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The effect of sodium-glucose cotransporter
2 inhibition mediated by blood metabolites
in lymphocytic leukemia
Sodium-glucose cotransporter 2 (SGLT2) inhibitors are a
class of oral antidiabetic drugs, but they appear to have
additional metabolic effects on circulating metabolites. At
present, relevant studies have also proved that SGLT2 in-
hibition is related to the generation of diseases through
metabolites.1,2 However, the impact of SGLT2 inhibition on
cancer still needs to be explored. This study aimed to
analyze the relationship between SGLT2 inhibition, blood
metabolites, and lymphocytic leukemia by Mendelian
randomization analysis.

A two-sample, two-step Mendelian randomization anal-
ysis was used to explore the association between SGLT2
inhibition and lymphocytic leukemia and the mediating role
of blood metabolites (Fig. 1). Genetic variants of SGLT2
inhibitors were selected via the subsequent steps, as
detailed in previous studies.3 To start with, a tool variable
representing the impact of SGLT2 inhibitors on treatment
was established by employing genetic loci related to mRNA
expression. Genetic variants associated with SGLT2 mRNA
expression levels were chosen from the public data sets of
the Genetics of Tissue Expression (GTEx) project and the
eQTLGen Consortium, and single nucleotide polymorphisms
within �250 kb of the genetic loci significantly associated
with the trait at the genome-wide significance level
(P < 0.001) were filtered. Thirdly, considering the glucose-
lowering effect of SGLT2 inhibitors, the correlation be-
tween each SGLT2 variant and HbA1c levels (a marker of
the glucose-lowering effect) was estimated, and variants
significantly associated with HbA1c (P < 1 � 10�4) were
selected. The GWAS data of HbA1c originated from the UK
Biobank, encompassing 344,182 individuals of European
ancestry (File S1 and Table S1). Eventually, colocalization
analysis between SGLT2 and HbA1c was conducted, using a
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posterior probability threshold of > 70% as evidence of
colocalization, and clustering analysis was carried out using
PLINK to eliminate single nucleotide polymorphisms with
strong linkage disequilibrium (r2 Z 0.8; kb Z 250) based on
the 1000 Genomes Project reference panel of European
ancestry individuals (Table S1). Through the above steps, a
total of 14 independent single nucleotide polymorphisms
were selected as instrumental variables for SGLT2 inhibi-
tion (Table S2). Mendelian randomization analysis was used
to assess the effect of SGLT2 inhibition on lymphocytic
leukemia. Firstly, we analyzed the metabolites that influ-
enced lymphocytic leukemia among 1400 blood metabolites
(b2) using Mendelian randomization analysis and then
evaluated the effect of SGLT2 inhibition on these blood
metabolites (b1). The mediating proportion of each blood
metabolite in the association between SGLT2 inhibition and
lymphocytic leukemia was calculated as the product of b1
and b2 divided by the total effect of SGLT2 inhibition on
lymphocytic leukemia.

In both the discovery cohort (29.53 [2.56e341.26],
PZ 6.75E-03) and the replication cohort (1.01 [1.00e1.01],
PZ 0.0318), we found that SGLT2 inhibition was associated
with an increased risk of lymphocytic leukemia by Mende-
lian randomization analysis for every 1-SD reduction in HbA
1c (Table S3 and Fig. S1). We estimated the effect of blood
metabolites on lymphocytic leukemia among 1400 metab-
olites using Mendelian randomization analysis and found
that five metabolites were significantly associated with
lymphocytic leukemia (Bonferroni corrected P-value
threshold Z 3.571E-05 [0.05/1400]) (Table S4). For urate
levels, we observed a positive association with the risk of
lymphocytic leukemia (odds ratio: 1.52 [95% confidence
interval: 1.25, 1.86], P Z 2.76E-05 < 3.571E-05). We
further estimated the effect of SGLT2 inhibition on these
five blood metabolites and observed that urate levels were
significantly associated with SGLT2 inhibition (Bonferroni
corrected P-value threshold Z 0.01 [0.05/5]) (Table S5 and
behalf of KeAi Communications Co., Ltd. This is an open access
by/4.0/).
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Figure 1 The flowchart of two-sample and two-step Mendelian randomization evaluating the effects of plasma metabolites in
mediating the effect of SGLT-2 inhibition on lymphoid leukemia. HbA1c, glycated hemoglobin; GWAS, genome-wide association
study; pQTL, protein quantitative trait loci; SNP, single nucleotide polymorphism; LD, linkage disequilibrium; SGLT2, sodium-
glucose cotransporter 2.
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Fig. S2). SGLT2 inhibition was significantly associated with
urate levels (odds ratio: 2.30 [95% confidence interval:
1.25, 4.25], P Z 0.01). The proportion of SGLT2 inhibition
mediated indirect effects of urate levels on lymphocytic
leukemia was 10.30% (Table S6 and Fig. S3).

SGLT2 inhibitors, as widely used antidiabetic drugs, have
been found to have additional metabolic effects in addition
to their glucose-lowering effects. By affecting circulating
metabolites to prevent the onset of heart disease, SGLT2
inhibitors have shown protective effects on organ func-
tion.1 At the same time, previous studies have shown that
SGLT2 inhibitors also affect cancer. On the one hand, it can
reduce the risk of some cancers, on the other hand, it also
has the possibility of increasing some cancers.4 In this
study, Mendelian randomization analysis was used to
explore the relationship between SGLT2 inhibition, blood
metabolites, and lymphocytic leukemia in the general
population. Our study suggests that SGLT2 inhibitors may
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increase the risk of lymphocytic leukemia by affecting
urate levels. Urate levels mediated the association be-
tween SGLT2 inhibition and risk for lymphocytic leukemia
by approximately 10.30%. SGLT2 is a Naþ/glucose cotrans-
porter, and SGLT2 inhibition may lead to changes in urine
composition that affect urate levels. Leukemia will also
have abnormal urate levels because of abnormal purine
metabolism. Abnormal urate levels are associated with
leukemia and SGLT2 inhibition. This provides a potential
basis for the role of urate levels in the relationship between
SGLT2 inhibition and leukemia.5 Glucagon-like peptide-1
(GLP-1) receptor agonists do not affect patient urine
composition, therefore the glucose-lowering drug of choice
for patients with diabetes who are at high risk for leukemia
is GLP-1 receptor agonists, which can also significantly
reduce the risk of cardiovascular disease. This study pro-
vides a promising prospect for intervention in the treat-
ment of lymphocytic leukemia.

In conclusion, this study provides genetic support for the
relationship between SGLT2 inhibition, blood markers, and
lymphocytic leukemia. The present study found that uric
acid level seems to mediate the effect of SGLT2 inhibition
on lymphocytic leukemia. However, the genetic data used
in this study came from a European population, so the
conclusions may have ethnic differences and need to be
verified in different populations.
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