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xidative stress has been implicated in the patho-
O genesis and progression of chronic kidney disease
(CKD). An imbalance between increased production of
reactive oxygen species and reduced antioxidant de-
fenses results in disruption to downstream cellular
signaling and subsequent renal cell apoptosis and
senescence, fibrosis, and wvascular injury.1 Genetic
variants that improve the capacity to mitigate oxidative
stress may therefore be protective against the devel-
opment of CKD.

The glutathione-S-transferases play a role in the
conjugation of prooxidant species with glutathione to
facilitate the elimination of reactive oxygen species.
GSTMI1 is the gene encoding one such isoenzyme. This
gene copy number has undergone gene deletion and
expansion so chromosomes have no copies, 1 copy or,
in rare cases, 2 copies of the gene. Two copies of the
active allele are required for enzymatic activity (hap-
loinsufficiency); those homozygous for the null allele,
GSTM1I(0), completely lack enzyme production. In-
dividuals with the inactive GSTM1I genotypes (GSTM]1
0/0 or 1/0) have been found to be at higher risk of
common malignancies, atherosclerosis, coronary heart
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disease, and CKD progression.”""*” This study sought to
investigate the relationship between GSTMI genotype
and prevalent CKD and the interaction between GSTM1
and APOLI carrier status,” " in a cohort of Black people
with HIV in the United Kingdom.”*

Characteristics of the 2762 participants are summa-
rized in Supplementary Table S1. Of these, 2075
(75.1%) had GSTMI inactive genotypes whereas 687
(24.9%) carried 2 or 3 copies (active genotypes). The
mean age of the participants was 48 years, and 57%
were female. Most participants were established on
antiretroviral treatment with suppressed HIV RNA
levels; HIV parameters, hepatitis coinfection status, and
prevalence of hypertension, diabetes, and cardiovas-
cular disease did not differ by GSTMI status. Kidney
function (estimated glomerular filtration rate [eGFR])
and the prevalence of APOLI risk variants and sickle
cell trait were similar for the 2 GSTMI groups
(Figure la—c and Supplementary Figure S1).

In the overall study population, GSTMI inactive
genotypes were not associated with an increased risk of
kidney disease (eGFR <60 or <90 ml/min per 1.73 m”
or stage 5 CKD), whereas these genotypes were
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Figure 1. Distribution of eGFR in participants stratified by GSTMT genotype, overall (a) and in those with APOLT low-risk (b) and high-risk (c)

genotypes.

associated with reduced odds of albuminuria (Table 1).
There was no significant interaction between GSTMI
genotype and APOLI status for most kidney outcomes.
When participants were stratified by APOLI status
(Supplementary Table S2), GSTMI inactive genotypes
in those with APOLI low-risk genotypes were associ-
ated with reduced odds of eGFR <60 ml/min per 1.73
m” (odds ratio 0.65 [95% CI 0.49-0.87]) and albumin-
uria (odds ratio 0.77 [0.61-0.99]). In those with APOLI
high-risk genotypes, GSTMI inactive genotypes were
not associated with eGFR <60 and <90 ml/min per 1.73
m? or stage 5 CKD.

In contrast to some existing evidence in Black
populations with impaired kidney function,”* and
consistent with recent data in people with HIV from
the Eastern Congo,” we found no evidence for an
increased risk of kidney disease in individuals with
GSTMI1 inactive genotypes. In addition, we found
no evidence that GSTMI inactive genotypes amplify
the deleterious effect of the APOLI high-risk
genotypes.

Data from the African American Study of Kidney
Disease and Hypertension revealed an association be-
tween GSTMI inactive genotypes and accelerated
progression of CKD in a cohort of 692 Black Americans
with hypertensive kidney disease, with worse pro-
gression in APOLI high-risk genotypes.’ Our cohort is
substantially larger than those included in the African
American Study of Kidney analyses and differs in that
only 32% (as compared with all participants in African
American Study of Kidney) had a diagnosis of hyper-
tension, and that most of our participants had normal
kidney function. It is possible that GSTMI loss is
implicated in the pathogenesis of hypertensive renal
disease but is less significant in other or HIV-associated
pathologies. Alternatively, as oxidative stress is
increased in CKD,” GSTM1 loss may have had a larger
impact on kidney disease progression in the African
American Study of Kidney study. It is possible that the
potential protective effect of GSTM1 becomes impor-
tant in declining eGFR and that this association was not
captured in our cross-sectional study.

Table 1. Associations between GSTM] status (inactive vs. active) and renal outcomes, overall and stratified by APOLT status

Kidney outcomes

Stage 5 CKD

Stratification by APOL1 status

Al
APOLT HRG
APOL1 LRG

Al
APOLT HRG
APOL1 LRG

Al
APOL1 HRG
APOL1 LRG

All
APOLT HRG
APOL1 LRG

All
APOL1 HRG
APOL1 LRG

eGFR <60 ml/min per 1.73 m?

eGFR <90 ml/min per 1.73 m?

UACR >3 mg/mmol

uPCR >50 mg/mmol

OR

0.86
1.06
0.57

0.81
1.19
0.65

0.87
1.35
0.81

0.78
0.82
0.77

0.81
0.66
0.84

Interaction between APOLT

95% CI P value and GSTM1 genotypes
0.55-1.34 0.50 0.19
0.562-2.19 0.87
0.31-1.05 0.07
0.62-1.04 0.10 0.07
0.67-2.12 0.55
0.49-0.87 0.004
0.73-1.04 0.13 0.10
0.76-2.37 0.30
0.68-0.98 0.03
0.63-0.98 0.04 0.82
0.43-1.56 0.55
0.61-0.99 0.04
0.55-1.18 0.27 0.04
0.24-1.77 0.41
0.565-1.27 0.40

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HRG, high-risk genotype (G1/G1, G1/G2, G2/G2); LRG, low-risk genotype (G0/G0, G1/G0, G2/G0); OR, odds ratio;

uACR, urine albumin/creatinine ratio; uPCR, urine protein/creatinine ratio.

The inactive GSTM1 genotype was defined by carriage of the GSTM1(0) null allele (i.e., GSTM1[1/0] and GSTM1[0/0]); the GSTM1 active group is homozygous for the active allele (GSTM1

[1/1]). Results from univariable logistic regression analysis.
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Evidence from the Atherosclerosis Risk in Commu-
nities Study revealed a 66% increased risk of kidney
failure in both Black and White individuals with
GSTM!] inactive genotypes, compared with those with
active genotypes.” This study included 2254 Black
participants with largely normal kidney function (mean
eGFR 112 ml/min per 1.73 m?®). The increased risk
persisted after adjustment for clinical risk factors,
including diabetes and hypertension. No significant
association was identified, however, between GSTM]I
allele status and incident CKD. There is evidence to
suggest that the protective, antioxidant effects of
GSTM]1 are of greater importance in a uremic envi-
ronment (i.e., at lower GFR), and this may account for
the disparity between risk of incident CKD and kidney
failure in this cohort.” However, a large study by
Zhang et al.” also failed to reveal an association between
GSTMLI loss and kidney failure in either Black (n = 796)
or White participants (n = 46,187).

Our study comprises the largest cohort of Black
participants in which the association between GSTM]I
status and CKD has been explored; the GSTMI
groups were indistinguishable in terms of HIV pa-
rameters and relevant comorbidities, such as hyper-
tension and diabetes, and APOLI renal risk status.
This is also the largest study in which the association
between GSTMI status and kidney outcomes strati-
fied by APOLI genotype has been evaluated. Limi-
tations include its cross-sectional study design, the
positive HIV status of all participants which may
preclude extrapolation to non-HIV populations, and
the modest numbers of participants with the GSTMI
active genotypes and high-risk APOLI genotypes,
which may have rendered the study underpowered
to detect an interaction between deleterious kidney
outcomes and APOLI carrier status. In summary, this
cross-sectional study does not support some earlier
observations that GSTMI inactive genotype is a risk
factor for kidney disease in Black individuals.
Furthermore, GSTMI inactive genotypes in this
population do not seem to amplify the deleterious
effects of the high-risk APOLI genotype. Further
studies in people with HIV are required to investi-
gate the role of GSTMI inactive genotypes in CKD
progression among those with advanced kidney dis-
ease and proteinuria.
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