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Introduction: Kidney transplantation (KT) improves the cardiovascular outcomes of patients with end-

stage kidney disease. However, cardiovascular disease remains the leading cause of premature death

and graft loss in KT recipients (KTRs) with diabetes. We evaluated the cardioprotective effects of sodium-

glucose cotransporter 2 inhibitors (SGLT2i) in KTRs with diabetes.

Methods: A total of 750 KTRs with diabetes were enrolled from 6 tertiary hospitals. Among them, 129

patients (17.2%) were prescribed SGLT2i. The primary outcome was the incidence of major adverse car-

diovascular events (MACE), which comprised myocardial infarction (MI), death from cardiovascular cau-

ses, hospitalization for heart failure, and stroke. Multivariable Cox regression analysis and propensity

score matching were used to investigate the effect of SGLT2i on clinical outcomes.

Results: In the matched cohort, MACE occurred in 5 patients (3.9%) in the SGLT2i group and 15 patients

(11.8%) in the non-SGLT2i group, out of 127 patients in each group over 55.3 months. The incidence of

MACE and MI was lower in the SGLT2i group than in the non-SGLT2i group (P ¼ 0.036 and 0.008,

respectively). In multivariate analysis, the SGLT2i group had a lower risk of MACE and MI than the non-

SGLT2i group (adjusted hazard ratio [HR], 0.30 and 0.04; 95% confidence interval [CI], 0.10–0.88 and

0.004–0.40; P ¼ 0.028 and 0.006, respectively). There was no difference in the incidence of urinary tract

infection (UTI) between the 2 groups.

Conclusion: SGLT2i significantly decreased the risk of cardiovascular events in KTRs with diabetes,

particularly lowering the incidence of MI and death from cardiovascular causes. SGLT2i can be used to

reduce the burden of cardiovascular disease in KTRs with diabetes.
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patient-reported outcomes.1,2 KTRs have a higher sur-
vival rate than patients who undergo dialysis because
of the decreased cardiovascular disease burden.3,4

However, studies have reported that KTRs have a
higher risk of cardiovascular mortality than the general
population.5,6 KTRs also have a high prevalence of car-
diovascular risk factors, such as diabetes, hyperten-
sion, and dyslipidemia. In addition, the maintenance
of immunosuppressants increases the risk of cardiovas-
cular disease.3,7-9
Kidney International Reports (2024) 9, 2474–2483
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Figure 1. Flow diagram of the study participants. KT, kidney trans-
plantation; SGLT2i, sodium-glucose cotransporter 2 inhibitor.
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Despite the high risk of cardiovascular disease, this
area remains understudied and undertreated in KTRs.3

Numerous studies have failed to reduce the risk of
cardiovascular disease, and there have been few drugs
that have been shown to effectively lower the risk of
cardiovascular disease that are applicable to KTRs.10-12

Furthermore, KTRs are generally excluded from major
cardiovascular outcome trials because of drug in-
teractions with their immunosuppressants and
balancing their graft preservation in KTRs.13

Recently, SGLT2i have emerged as effective agents
for cardiovascular disease. They were originally
designed to manage hyperglycemia by inhibiting renal
glucose reabsorption, but they also exhibited potent
protective effects on the heart and kidneys.14,15 Their
cardiovascular benefits include reduced cardiovascular
death and hospitalization, which have been widely
acknowledged in several landmark trials.14-17

The pathophysiologic mechanisms of cardiovascular
protection by SGLT2i have been identified. SGLT2i has
multifaceted protective mechanisms, such as natri-
uresis, modulation of the inflammatory pathways, and
the preservation of endothelial function, which con-
tributes to cardiovascular protection.18-20 Considering
these mechanisms, SGLT2i is expected to also have
cardiovascular benefits in KTRs.

We have previously reported the protective effects
and safety of SGLT2i on graft function in KTRs.21

However, few studies have assessed the effect of
SGLT2i on the development of cardiovascular disease
after KT. This study aimed to evaluate the cardiovas-
cular benefits and safety of SGLT2i in KTRs. This will
facilitate optimal care for KTRs, thereby improving
cardiovascular outcomes and reducing deaths with
functioning grafts.
METHODS

Study Participants

This study retrospectively analyzed the multicenter KT
cohort data. Among the 7196 KTRs who received the
transplant before 2020 at 6 tertiary hospitals in Korea,
those who had diabetes before KT or developed post-
transplant diabetes mellitus were enrolled (n ¼ 2282).
Posttransplant diabetes mellitus was diagnosed ac-
cording to the international consensus guidelines.22

Among them, patients with a history of pancreas
transplantation were excluded. Detailed information
regarding the cohort is presented in our previous
study.21 Unlike the previous study, we used data from
patients who underwent KT after 2015, a period when
SGLT2i was available, rather than the entire KT cohort.
This approach was intended to reduce lead time and
selection biases caused by a prolonged interval
Kidney International Reports (2024) 9, 2474–2483
between the date of transplantation and the initiation
of SGLT2i treatment. Patients were excluded if they
had heart failure, acute coronary syndrome, or stroke
and had received percutaneous coronary intervention
or coronary artery bypass surgery within 3 months
before KT. We also excluded patients who had been
prescribed SGLT2i for <90 days to avoid confounding
effects. Finally, a total of 750 KTRs were analyzed using
a propensity score matching adjusted for baseline
characteristics (Figure 1).

Data Collection

The baseline characteristics, which included age, natal
sex, body mass index, cause of end-stage kidney dis-
ease, pretransplant dialysis type and duration, and
comorbidities, as well as donor information, were
collected at the time of KT. Follow-up laboratory data,
including serum creatinine and HbA1c levels, were
collected at 3 and 12 months after KT. Data regarding
hospitalization for cardiovascular disease, death and
cause of death, and data from the last follow-up were
obtained retrospectively from the electronic medical
records. Adverse events included UTI, including
2475
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bacterial and fungal infections, and euglycemic ketoa-
cidosis. UTI was determined by the result of a urine
culture. Euglycemic ketoacidosis was defined as a state
of metabolic acidosis with pH <7.3, ketonuria, and
blood glucose <250 mg/dl.23

Outcomes

The primary outcome was MACE, consisting of MI,
death from cardiovascular causes, hospitalization for
heart failure, or stroke in the propensity score matched
group. Each component of the primary outcome was
further analyzed separately as the secondary outcomes.
The start time for the survival analyses was established
as when the patient began taking antidiabetic medica-
tion after KT.

Statistical Analysis

The normal distribution of variables was analyzed us-
ing the Shapiro-Wilk test. Continuous variables were
expressed as the median (interquartile range [IQR]), and
the categorical variables were expressed as numbers
(percentage, %). The Mann-Whitney U test was used
to determine the differences between continuous vari-
ables, and the c2 test or Fisher exact test was used for
the categorical variables. Time-to-event data were
evaluated using cumulative incidence curves with the
log-rank test and Cox proportional hazards regression
models. Univariate and multivariate Cox regression
models for the primary and secondary outcomes were
used to calculate the HRs, 95% CIs, and P-values. In
the multivariable Cox proportional hazard regression
models, confounding variables of the KTRs and donor
baseline characteristics were adjusted as follows: Model
1: unadjusted; Model 2: adjusted for age, sex, and body
mass index; Model 3: adjusted for model 2 variables,
donor type; and Model 4: adjusted for model 3 vari-
ables, ABO incompatibility, mean HbA1c levels for 1
year after KT, metformin use, dipeptidyl peptidase 4
inhibitor use, and angiotensin-converting enzyme in-
hibitor or angiotensin II receptor blocker use. The
proportional hazards assumption was assessed using
statistical test and graphical diagnostics based on the
scaled Schoenfeld residuals. All the variables including
SGLT2i use met the proportional hazards assumption.
A Cox regression analysis for death from cardiovascular
causes could not be performed because there were no
incidents among the SGLT2i group. Additionally, to
equalize the differences in baseline characteristics be-
tween the SGLT2i users and SGLT2i nonusers, pro-
pensity score matching was performed using nearest-
neighbor 1:1, 1:2, or 1:3 matching. The matching var-
iables were age, sex, body mass index, donor type,
ABO-incompatibility, use of angiotensin-converting
enzyme inhibitor or angiotensin II receptor blocker,
2476
and 1-year mean HbA1c level. Subgroup analysis by
age, sex, body mass index, mean HbA1c levels for 1
year after KT, donor type, use of angiotensin-
converting enzyme inhibitor or angiotensin II recep-
tor blocker, and type of SGLT2i were performed for the
composite outcome using the Cox proportional hazards
model. Statistical analysis was performed using R Stu-
dio software (version 3.6.2; The R Foundation for Sta-
tistical Computing, Vienna, Austria). A P-value < 0.05
was considered statistically significant for all analyses.

RESULTS

Baseline Characteristics

Among the 750 KTRs, the median age was 55.0 years
(IQR, 47.0–61.0 years), and 69.6% were men
(Supplementary Table S1). The median follow-up
duration was 56.3 months (IQR, 44.1–70.3 months),
and of the patients, 129 (17.2%) used SGLT2i. The
median time to initiate SGLT2i use was 13.4 months
(IQR, 2.4–30.1 months) after KT. The body mass index
was significantly higher in the SGLT2i group than in
the non-SGLT2i group (25.4 kg/m2 [IQR, 22.1–27.5] vs.
23.8 kg/m2 [IQR, 21.5–26.1]; P < 0.001). The rate of
posttransplant diabetes mellitus was 20.2% in the
SGLT2i group and 15.3% in the non-SGLT2i group; the
rates were not different. Other variables also did not
differ between the 2 groups.

To correct for variables that differed in baseline
characteristics between groups, propensity score
matching was performed. Table 1 displays the baseline
characteristics of the 1:1 propensity score-matched
group. After propensity score matching, no variables
in the baseline characteristics, including age, sex, and
body mass index, differed between the SGLT2i and
non-SGLT2i groups. Supplementary Table S2 shows
the pre- and post-match standardized mean differences
of the covariates used for propensity score matching
and confirms that all variables are well-balanced.

The SGLT2i group had higher metformin use and the
non-SGLT2i group had higher dipeptidyl peptidase 4
inhibitor use, both in the overall patients and the
propensity score matched population (Table 2).

Cardiovascular Protective Effects of SGLT2i in

all KTRs

The incidence of outcomes in the total patient popu-
lation is shown in Supplementary Table S3, and car-
diovascular outcomes (MACE) occurred in 84 patients
(11.2%). The incidence was significantly lower in the
SGLT2i group than that of the non-SGLT2i group
(4.7% vs. 12.6%; P ¼ 0.015). When analyzed sepa-
rately for each MACE component, the incidence of MI
and death from cardiovascular causes was significantly
lower in the SGLT2i group than in the non-SGLT2i
Kidney International Reports (2024) 9, 2474–2483



Table 1. Baseline characteristics before and after propensity score matching

Variable

Before matching After matching

SGLT2i group (n [ 129) Non-SGLT2i group (n [ 621) P SGLT2i group (n [ 127) Non-SGLT2i group (n [ 127) P

Age, yr 54.0 (47.0–60.0) 55.0 (47.0–62.0) 0.331 54.0 (46.0–60.0) 55.0 (47.0–60.0) 0.830

Sex, male, n (%) 89 (69.0) 433 (69.7) 0.952 87 (68.5) 92 (72.4) 0.582

Body mass index, kg/m2 25.4 (22.1–27.5) 23.8 (21.5–26.1) <0.001 25.3 (22.0–27.4) 25.2 (23.1– 27.7) 0.893

Posttransplant diabetes mellitus, n (%) 26 (20.2) 95 (15.3) 0.172 25 (19.7) 18 (14.2) 0.242

Pretransplant dialysis vintage, yr 0.6 (0.1–3.5) 0.5 (0–5.8) 0.676 0.6 (0.1–3.4) 0.6 (0–5.0) 0.803

Pretransplant comorbidities, n (%)

Hypertension 108 (83.7) 490 (78.9) 0.264 106 (83.5) 101 (79.5) 0.518

Dyslipidemia 14 (10.9) 52 (8.4) 0.463 14 (11.0) 14 (11.0) 1.000

Ischemic heart disease 18 (14.0) 73 (11.8) 0.584 17 (13.4) 16 (12.6) 1.000

Donor age, yr 52.0 (40.0–59.0) 50.0 (41.0–58.0) 0.553 52.0 (40.0–59.0) 51.0 (41.0–59.0) 0.871

Donor sex, male, n (%) 50 (38.8) 200 (32.2) 0.179 50 (39.4) 36 (28.3) 0.174

Donor type, n (%) 0.199 0.758

Deceased 25 (19.4) 169 (27.2) 25 (19.7) 29 (22.8)

Living-related 50 (38.8) 228 (36.7) 49 (38.6) 50 (39.4)

Living-unrelated 54 (41.9) 219 (35.3) 53 (41.7) 48 (37.8)

ABO-incompatibility, n (%) 28 (21.7) 127 (20.5) 0.841 28 (22.0) 23 (18.1) 0.531

Tacrolimus, n (%) 113 (87.6) 533 (84.6) 0.384 112 (88.2) 109 (85.8) 0.576

Cyclosporine, n (%) 18 (14.0) 96 (15.5) 0.665 17 (13.4) 19 (15.0) 0.719

ACEi or ARB use, n (%) 46 (35.7) 210 (33.8) 0.765 45 (35.4) 48 (37.8) 0.794

3-mo mean Scr, mg/dl 1.1 (1.0–1.4) 1.1 (0.9–1.3) 0.069 1.1 (1.0–1.4) 1.2 (0.9–1.3) 0.275

3-mo mean HbA1c, % 7.1 (6.3–8.1) 6.9 (6.1–7.8) 0.113 7.1 (6.3–8.1) 7.1 (6.2–8.1) 0.785

1-yr mean Scr, mg/dl 1.2 (1.0–1.3) 1.1 (0.9–1.4) 0.397 1.2 (1.0–1.3) 1.2 (0.9–1.4) 0.481

1-yr mean HbA1c, % 7.1 (6.4–7.8) 7.0 (6.5–8.0) 0.399 7.0 (6.5– 8.0) 7.3 (6.6– 7.9) 0.836

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; KT, kidney transplantation; SGLT2i, sodium-glucose cotransporter 2 inhibitors.
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group (MI: 1.6% vs. 8.9%, P ¼ 0.008; death from
cardiovascular causes: 0 vs. 3.2%, P ¼ 0.034). The
incidence of hospitalizations for heart failure and
stroke did not differ between the groups.

The cumulative incidence of cardiovascular out-
comes is presented in Supplementary Figure S1. The
MACE cumulative incidence rate of MI and death from
cardiovascular causes was significantly lower in the
SGLT2i group than in the non-SGLT2i group (all P <
0.05; Supplementary Figure S1A–S1C). The HR for the
effect of SGLT2i on cardiovascular outcomes is pre-
sented in Supplementary Table S4. SGLT2i consis-
tently had protective effects on MACE and MI after
controlling for the various factors. The HR for MACE
was 0.37 (95% CI, 0.16–0.87; P ¼ 0.022), and the HR
Table 2. Information about used antidiabetic medications after kidney tra
All patients Total (n [ 750) SGLT2i group (n [

Metformin, n (%) 518 (69.1) 112 (86.8

Sulfonylurea, n (%) 264 (35.2) 55 (42.6

DPP4i, n (%) 458 (61.1) 57 (44.2

Insulin, n (%) 428 (57.1) 77 (59.7

PSM patients Total (n ¼ 254) SGLT2i group (n ¼
Metformin, n (%) 199 (78.3) 110 (86.6

Sulfonylurea, n (%) 102 (40.2) 54 (42.5

DPP4i, n (%) 137 (53.9) 57 (44.9

Insulin, n (%) 149 (58.7) 76 (59.8

DPP4i, dipeptidyl peptidase 4 inhibitor; SGLT2i, sodium-glucose cotransporter 2 inhibitors; PSM

Kidney International Reports (2024) 9, 2474–2483
for MI was 0.15 (95% CI, 0.04–0.62; P ¼ 0.009).
However, the risk of stroke and hospitalization for
heart failure remained unchanged in the SGLT2i
group.
Cardiovascular Protective Effects of SGLT2i in

the Propensity Score Matching Groups

In the matched population, the occurrence of MACE
was significantly lower in the SGLT2i group in com-
parison to the non-SGLT2i group, with a difference of
3.9% versus 11.8%, respectively (P ¼ 0.036)
(Table 3). The occurrence of MI and death from any
cause was considerably lower in the SGLT2i group (all
P < 0.05).
nsplantation
129) Non-SGLT2i group (n [ 621) P

) 406 (65.4) <0.001

) 209 (33.7) 0.052

) 401 (64.6) <0.001

) 351 (56.5) 0.508

127) Non-SGLT2i group (n ¼ 127) P

) 89 (70.1) 0.002

) 48 (37.8) 0.443

) 80 (63.0) 0.004

) 73 (57.5) 0.702

, propensity score matching.
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Table 3. Clinical outcomes in the propensity score matching groups

Variables, n (%)
Total

(n [ 254)

SGLT2i
group

(n [ 127)

Non-SGLT2i
group

(n [ 127) P

Major adverse cardiovascular event 20 (7.9) 5 (3.9) 15 (11.8) 0.036

Myocardial infarction 12 (4.7) 1 (0.8) 11 (8.7) 0.008

Stroke 5 (2.0) 3 (2.4) 2 (1.6) 1.000

Hospitalizations for heart failure 4 (1.6) 1 (0.8) 3 (2.4) 0.614

Death from cardiovascular causes 4 (1.6) 0 (0) 4 (3.1) 0.131

Death from any cause 14 (5.5) 1 (0.8) 13 (10.2) 0.001

SGLT2i, sodium-glucose cotransporter 2 inhibitors.
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Figure 2 displays the cumulative incidence of car-
diovascular outcomes in the propensity score-matched
groups. The matched SGLT2i group exhibited a
significantly lower cumulative incidence rate of MACE
and MI than the matched non-SGLT2i group (P < 0.05;
Figure 2a and b). The HRs for the effect of SGLT2i on
cardiovascular outcomes are presented in Table 4.
SGLT2i consistently had a protective effect on MACE
and MI. In the 1:1 propensity score-matched KTRs,
SGLT2i showed cardiovascular benefits with an
adjusted HR of 0.30 (95% CI, 0.10–0.88; P ¼ 0.028) for
MACE and an adjusted HR of 0.04 (95% CI, 0.004–0.40;
P ¼ 0.006) for MI.

To verify the reliability of these results, a multi-
variable Cox regression analysis was performed using
nearest-neighbor 1:2 and 1:3 propensity score matching
groups (Table 4). SGTL2i usage was independently
associated with a lower risk of both MACE and MI in
all of the matching groups after adjusting for con-
founding factors.

Adverse events including the incidence of UTI and
euglycemic ketoacidosis were compared between pro-
pensity score matched SGLT2i and non-SGLT2i groups
(Table 5). The incidence of all UTIs and bacterial UTIs
did not differ between the 2 groups. The incidence of
fungal UTIs was higher in the SGLT2i group, although
it was still rare in both groups. There were no cases of
euglycemic ketoacidosis in either group. Of the 129
patients taking SGLT2i, 18 (14.0%) discontinued
SGLT2i during follow-up.
Cardiovascular Protective Effects of SGLT2i

Subgroups

Figure 3 displays the HRs that depict the impact of
SGLT2i on MACE according to subgroup. SGLT2i had a
cardiovascular protective effect against MACE, partic-
ularly in patients aged <60 years, males, those with a
higher body mass index, and KTRs with well-
controlled glucose levels. The cardiovascular benefits
of SGLT2i were not influenced by the type of SGLT2i
used or the use of renin-angiotensin-aldosterone system
inhibitors.
2478
DISCUSSION

This study investigated the cardiovascular protective
effects of SGLT2i in a specific cohort-patients with
diabetes who underwent KT. The outcome of this study
highlights the potential benefits of SGLT2i use in a
group of patients with a combination of cardiovascular
risk factors because of maintenance immunosuppres-
sant therapy and diabetes. KTRs are in a functional
single kidney state, and the effects of SGLT2i have not
previously been well-studied within this population.
The cardiovascular protective effects of SGLT2i in
KTRs were confirmed through multifaceted analyses
that were adjusted for the various confounders and
performed on a matched population. These findings
suggest that KTRs with diabetes should be treated with
SGTL2i more aggressively, especially those with an
increased risk for cardiovascular events.

SGLT2i primarily targets the renal proximal tubules
to inhibit glucose and sodium reabsorption. Although
it was initially developed for glycemic control in dia-
betes, its effects extend beyond glucose management.
SGLT2i triggers natriuresis, diuresis, and weight loss.
Consequently, they cause a decrease in tubuloglo-
merular feedback and have renoprotective effects; we
demonstrated this in KTRs with diabetes in our pre-
vious study.21 Furthermore, the beneficial effects of
SGLT2i to prevent cardiovascular diseases have been
acknowledged, and extensive research has been con-
ducted in a variety of areas with promising results.

Our findings are in agreement with other research
that has examined the cardiovascular protective effects
of SGLT2i in patients with diabetes. Large randomized
clinical trials, such as EMPA-REG OUTCOME,
CANVAS, and DECLARE-TIMI 58 Program, have pro-
vided considerable evidence for the advantages of
SGLT2i in reducing cardiovascular events in patients
with diabetes.24-26 However, these studies primarily
focused on general patients with diabetes regardless of
KT history; therefore, the majority of the enrolled pa-
tients were not transplant recipients, which limits the
applicability of the results to KT recipients. Our study
confirmed that even in KTRs with diabetes, SGLT2i use
reduced the risk of MACE, specifically decreasing the
incidence of MI and cardiovascular death. Therefore,
our results support the results of previous trials, and
enhance the generalizability of those studies, and
suggest the possible extensive use of SGLT2i in pa-
tients with KT.

The pathophysiologic mechanism of the cardiovas-
cular protective effects of SGLT2i has been reported
from various perspectives. First, SGLT2i has both
natriuretic and diuretic effects, but they are milder
than those of other diuretics. This property induces a
Kidney International Reports (2024) 9, 2474–2483



Figure 2. Cumulative incidence curves for outcomes in nearest-neighbor 1:1 propensity score matching groups. (a) Major adverse cardio-
vascular events. (b) Myocardial infarction. (c) Death from cardiovascular causes. (d) Hospitalization for heart failure. (e) Stroke.
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Table 4. Multivariable Cox regression analysis of outcomes in the propensity score matching groups with different matching ratios

PSM ratio

Major adverse cardiovascular
events Myocardial infarction Hospitalizations for heart failure Stroke

aHRa 95% CI P aHRa 95% CI P aHRa 95% CI P aHR* 95% CI P

1:1 0.30 0.10–0.88 0.028 0.04 0.004–0.40 0.006 0.21 0.02–2.76 0.238 1.92 0.31–12.03 0.487

1:2 0.27 0.10–0.73 0.010 0.07 0.01–0.58 0.013 0.14 0.01–1.92 0.141 0.81 0.18–3.70 0.789

1:3 0.32 0.13–0.82 0.018 0.08 0.01–0.61 0.015 0.54 0.06–4.85 0.584 1.22 0.31–4.88 0.774

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; aHR, adjusted hazard ratio; CI, confidence interval; DPP4i, dipeptidyl peptidase 4 inhibitor; PSM,
propensity score matching.
aAdjusted for age, sex, body mass index, donor type (deceased or living), ABO-incompatibility, post-transplant 1-year mean HbA1c (%), metformin use, DPP4i use, and ACEi or ARB use.

CLINICAL RESEARCH J-H Lim et al.: Cardioprotection of SGLT2i in KTRs
higher electrolyte-free water clearance, and the
reduction of interstitial fluid volume is greater than the
reduction of blood volume.27 This allows for improved
control of congestion without compromising arterial
filling and perfusion. Second, the volume contraction
by SGLT2i contributes to a lower blood pressure and a
reduced left ventricular filling pressure.28,29 This re-
duces the workload on the heart and helps prevent
hypertensive heart disease. Third, SGLT2i may act as
an antagonist of renal sympathetic nerve activity and
help treat heart failure.20 Fourth, SGLT2i therapy
augments erythropoiesis and increases hematocrit.18 In
patients with diabetes mellitus, glucose uptake via
SGLT2 is increased, which results in increased ATP
consumption. To meet the increased ATP demand,
oxygen consumption is increased in the proximal
tubular epithelial cells. This results in local hypoxia
and the release of inflammatory cytokines, which de-
creases the secretion of erythropoietin. Elevated he-
matocrit levels with SGLT2i use may be associated with
a decreased incidence of MACE.20,30,31

In the subgroup analysis, the cardiovascular
protective effects of SGLT2i were greater in the KTRs
with good glycemic control. SGLT2i reduced the inci-
dence of cardiovascular events regardless of baseline
glycated hemoglobin and glucose control in patients
with diabetes and chronic kidney disease.32,33 How-
ever, several meta-analyses that included patients with
established cardiovascular disease reported that inten-
sive glucose control was associated with a reduced risk
of MACE.34-36 Our results suggest that both selecting
the appropriate drug and maintaining glucose control
are important to reduce cardiovascular complications in
KTRs with a high risk of cardiovascular disease.
Table 5. Incidence of urinary tract infection

Type of
UTI

SGLT2i group
(n [ 127)

Non-SGLT2i group
(n [ 127)

RR 95% CIn
Events/100
patient-yr n

Events/100
patient-yr

All 12 1.73 45 0.96 1.81 0.96–3.41

Bacteria 11 1.64 45 0.96 1.71 0.91–3.24

Fungus 2 0.09 1 0.01 11.75 1.07–129.59

CI, confidence interval; RR, relative risk; SGLT2i, sodium-glucose cotransporter 2 in-
hibitors; UTI, urinary tract infection.
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In this study, the effects of SGLT2i were notable in
patients with a younger age and a higher body mass
index. It is unknown why the 2 groups, which have
opposite patterns in terms of cardiovascular risk,
showed a greater effect of SGLT2i. Larger-scale pro-
spective studies will be able to identify the patient
groups that would benefit the most from SGLT2i
treatment. Nevertheless, our results provide evidence
that SGLT2i could be prescribed for KTRs with either a
relatively higher- or lower risk for cardiovascular dis-
ease. In addition, the cardioprotective effects of SGLT2i
use did not differ with the concomitant use of renin-
angiotensin-aldosterone system inhibitors or by the
SGLT2i type; therefore, this should be considered
when prescribing SGLT2i.

The strength of this study is that it demonstrates the
cardioprotective effects of SGLT2i in a cohort of KTRs
with diabetes, which has not been previously reported
in this population. However, there are several limita-
tions to this study. First, this is a retrospective obser-
vational study; therefore, we cannot establish a clear
causal relationship and determine the pathophysiolog-
ical mechanism. Second, there may be confounding
factors that we did not identify, even though we
adjusted for several variables and used propensity
score-matched groups. Third, there may be a selection
bias because SGLT2i were prescribed at the discretion
of each clinician rather than by the consistent criteria
for use. However, based on the characteristics of the
patient population, it is suggested that SGLT2i was
used in well-nourished patients with a high body mass
index to expect weight loss effects. Fourth, because
this study was not conducted as a randomized trial,
there exists a potential for immortal time bias. To
address this concern, our analyses were specifically
focused on patients who underwent KT after the year
2015, coinciding with the introduction of SGLT2i. Our
findings also need to be validated in forthcoming
extensive randomized controlled to establish the effi-
cacy of SGLT2i in KTRs and contribute to the devel-
opment of guidelines.

In conclusion, this study provides evidence that
SGLT2i significantly reduces the risk of MACE in
KTRs with diabetes. Furthermore, this reduction is
Kidney International Reports (2024) 9, 2474–2483



Figure 3. Hazard ratios for major adverse cardiovascular events in the subgroups. ACEi, angiotensin-converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; BMI, body mass index; CI, confidence interval; HR, hazard ratio; SGLT2i, sodium-glucose cotransporter 2
inhibitor.
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especially pronounced for the incidence of death
from cardiovascular causes and MI. SGLT2i can be
used to reduce the burden of cardiovascular disease
in KTRs with diabetes. These findings highlight the
potential of SGLT2i as a valuable treatment option
to reduce the burden of cardiovascular disease
among KTRs with diabetes. Future prospective
Kidney International Reports (2024) 9, 2474–2483
randomized controlled trials are required to confirm
the cardiovascular effects and safety of SGLT2i in
KTRs.
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