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Role of Glucose-6-Phosphate Dehydrogenase (G6PD) Deficiency
and Altered Redox Status in Racial Disparities of Neonatal
Outcomes: An Innocent Bystander or Unaccused Accomplice?
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“Glucose-6-phosphate dehydrogenase
(G6PD) deficiency is the most prevalent
inherited enzymopathy worldwide, with
the highest population prevalence in
sub-Saharan Africa and Southeast Asia
and the lowest in the Americas (1).”

Introduction:

Glucose-6-phosphate dehydrogenase (G6PD) deficiency is the
most prevalent inherited enzymopathy worldwide, with the high-
est population prevalence in sub-Saharan Africa and Southeast
Asia and the lowest in the Americas (1). G6PD is a crucial rate-
limiting regulatory enzyme in the hexose monophosphate shunt
pathway, which clears free radicals and safeguards cellular
structures against oxidant-induced damage, thereby maintaining
a balanced redox status (2). It is essential for the equilibrium of
the glutathione system, NADP oxidase system, and nitric oxide
synthase (3) (Figure 1). This X-linked genetic disorder is mapped
to the chromosome Xq28 region and encompasses over 140 de-
scribed mutations, primarily point mutations (4). With more than
400 biochemical variants, this enzyme deficiency can manifest as
neonatal jaundice, the hemolytic crisis resulting from medication
exposure and infections, and chronic hemolytic anemia (5). The
diverse biochemical variants and point mutations predispose af-
fected individuals to exhibit various clinical manifestations.

Recent gene network analysis has revealed that G6PD-associat-
ed genes are involved in various cellular signaling mechanisms,
and impaired regulation of these genes has been implicated in
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cancers, autoimmune diseases, and disorders associated with
oxidative stress (6). In order to mitigate the clinical consequences
of G6PD deficiency, some countries with higher prevalence rates
have implemented universal newborn screening along with pro-
vider and parental education about this disorder. The primary
objective of this commentary is to emphasize the connection be-
tween G6PD deficiency, prematurity, and racial disparities in peri-
natal outcomes.

“Absent or reduced

G6PD enzyme activity

can accelerate oxidant-
induced hemolysis in term
and preterm newborns,
thereby increasing the
risk of hazardous levels
of hyperbilirubinemia and
neurotoxicity.”
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Figure 1: Interaction of G6PD with Glutathione, NOX, and NOS systems.
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Figure 2: Oxidative and Antioxidantstress markers in preterm infants at birth.

G6PD Deficiency and Hyperbilirubinemia:

Absent or reduced G6PD enzyme activity can accelerate oxidant-
induced hemolysis in term and preterm newborns, thereby in-
creasing the risk of hazardous levels of hyperbilirubinemia and
neurotoxicity. Two large population studies conducted in the Unit-
ed States military revealed an overall G6PD deficiency prevalence
of 2.2% (7). Disproportionately higher prevalence was observed
among African Americans in both studies (overall prevalence:
9.5%; 11.2% in males and 5.6% in females). Based on 2018 US
census data (8), out of 3.8 million annual births, 552,029 were
non-Hispanic black infants, and 1.9 million were White Americans.
Considering the population prevalence data from the aforemen-
tioned studies, approximately 52,445 non-Hispanic black infants
are born with G6PD deficiency annually.

“Mounting evidence (17,30) suggests that
small preterm infants have significantly
lower catalase and GSH:NADPH ratios
than late preterm and term infants. The
compounding effect of G6PD deficiency
on already weakened antioxidant defense
mechanisms can theoretically cause
cumulative end-organ damage in preterm
infants. Future in vitro and in vivo research
could shed light on this area.”

Data from the Kernicterus Registry indicate that 1 in 5 cases of ker-
nicterus involved G6PD deficiency, which was believed to contrib-
ute to at least 2/3 of these cases among African American infants
(9). Another population study conducted in California confirmed
a four-fold increase (0.013% vs. 0.003%) in the rate of hazard-
ous hyperbilirubinemia (bilirubin > 30mg/dl) among African Ameri-
can infants compared to White infants (10). Applying these rates
to 2018-linked US birth population data (11), at least 72 African
American and 58 White infants are expected to develop bilirubin
levels > 30mg/dl. While studies conducted in Cleveland and Chi-
cago (12,13) confirmed the prevalence and short-term outcomes
of G6PD deficiency among the newborn population, there is a lack
of data elucidating prematurity-related perinatal outcomes com-
paring normal and G6PD-deficient preterm newborns.

G6PD Deficiency, Prematurity, and Oxidative Injury:

G6PD enzyme is present in vital organs throughout the body,
with the highest concentrations found in red blood cells, lungs,
heart, and smooth muscles. It plays a key role in clearing and
recycling free radicals, thereby maintaining cell redox equilibrium.
Free radicals are highly reactive and unstable molecules that can
cause extensive damage to cellular components. The generation
of free radicals is a well-regulated process during cellular respira-
tion, aided by three main intracellular antioxidant defenses: gluta-
thione (GSH), catalase (CAT), and superoxide dismutase (SOD)
systems. Nicotinamide adenine dinucleotide phosphate (NADPH)
is critical for the detoxification of reactive free radicals by main-
taining GSH in its reduced form, and G6PD plays a vital role in
the regeneration cycle of NADPH (14). The allosteric binding site
for NADPH is offered by catalase (CAT), and CAT activity is de-
pendent on the amount of NADPH (15). Thus, NADPH is key in
strengthening all organs’ G6PD-related cellular antioxidant sys-
tems.

Despite significant technological advances and care practice im-
provements, preterm birth remains a major contributor to infant
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Figure 3: G6PD deficiency and perinatal morbidities.

mortality and morbidity. Multiple human studies have demonstrat-
ed that premature infants have higher oxidative stress markers
and lower antioxidant defenses at birth (16,17) (Figure 2). Many
of these markers are directly associated with the NADPH system.
However, there is a lack of data regarding the detrimental effects
of reduced enzyme activity in asymptomatic extremely preterm
infants.

“Given the multitude of etiological
factors influencing retinopathy of
prematurity (ROP), the impact of
G6PD deficiency on immature retinal
vasculature remains unknown.”

G6PD Deficiency, Race, and Perinatal Outcomes:

Numerous studies have shown significant racial differences in
prematurity-related perinatal outcomes, including respiratory dis-
tress syndrome (RDS), bronchopulmonary dysplasia (BPD), in-
traventricular hemorrhage (IVH), necrotizing enterocolitis (NEC),
and retinopathy of prematurity (ROP), even after controlling for
care practices, maternal risk factors, and quality of care (18-23).
Recent population studies conducted in Wisconsin and Califor-
nia revealed that prematurity and race pose a significant risk to
gestational age-adjusted infant mortality and morbidity in black
infants compared to white infants, even when receiving advanced
equitable neonatal care in the United States, after accounting for
potential confounders such as birth weight, sex, maternal charac-
teristics, and social factors (24,25).

to all these morbidities, a few case reports have associated it with
neonatal sepsis and necrotizing enterocolitis (26,27). Two human
studies demonstrated a negative correlation between G6PD activ-
ity and gestational age in G6PD-normal infants with similar GSH
levels at baseline, and G6PD activity did not interfere with diagnos-
ing G6PD deficiency (28,29). Given the heterogeneity of effects
generated by pentose pathway byproducts in G6PD deficiency,
predicting the ultimate effects on specific organs and tissues is
challenging. Mounting evidence (17,30) suggests that small pre-
term infants have significantly lower catalase and GSH:NADPH
ratios than late preterm and term infants. The compounding ef-
fect of GBPD deficiency on already weakened antioxidant defense
mechanisms can theoretically cause cumulative end-organ dam-
age in preterm infants. Future in vitro and in vivo research could
shed light on this area.

Another prospective study in adult diabetic patients revealed a
six-fold higher incidence of proliferative diabetic retinopathy in
G6PD-deficient diabetic adults than those without this deficiency
(18). Given the multitude of etiological factors influencing reti-
nopathy of prematurity (ROP), the impact of G6PD deficiency on
immature retinal vasculature remains unknown. Similarly, new
bronchopulmonary dysplasia (BPD) is characterized by arrested
alveolar and vascular development due to altered cytokine expo-
sure and signaling pathways (30). Interestingly, similar cytokine
and gene profiles have been implicated in the pathophysiology
of G6PD deficiency (6). A community population study confirmed
significantly lower plasma glutathione levels in African Americans,
even after adjusting for traditional cardiovascular disease risk fac-
tors and inflammation (31). However, further studies are needed
to understand the relative contribution and attributable risk of
G6PD deficiency to higher oxidative stress in the black popula-
tion. After adjusting for relevant covariates, another recent perina-
tal study in placentas from preterm births confirmed significantly
greater chronic inflammatory changes in African American moth-
ers. Whether these chronic inflammatory markers and underlying
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biological mechanisms influence postnatal transition through oxi-
dative stress and impact preterm morbidities remains unknown.

“Given the interconnected pathways
associated with higher oxidative stress
in premature infants, studying the
relative contribution of quantitative
G6PD enzyme activity and its correlation
with perinatal morbidities is prudent
(29-35) (Figure 3). Specifically,
understanding the influence of altered
redox status and unregulated free radical
activity, with different phenotypes and
genotypes, on the outcomes among
vulnerable African American preterm
infants should be a priority in future
neonatal research.”

Although various intrinsic and extrinsic factors can influence pre-
maturity-related morbidities, questions remain regarding the plau-
sible biological contribution of suboptimal G6PD enzyme activity
to these outcomes. Given the interconnected pathways associ-
ated with higher oxidative stress in premature infants, studying
the relative contribution of quantitative G6PD enzyme activity and
its correlation with perinatal morbidities is prudent (29-35) (Fig-
ure 3). Specifically, understanding the influence of altered redox
status and unregulated free radical activity, with different pheno-
types and genotypes, on the outcomes among vulnerable African
American preterm infants should be a priority in future neonatal
research.

Conclusion:

Approximately 10% of births nationwide are preterm, and G6PD
deficiency affects at least 50,000-60,000 newborns annually in the
United States. The influence of altered redox status from G6PD
deficiency on immature respiratory, digestive, immune, and car-
diovascular systems in preterm infants is unknown. The combi-
nation of a high prevalence of G6PD deficiency in African Ameri-
cans, poor social determinants of health, higher morbidities, and
oxidative injury may create a perfect storm leading to underesti-
mated poor outcomes. Postnatal adaptation resulting from altered
oxidative stress in these infants may further influence the onset of
chronic diseases such as hypertension and metabolic syndrome
in adulthood. Therefore, understanding G6PD deficiency, prema-
turity, and their interrelationships with underlying immature cellu-
lar and organ systems can provide critical insights.
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Infants need drugs
tested and approved just for them.
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