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ABSTRACT

Background. Randomized controlled trials have demonstrated the benefits of sodium–glucose cotransporter 2 inhibitors
(SGLT2is) in people with type 2 diabetes mellitus (T2DM) and chronic kidney disease (CKD). However, real-world data on
CKD progression and the development of end-stage kidney disease (ESKD) remains scarce. Our aim was to study renal
outcomes of people with diabetic kidney disease (DKD) using SGLT2is in a highly prevalent DKD population.
Methods. Between 2016 and 2019 we recruited T2DM patients in the renal and diabetic clinics in a regional hospital in
Singapore. Patients prescribed SGLT2is were compared with those on standard anti-diabetic and renoprotective
treatment. The outcome measures were CKD progression [a ≥25% decrease from baseline and worsening of estimated
glomerular filtration rate (eGFR) categories according to the Kidney Disease: Improving Global Outcomes guidelines] and
ESKD (eGFR <15 mL/min/1.73 m2).
Results. We analysed a total of 4446 subjects; 1598 were on SGLT2is. There was a significant reduction in CKD
progression {hazard ratio [HR] 0.60 [95% confidence interval (CI) 0.49–0.74]} with SGLT2is. The HR for
eGFR ≥45 mL/min/1.73 m2 and 15–44 mL/min/1.73 m2 was 0.60 (95% CI 0.47–0.76) and 0.43 (95% CI 0.23–0.66), respectively.
There was also a reduction in risk for developing ESKD for the entire cohort [HR 0.33 (95% CI 0.17–0.65)] and eGFR 15–
44 mL/min/1.73 m2 [HR 0.24 (95% CI 0.09–0.66)]. Compared with canagliflozin and dapagliflozin, empagliflozin showed a
sustained risk reduction of renal outcomes across CKD stages 1–4.
Conclusions. This real-world study demonstrates the benefits of SGLT2is on CKD progression and ESKD. The effect is
more pronounced in moderate to advanced CKD patients.
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INTRODUCTION

There is an increasing prevalence of diabetic kidney disease
(DKD) worldwide. DKD vastly accelerates the prevalence of end-
stage kidney disease (ESKD) [1]. According to a local study from
Singapore, 53% of people with type 2 diabetes mellitus (T2DM)
have concomitant chronic kidney disease (CKD) and 66% of in-
cident ESKD patients have pre-existing DKD [2]. Despite optimal
diabetic and blood pressure control with the administration
of renin–angiotensin system (RAS) blockers, the heightened
risks of kidney disease progression, cardiovascular morbidity
and mortality persist. The publication of the clinical benefit of
using the sodium–glucose cotransporter 2 inhibitor (SGLT2i),
empagliflozin to improve renal and cardiovascular outcomes
in DKD provided a supplemental approach and possibly an
additive benefit to RAS blockade [3]. The haemodynamic and
natriuresis-related pharmacodynamic response to SGLT2is
reduces intra glomerular pressure, exerting antihypertensive
and anti-albuminuric properties [4]. With their renal function–
dependent glycosuric and anti-hyperglycaemic effect, SGLT2is
have been consistently demonstrated to have renoprotective
effects in major cardiovascular outcome trials [5–8]. The cur-
rent recommendations from most of these large randomized
controlled trials (RCTs) conferred the benefits of SGLT2 inhi-
bition to DKD with an estimated glomerular filtration (eGFR)
≥45 mL/min/1.73 m2 [3, 6, 7, 9, 10]. However, its haemodynamic,
anti-proteinuric and anti-metabolic effects may still be car-
ried on despite reducing eGFR [11]. Given the pleiotropic effects
(anti-inflammatory, anti-oxidative and anti-fibrotic) on the heart

[12] and liver [13], in addition to the kidneys [14, 15], the benefits
of SGLT2is may extend to more advanced CKD. For example, in
the Canagliflozin and Renal Events in Diabetes with Established
Nephropathy Clinical Evaluation (CREDENCE) trial, patients
with an eGFR decrease to <30 mL/min/1.73 m2 were allowed to
continue canagliflozin until dialysis or transplantation [16].
Therefore the benefit was generally believed to persist even to
stage 4 CKD [17]. Renal outcome trials such as the Dapagliflozin
and Prevention of Adverse Outcomes in Chronic Kidney Disease
(DAPA-CKD) [18] and the Study of Heart and Kidney Protection
with Empagliflozin (EMPA-KIDNEY) [19] included patients with
an eGFR of 25 and 20 mL/min/1.73 m2, respectively, providing
further insights that the renoprotective effects of SGLT2is can
be extended to patients with advanced CKD.

Nevertheless, the intriguing results from RCTs in which par-
ticipants are recruited with specific inclusion criteria and mon-
itored with a predefined protocol may not be generalizable in
real-world clinical settings [20]. Moreover, most RCTs do not
include participants from the Southeast Asian region, where
the incidence and prevalence of ESKD due to DKD are among
the highest in the world [21]. Currently, there remains a de-
ficiency in knowledge on whether the initiation of SGLT2 in-
hibition in patients with moderate to advanced CKD in real-
world clinical practice could protect DKD patients from CKD
progression. Barriers that prohibit the prescription of SGLT2is
include perceived ineffective glucose-lowering action with di-
minished eGFR and concern over a decrease in eGFR in the
initial phase of treatment. With a solid impetus for control-
ling DKD progression despite the lack of standard guidelines
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on managing moderate to advanced CKD, clinicians worldwide
have been actively pursuing an extension of current prescrip-
tion criteria by treating DKD patients with SGLT2is with ad-
vanced CKD status (eGFR 15–44 mL/min/1.73 m2). Since early
2017 we have been prescribing SGLT2is for DKD patients with
an eGFR >20 mL/min/1.73 m2 for reno protection and glycaemic
control. This study aims to evaluate the renal outcomes of DKD
patients with or without SGLT2is in a multi-ethnic Asian pop-
ulation. We hypothesized that SGLT2i use would improve re-
nal outcomes despite initiation of treatment at advanced CKD
status.

MATERIALS AND METHODS

This was a retrospective cohort study. The observational period
was between January 2015 and December 2020.We recruited pa-
tients with T2DM [identified by the International Classification
of Diseases, Tenth Revision or haemoglobin A1c (HbA1c) ≥6.5%],
age ≥21 years with active follow-up in the Khoo Teck Puat Hos-
pital (KTPH; a 600-bed acute care hospital with secondary- and
tertiary-level care) specialist renal clinic and Admiralty Medical
Centre (AdMC) Diabetes Mellitus centre and DKD clinic. Patients
with known ESKD status were excluded. Referral sources for
the KTPH renal clinic were primary care clinicians in both
private and public sectors in the northern territory of Singapore.
Criteria for referral of DKD patients to the renal clinic were
changes in eGFR >10 mL/min/1.73 m2, measurements of urine
albumin:creatinine ratio (uACR) >100mg/mmol on two separate
occasions and stage 3–4 CKD [i.e. eGFR 15–59 mL/min/1.73 m2

according to the Kidney Disease: Improving Global Outcomes
(KDIGO) 2012 clinical practice guidelines for the evaluation of
CKD] [22]. The inclusion criteria for referral to the DKD clinic
were diabetes mellitus (DM) with persistent macro-albuminuria
(uACR >50 mg/mmol) with preserved eGFR (≥60 mL/min) or
stage 3–4 CKD. Exclusion criteria for referral to the DKD clinic
were comorbidities that preclude renal retardation, such as
terminal malignancies; severely limited life expectancy due to
advanced organ failure; inability to intensify risk factor control
due to psychosocial issues or resource constraints, cognitive
impairment or psychiatric illness and stage 5 CKD, where the
patient is already on renal replacement therapy (RRT) [23].
Patients followed up in the AdMC DM clinic were DM patients
that require standard care for complications related to DM,with
or without CKD. The treatment group in our study was T2DM
patients who were prescribed one of the following SGLT2is for
at least 3 months: canagliflozin (Invokana, Johnson and Johnson
Pte, Singapore), empagliflozin (Jardiance, Boehringer Ingel-
heim Pte, Singapore) and dapagliflozin (Forxiga, AstraZeneca
Pte, Singapore). Principal physicians decided on the choice
and dosage of SGLT2is based on clinical indications and con-
traindications. In general, patients with eGFR <45 mL/min/
1.73 m2 are given a lower dose of SGLT2is (∼25–50% less than
the recommended dose). The date of treatment initiation was
defined by the first filing or an SGLT2i prescription in iPharm
(the KTPH outpatient pharmacy system). For patients not taking
SGLT2is during the study period, the date of treatment initiation
was defined by the first filing of an angiotensin-converting
enzyme inhibitor (ACEi) or angiotensin receptor blocker (ARB)
prescription or the date of referral, whichever was available. The
outcomes of this study were ≥25% decrease from baseline and
worsening of eGFR categories according to the KDIGO guidelines
[24] and ESKD (sustained eGFR <15mL/min/1.73m2 for 4 weeks).

De-identified data on demographics and medications were
obtained from electronic medical records (Sunrise Enterprise
and iPharm with assistance from Integrated Health Informa-
tion Systems). Spot urine for ACR and blood samples for
serum creatinine and HbA1c were collected and measured at
the hospital laboratory accredited by the College of Amer-
ican Pathologists. Serum creatinine was quantitated using
an enzymatic colourimeter test (Cobas c501; Roche Diagnos-
tics, Mannheim, Germany). HbA1c was determined using a
Tina-quant Haemoglobin A1c Gen.3 (Roche Diagnostics). Uri-
nary albumin was determined using an immunoturbidimet-
ric assay (Roche Diagnostics). The Chronic Kidney Disease
Epidemiology Collaboration equation was used to estimate
eGFR [25].

For analytic purposes, the following additional exclusion cri-
teria were applied to both groups: fewer than two eGFR readings
and ˂3 months follow-up.

Previous studies revealed a composite outcome of a sus-
tained 40% reduction in the decline of the eGFR, the need for
RRT or death from renal causes [7]. The incidence over a 2-
year follow-up period for renal-related composite outcomes was
1.89% versus 4.14%. To achieve a power of 80% and an α of 0.05,
we needed 611 patients on SGLT2is (case) and 1833 patients in
all stages of CKDwithout SGLT2is (control). Overall, we recruited
1598 DKD patients for whomSGLT2is were initiated and 2848 pa-
tients as controls (Figure 1).

Ethics approval was obtained from the National Healthcare
Group Domain Specific Review Board (DSRB) and the study was
conducted according to the Declaration of Helsinki. The DSRB
waived written informed consent.

Statistical analysis

Categorical variables were expressed as frequency (percentages)
and continuous variables as mean ± standard deviation (SD)
or median [interquartile range (IQR)]. Comparison of the base-
line characteristics using SGLT2is was performed using the chi-
squared test for categorical variables and the Student’s t-test or
Wilcoxon rank sum test for continuous variables, where appro-
priate. The Kaplan–Meier method was used to assess the time
to event. Multivariate Cox proportional hazards models were
constructed to establish the associations with CKD progression
and ESKD, adjusting for age, gender and ethnicity in model 1
and age, gender, ethnicity, HbA1c, baseline eGFR, natural log-
transformed ACR and use of RAS antagonists inmodel 2. Covari-
ates with P < .1 during univariate analyses or those with estab-
lished risk factors for CKD progression and ESKD were selected
for adjustment tomultivariate Cox proportional hazardsmodels
[26]. Statistical analysis was performed using Stata version 14.0
(StataCorp, College Station, TX, USA). All statistical tests were
two-sided. The results were considered statistically significant
for P < .05.

Sensitivity analysis

We reran the statistical models using the same outcome
measures by defining CKD as a uACR ≥3 mg/mmol or
eGFR <60 mL/min/1.73 m2. We also incorporated the analysis
by categorizing albuminuria according to the KDIGO guidelines
(uACR <3mg/mmol, 3–30mg/mmol and>30mg/mmol). Further,
we analysed the effects of SGLT2is on patients with or without
RAS blockers.
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FIGURE 1: Patient selection.

Table 1. Baseline characteristics of patients with and without SGLT2is

Characteristics Total SGLT2is No SGLT2is P-value

Patients, n (%) 4446 (100) 1598 (35.9) 2848 (64.1)
Age (years), mean ± SD 60.6 ± 13.5 56.0 ± 12.0 63.1 ± 13.5 <.0001
Gender (male), n (%) 2328 (52.4) 884 (55.3) 1445 (50.7) .056
Race, n (%) <.0001
Chinese 2565 (57.7) 884 (55.3) 1681 (59.0)
Malay 865 (19.5) 341 (21.3) 523 (18.4)
Indian 638 (14.4) 259 (16.2) 379 (13.3)
Other 378 (8.5) 113 (7.1) 265 (9.3)

ACEi, n (%) 1066 (24) 516 (32.3) 1082 (38.0) <.0001
ARB, n (%) 1788 (40.2) 814 (50.9) 784 (27.5) <.0001
Diuretics, n (%) 1143 (25.7) 235 (14.7) 908 (31.9) <.0001

eGFR at baseline (mL/min/1.73 m2), mean ± SD 69.9 ± 31.7 83.9 ± 26.4 62.0 ± 31.8 <.0001
uACR at baseline (mg/mmol), median (IQR) 6.8 (1.5–43.5) 7.2 (1.4–51.5) 5.9 (1.5–37.2) .281
HbA1c at baseline (%), mean ± SD 8.3 ± 1.7 8.8 ± 1.5 8.1 ± 1.7 <.0001

CKD stages, n (%) <.0001
eGFR ≥45 mL/min/1.73 m2 3220 (724) 1458 (91.2) 1762 (61.9)
eGFR 15–44 mL/min/1.73 m2 1226 (27.6) 140 (8.8) 1086 (38.1)

ACEi, angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker.

RESULTS

The duration of follow-up was up to 5.8 years [median 1.4 (IQR
0.8–2.1)]. There were 1461 (32.9%), 1175 (26.4%), 584 (13.1%),
642 (14.4%) and 584 (13.1%) patients with a baseline eGFR
>90, 60–90, 45–<60, 30–<45 and <30 mL/min/1.73 m2, respec-
tively, in our cohort. Among patients who received SGLT2is,
764 (47.8%), 479 (30%), 215 (13.4%), 120 (7.5%) and 20 (1.3%)
initiated treatment at a baseline eGFR >90, 60–90, 45–<60,
30–<45 and <30 mL/min/1.73 m2, respectively. Baseline char-

acteristics of individuals with and without SGLT2is are shown
in Table 1. Supplementary data, Tables S1 and S2 further
present the baseline characteristics with an eGFR ≥45 mL/min/
1.73 m2 and 15–44 mL/min/1.73 m2, respectively. Both groups
had comparable uACRs, while patients with SGLT2is tended to
be younger, more likely to receive RAS blockers and diuretics
and have higher baseline eGFR and HbA1c.

Dapagliflozin, empagliflozin and canagliflozin were pre-
scribed in 730, 647 and 221 patients, respectively (Figure 1). The
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FIGURE 2: Kaplan–Meier survival curves for the event-free survival of CKD progression (defined by α ≥25% decrease in eGFR from baseline and worsening of eGFR

categories according to KDIGO guidelines) in (a) the whole cohort, (b) patients with eGFR ≥45 mL/min/1.73 m2 and (c) patients with eGFR 15–44mL/min/1.73 m2.
(a) Log-rank test statistics = 58.64, P < .001; (b) log-rank test statistics = 1.59, P = .207; (c) log-rank test statistics = 12.59, P = < .001.

average daily dose was 6.1 mg for dapagliflozin (10 mg recom-
mended dose), 17.8 mg for empagliflozin (25 mg recommended
dose) and 225 mg for canagliflozin (300 mg recommended dose).
More patients with an eGFR of 15–44 mL/min/1.73 m2 were
prescribed empagliflozin (15%) than dapagliflozin (2.8%) and
canagliflozin (10%) (see Supplementary data, Table S3 for base-
line characteristics by different SGLT2is).

Effect on SGLT2is on CKD progression

A total of 1058 (23.8%) patients had CKD progression and wors-
ening of eGFR categories according to KDIGO guidelines. Figure
2a–c shows the Kaplan–Meier survival curves for CKD progres-
sion for all eGFR categories, eGFR ≥45 mL/min/1.73 m2 and eGFR
15–44 mL/min/1.73 m2 in both groups. Figure 3 shows the funnel
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FIGURE 2: Continued.

plot for the hazard ratio (HR) of different models after the ad-
justment of variables. In model 2 (the fully adjusted model), Cox
regression revealed a significant reduction in CKD progression
{HR 0.60 [95% confidence interval (CI) 0.49–0.74]; P < .001} in the
SGLT2i group. The HR for an eGFR ≥45mL/min/1.73m2 and eGFR
15–44 mL/min/1.73 m2 was 0.60 (95% CI 0.47–0.76; P < .001) and
0.43 (95% CI 0.23–0.66; P < .001), respectively.

Our sensitivity analyses revealed a significant reduc-
tion in CKD regression with worsening albuminuria (uACR
>3 mg/mmol) was incorporated into the CKD definition
(Supplementary data, Table S4 for baseline characteristics).
The HR for patients with and without CKD was 0.58 (95%
CI 0.46–0.72; P < .001) and 0.60 (95%CI 0.38–0.96; P = .033),
respectively (Supplementary data, Figures S1 and S9). The
reduction in CKD progression was also shown in our cohort by
categorizing albuminuria according to the KDIGO guidelines
(Supplementary data, Table S5 for baseline characteristics). The
HR for a uACR <3 mg/mmol, 3–30 mg/mmol an >30 mg/mmol
was 0.56 (95% CI 0.39–0.81; P = .002), 0.62 (95% CI 0.46–0.84;
P = .002) and 0.55 (95% CI 0.36–0.85; P = .008), respectively
(Supplementary data, Figures S2 and S10). We further analysed
the use of RAS blockers together with SGLT2is and the effects
on CKD progression (Supplementary data, Table S6 for baseline
characteristics). The HR for patients with and without the use
of RAS blockers was 0.59 (95% CI 0.47–0.74; P < .001) and 0.59
(95% CI 0.37–0.93, P = .024), respectively (Supplementary data,
Figures S3 and S11). Supplementary data, Figure S4a–c shows
the event-free survival curve for CKD progression for all CKD
stages, eGFR ≥45 mL/min/1.73 m2 and eGFR 15–44 mL/min/
1.73 m2 for patients on different SGLT2is, respectively. In the
fully adjusted model, all three SGLT2is significantly reduced
the risk of CKD progression across all eGFR categories [da-
pagliflozin: HR 0.56 (95% CI 0.42–0.75), P < .001; empagliflozin:
HR 0.70 (95% CI 0.55–0.89), P = .003; canagliflozin: HR 0.44 (95%

CI 0.28–0.68), P < .001] (Supplementary data, Figure S12) and in
eGFR ≥45 mL/min/1.73 m2 [dapagliflozin: HR 0.57 (95% CI 0.42–
0.78), P < .001; empagliflozin: HR 0.69 (95% CI 0.51–0.91), P = .011;
canagliflozin: HR 0.43 (95% CI 0.25–0.73), P = .002]. Only em-
pagliflozin and canagliflozin showed a reduction in risk of CKD
progression for patients with eGFR 15–44 mL/min/1.73 m2 [em-
pagliflozin: HR 0.49 (95% CI 0.29–0.81), P = .006; canagliflozin:
HR 0.34 (95% CI 0.15–0.75), P = .008] in this subgroup
analysis.

Effect on SGLT2is on development of ESKD

A total of 440 (9.9%) patients reached ESKD (sustained eGFR
<15mL/min/1.73 m2) during the study period, 20 (4.6%) of which
received SGLT2i treatment. Figure 4a–c shows the Kaplan–Meier
survival curves of ESKD. Figure 5 shows the funnel plot of the
HR of different models after adjusting variables. In the fully ad-
justed model, the use of SGLT2i was associated with a lower
hazard of ESKD in the entire cohort [HR 0.33 (95% CI 0.17–0.65),
P = .001], with eGFR ≥45 mL/min/1.73 m2 [HR 0.50 (95% CI 0.17–
1.42), P = .193] and with eGFR 15–44 mL/min/1.73 m2 [HR 0.24
(95% CI 0.09–0.66), P = .006].

Supplementary data, Figure S5 shows the Kaplan–Meier
curves for event-free survival of ESKD and CKD status. In the
fully adjustedmodel (Supplementary data, Figure S9) therewas a
significant reduction in the risk of ESKD in patientswith CKD [HR
0.32 (95% CI 0.16–0.65), P = .002] but not in patients without [HR
2.59 (95% CI 0.11–63.36), P = .56].When stratified by uACR status,
patients receiving SGLT2is with a uACR 3–30 mg/mmol were as-
sociated with a significant reduction in the risk of ESKD [HR
0.27 (95% CI 0.10–0.77), P = .014] (Supplementary data, Figures
S6 and S10). In the model adjusted for age, gender and ethnic-
ity, the HR was 0.36 (95% CI 0.18–0.71, P = .003) and 0.10 (95% CI
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FIGURE 3: Funnel plot of the HR for CKD progression based on eGFR categories with different adjustment models. Model 1 adjusted for age, gender and ethnicity.
Model 2 adjusted for age, gender, ethnicity, HbA1c, baseline eGFR, natural log-transformed uACR and use of RAS antagonists.

0.02–0.39, P = .001) for RAS blocker users and non-users, respec-
tively (Supplementary data, Figures S7 and S11).

In the fully adjusted model, only empagliflozin was shown
to reduce the risk of ESKD in all eGFR categories [HR 0.12 (95%
CI 0.03–0.49), P = .003] (see Supplementary data, Figure S12)
and eGFR 15–44 mL/min/1.73 m2 [HR 0.10 (95% CI 0.02–0.71),
P = .021. Supplementary data, Figure S8a–c shows the Kaplan–
Meier curve for event-free survival of ESKD for all eGFR cat-
egories, eGFR ≥45 mL/min/1.73 m2 and eGFR 15–44 mL/min/
1.73 m2 for patients on different SGLT2is.

DISCUSSION

Summary of findings

This study demonstrated sustained benefits to DKD patients
on composite renal outcomes in patients receiving SGLT2is.
Patients with advanced CKD (eGFR 15–44 mL/min/1.73 m2) with
SGLT2is significantly reduced the risk of CKD progression and
the development of ESKD. Moreover, SGLT2is attenuated the
decline of eGFR over time for patients with an eGFR of 15–
44 mL/min/1.73 m2. Compared with moderate to advanced
CKD, the effects of SGLT2is in early CKD (eGFR ≥45 mL/min/
1.73 m2) were less pronounced. Although all three SGLT2is
reduced the risk of CKD progression, empagliflozin was more
likely to exert sustained renoprotection from early to advanced
CKD. Empagliflozin was also shown to minimize the risk of
developing ESKD in our cohort, while there was inadequate
power to conclude if other SGLT2is exerted similar effects. Note
that the number of patients on empagliflozin among those with
low eGFR in our cohort was >4-fold higher than the other two
SGLT2is.

Our results from real-world practice revealed comparable
risk reduction on CKD progression in RCTs with renal compos-

ite outcomes as primary [3, 16, 18] and secondary endpoints [9,
27, 28]. On the other hand, we found that empagliflozin had a
lower risk of developing ESKD, contrary to the Empagliflozin Car-
diovascular Outcome Event Trial in Type 2 Diabetes Mellitus Pa-
tients (EMPA-REG). Post hoc analysis did not show a significant
risk reduction of ESKD as the renal composite outcome [HR 0.60
(95% CI 0.18–1.98)].

SGLT2is, CKD progression and ESKD

Meta-analyses demonstrated benefits on renal composite out-
comes across different levels of eGFRs, although the propor-
tional effects on reno protection might be attenuated with de-
clining kidney function [29, 30]. However, there was a more sig-
nificant reduction in the risk of CKDprogression and ESKD in our
patients with advanced CKD than in those at an earlier stage.
We could argue that our study’s number of hard events (ESKD)
was small. However, the number of participants who developed
ESKD in the EMPA-REG and the Canagliflozin Cardiovascular As-
sessment Study (CANVAS) were of comparable sizes (27 events
in EMPA-REG and 21 in CANVAS). Our cohort is from a region
with one of the highest incidences of ESKD secondary to DKD.
In this study, 9.9% of patients developed ESKD, compared with
0.37% in EMPA-REG and 0.2% in CANVAS. Therefore, the bene-
fits of SGLT2is on renoprotection may be more profound in real-
world practice when prescribed in a highly prevalent DKD pop-
ulation.

The consistency of results was found across other RCTs
designed for renal composite outcomes as primary or sec-
ondary endpoints. In the CREDENCE trial, 30% of the co-
hort had an eGFR of 30–45 mL/min/1.73 m2. Canagliflozin
reduced the renal-specific composite endpoints {ESKD,
doubling of serum creatinine, or renal death [HR 0.71
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FIGURE 4: Kaplan–Meier survival curves for the event-free survival of ESKD in (a) the whole cohort, (b) patients with an eGFR ≥45 mL/min/1.73 m2 and (c) patients with

an eGFR of 15–44 mL/min/1.73 m2. (a) Log-rank test statistics = 150.95, P < .001; (b) log-rank test statistics = 0.02, P = .881; (c) log-rank test statistics = 36.46, P < .001.

(95% CI 0.53–0.94)] but not ESKD alone [HR 0.76 (95% CI
0.56–1.01]} [16]. In the DAPA-CKD trial, 59.1% of participants in
the dapagliflozin arm had an eGFR of 15–44 mL/min/1.73 m2.
The HR for composite primary outcomes (a sustained decline in
the eGFR of ≥50%, ESKD, or death from renal or cardiovascular
causes) for this group was 0.49 (95% CI 0.34–0.69) [18]. Further

analysis on CKD stage 4 for the DAPA-CKD cohort, although
not adequately powered, showed a statistically non-significant
reduction in renal composite outcomes {≥50% sustained de-
cline in eGFR, ESKD or death from kidney disease [HR 0.71 (95%
CI 0.49–1.02)]} [31]. A recent meta-analysis including 98 284
patients showed 25 and 38 fewer per 1000 patients in 5 years
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FIGURE 4: Continued.

for high (with CKD) and very high risk (with CKD and cardio-
vascular disease) groups in the development of ESKD [32]. In
response to the findings from the CREDENCE and DAPA-CKD
trials, canagliflozin and dapagliflozin were approved for pre-
scription to CKD patients with an eGFR ≥30 mL/min/1.73 m2.
With the upcoming completion of the EMPA-KIDNEY study in
2022–23, there will be a paradigm shift in treatment strategy
for advanced CKD and DKD management. There will also be
a foreseeable increase in prescription rates across different
clinical care settings in the coming decade.

Prescribing SGLT2is in CKD patients

In our cohort, 35.9% of patients across all eGFR categories were
prescribed SGLT2is. We had 140 (8.0%) patients who initiated
SGLT2is at an eGFR of 15–44 mL/min/1.73 m2. There has been a
general increasing trend of prescribing SGLT2is since they were
approved by the US Food and Drug Administration in the mid-
2010s. In one study on the prescription of anti-diabetic drugs in
Austria between 2012 and 2018, SGLT2i use increased from 3.7
to 11.7% [33]. However, prescriptions for moderate to advanced
CKD remained limited. Only 0.2% of patients with an eGFR
≤45 mL/min/1.73 m2 in the primary care settings of the UK were
given SGLT inhibitors [34]. Early reports on the use of SGLT2is in
advanced CKD raised concerns of safety issues,mainlywhen pa-
tients are dehydrated [35, 36].With its renal function–dependent
anti-hyperglycaemic effect,more focus was onweight reduction
and blood pressure control and the glucose-lowering effect less-
ened with lower eGFR [11, 37]. We did not present safety and
adverse events data, as only information from outpatient clinics
was collected. The DAPA-CKD revealed a similar safety profile
between treatment and control groups [18]. Therefore, further

pursuing the use of SGLT2is in patients with moderate to ad-
vanced CKD is necessary, with benefits outweighing the risks.

Evidence of real-world studies on renal outcomes

The first real-world study on SGLT2is using renal composite
endpoints as the outcome was published in 2019 [38]. Kidney
outcomes associated with using SGLT2is in real-world clinical
practice (CVD-REAL 3) was studied in amultinational study with
outcome measures defined by the rate of eGFR decline, 50%
eGFR decline or ESKD. With 35 561 episodes of treatment with
SGLT2is (57% of which used dapagliflozin), there was an eGFR
decrease per year of 1.53 mL/min/1.73 m2 (95% CI 1.34–1.72)
and an HR of 0.49 (95% CI 0.35–0.67) for a 50% eGFR decrease or
ESKD. The mean eGFR of patients in this observational study
was 90.7 mL/min/1.73 m2. Another study used the Scandina-
vian registry (2013–18) to compare SGLT2is versus dipeptidyl
peptidase-4 inhibitors on serious renal events (RRT, death from
renal causes and hospital admission for renal events) [39]. There
was a reduction in these events with patients using SGLT2is
[2.6 events per 1000 person-years versus 6.2 events per 1000
person-years; HR 0.42 (95% CI 0.34–0.53)]. Notably, the baseline
eGFR was not mentioned in this study. Both studies used ret-
rospective data until 2018, before the results of the CREDENCE
and DAPA-CKD trials were published, so patients with advanced
CKD were unlikely to be recruited in their cohort. Therefore our
real-world study is the first to include patients with moderate
to advanced CKD to evaluate the risk of CKD progression and
the development of ESKD in a highly prevalent DKD population.
Moreover, this study provides a more comprehensive view of
how SGLT2is could alleviate the renal disease burden in the
community. It also offers crucial information to policymakers
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FIGURE 5: Funnel plot of the HR for ESKD based on CKD categories with different adjustment models. Model 1 adjusted for age, gender and ethnicity. Model 2 adjusted
for age, gender, ethnicity, HbA1c, baseline eGFR, natural log-transformed uACR and use of RAS antagonists.

on implementing public health measures and reimbursements
on using SGLT2is from tertiary to primary care.

Limitations and caveats

This study has several limitations. First, this was a single-centre
study on a multi-ethnic Asian T2DM population. We should
interpret the results with caution, particularly their generaliz-
ability to other ethnic groups. Second, the doses of SGLT2is pre-
scribed to patients varied across the nephrology and endocrinol-
ogy teams. In general, for patients with lower eGFR, the doses
prescribedwere 25–50% lower than the recommended dose from
RCTs, primarily due to concerns with adverse events. Despite re-
ducing doses, the benefits accrued from using SGLT2is remained
strong. Third, we could not avoid indication and time-related bi-
ases where those patients prescribed SGLT2is tend to have bet-
ter predefined outcomes [40, 41]. The systematic differences in
baseline characteristics between treatment-exposed and unex-
posed groups departed from what we usually observed in RCTs.
We do not know if patients adhered to the assigned treatment or
receivedmedications fromother healthcare institutions, leading
to misclassification of drug exposure [42]. Essentially we com-
menced the prescription of SGLT2is in early 2016. This study co-
hort thus encompasses all patients followed up in our clinics,
minimizing selection bias. Fourth, we could not completely rule
out unmeasured or unknown confounding factors with the in-
trinsic fallacy of design in observational studies. Fifth, informa-
tion on adverse events relating to SGLT2i use in this cohort was
not collected. Nonetheless, routine practice of the clinics pre-
scribing SGLT2is is to review patients within 2–4 weeks of SGLT2i

initiation to detect any adverse events and determine continua-
tion or discontinuation of treatment.

CONCLUSIONS

This real-world study demonstrates the benefits of SGLT2is on
CKD progression and ESKD in a population with a high preva-
lence of DKD. The findings of risk reduction on these renal
composite outcomes from RCTs are shown in this study to be
extrapolated into clinical practice, particularly in moderate to
advanced CKD.
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