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ABSTRACT

This study aimed to investigate the impact of glucose-6-phosphate dehydrogenase (G6PD) deficiency on
the severity and prognosis of coronary atherosclerosis in patients with acute coronary syndrome (ACS).
Patients diagnosed with ACS accompanied by G6PD deficiency between July 2021 and June 2023 at
The First People’s Hospital of Yulin were selected as the study group, while patients with ACS and
normal G6PD levels during the same period were enrolled as the control group. The severity of coronary
atherosclerosis was assessed using the Gensini score. The impact of G6PD activity and other factors
on the Gensini score was analysed, and a 12-month follow-up was_conducted.to observe and document
the occurrence of postoperative major adverse cardiovascular events (MACE). We found that after 12
months of follow-up period following percutaneous coronary intervention, the study group showed a
significant increase in left ventricular ejection fraction (LVEF) and fractional shortening (FS) and a
decrease in left ventricular end-diastolic diameter (LVED) and N-terminal pro-B-type natriuretic peptide
(NT-proBNP) compared with the baseline, and the differences were statistically significant (all p < 0.05).
The improvement in LVEF was more pronounced in the study group than in the control group, and
significant decreases in LVED and NT-proBNP and a significant increase in FS were observed in the study
group compared with the control group (p'< 0.05). After 12 months of treatment, the overall cumulative
incidence of MACE was 6.94% in the study group, significantly lower than the 16.56% in the control
group (x* = 7.032, p < 0.05). After clinical intervention, both groups showed an improvement in cardiac
function parameters, and the improvement was more pronounced in the G6PD-deficient group. This result
suggests that GOPD enzyme activity is a protective factor against MACE in patients with ACS.
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INTRODUCTION

Acute coronary syndrome (ACS) encompasses arange of
conditions resulting from acute myocardial ischemia
due to coronary artery obstruction, such as unstable angina,
non-ST-segment elevation myocardial infarction and
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ST-segment elevation myocardial infarction (Amsterdam
et al., 2014). ACS is a major cause of morbidity and
mortality worldwide, affecting approximately 1.5 million
people annually in the United States alone (Benjamin et
al., 2019). The main risk factors for ACS include age,
gender, smoking, hypertension, dyslipidaemia, diabetes,
obesity, physical inactivity and family history of coronary
heart disease (CHD) (Piepoli ef al., 2016). The standard
treatment for ACS consists of pharmacological therapy,
such as antiplatelet agents, anticoagulants, beta-blockers,
angiotensin-converting enzyme inhibitors and statins
and revascularisation procedures, such as percutaneous
coronary intervention (PCI) or coronary artery bypass
grafting (Ibanez et al., 2018).

Glucose-6-phosphate dehydrogenase (G6PD) is a
crucial enzyme in the catalysis of the pentose phosphate
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pathway, which generates nicotinamide adenine
dinucleotide phosphate (NADPH) and glutathione, two
important antioxidants that protect cells from oxidative
stress (Meng et al.,2022). Deficiency in G6PD is acommon
X-linked hereditary enzyme defect, affecting over 400
million people worldwide, particularly in malaria-endemic
regions (Dean and Kane, 2020; Tao ef al., 2019). It can
cause haemolytic anaemia, neonatal jaundice and increased
susceptibility to infections in response to certain drugs,
foods or infections (Belfield and Tichy, 2018). However,
the impact of G6PD deficiency on the cardiovascular
system, particularly coronary atherosclerosis, remains
controversial. Some studies have suggested that G6PD
deficiency may have a protective effect against CHD
and cardiovascular mortality by reducing the oxidative
modification of low-density lipoprotein cholesterol
(LDL-C) and the expression of vascular cell adhesion
molecules (Meloni et al., 2008; Cocco et al., 1998; Long et
al., 1967), whereas others have reported no association or
even a detrimental effect of G6PD deficiency on coronary
artery disease and its complications by impairing the
endothelial function and the availability of nitric oxide
(Sanna et al., 2021; Pes et al., 2019; Leopold et al., 2001).
To date, there is no clear conclusion regarding the impact
of G6PD deficiency on coronary atherosclerosis. In this
study, patients who were diagnosed with ACS and were
also confirmed to have G6PD deficiency at our hospital
were included as the study participants to investigate the
impact of G6PD deficiency on the severity and short-
term prognostic outcomes of coronary atherosclerosis in
patients with ACS.

MATERIALS AND METHODS

Subjects

Actotal of 389 patients diagnosed with ACS and G6PD
deficiency at the hospital between July 2021 and June
2023 were selected as the study group, while 326 patients
with ACS and normal G6PD levels undergoing treatment
at the hospital during the same period were recruited as the
control group. Both groups of patients underwent coronary
arteriography and PCI. The patients (18-70 years) meeting
the diagnostic criteria for ACS set forth by the American
College of Cardiology (ACC)/American Heart Association
in 2019 (January et al., 2019), with complete clinical and
laboratory data, these on which the onset of chest pain was
within 4 h prior to their admission to the hospital, had no
history of allergy to the contrast agents used in this study
and underwent coronary arteriography and PCI were
included in this study. Those with recent (within the last
3 months) acute myocardial infarction, with coexistence
of other myocardial diseases (e.g. dilated or hypertrophic

cardiomyopathy) or severe valve diseases, those with
history of recent (within the last 6 months) cerebrovascular
accidents or gastrointestinal bleeding, with severe heart
failure (New York Heart Association functional class
>2) or cardiogenic shock, and those with presence of
malignancy, autoimmune diseases, coagulation disorders,
other severe haematological diseases, infectious diseases
or severe liver and kidney dysfunction were excluded.

Coronary arteriography and percutaneous coronary
intervention

The procedure for coronary arteries group was
performed by two radiologists with >5 years of experience,
and all patients and the radiologists were blinded to the
grouping information. Percutaneous coronary intervention
(PCI) was performed by experts according to the Chinese
Guidelines for. Percutaneous Coronary Intervention
(2016) (Emergency Medicine Society of Chinese Medical
Association, 2019).

Glucose-6-phosphate dehydrogenase activity assay

The  ratio of G6PD to 6-phosphogluconate
dehydrogenase (6GPD) in red blood cells was determined
by biochemical detection to quantitatively measure G6PD
activity within 24 h of admission for all patients. Aratio>1.0
was considered normal, whereas a ratio <0.80 was defined
as GO6PD-deficient (Sanna et al., 2021). Furthermore, a
ratio <0.10 was classified as severely G6PD-deficient.

Gensini score

The Gensini score (Han et al., 2019) was employed
to assess the extent and severity of coronary artery lesions.
The scoring system is as follows: (1) scoring based on
the degree of coronary artery stenosis: 1— stenosis <25%,
2— stenosis 26%—50%, 4— stenosis 51%—75%, 8— stenosis
76%-90%, 16— stenosis 91%—99%, 32— stenosis 100%;
(2) scoring based on the location of coronary artery lesions
(weighted score): 5.0— left main coronary artery lesion,
2.5/1.5/1.0— proximal/medial/distal anterior descending
artery lesion, 1.0— the first diagonal branch artery lesion,
0.5— the second diagonal branch artery lesion, 2.5/1.0—
left proximal/distal circumflex artery lesion, 1.0 — obtuse
marginal artery lesion, 1.0— posterior descending artery
lesion. The Gensini score for each patient is calculated
by summing the products of the stenosis scores and the
corresponding weights for different coronary artery
segments. A higher score indicates more severe coronary
artery lesions.

Clinical data collection
Upon admission, clinical data, including age, gender,
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height, weight, body mass index, glomerular filtration rate
(GFR), tobacco use and cardiac function parameters, were
recorded by medical personnel. Cardiac colour Doppler
ultrasound parameters included left ventricular ejection
fraction (LVEF), left ventricular end-diastolic diameter
(LVED), left ventricular end-diastolic volume, left
ventricular end-systolic volume and fractional shortening
(FS). Serology tests were conducted upon admission (pre-
PCI) and on days 3, 7 and 14 post-PCI. Fasting venous
blood samples (5 mL) were collected and centrifuged at
3,000 rpm for 10 min. The supernatant was harvested and
transferred to Eppendorf tubes and stored at —70°C. The
following parameters were measured using an automated
biochemical analyser: total triglycerides, total cholesterol
(TC), high-density lipoprotein cholesterol, LDL-C,
haemoglobin (HGB), blood platelet count, white blood
cell count, homocysteine and N-terminal pro-B-type
natriuretic peptide (NT-proBNP).

Prognostic outcomes

The prognosis began on the day after PCI, with a
follow-up period of 12 months. The occurrence, timing,
symptoms and treatment of major adverse cardiovascular
events (MACE) were documented.

Statistical analysis

Data analysis was performed using the software SPSS
26.0. Normally distributed quantitative data were presented
as mean * standard deviation, and comparisons between
two groups were analysed using the z-test. Non-normally
distributed quantitative data were expressed as median
(quartiles) and examined using non-parametric tests.
Qualitative data were presented as counts (percentages)
and between-group comparisons were assessed using
the chi-squared test. The Kaplan—-Meier survival curve
was employed to evaluate the clinical prognosis of the
two groups over the 12-month follow-up period, and
multivariate Cox regression analysis was conducted to
identify predictors of coronary atherosclerosis severity in
patients with ACS. A value of p < 0.05 was considered
statistically significant.

RESULTS

A total of 389 patients were enrolled in the study
group, while 326 patients were recruited as the control
group. The study group comprised 73 men (18.77%) with
an average age of 63.72+11.139 years, while the control
group had 94 men (28.83%) with an average age of 65.21
+9.795 years (Table I). The two groups showed significant
differences in HGB, TC, LDL, GFR, Gensini score and the

G6PD/6GPD ratio (all p<0.05). No statistically significant
differences were observed in other clinical data (all p >
0.05).

Table I. Comparison of clinical data.

Item Study group  Control ty* p
(n=389) group

(n = 326)
Age (years) 63.72+11.139  65.21£9.795 1.903 0.057
Male [n(%)] 73 (18.77) 94(28.83) 0.311 0.577
BMI (kg/m?) 24.09+6.02 23.89+3.38  1.903 0.651
HGB (g/L) 126.07+22.88  131.81£18.89 3.657 0.000
BPC (x10°L)  257.70+67.267. 249.72+67.33 -1.573 0.116
WBC (x10°L)  10.08+14.67 ~ 9.51+10.76  -0.592 0.554
Smoking history <107/(27.51) 133 (40.80) 0.149 0.700
[n(%)]
NT-proBNP 666.57 (286.20, 547.00 0.788 0.389
(ng/L) 1096.00) (246.25,

1004.00)
LVEF (%) 49.7346.090  49.63+6.08  0.353 0.737
LVEDD (mm) 52.18+2.33 51.9242.58 0.563 0.563
LVEDV (mL) 106.52+10.70  104.63+11.44 1.362 0.183
LVESV (mL)  47.47+8.37 48.47+7.94 1462 0.168
FS (%) 29.68+1.39 29.37+1.49 1.845 0.071
TC (mmol/L)  4.35%1.21 49143.94  -0.266 0.014
TG (mmol/L) 1.77+1.10 1.73+1.68 -0.266 0.790

HDL-C(mmol/L) 1.09+0.40
LDL-C(mmol/L) 2.84+1.02

1.11+0.63 0.503 0.615
3.2843.70 2.052 0.041

Hey (umol/L) 14.47+6.99 14.224+0.71  -0.387 0.699
GFR (ml/min)  77.394£28.40  73.16+26.91 -2.018 0.044
Gensini score 28.9242.14 32.3443.12 16.672 0.037
G6PD/6GPD 0.57+0.21 1.21+0.19 0.473 0.002
ratio

BMI, body mass index; GFR, glomerular filtration rate; LVEF, left
ventricular ejection fraction; LVEDD, left ventricular end-diastolic
diameter; LVEDV, left ventricular end-diastolic volume; LVESYV,
left ventricular end-systolic volume; FS, fractional shortening; TG,
triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein; HGB, hemoglobin;
BPC, blood platelets count; WBC count, white blood cell count; Hcey,
homocysteine; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

Table II shows cardiae function parameters of the
control and study group. After 12 months of treatment,
the study group exhibited a significant increase in LVEF
and FS and a significant decrease in LVED and NT-
proBNP compared with the pre-treatment levels (p< 0.05).
Similarly, the control group experienced a significant
increase in LVEF and FS and a significant decrease in
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Table II. Comparison of cardiac function parameters before and after treatment.

Item Study group (n = 389)

Control group (n = 326)

Preoperative

At 12 months postoperative

Preoperative At 12 months postoperative

LVEF(%)

LVEDD (mm)
FS(%)
NT-proBNP (ng/L)

49.45+6.21
52.3242.53
29.37+1.47

666.54 (286.23,
1095.00)

53.3445.37*
48.53+2.98*
33.07+1.48*

288.27 (189.00, 421.84)*

49.72+5.31
51.67+£2.43
29.45+1.46

542.00 (246.25,
1007.00)

51.34+5.50*
49.72+2.84*
31.75+1.45*
347.00 (187.75, 625.25)*

For abbreviations see, Table I. *P < 0. 05 compared to preoperative levels.

LVED and NT-proBNP after 12 months of treatment (p <
0.05). The improvement in LVEF, LVED and NT-proBNP
was more pronounced in the study group after 12 months
of treatment, compared with the control group (p < 0.05).
Additionally, FS in the study group was significantly
elevated compared with the control group (p < 0.01).
These results suggest that after clinical intervention, both
groups showed varying degrees of improvement in the
cardiac function parameters. Notably, the improvement
was more pronounced in the study group compared with
the control group.

Table III. Comparison of MACE incidence at 12
months postoperative [n(%)].

Item Study group Control group 2 P
(n=389) (n=326)

MACE 27(6.94) 54(16.56) 7.032 0.037

All-cause death  9(2.31) 14(4.29) 1.732 0.124

Nonlethal myo-  7(1.80) 16(4.91) 2.012 0.219

cardial infarction

Repeat PCI 8(2.06) 19(5.83) 1.783 1.782

Cerebrovascular  3(0.77) 5(1.53) 1.121 0.211

accidents

MACE, major adverse cardiovascular events.

Table III shows incidence of postoperative major
adverse cardiovascular events. After 12 months of
treatment, the overall cumulative incidence of MACE
in the study group was significantly lower than in the
control group (6.94% vs 16.56%) (y* = 7.032, p < 0.05).
However, there were no statistically significant differences
in the individual incidence of all-cause death, nonlethal
myocardial infarction, repeat PCI or cerebrovascular
accidents (all p > 0.05). Figure 1 shows the Kaplan—-Meier
survival curve, which indicates that the study group had a
higher survival rate and a lower cumulative incidence of
MACE than the control group over the 12-month follow-
up period (log-rank test, p < 0.05).

100~
=== Research group

- Control group

60

40

MACE occurrence rate/%

(0] 100 200 300 400 500
Follow-up time/d

Fig. 1. The Kaplan-Meier survival curve.
MACE, major adverse cardiovascular events.

Table IV shows multivariate Cox regression analysis
of major adverse cardiovascular events occurrence. Using
the occurrence of MACE during the 12-month follow-
up period as the dependent variable (occurred= 1, not
occurred = 0), indicators with p < 0.05 in Table I were
included in the analysis. The Cox regression analysis was
performed using HGB, TC, LDL, GFR, the Gensini score
and the G6PD/6GPD ratio as independent variables. The
results revealed that GFR (odds ratio [OR] = 1.629, 95%
CI: 1.252-1.943, p = 0.029) and Gensini score (OR =
1.423, 95% CI: 1.046-1.619, p = 0.017) were risk factors
for MACE occurrence, whereas the G6PD/6GPD ratio was
a protective factor against MACE occurrence (OR = 0.622,
95% CI: 0.371, 1.058, p = 0.043).

DISCUSSION

Glucose-6-phosphate  dehydrogenase, with its
antioxidant properties, plays a crucial role in maintaining
redox homeostasis and vascular reactivity within the
blood vessels. On the vascular endothelium, patients with
G6PD deficiency experience an increase in oxidative
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Table IV. Multivariate Cox regression analysis of MACE-related factors.

Factor Regression coefficient Standard error Wald %2 value p OR value 95% CI

HGB 0.232 0.183 1.575 0.221 1.210 (0.885, 1.751)
TC 0.658 0.242 8.252 0.056 1.341 (1.243,1.922)
LDL-C -0.557 0.295 1.179 0.073 0.646 (0.361, 1.225)
GFR 0.349 0.238 1.521 0.029 1.629 (1.252~1.943)
Gensini score 0.490 1.237 9.219 0.017 1.423 (1.046~1.619)
G6PD/6GPD ratio 0.252 0.319 1.078 0.043 0.622 (0.371, 1.058)

TC, total cholesterol; LDL-C, low density lipoprotein; HGB, hemoglobin.

damage accompanied by reduced utilisation of nitric oxide
(Thompson et al., 2013). The impact of G6PD deficiency
on the cardiovascular system, particularly coronary artery
disease, remains a subject of controversy. Previous studies
primarily attributed the atherogenic effect of G6PD
deficiency to the depletion of NADPH (Pes ef al., 2019),
which can lead to reduced availability of nitric oxide
and glutathione, increasing the susceptibility of LDL to
oxidation. Additionally, individuals with G6PD deficiency
show an increase in vascular cell adhesion molecules
and a decrease in leukocyte interleukin-10 (Leopold et
al., 2001). However, considering that atherosclerosis is a
multifactorial process resulting from complex interactions
between genetic and environmental factors, ~these
mechanisms may only weakly correlate or not correlate at
all with clinical observations.

This study investigated the impact of G6PD activity
on the severity and short-term prognostic outcomes of
coronary atherosclerosis in patients with ACS. The results
showed that at the end of the 12-month post-PCI follow-
up, patients in the study group showed an increase in LVEF
and FS and a decrease in LVED and NT-proBNP compared
to the pre-PCI levels. Moreover, the improvement in
LVEEF, as well as the significant decreases in LVED and
NT-proBNP, were more pronounced in the study group
compared to the control group. Notably, a significant
increase in FS was observed in the study group compared
to the control group. In addition, the overall cumulative
incidence of MACE in the study group was lower than
in the control group. Further, the Cox regression analysis
revealed that GFR and the Gensini score were two risk
factors for MACE, while the G6PD/6GPD ratio was a
protective factor against MACE. This might be explained
by the use of the SYNTAX score in the assessment of
arterial stenosis without considering the role of plaque
composition and volume. Additionally, the scoring system
used for assessing the severity of coronary atherosclerosis
may also have certain limitations.

In endothelial cells with G6PD deficiency, the
reduced storage of NADPH and increased accumulation

of reactive oxygen species can enhance oxidative stress,
leading to impaired endothelial function and the induction
of atherosclerosis (Brewer-et al., 2013). Furthermore,
NADPH oxidase can induce an increase in superoxide
anions in monocytes; contributing to vascular hardening.
Additionally, the elevated G6PD level in adipocytes and
the overexpression of NADPH oxidase in phagocytes
are both associated with oxidative damage. From this
perspective; patients with G6PD deficiency may have a
reduced risk of atherosclerosis, as there is a decrease in
the risk of developing atheromatous plaques. In response
to-a series of oxidative stimuli, including those induced
by heart failure, G6PD activity increases, often considered
an indication of enhanced defensive capabilities in the
body. In both human and animal experimental models,
G6PD activity is elevated in surviving myocardium and
in the myocardium undergoing failure after myocardial
infarction (Hecker ef al., 2012). This may represent a
compensatory mechanism by which failing myocardium
resists oxidative damage. In the study by Long et al.
(1967) comparing several cardiovascular parameters in
1,473 patients with G6PD deficiency and healthy controls,
the results suggested a higher incidence of hypertension
and idiopathic cardiomyopathy in G6PD-deficient patients
but a lower incidence of CHD. Two subsequent studies
with a similar design also indicated that G6PD deficiency
could lower the risk of CHD and the mortality rate from
cardiovascular diseases (Meloni et al., 2008; Cocco et al.,
1998).

Consistent with our findings, the study by Meloni et
al. (2008) indicated a noticeable protective effect of GOPD
deficiency on cardiovascular diseases in a large cohort
of Sardinian men. They found that G6PD-deficient men
had a lower prevalence of CHD and a lower mortality
rate from cardiovascular causes than G6PD-normal men,
after adjusting for age and other confounding factors.
They attributed this effect to the reduced susceptibility
of LDL-C to oxidation and the decreased expression of
vascular cell adhesion molecules in G6PD-deficient
individuals. However, the study by Sanna et al. (2021)
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suggested no impact of G6PD deficiency on the extent and
complexity of coronary atherosclerosis in patients with
ACS. They used the SYNTAX score, a comprehensive
angiographic tool that quantifies the number, location
and severity of coronary artery lesions, to assess the
coronary atherosclerosis burden in 105 G6PD-deficient
and 210 G6PD-normal patients with ACS. They found no
significant difference in the SYNTAX score between the
two groups and no association between G6PD activity and
the SYNTAX score in the whole population. They argued
that the SYNTAX score may be a more reliable indicator
of coronary atherosclerosis than the Gensini score, which
we used in our study, as it considers not only the degree of
stenosis but also the functional significance of each lesion.

However, our study has some limitations. Due to
time and budget constraints, the current study has a
modest sample size, and the results may be subject to bias.
Moreover, future studies should also consider the genetic
heterogeneity of G6PD deficiency, as different mutations
may have different effects on enzyme activity and stability
and thus on cardiovascular outcomes. Therefore, a more
comprehensive and precise characterisation of the G6PD
genotypes and phenotypes in different populations
may help to elucidate the role of G6PD deficiency in
cardiovascular diseases.

CONCLUSION

After the clinical intervention, both groups of patients
showed an improvement in cardiac function parameters,
with a more pronounced improvement in the group with
Go6PD deficiency. The GFR and the Gensini score appear
to be two risk factors for MACE, whereas G6PD activity
serves as a protective factor against MACE.
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