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ABSTRACT

Introduction: Randomized clinical trials have shown that sodium-glucose
cotransporter 2 (SGLT2) inhibitors significantly reduce renal events in
patients with type 2 diabetes mellitus (T2DM) at high risk for
cardiovascular disease. However, these trials included only a small
number of patients with moderate-to-severe chronic kidney disease
(CKD), leaving the renoprotective effects of SGLT2 inhibitors in T2DM
patients and impaired renal function unclear.

Methods: This retrospective study evaluated the effects of SGLT2
inhibitors on kidney function in T2DM patients with CKD stages 3b-4 with
estimated glomerular filtration rate (eGFR) 15-45 mlL/min/1.73 m?2.
Conducted by a single nephrology group across two medical centers, the
study included 175 T2DM patients who initiated SGLT2 inhibitor therapy
and continued treatment for at least one year. The primary outcomes
were changes in eGFR and urinary protein excretion over a one-year
period.

Results: After one year of SGLT2 inhibitor therapy, the median eGFR
showed no significant change from baseline. However, the annual decline
in eGFR significantly improved, and urinary protein excretion decreased
significantly. Despite these positive renal outcomes, HbAc reduction was
not significant.

Conclusion: This study demonstrated that SGLT2 inhibitors offer
renoprotective benefits in T2DM patients with moderate-to-severe CKD
by improving the annual decline in eGFR and reducing urinary protein
excretion. Further prospective clinical studies are required to assess the
long-term effects of SGLT2 inhibitors on glycemic control and renal

function in this patient population.
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Introduction

The incidence of type 2 diabetes mellitus (T2DM)
is increasing worldwide'. Diabetic nephropathy
/diabetic kidney disease is a serious complication
of T2DM, leading to end-stage kidney disease
(ESKD) requiring hemodialysis, making it a critical
issue in clinical practice and public health’.2.
Clinical assessment of renal damage through
measurements of urine protein-to-creatinine ratio
(UPCR) and estimated glomerular filtration rate
(eGFR) is recommended to promote active
interventions with renoprotective effects®. The
annual decline in eGFR is a clinically useful
biomarker reflecting dynamic and time-dependent
changes in renal function®. Patients with higher 1-
year rates of decline in eGFR (over 7.5%) are
considered “rapid eGFR decliners” and are
associated with poor renal prognosis in T2DM
patients. There is a need for practical strategies to
preserve and improve renal function, especially in
patients with CKD stages 3b-4 who are at high risk
of developing ESKD despite being asymptomatic>®”.
In patients with severely impaired kidney function,
treatment options for hyperglycemia are limited
due to drug metabolic pathways, side effects, and
risk of hypoglycemia®’. Glucose-lowering therapies
with renoprotective effects are considered to have
additional clinically important effects and advantages
for comprehensive T2DM management'®'".

Recent studies have shown that SGLT2 inhibitors,
like dapagliflozin and empagliflozin, provide
protective effects against glomerular damage and
tubulointerstitial injury in patients with insufficiently
controlled T2DM'2, Large randomized clinical trials
in patients at high risk for atherosclerotic
cardiovascular disease (ASCVD) revealed that
SGLT2 inhibition has protective effects on renal

events13,14,15

. However, these trials included only
small numbers of patients with moderate-to-severe
CKD. The glucose-lowering effect of SGLT2
inhibitors is diminished in advanced CKD patients,
leading to the recommendation against their use in
T2DM patients with impaired renal function (eGFR

<45 mL/min/1.73 m?). Therefore, the renoprotective

effects of SGLT2 inhibitors remain unclear in T2DM

patients with severely impaired renal function®!”'®,

This study aimed to retrospectively examine the
potential beneficial effects of SGLT2 inhibitor
therapy on renal function in T2DM patients with
CKD stages 3b-4.

Materials and Methods

STUDY POPULATION AND STUDY PROTOCOL

Based on clinical data from the electronic medical
records of two renal centers, we retrospectively
identified patients with type 2 diabetes mellitus
(T2DM) who began treatment with SGLT2
inhibitors between January 2020 and May 2024.
We selected patients with moderate-to-severe
renal impairment (CKD stages 3b-4) at the initiation
of SGLT2 inhibitor therapy and who continued
treatment for at least one year. Exclusion criteria
included type 1 diabetes mellitus, unstable
cardiovascular disease, active inflammation,
autoimmune disorders, infectious diseases, severe
liver disease, dementia, and cancer. Additionally,
newly diagnosed diabetic patients not undergoing
treatment and those with ketosis were excluded.
We investigated annual changes in eGFR before
and after SGLT2 inhibitor therapy. The primary
outcome was the quantitative assessment of
annual changes in eGFR. We analyzed eGFR one
year before and one year after SGLT2 inhibitor
therapy. This was a retrospective, observational,
single-arm, 2-center study. The study was
conducted following the Review Board approval.
No patient informed consent needed since no

patient identity was revealed.

ASSESSMENTS  AND
CLINICAL PARAMETERS

We collected clinical information on medical

MEASUREMENT  OF

treatments, complications, and history, as well as
data on body weight, height, blood pressure, and
pulse rate. Blood and urine analyses were
conducted in the hospital laboratory to measure
hemoglobin, hematocrit, blood glucose, HbAlc,

creatinine, blood urea nitrogen (BUN), uric acid
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(UA), urinary protein, and urinary creatinine. Urinary
protein excretion was assessed. eGFR was before
SGLT2 inhibitor therapy (one year and six months
before), at the initiation of therapy, and after
therapy (six months and one year after). We

calculated the annual changes in eGFR.

STATISTICAL ANALYSES

The primary endpoint was the treatment-induced
annual changes in eGFR. We aimed to analyze
significant improvements in annual changes in
eGFR before and after SGLT2 inhibitor therapy. A
power analysis indicated that enrolling over 22
patients was required to detect a mean difference
in annual changes in eGFR of -3.0 mL/min/1.73 m?
per year before SGLT2 inhibitor therapy and -1.0
mL/min/1.73 m?2 per year after therapy, with a
power of 80% and a two-sided alpha value of 0.05.
Normally distributed continuous variables are
presented as means (standard deviation), while
skewed distribution variables are presented as
medians (interquartile range). Paired Student’s t-
test or Wilcoxon’s test was used to analyze the
effects of SGLT2 inhibitor therapy on body weight,
BMI, blood pressure, and pulse rate. Spearman’s
rank correlation coefficient was used to analyze
correlations between changes in annual eGFR
decline and changes in HbA1c. A P-value < 0.05
was considered statistically significant.

Results

BASELINE CLINICAL PARAMETERS OF PATIENTS
A total of 1,188 stable T2DM patients newly
treated with SGLT2 inhibitors were initially
identified, of whom 190 (16.0%) had moderate-to-
severe CKD (stages 3b-4) at initiation. Fifteen
patients were excluded for not continuing
treatment for over one year, resulting in a final
cohort of 175 patients. Mean age was 64.8 years,
71.4% were male, mean duration of T2DM was 18
28.2  kg/m2.
Hypertension and dyslipidemia were present in
95.2% of patients, and 23.8% had a history of
cerebrovascular/cardiovascular diseases. Median

years, and mean BMI was

HbAlc was 7.6%, with an average of three

antidiabetic drugs used, including insulin.
Metformin and insulin were used by 50.0% and
71.4% of patients, respectively. The most
frequently used SGLT2 inhibitor was dapagliflozin
(33.0%). Median eGFR was 40.4 mL/min/1.73 mZ.
Data on urinary protein excretion was available for
150 patients. No patient was treated with

erythropoietin (table 1).

Table 1: Baseline Characteristics of the study Population

Characteristics

Total Number of patients
Age ( years)

Male (%)

Duration of T2DM (years)
BMI (kg/m?)
Hypertension (%)
Dyslipidemia (%)

History of CVD (%)
HbA1c (%)

Median eGFR (mL/ min/ 1.73m?
UPCR (g/g creatinine)
ACEi or ARBs (%)

Value

175

64.8 £ 10.2
71.4

18.0 5.0

28.2 4.5

95.2

95.2

23.8

7.6 (6.9-8.3)
40.4 (35.0-45.0)
0.36 (0.23-0.54)
30%
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CHANGES IN CLINICAL PARAMETERS AFTER
ONE YEAR OF SGLT2 INHIBITOR THERAPY

After one year of SGLT2 inhibitor therapy, median
HbA1c levels decreased from 7.6% to 7.5% (not
significant), while body weight significantly
decreased by 3.5 kg (P < 0.01) and blood pressure
significantly decreased by 10 mmHg systolic and 5
mmHg diastolic (P < 0.01). Hemoglobin levels
significantly increased by 0.5 g/dL (P < 0.01) (table
2). The median eGFR after one year was 41.0

mL/min/1.73 m?2, showing no significant change
from baseline. However, the annual decline in
eGFR eGFR
decline: pre-treatment -3.8 vs. post-treatment 0.1

significantly improved (median
mL/min/1.73 m? per year, P < 0.01). Urinary protein
excretion also significantly decreased (urinary
protein-to-creatinine ratio: pre-treatment 0.36 vs.
post-treatment 0.23 g/g creatinine, n = 150, P <

0.01) (Figure 1).

Table 2: Changes in Clinical Parameters After One Year of SGLT2 Inhibitor Therapy

Parameter Pre-treatment Post-treatment P-value
HbA1c (%) 7.6 (6.9-8.3) 7.5(6.8-8.2) 0.22
Body weight (kg) 70.1 £15.5 66.6 £14.7 <0.01
Systolic BP (mmHg) 140 £ 20 130 £ 18 <0.01
Diastolic BP (mmHg) 80 =10 75+ 10 <0.01
Hemoglobin (g/dL) 125=1.5 13.0=1.6 <0.01
Median eGFR (mL/min/1.73 m?) 40.4 (35.0-45.0) 41.0 (36.0-46.0) 0.35
Median annual eGFR decline -3.8 (-5.0to -2.6) 0.1(-151t01.2) <0.01
UPCR (g/g creatinine) 0.36 (0.23-0.54) 0.23 (0.15-0.35) <0.01
Figure 1: Changes in eGFR Over One Year & Changes in UPCR Over One Year
Changes in eGFR Over One Year Changes in UPCR Over One Year
40.0 -
0.55
37:5
< " 0.50
232,5 g A
g 5040
% 30:0 §035
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25.0 Pre-treatment eGFR 0.25 Pre-treatment UPCR
0.0 0.5 1.0 15 2.0 2.5 3.0POJ{ “:‘.;‘ — CZF: 0.0 0.5 1.0 15 2.0 2.5 3.(;05! “F;.\Sml“ U::;
Patient Cohorts Patient Cohorts
Discussion effects against glomerular damage and
tubulointerstitial injury. However, their full

The study demonstrates that add-on treatment
with SGLT2 inhibitors for over a year improves the
annual decline in eGFR and reduces urinary protein
excretion in T2DM patients with moderate-to-
severe CKD. This finding is significant as it may
provide a therapeutic advantage in managing
patients with advanced CKD and help delay the
progression to end-stage kidney disease (ESKD).
SGLT2 inhibitors are known to offer protective

© 2024 European Society of Medicine

renoprotective mechanisms in patients with severely
impaired renal function are not entirely understood.
Recent research has suggested several potential
mechanisms by which SGLT2 inhibitors exert their
renoprotective effects. These include the reduction
of podocyte damage' and improvement in
mitochondrial function?®, as well as decreased

oxidative stress?! and inflammation??2 within the
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kidney. Clinicians should consider that when
advanced renal dysfunction is identified, it may still
be possible to intervene effectively and potentially

delay the need for renal replacement therapy.

Limitations of the Study

This study has several limitations inherent to its
retrospective design, which affects the control over
variables and data completeness. Since this is an
observational study, it lacks a controlled
comparative group with randomization, and thus is
susceptible to selection bias. The absence of a
direct, randomized control group without SGLT2
inhibitor therapy limits the ability to attribute
observed changes in renal function solely to SGLT2
inhibitors, as other unmeasured factors could have
influenced outcomes. Instead, we compared each
patient’s renal function during the one year of
SGLT2 inhibitor therapy with their own historical
data from the previous year without these
inhibitors. While this within-patient comparison
offers some control over individual variability, it
cannot fully account for confounding factors that
may have changed over time.Additionally, the
relatively short follow-up period of one year
restricts the study’s capacity to assess the long-
term renal effects of SGLT2 inhibitors in advanced

CKD patients.

These limitations suggest that while the study

provides  preliminary  insights, prospective,

randomized controlled trials with extended follow-

up periods are essential to confirm the
renoprotective benefits of SGLT2 inhibitors in
T2DM patients with advanced CKD and to

establish clearer causal relationships.

Conclusions

This study showed that SGLT2 inhibitors provided
significant renoprotective effects, improving the
annual decline in eGFR and reducing urinary
protein excretion in T2DM patients with CKD
stages 3b-4. However, HbA1c reduction was not
significant. Further prospective clinical trials are
needed to fully elucidate the effects of SGLT2
inhibitors on glycemic control and renal function in
T2DM patients with moderate-to-severe renal

impairment.
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