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Excess of oxygen-derived free radicals is known to predispose the vascular wall
to development of atherosclerosis. In a variety of biochemical reactions involved
in the elimination of these reactive oxygen species, glucose-6-phosphate
dehydrogenase (G6PD) is a key enzyme. However, the relationship between
G6PD and atherosclerosis is not clear. In the present study we investigated the
role of GO6PD in human coronary atherosclerosis.

A total of 246 male participants receiving cardiac cathterization at our hospital
from January 1998 to April 1999 were studied. Data of blood G6PD activity and
the traditional risk factors for coronary artery disease were collected from each
individual followed by analysis according to the severity of coronary artery dis-
ease.

The frequency of G6PD deficiency in individuals having insignificant lesion
(CAD (-)) was not statistically different from those with significant lesion (CAD
(+); CAD(-) vs CAD (+), 6.3% vs 4.2%, P>0.1). Similar results were obtained in
the analysis of CAD (+) subgroups, which were classified according to the num-
ber of the major coronary arterial branches involved (single-vessel disease
(CAD1), 3.2%; double-vessel disease (CAD 2), 6.1%; triple-vessel disease
{CAD 3), 5%; left main disease (LM), 0%; P>0.1). In addition, the levels of the
G6PD enzyme activity of the individual groups and subgroups were similar to
each other (CAD (-),9.74£2.7, CAD (+),9.7£2.2; CAD 1,9.4+1.8, CAD 2,9.6 £
2.5;CAD 3,10.312.7; LM, 9.5+1.3; P>0.1).

From this study, we found that in males G6PD is not likely to play an important
role in coronary atherosclerosis
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Introduction

Atherosclerosis is a leading cause of morbidity
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and mortality in Taiwan and the other developed
countries. This disease changes the normal structure
of arterial wall long before manifestation of clinical
symptoms, therefore, identification of mechanisms
underlying its pathogenesis is important for early
prevention of its initiation and progression. Evidence
from a large number of studies in different fields indi-
cates that atherosclerosis arises from interaction be-
tween a variety of factors, one of which involves for-
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mation of reactive oxygen species (known as oxidant
stress) and its clearance. Under normal physiological
conditions, oxidant stress in the vascular wall can be
effectively eliminated by cooperation of antioxidants
and their related enzymes. However in diseased ves-
sels, the balance between oxidant stress and antioxi-
dant defense 1s disturbed, which leads to accumula-
tion of free radicals. This causes damage of cell struc-
ture and results in dysfunction or even death of cells.
Elimination of oxygen-derived free radicals inside
the cell involves several cascades of biochemical re-
actions, in which glucose-6-phosphate dehydro-
genase (GO6PD) plays a key role.

Glucose-6-phosphate dehydrogenase (G6PD) is
an X chromosome-linked enzyme located in the cyto-
plasmic compartment that mediates production of the
reduced form of the extramitochondrial nico-
tine-adenosine-dinucleotide phosphate coenzyme
(NADPH) by catalyzing the reaction from glucose-6
phosphate to 6-phospho-gluconate in the pentose
phosphate pathway.! NADPH is in turn used by the
cell to convert the oxidized glutathione (GSSG) to
the reduced form (GSH), which has the ability to neu-
tralize the toxic effects of hydrogen peroxide and or-
ganic peroxides.” Thus, inadequate G6PD activity in-
fluences the normal defense against oxidant stress.
Such a defect has been confirmed to be associated
with shortened survival of the cell. For example,
G6PD deficiency increased the fragility of the eryth-
rocytes and results in hemolytic anemia. In addition
to red blood cells, other cell types, such as white
blood cells and platelets,** were also reported to have
abnormal function. This indicates that G6PD is es-
sential for maintaining the integrity of different cell
types.

However, the relationship between G6PD and
atherosclerosis is not clear. Although as mentioned
above they both have direct links with the issue of ox-
idant stress, to the best of our knowledge, no studies
to date have explored the role of G6PD in atheroscle-
rosis. To this end, the present study set out to evaluate
the level of G6PD activity in male patients of coro-
nary artery disease.
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Methods

Study Patients

From January 1998 to April 1999, two hundred
and forty six male patients receiving coronary
catheterization in the Mackay Memorial Hospital
were enrolled into this study. Data from each individ-
ual, including coronary angiogram, blood G6PD ac-
tivity, and the traditional risk factors for coronary ar-
tery disease, were collected. The patients were di-
vided into groups according to the severity of coro-
nary artery disease, and the values of G6PD activity
in each group were compared.

Coronary Angiography

The severity of coronary artery disease was
classified into 4 categories as follows: single-vessel,
double-vessel, triple-vessel, and left main disease ac-
cording to the involvement of the left main artery and
the 3 major branches, left anterior descending artery,
left circumflex artery, and right coronary disease.
When a stenotic lesion existed with a luminal diame-
ter less than 50 % of the adjacent unaffected site, the
lesion was defined to be significant and the artery to
be involved. Patients with normal coronary
angiogram or having insignificant lesion were as-
signed to have insignificant disease.

Assessment of G6PD Activity

Patients were kept at fasting state for at least 10
hours, and then 1 ml of blood was collected in the
cathterization room from the femoral artery. G6PD
activity was determined using the method measuring
the amount of NADPH reduced from NADP in the
presence of glucose-6-phosphate plus the hemoly-
sate." According to the standard of the Mackay labo-
ratory, G6PD deficiency was defined to be present
when the value of G6PD activity was less than 7.0
U/g Hb.

Stratification of Risk Factors
The presence of the traditional risk factors, in-
cluding obesity, hypertension, hyperlipidemia, dia-
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Table 1. Baseline Characteristic According to Severity of Coronary Angiogram
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CAD (-) CAD (+) CAD1 CAD 2 CAD 3 LM

N=80_ N=166 N=62 N=49 N=40 N=15
Age (years) 60+9 60+10 58+12 62+10 6119 6419
HTN 40 (50%) 91 (55%) 38 (61%) 24 (49%) 23 (58%) 6 (40%)
DM 16 (20%) 54 (33%) 16 (26%) 12 (24%) 18 (45%) 8 (53%)*
HL 20 (25%) 61 (37%) 27 (44%) 15 (31%) 16 (40%) 3 (20%)
Smoking 46 (58%) 105 (63%) 39 (63%) 30 (61%) 26 (65%) 10 (67%)
Obesity 15 (19%) 33 (20%) 14 (23%) 10 (20%) 7 (18%) 2 (13%)
FM 0 (0%) 4 (2%) 2 (3%) 1 (2%) 1 (3%) 0 (0%)

HTN = Hypertension; DM = Diabetes mellitus; HL = Hyperlipidemia; FM = Family history * P<0.005

Table 2. G6PD Deficiency and Severity of Coronary Angiogram

CAD (-) CAD (+) CAD 1 CAD2 CAD3 M

N=80 N=166 N=62 N=49 N=40 N=15
G6PD deficiency 5(63%) 7 (82%) 2 (32%) 3 (6.1%) 2 (5%) 0 (0%)
G6PD activity (U/g Hb) 9.7 +2.7 9.7+2.2 94+1.8 96+25  103+27  95+13

betes mellitus, smoking and family history of prema-
ture coronary artery disease, were judged from a
patihnet’s blood biochemistry and the admission re-
cord.

Obesity was defined when the patient’s body
mass index exceeded 27.8 kg/m>.° The criteria for hy-
pertension followed the guideline of INC VI, that is,
either the diastolic blood pressure was greater than 90
mmHg, the systolic blood pressure was greater than
140 mmHg, or the patients were currently taking
antihypertensive drugs. The criteria for hyper-
lipidemia was according to the guideline from the
National Cholesterol Education Program (NCEP);
hyperlipidemia was defined to exist when total serum
cholesterol concentration was greater than 6 mmol/L
(240 mg/dL), the low density lipoprotein component
was greater than 4.2 mmol/l (160 mg/dl), or the pa-
tients were currently taking lipid-lowering agents.
Diabetes mellitus was diagnosed when patients had
symptoms of diabetes with a casual plasma glucose
concentration greater than 200 mg/dl, or with either
fasting plasma glucose concentration greater than
126 mg/dl or post-prandial two-hour venous plasma
glucose exceeding 200 mg/d1.° Family history of pre-
mature coronary artery disease was defined to be

present if the patient’s father or other male
first-degree relative had myocardial infarction or
sudden death before 55 years of age, or before 65
years of age in the mother or other female first-degree
relative.”

Statistical Analysis

Continuous data were expressed as mean + SD
and categorical variables as percentages. Data from
each group were compared by chi-square test, t test or
ANOVA test. When the p value <0.05, it was consid-
ered statistically significant.

Results

Two hundred and forty six male patients, aged
from 26 to 81 years (60 + 10), were recruited into this
study. The baseline characteristics according to the
finding of the coronary angiogram are listed in Table
1. The profile of G6PD in each group is listed in Table
2.

As shown in Table 1, the age distribution be-
tween individuals having insignificant lesion and
those with significant lesion was quite similar. In the
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significant lesion group, though patients with sin-
gle-vessel lesions were younger and those with left
main artery lesions were older, the difference was not
significant. Considering the distribution of risk fac-
tors, compared to the insignificant lesion group, each
factor was more frequently seen in the significant le-
sion group. For diabetes, the frequency was elevated
as more of the major coronary branches were in-
volved. The highest frequency was found in those
with left main artery disease (P < 0.005).

As far as G6PD was concerned (Table 2), the
frequency of G6PD deficiency was higher in the sig-
nificant lesion group, though not statistically signifi-
cant. When the activity of G6PD was analyzed, we
still could not find any relationship between the ac-
tivity of G6PD and presence or severity of coronary
artery disease.

Discussion

This study demonstrates that coronary athero-
sclerosis, either its presence or severity, is independ-
ent of G6PD activity in men. This result is based on
the gold standard diagnostic tool, coronary angio-
graphy, performed in men of middle to old age. The
distribution of traditional risk factors, more fre-
quently seen in the stenotic lesion group, is consistent
with those of large scale epidemiological studies.®’
Thus, the participants in this study represent typical
cases encountered in daily practice. Such a finding
clarifies the relationship between G6PD activity and
coronary artery disease.

Theoretically, G6PD may influence the devel-
opment of coronary artery disease in several ways.
For example, insufficient content of GSH due to in-
adequate G6PD activity may exist in vascular cells
and cause overload of oxidant stress, and abnormal
function of platelets associated with deficiency of
this enzyme may favor thrombus formation. Both
have potential impacts on this vascular disease. How-
ever, opposite to this hypothesis, Cocco et al. re-
ported that, based on the mortality analysis,
G6PD-deficient individuals were protected from
ischemic heart disease.'® But, in contrast to the pres-
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ent study, no information was given about the anat-
omy of the coronary artery. In the present study, we
studied males only, since the female has a pair of X
chromosomes and thus duplicate G6PD genes; if the
two allels are not identical, enzyme activity can fluc-
tuate, which may influence the result. Our data
showed that as a whole, the frequency of G6PD-
deficient carriers is less than 5%, which is similar to
the previous reports in Taiwan (2.6 to 5.47%).'"'*"
Since the number of carriers was limited, we then an-
alyzed the enzyme activities and compared them be-
tween subgroups of different severity of the disease.
The result did not support the existence of any link.

Although the negative association seems not in
line with the oxidant stress concept, its interpretation
requires careful consideration of the protecting strat-
egies against reactive oxygen species in different cell
types. In the body, elimination of the noxious effects
of oxygen-derived free radicals can be achieved by
several mechanisms. For example, the origin of oxy-
gen-derived free radicals, superoxide anion, is
detoxicatyed with antioxidants, such as vitamins C
and E, and superoxide anion is converted to peroxide
(by superoxide dismutase)'* and subsequently de-
stroyed by either catalase or reduces glutathione
(GSH). Since reaction with GSH is not the only way
to clear peroxide, this may explain why the vascular
cells were not affected in the present study. On the
other hand, the red blood cells are reported to solely
depend on the pentose phosphate pathway to generate
NADPH.! Association of G6PD deficiency with the
cell damage suggests that compensatory mechanisms
do not function well in erythrocytes.

In conclusion, the present study shows that the
level of G6PD activity is not likely to be linked to the
genesis and progression of coronary atherosclerosis.
The precise mechanisms protecting the vascular wall
from the influence of different G6PD activity remain
to be defined.

Study Limitations

Our study must be interpreted in light of certain
limitations. Because it was based on the findings of
coronary angiography, the severity of which are
known to not faithfully reflect clinical events, the re-
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sults should be carefully applied to the outcomes of
coronary artery disease.
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The over-production of reactive oxygen species
or oxygen-derived free radicals (known as oxidative
stress) is hazardous to various forms of cell. In the
vascular wall, this phenomenon can lead to the dam-
age of endothelial cells and cause the peroxidation
and penetration of LDL into the intima layer, which
thus produce the cascade of atherogenesis. Under
normal physiological condition, the oxidative stress
can be effectively removed by anti—oxidants and
other related scavenger enzymes. For example, the
superoxide anion can be detoxified by several
anti-oxidants i.e. vitamine C and E , or converted to
peroxides by superoxide dismutase and subsequently
destroyed by catalase or reduced form glutathione
(GSH).

In recent years, several interventional studies
supported the hypothesis that anti-oxidant therapy
could prevent or delay the development of athero-
sclerosis, although there are still some conflicting re-
sults.! Ascorbic acid has been reported to be able to
reverse endothelial vasomotor dysfunction in the
brachial circulation of patients with coronary artery
disease, suggesting that oxidative stress contributes
to endothelial dysfunction in atherosclerosis that may
respond to anti-oxidant therapy.” Vitamine E has also
been reported with some anti-oxidation effect on
LDL and thus play a role in the prevention of athero-
sclerosis. However, recent clinical trials could not
support its value in short-term preventing the prog-
ress of atherosclerosis.” Therefore it is too early to
suggest the usage of those substances for coronary ar-
tery disease prevention.*

The oxidative stress and anti-oxidant balance is

disturbed in atherosclerosis. Many investigators con-
tinue pursuing new evidences of the role of oxidative
stress in the atherogenesis. In this issues of Journal,
Peng MC et al presented an intriguing study on the
association between glucose-6-phosphate dehy-
drogenase(G6PD) level and activity and coronary
atherosclerosis.’ As we know, G6PD is a cytoplasmic
enzyme mediating the production of NADPH by cat-
alyzing glucose-6-phosphate to 6-phosphate-glu-
conate in the pentose phosphate pathway. NADPH
can facilitate the conversion of oxidized glutathione
(GSSR) to its reduced form(GSH), which is able to
neutralize the toxic effects of hydrogen peroxide or
other organic peroxides. Therefore it was hypothe-
sized that the G6PD level or activity might be lower
in patients with coronary artery disease(CAD). In
Peng’s report, 166 patients with angiographically
proved CAD were recruited. Their fasting plasma
G6PD level and activity were assayed and compared
to 88 non-CAD controls. Although CAD group had
significant traditional risk factors, they did not show
significantly lower G6PD level or activity as com-
pared to the control group. Thus, they made a conclu-
sion that G6PD might not be an important risk factor
in the coronary atherosclerosis. In a similar study,
Yegin A et al found that the activity of G6PD was not
different between CAD and non-CAD patients, but
the activity of selenium-dependant glutathione
peroxidase and erythrocyte selenium level were de-
creased in 37 angiographically proved CAD. The ac-
tivity also paralleled the severity of CAD.® However,
the data needs to be confirmed in a large population.

Peng’ study in this issue of Journal is interest-
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ing, but has some limitations. First, the CAD group
showed strong traditional risk factors which might
masked the effect of G6PD on atherogenesis, since
G6PD might just play a minor role. If their CAD
group could be classified into subgroups with high or
low risk factors, the significant of G6PD might be-
came marked in the low risk subgroup. Second, the
statistics 1s weak. Univariate or multivariate regres-
sion analysis are needed to clarify the relation be-
tween GO6PD and CAD. Third, as in Yegin ‘s study,
more markers needs to be evaluated in their CAD

group.
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