X chromosome (band 
Xq28). More than 300 alleles with point mutation in 
the G6PD gene sequence have been identified.2 The 
Gd-Mediterranean allele, associated with levels of 
enzyme activity undetectable with routine methods, is 
common among the male population in Sardinia, Ita-
ly, where the reported prevalence of G6PD deficiency 
is 8-15%.3-6 Hemizygous males have populations of 
uniformly deficient erythrocytes; conversely, hetero-
zygous females have mosaic populations of normal 
and G6PD-deficient erythrocytes, due to random X 
chromosome inactivation. G6PD deficiency is a public 
health issue in Sardinia, because of the seasonal oc-
currence of hemolytic crises after the ingestion of 
broad beans (Vicia faba) in G6PD-deficient subjects. 
Other important clinical manifestations of G6PD de-
ficiency include neonatal jaundice and drug-induced 
hemolysis, which may follow the ingestion of agents 
with oxidant properties, such as primaquine, sul-
phonamides, nitrofurantoin, and several an-
ti-inflammatory agents.2 The geographic distribution 
of G6PD deficiency, which is very similar to the dis-
tribution of current or past malaria endemicity, sug-
gests that G6PD deficiency confers resistance to infec-
tion with falciparum malaria.2 

Diabetes mellitus is the most common endocrine 
disorder in industrialized countries. The definition of 
diabetes mellitus has recently changed considerably.7 
This condition is now defined as a group of metabolic 
diseases characterized by hyperglycemia resulting 
from defects in insulin secretion and/or action. Two 
main forms are recognized. Type 1 diabetes, previ-
ously called insulin-dependent diabetes mellitus or 
juvenile-onset diabetes, is due to a deficiency in en-
dogenous insulin secretion secondary to destruction 
of insulin-producing beta cells in the pancreas. Alt-
hough type 1 diabetes does have a peak incidence 
around the time of puberty, approximately 25% of 
cases present after 35 years of age. Type 2 diabetes, 
formerly known as non-insulin-dependent or 
adult-onset diabetes mellitus, is characterized by in-
sulin resistance with an insulin secretory defect lead-
ing to relative insulin deficiency. This group accounts 
for 90-95% of patients with diabetes and also has a 
strong genetic predisposition. Type 2 patients are 
usually, but not always, older than age 40 at presen-
tation. Obesity is a frequent finding and, in the United 
States, is present in 80-90% of these patients. 

The relationship between G6PD deficiency and 
diabetes is still matter of debate. The hypothesis that 
hyperglycemia can lead to a decrease of G6PD activity 
is supported by experimental observations.8 The re-
verse hypothesis - that G6PD deficiency could be a 

risk factor for the occurrence of diabetes - has also 
been raised. In several populations, systematic 
screening of G6PD activity suggested an increased 
prevalence of G6PD deficiency in individuals with 
diabetes, compared with the background rate of the 
general population.8 

Diabetic retinopathy is the leading cause of new 
cases of legal blindness among working-age people in 
developed countries. Proliferative diabetic retinopa-
thy (PDR), the most vision-threatening form of dia-
betic retinopathy, has been reported to be present in 
approximately 50% of type 1 patients with 25 years’ 
duration of the disease and in 25% of patients who 
have type 2 diabetes mellitus for 25 years or more.9,10 

Evidence indicates that patients with G6PD de-
ficiency are protected against ischemic heart and cer-
ebrovascular disease, retinal vein occlusion (RVO), 
and nonarteritic anterior ischemic optic neuropathy 
(NAION).4,11-13 On the other hand, an increased prev-
alence of PDR in G6PD-deficient patients with type 1 
diabetes has recently been reported in a small study, 
suggesting that G6PD deficiency accelerates the reti-
nal microvascular complications of diabetes.14 

The purpose of this study was to compare G6PD 
deficiency prevalence in Sardinian diabetic men with 
severe retinal vascular complications and in 
age-matched non-diabetic controls and ascertain 
whether G6PD deficiency may offer protection 
against this vascular disorder. 

Methods 
The present study used a case-control design, 

recruiting 390 out of 420 consecutive diabetic men 
with severe retinal complications and 390 male 
age-matched non-diabetic controls between January 
1994 and December 2008. Both patients and controls 
were aged ≥50 years and of Sardinian ancestry. 
Women were excluded because of the small number 
of homozygote subjects with complete lack of eryth-
rocyte G6PD activity. Sample size was computed be-
fore the survey with a 95% confidence level 
(two-tailed test) and 82% statistical power to detect an 
odds ratio of 2, assuming a G6PD prevalence rate of 
8.5%, as reported previously.3-6 The case-control ratio 
was 1:1. 

The inclusion criteria for the case group were 
diagnosis of type 1 or type 2 diabetes mellitus with 
PDR, full Sardinian ancestry, and age ≥50 years. Ac-
cording to the Early Treatment of Diabetic Retinopa-
thy Study (ETDRS) classification, the diagnosis of 
PDR was established by the detection of new vessels 
at the optic disk and/or elsewhere in the retina on 
ophthalmoscopic examination and fluorescein angi-
ography.15,16 Plasma glucose, glycated hemoglobin 
(HbA1c), systolic and diastolic blood pressure, and 
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medical conditions, including systemic hypertension, 
hypercholesterolemia, and cardio- and cerebrovascu-
lar status were recorded. All diabetic patients un-
derwent a full ophthalmic evaluation, including best 
corrected visual acuity (BCVA), slit-lamp examina-
tion, applanation tonometry, fundus biomicroscopy, 
and fluorescein angiography. Exclusion criteria in-
cluded age <50 years, any level of non-Sardinian an-
cestry, and evidence of any other retinal vascular 
disorder. 

Age-matched controls were randomly selected 
from patients undergoing cataract surgery. Exclusion 
criteria included clinical/laboratory evidence of dia-
betes mellitus, age <50 years, any level of 
non-Sardinian ancestry, and previous history of reti-
nal artery occlusion, RVO, or anterior ischemic optic 
neuropathy. All controls underwent standard oph-
thalmic evaluation, including BCVA, slit-lamp exam-
ination, applanation tonometry, and fundus examina-
tion. Plasma glucose, systolic and diastolic blood 
pressure, and medical conditions were also recorded. 
Controls were recruited concurrently during the pa-
tients’ recruitment period.  

Subjects were classified as diabetic if they were 
under treatment for type 1 or type 2 diabetes or if they 
had a fasting plasma glucose level of ≥126 mg/dL 
and/or a plasma glucose level of ≥200 mg/dL 2 hours 
after a 75-g oral glucose load in a glucose tolerance 
test (as defined by the WHO). Subjects were consid-
ered to have hypertension if they were receiving 
treatment with anti-hypertension drugs or if their 
blood pressure was >140 mm Hg systolic or >90 mm 
Hg diastolic (as defined by the WHO/International 
Society of Hypertension). Hypercholesterolemia was 
defined by a fasting plasma cholesterol level of ≥220 
mg/dL or the intake of lipid-lowering drugs. 

Institutional ethics review board approval was 
obtained and the study was conducted in full accord 
with the tenets of the Declaration of Helsinki. Each 
participant received detailed information and pro-
vided informed consent before inclusion.  

Seven percent of the cases and 5% of the controls 
who were eligible for the study declined to partici-
pate. The major reason was “not interested.” 

Red blood cell G6PD activity was determined 
using a quantitative assay (G6PD/6PGD, Biomedic 
snc, Sassari, Italy) as described previously.6,11,12 
Quantitative testing for G6PD deficiency is routinely 
performed in all patients admitted to our hospital. 

Categorical values were compared by 
Chi-square test. The differences between cases and 
controls for quantitative variables were analyzed by 
Student’s t test. Univariate conditional logistic re-
gression models were first used to investigate the as-
sociation between diabetes with PDR and some vari-

ables, including G6PD deficiency, plasma glucose, 
systolic or diastolic blood pressure and systemic hy-
pertension. Multivariate conditional logistic regres-
sion analysis, including as covariates plasma glucose 
and systemic hypertension or systolic or diastolic 
blood pressure, were used to determine the signifi-
cance of the association between G6PD deficiency and 
diabetes with PDR.17 Odds ratios (ORs) and 95% con-
fidence intervals (CIs) were calculated. P values <0.05 
were considered to be statistically significant. Statis-
tical analysis was performed with commercial soft-
ware (STATA ver. 9.0; StataCorp, College Station, TX). 

Results 
The study group consisted of 390 patients (mean 

age: 63.6±7.3 years), all with bilateral PDR; 58 (14.9%) 
had type 1 diabetes and 332 (85.1%) had type 2 dia-
betes. Diabetes duration was ≥15 years in all patients. 
Mean visual acuity was 0.42±0.35 (range: 0-1) in the 
right eye and 0.41±0.35 (range: 0-1) in the left eye. The 
right and left eyes had almost identical mean intraoc-
ular pressure values (15.7±5.3 mm Hg and 15.2±4.1 
mm Hg). Neovascular glaucoma was found in 17 
(4.4%) patients; in two, this condition was bilateral. 
Two patients were aphakic and 103 (26.4%) had a 
posterior chamber intraocular lens; of these, 57 had 
bilateral pseudophakia. Vitreous hemorrhage was 
observed in 96 (24.6%) patients, of whom 30 had bi-
lateral involvement. Overall, vitreous hemorrhage 
was seen in 67 right eyes and 59 left ones. 

The patients’ and controls’ systemic characteris-
tics are reported in Table 1. Diabetic patients had a 
significantly higher frequency of systemic hyperten-
sion and significantly higher levels of systolic and 
diastolic blood pressure and plasma glucose than the 
control subjects. Hypercholesterolemia was disclosed 
in 27.9% of patients with PDR. Unfortunately, data 
about hypercholesterolemia in the control population 
were incomplete; consequently, it was not possible to 
include this risk factor in the statistical analysis. Mean 
HbA1c in diabetic patients with PDR was 7.9±1.1%, a 
result indicating poor glycemic control. 

 G6PD deficiency was found in 21 (5.4%) out of 
390 diabetic patients; of these, 3 (5.2%) had type 1 
diabetes and 18 (5.4%) had type 2 diabetes. On the 
other hand, G6PD deficiency was found in 33 (8.5%) 
out of 390 controls, a prevalence rate within the range 
observed in the Sardinian male population.3-6 All 
G6PD-deficient men had undetectable levels of red 
blood cell enzyme activity (total deficiency). The data 
indicated a higher prevalence of G6PD deficiency in 
controls compared to diabetic patients with PDR, but 
it was not significant at the 0.05 significance level (P = 
0.09). None of the patients with G6PD deficiency had 
shown clinical manifestations of favism or 
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drug-induced hemolysis in the two years before their 
enrolment in this study. 

In a univariate conditional logistic regression 
model, G6PD deficiency showed a trend for protec-
tion against diabetes with PDR, but the OR was not 
statistically significant (OR = 0.62, 95% CI = 0.35-1.08, 
P = 0.09). 

Multivariate conditional logistic regression re-
sults are reported in Tables 2-4. In these models, in-
cluding as covariates G6PD deficiency, plasma glu-
cose levels, and systemic hypertension or systolic or 
diastolic blood pressure values, G6PD deficiency 
showed a trend for protection against diabetes with 
PDR, but the ORs were not statistically significant. 
Conversely, elevated plasma glucose, systemic hy-
pertension, and increased diastolic blood pressure 
were significantly associated with increased risk for 
diabetes with PDR. 

 
 
 

Table 1. Systemic characteristics of diabetic patients with pro-
liferative diabetic retinopathy (PDR) and control subjects. 

 Diabetic 
patients 
 (n = 390) 

Controls  
(n = 390) 

P 
Cases vs. 
Controls 

Age, years (mean) ± SD 63.6±7.3 64.1±6.9 0.28 

Plasma glucose, mg/dL (mean) 
± SD 

157.8±3.6 
 

98.3±0.7 
 

<0.0001 
 

Systolic blood pressure, mm 
Hg (mean) ± SD  

139.9±1.0 
 

133.7±0.9 
 

<0.0001 
 

Diastolic blood pressure, mm 
Hg (mean) ± SD 

81.3±0.5 78.3±0.5 <0.0001 

G6PD deficiency,  n (%) 21 (5.4) 33 (8.5) 0.09 
Systemic hypertension, n (%) 313 (80.3) 150 (38.5) <0.001 
Hypercholesterolemia, n (%) 109 (27.9) --- --- 
HbA1c (%) 7.9±1.1 --- --- 

 
 
 
 

Table 2. Multivariate conditional logistic regression analysis 
(including G6PD deficiency, systemic hypertension, and plasma 
glucose), showing odds ratios for diabetes with proliferative dia-
betic retinopathy (PDR; n = 390). Number of controls: 390. 

  PDR  
Factor Odds Ratio 95% Confidence 

Interval 
P value 

G6PD deficiency 
(yes/no) 

0.63 0.26-1.57 0.32 

Systemic hypertension 
(yes/no) 

6.3 3.75-10.62 <0.0001 

Plasma glucose 
(mg/dl) 

1.03 1.03-1.04 <0.0001 

 

Table 3. Multivariate conditional logistic regression analysis 
(including G6PD deficiency, systolic blood pressure, and plasma 
glucose), showing odds ratios for diabetes with proliferative dia-
betic retinopathy (PDR; n = 390). Number of controls: 390. 

  PDR  
Factor Odds Ratio 95% Confidence 

Interval 
P value 

G6PD deficiency 
(yes/no) 

0.85 0.39-1.84 0.68 

Systolic blood 
pressure (mm Hg) 

1.01 0.99-1.02 0.11 

Plasma glucose 
(mg/dl) 

1.03 1.03-1.04 <0.0001 

 
 
 

Table 4. Multivariate conditional logistic regression analysis 
(including G6PD deficiency, diastolic blood pressure, and plasma 
glucose), showing odds ratios for diabetes with proliferative dia-
betic retinopathy (PDR; n = 390). Number of controls: 390. 

  PDR  
Factor Odds Ratio 95% Confidence 

Interval 
P value 

G6PD deficiency 
(yes/no) 

0.87 0.40-1.88 0.72 

Diastolic blood 
pressure (mm Hg) 

1.02 0.99-1.04 0.05 

Plasma glucose 
(mg/dl) 

1.03 1.03-1.04 <0.0001 

 
 

Discussion 
The most common enzyme deficiency in hu-

mans, G6PD deficiency affects an estimated 400 mil-
lion people worldwide.2 This disorder is found 
mainly in the tropical and sub-tropical regions of the 
world, with the highest rates, usually 5-30%, in Africa, 
Asia, the Middle East, the Mediterranean, and Papua 
New Guinea.18,19 In the U.S., black males are com-
monly affected, with a prevalence rate of 10%.19 Sar-
dinia is one of the areas with the highest prevalence, 
with rates ranging from 8% to 15%.3-6 Former studies 
have suggested that the geographic distribution of 
G6PD deficiency, which is highly correlated with the 
distribution of current or past malaria endemicity, is 
the result of a balanced polymorphism conferring 
resistance to infection with falciparum malaria.2 

A frequent cause of blindness in the U.S., dia-
betic retinopathy is the leading cause in patients aged 
20-64 years. The exact pathogenic mechanism of dia-
betic microvascular disease is unknown. Exposure to 
hyperglycemia over an extended period is believed to 
result in biochemical and physiological changes that 
ultimately cause endothelial damage. Specific retinal 
capillary changes include basement membrane 
thickening and selective loss of pericytes, which favor 
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capillary occlusion and retinal nonperfusion, as well 
as decompensation of the endothelial barrier function, 
which allows serum leakage and retinal edema to 
occur. A large number of hematologic and biochemi-
cal abnormalities have been associated with the prev-
alence and severity of diabetic retinopathy, such as 
increased erythrocyte aggregation, increased platelet 
adhesiveness, defective fibrinolysis, abnormal serum 
lipids, abnormalities in serum and whole blood vis-
cosity, abnormal levels of growth hormone, and up-
regulation of vascular endothelial growth factor 
(VEGF).20 

There is general agreement that the severity of 
hyperglycemia is the key alterable risk factor associ-
ated with the development and progression of dia-
betic retinopathy.21-23 Furthermore, intensive man-
agement of systemic hypertension has been demon-
strated to slow diabetic retinopathy progression.24,25 
In our study, diabetic patients with PDR had a signif-
icantly higher frequency of systemic hypertension and 
significantly higher values of systolic and diastolic 
blood pressure and plasma glucose than the control 
subjects. Likewise, multivariate conditional logistic 
regression analysis showed that hyperglycemia, sys-
temic hypertension, and elevated diastolic blood 
pressure were significantly associated with an in-
creased risk of diabetes with severe retinal vascular 
complications. Our results are consistent with earlier 
studies, confirming that elevated levels of plasma 
glucose and systemic hypertension, especially dias-
tolic hypertension, are important risk factors for 
PDR.21-24 

The role of G6PD deficiency in the pathogenesis 
of diabetic vascular disease is far from clear. Former 
research showed no association between diabetes 
mellitus and G6PD deficiency.26 Theoretically, this 
genetic abnormality should represent a disadvantage, 
since NADPH is necessary to regenerate reduced 
glutathione and decreased NADPH production may 
facilitate oxidative stress.1 Furthermore, G6PD defi-
ciency might worsen diabetic vascular disease by in-
creasing endothelial dysfunction, as the decreased 
supply of G6PD-derived NADPH, a cofactor for en-
dothelial nitric oxide (NO) synthase, may reduce the 
synthesis of NO, a potent vasodilator with antiather-
ogenic effects.27,28 On the other hand, experimental 
and clinical evidence indicates that G6PD deficiency 
may attenuate the process leading to diabetic micro-
angiopathy. Indeed, the decreased supply of NADPH 
may damp the activity of aldose reductase in the first 
step of the polyol pathway, thus limiting the contri-
bution of the excess of polyols to the pathogenesis of 
diabetic vascular damage.29 Furthermore, the de-
creased production of NADPH might paradoxically 
protect against oxidative stress, as suggested by a 

recent study associating elevated G6PD activity and 
elevated NDAPH levels with endothelial and vascular 
dysfunction in diabetic patients.30 Indeed, 
G6PD-derived NADPH, a cofactor for NADPH oxi-
dase, enhances superoxide anion generation and ele-
vates oxidative stress.30 G6PD deficiency might also 
offer protection against diabetic microangiopathy 
because of the decreased cholesterol synthesis.5 

In a recently published paper, Cappai et al.14 in-
vestigated the prevalence of PDR in patients with type 
1 diabetes of duration ≥15 years, who were 
G6PD-deficient (n = 19) or -sufficient (n = 35). They 
found an increased prevalence of PDR in 
G6PD-deficient patients, suggesting that G6PD defi-
ciency is a risk factor for PDR, because it accelerates 
the retinal microvascular complications of diabetes.  

In our large study, we found that the prevalence 
of G6PD deficiency in diabetic men with PDR was 
lower than expected. Indeed, there was a higher 
prevalence of G6PD deficiency in non-diabetic con-
trols, compared to diabetics with PDR. In a univariate 
conditional logistic regression model, G6PD defi-
ciency showed a trend for protection against diabetes 
with PDR (P = 0.09). However, in multivariate condi-
tional logistic regression models, including as covari-
ates G6PD deficiency, plasma glucose levels, and 
systemic hypertension or systolic or diastolic blood 
pressure, results showed that G6PD deficiency does 
not confer any significant protection against diabetes 
with PDR. Overall, if it is true that our results failed to 
demonstrate that G6PD deficiency may offer protec-
tion against diabetes with PDR, it is also true that we 
found no evidence that it may be a risk factor for this 
condition.  

Recent studies have suggested that 
G6PD-deficient patients are protected against is-
chemic heart and cerebrovascular disease, RVO, and 
NAION.4,11-13 Unlike in RVO and NAION, G6PD de-
ficiency seems not to confer protection against the 
severe retinal vascular complications of diabetes. This 
discrepancy might be explained by the different 
pathogenic mechanisms underlying these different 
retinal vascular disorders. On the one hand, in PDR, 
retinal endothelial damage is largely due to 
long-lasting hyperglycemia;20 on the other hand, in 
RVO and NAION, atherosclerosis is believed to play a 
key role in the pathogenesis of the vascular dam-
age.11,12 Actually, in former studies, we found hyper-
cholesterolemia in 35.7% and 34.3% of patients with 
RVO and NAION, respectively;11,12 conversely, in the 
present survey, hypercholesterolemia was disclosed 
in only 27.9% of diabetic patients with PDR.  

Hypercholesterolemia, a well-known risk factor 
for cardiovascular disease, damages small blood ves-
sels by impairing endothelial vasodilator function, 
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probably by interfering with the synthesis of NO.28 A 
large body of experimental evidence linking G6PD 
activity, cholesterol synthesis, and cell growth has 
accumulated in recent years.5,31 Interestingly, Batetta 
et al.5 have shown that the Mediterranean variant of 
G6PD deficiency is characterized by peculiar altera-
tions in plasma and intracellular cholesterol metabo-
lism, such as reduced synthesis and esterification. In 
G6PD-deficient subjects, the reduced ability to esterify 
and accumulate cholesterol in the arteries may ac-
count for a lower risk of atherosclerotic disease and, 
therefore, RVO and NAION.11,12 Overall, it is likely 
that in diabetic G6PD-deficient men with PDR the 
retinal endothelial damage caused by long-standing 
hyperglycemia outweighs the protection offered by 
G6PD deficiency against retinal vascular disorders. 

As in other studies analyzing the relationship 
between retinal vascular disorders and certain vascu-
lar risk factors, the control group was selected from 
patients undergoing cataract surgery.11,12,32-34 It is 
highly unlikely that this strategy may have intro-
duced a selection bias, because the prevalence rate 
(8.5%) of G6PD deficiency in the control group was 
within the range observed in the Sardinian male 
population.3-6 This finding rules out the hypothesis 
that G6PD deficiency might result in increased sus-
ceptibility to cataract, in full agreement with former 
studies clearly showing that Sardinian G6PD-deficient 
patients do not have a higher risk of developing cat-
aract.6,35 

One could argue that we compared the preva-
lence of G6PD deficiency in diabetes (with the quali-
fier “and retinal vascular complications”) versus 
non-diabetes, rather than G6PD deficiency prevalence 
in diabetic patients with PDR versus diabetic patients 
who have not developed PDR after the same duration 
of diabetes. However, the latter comparison would 
apply only if the prevalence of G6PD deficiency was 
not altered in diabetes, which still remains to be es-
tablished. Keeping this fact into account, we strongly 
believe that the correct comparison is to be made be-
tween diabetic and non-diabetic subjects, and this is 
what we performed in our investigation. 

Our study has several important limitations. 
First of all, it was restricted to a limited, genetically 
homogeneous group of male patients (i.e. those of 
Sardinian ancestry); as a result, our findings may not 
be applicable to diabetic patients of non-Sardinian 
ancestry. Furthermore, we analyzed a sample of sub-
jects aged 50 years or older; however, the exclusion of 
individuals under the age of 50 may be considered of 
little importance for the purpose of our study, as 
G6PD deficiency does not influence the life expec-
tancy of the affected subjects and its frequency does 
not increase with age.6 Moreover, in our statistical 

models, type 1 and type 2 diabetes cases were pooled 
together, because the two subgroups showed almost 
identical G6PD deficiency prevalence rates. This ap-
proach may be questionable, because type 1 and type 
2 diabetes are two different clinical entities with dif-
ferent pathogenesis, natural history, and PDR inci-
dence. Another potential limitation is the fact that we 
did not assess the impact of tobacco smoking. Last, 
but not least, data about hypercholesterolemia in the 
control population were incomplete; as a result, it was 
not possible to include this risk factor in the logistic 
regression models. 

In conclusion, we found that the prevalence of 
G6PD deficiency in Sardinian diabetic men with PDR 
was lower than in age-matched non-diabetic controls. 
G6PD deficiency showed a trend for protection 
against diabetes with PDR, but results were not sta-
tistically significant. Our data also support earlier 
reports associating hyperglycemia and systemic hy-
pertension with the severe retinal complications of 
diabetes,21-25 but contrast with other studies suggest-
ing that G6PD deficiency is a risk factor for PDR.14 
Further experimental and clinical studies are neces-
sary for a better understanding of the mechanism by 
which G6PD deficiency may affect diabetes and its 
retinal vascular complications. 
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