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China

Introduction: The protective effect of sodium—glucose cotransporter-2 (SGLT-
2) inhibitors on the kidneys has been widely recognized. However, limited
research has reported the changes in estimated glomerular filtration rate
(eGFR) of real-world patients with type 2 diabetes mellitus (T2DM) over time
after administration of SGLT-2 inhibitors. This study aimed to reflect the trend of
eGFR changes over time in T2DM patients having different baseline eGFR after
SGLT-2 inhibitors administration in the real world.

Methods: A single-center retrospective study was performed in a tertiary public
hospital in Beijing, China. In total, 998 outpatients with T2DM who initiated SGLT-
2 inhibitors treatment were included in the study. The changes in eGFR, urinary
albumin/creatinine ratio (UACR), and glycolipid metabolism indicators were
analyzed during the 18-month follow-up period.

Results: The eGFR levels significantly decreased to their lowest point (-3.04 mL/
min/1.73 m?) in the first 3 months after initiation of SGLT-2 inhibitors treatment,
however, gradually returned to the baseline level after 1 year. Compared to the
subgroup with eGFR >90 mL/min/1.73 m?, improvements in renal function were
more significant in patients with T2DM from the 60 < eGFR <90 mL/min/1.73 m?
and eGFR <60 mL/min/1.73 m? subgroups after treatment with SGLT-2 inhibitors.
Similarly, SGLT-2 inhibitors reduced the UACR in patients with diabetic
nephropathy.

Conclusion: This study further confirmed the real-world long-term protective
effect of SGLT-2 inhibitors on the kidneys of patients with T2DM, which is not
related to baseline renal function and blood glucose.
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Introduction

Type 2 diabetes mellitus (T2DM) is one of the most common
factors leading to renal failure and lacks effective prevention and
treatment methods (Saran et al.,, 2017; Warren et al., 2018). The
number of patients receiving renal replacement therapy for renal
failure is reported to exceed 5 million worldwide in 2030 (Liyanage
et al, 2015). Therefore, effective measures to improve the renal
prognosis of patients with T2DM have become an area of great
concern. In recent years, sodium-glucose cotransporter-2 (SGLT-2)
inhibitors, a new class of oral hypoglycemic drugs that include
canagliflozin, empagliflozin, and dapagliflozin, have shown renal
benefits independent of hypoglycemic effects both in outcomes
research and in clinical practice (Vlado et al, 2018; Heerspink
et al, 2020a; De Nicola et al, 2020; Jongs et al, 2021). These
improvements mainly include reducing proteinuria and delaying
the deterioration of renal function (Ma et al, 2023). The
CREDENCE trial, the first clinical trial to report the impact of
SGLT-2 inhibitors on the kidneys, showed that the risk of renal
failure was lower in the canagliflozin group than in the placebo
group among patients with T2DM combining chronic kidney
disease (CKD) (Perkovic et al, 2019). The subsequent
EMPEROR trial showed that empagliflozin slowed the rate of
renal function decline both in patients with and without CKD
regardless of the severity of renal injury at baseline (Zannad
et al, 2021). A large phase III clinical study, DAPA-CKD,
showed that dapagliflozin treatment could delay the progression
of kidney disease and reduce the risk of the main endpoint
(composite of a sustained decline in the estimated glomerular
filtration rate (eGFR) of at least 50%, end-stage kidney disease,
or death from renal or cardiovascular causes) by 5.3%, including in
patients without diabetes (Heerspink et al., 2020a). Thus, based on
such a large number of clinical trial results, multiple countries have
successively approved SGLT-2 inhibitors for the treatment of CKD
(Herrington et al., 2021; Administration USFD Home-News, 2024;
Agency, 2024; Astrazeneca, 2024).

Multiple mechanisms have been reported to be involved in the
protective effect of SGLT-2 inhibitors on the kidneys (Heerspink et al.,
2016). eGFR usually increases with the development of diabetes, which
is an indicator of the development of diabetic nephropathy. SGLT-2
inhibitors reduce glucose levels by inhibiting the re-absorption of
glucose and sodium in the proximal tubules, increasing their
transport to the distal renal tubules, normalizing tubular bead
feedback signals, and alleviating over filtration (Vallon and
Thomson, 2020). The increase in glomerular perfusion leads to an
increase in vasoconstriction of afferent arterioles, followed by a decrease
in glomerular perfusion and intraglomerular pressure. These changes
rapidly reduce the eGFR, which, however, gradually stabilizes over time
(Wanner et al, 2016). This phenomenon was confirmed by the
CREDENCE and DAPA-CKD trials (Perkovic et al, 2019
Heerspink et al, 2020a). Moreover, Zannad et al. found that the
slightly ~ following  SGLT-2
administration, which does not affect renal function (Zannad
et al, 2022).

However, the research included in these clinical trials is highly

eGFR may decrease inhibitors

population selective, which cannot directly reflect the real-world
trend of the renal function change over time in patients with T2DM
after SGLT-2 inhibitors administration. Limited studies have
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reported the impact of SGLT-2 inhibitors on eGFR in the real
world population, (Fadini et al., 2018; Kosiborod et al., 2018; Udell
et al., 2018; Fadini et al,, 2019; Kinguchi et al.,, 2019; Lin et al., 2019;
Sezai et al., 2019; Heerspink et al., 2020b; Pasternak et al., 2020), with
only a few having reported specific renal test results, such as eGFR
and urinary albumin/creatinine ratio (UACR) (Heerspink et al.,
2020b; Lin et al., 2021). Therefore, this study aims to conduct a
retrospective analysis of the real-world data of outpatients with
T2DM using SGLT-2 inhibitors with different baseline renal
functions in mainland China. It is expected that this study will
extend the existing evidence from the clinical trials to a wider and
more heterogeneous population to provide further support, and a
well-informed rationale behind the clinical application of SGLT-2
inhibitors, while ensuring that patients use these more safely and
effectively.

Methods
Data sources and patient selection

This was a single-center retrospective retrospective study. The
medical records of 4,734 outpatients treated with SGLT-2 inhibitors
from January 2020 to June 2021 were obtained from the clinical data
center of Peking University People’s Hospital, Beijing China. Three
SGLT-2 inhibitors, canagliflozin, empagliflozin, and dapagliflozin, were
available in our hospital during the study period. Patients who met the
following conditions were included in the study: 1) the first
administration of SGLT-2 inhibitors in a patient was only after a
corresponding prescription issued by our hospital; 2) prescriptions
containing SGLT-2 inhibitors were issued at least three times during
the study period; 3) patients had relevant test results, including those for
eGFR, at or within 9 months prior to the first use of SGLT-2 inhibitors
(baseline period was from 9 months before medication to the day of
prescription); and 4) patients who had at least one relevant laboratory
test result, including that for eGFR, within 9 months after the first
prescription of SGLT-2 inhibitors. Cases with any of the following
conditions were excluded: 1) < 18 years old; 2) patients with type
1 diabetes or 3) gestational diabetes; 4) patients with cancer; and 5)
patients who failed to meet the inclusion criteria. These inclusion and
exclusion criteria were used to construct the patient database for this
research. The study design was approved by the Ethics Committee of
Peking University People’s Hospital, and all study participants provided
informed consent.

Data extraction

Baseline data included laboratory results extracted at 1, 3, 6, 9,
12, 15, and 18 months after the first prescription of SGLT-2
inhibitors. First, the following information was collected at
baseline: age, sex, body mass index (BMI), diabetes diagnosis,
course, and complications (including diabetic retinopathy,
nephropathy, and peripheral neuropathy), category of SGLT-2
inhibitors, department where SGLT-2 inhibitors were first
other

disease, coronary heart disease, heart failure, hypertension,

prescribed, comorbidities  (including cerebrovascular

hyperlipidemia, and hyperuricemia), and laboratory examination

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1376850

Song et al.

data, including reports for eGFR, blood uric acid (UA), triglyceride
(TG), total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C), UACR,
and glycated hemoglobin Alc (HbAlc).

Second, the following data of patients during an observation period
of 18 months after the first prescription of SGLT-2 inhibitors was
collected: 1) the prescription status of SGLT2i during the observation
period; 2) concurrent usage of other hypoglycemic medications,
including  metformin, sulfonylurea,  glinides, acarbose,
thiazolidinedione, dipeptidyl peptidase-4 inhibitors, glucagon-like
peptide-1 receptor agonists, and insulin, and of other drugs for
chronic diseases, including angiotensin-converting enzyme (ACE)
inhibitors, angiotensin II receptor blocker (ARB), calcium channel
blocker (CCB), antihypertensive drugs, B-receptor blockers, diuretics,
statins, antiplatelet drugs such as aspirin, and urate-lowering therapy
drugs; and 3) the outcomes of laboratory examinations, for the same
parameters as mentioned for baseline measurements, at 1, 3, 6, 9, 12, 15,
and 18 months after the first prescription of SGLT-2 inhibitors.

Statistical analyses

SPSS22.0 software was used to conduct statistical analyses of the
collected data. When the sample size was <50, the Shapiro-Wilk test was
used to determine whether the measured data conformed to a normal
distribution; when the sample size was >50, the Kolmogorov—Smirnov
test was used. The variables of a normal distribution are expressed as
(mean * standard error of the mean), and the variables of a non-normal
distribution were expressed as median and interquartile range. The
counting data is expressed as n (%). In univariate analysis, if the
difference between two groups of measured data conformed to a
normal distribution, a paired sample #-test was used for comparison
between the two groups, and the Pearson correlation coefficient was used
for correlation analysis of continuous variables. If the difference between
the two groups of measured data was not normally distributed, the
Wilcoxon rank-sum test was used for comparison between the two
groups, and the Spearman correlation coefficient was used for
correlation analysis. GraphPad Prism software was used for drawing.
P values <0.05 were considered to be statistically significant.

The study focused on the trend of the patient laboratory
indicators, especially eGFR changes over time within 18 months
after SGLT-2 inhibitors treatment in patients, as well as the cutoff
point of the gradual increase in eGFR after SGLT-2 inhibitors
treatment. We performed a stratified analysis based on baseline
eGFR levels. According to the baseline eGFR value, the included
cases were divided into three subgroups: eGFR >90 mL/min/1.73 m?,
60 < eGFR <90 mL/min/1.73 m? and eGFR <60 mL/min/1.73 m* In
addition to the overall analysis, other laboratory indicators, such as
UACR, HbAlc, and UA were also divided into 2-3 different
subgroups according to the normal range of laboratory tests.

Results
Study population characteristics
A total of 4,734 patients using SGLT-2 inhibitors were

identified in the outpatient department. The specific case
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screening details are illustrated in Figure 1. After screening
according to the inclusion and exclusion criteria, 998 patients
were included in this study, the population characteristics are
shown in Table 1. Among the 998 patients, 656 were males
(65.7%) and 342 were females (34.3%), with an average age of
60.09 + 12.13 years. The average BMI was 26.80 + 3.93 kg/m>. All
patients had confirmed diagnoses of T2DM, among them
343 patients had diabetes for <5 years, 164 for 5-10 years,
349 for 10-20 years, and 142 for >20 years. Most patients had
developed diabetes-related complications, such as diabetes
peripheral neuropathy (35.8%), nephropathy (29.4%), and
retinopathy (16.8%). The average HbAlc level of all
998 patients was 8.27% + 1.66%, and eGFR was 87.19 *
20.57 mL/min/1.73 m” at baseline. The proportions of patients
with concomitant chronic diseases were high: 816 (81.8%)
suffered from hypertension, 757 (75.9%) from hyperlipidemia,
498 (49.9%) from coronary heart disease, 388 (38.9%) from
cerebrovascular disease, and 261 (26.2%) from heart failure.
The departments that prescribed SGLT-2 inhibitors mainly
included (78.4%), nephrology  (12.3%),
cardiology (4.7%), geriatrics (2.5%), and other departments

endocrinology

(2.1%). The specific concomitant medications are shown in
Supplementary Table S1. Among the 998 patients, 69 patients
were initially treated with SGLT-2 inhibitors monotherapy, while
most patients were treated with combination therapy based on
SGLT-2 inhibitors: metformin (14.1%), metformin and other
hypoglycemic drugs (63.2%), and hypoglycemic drugs other
than metformin (15.7%). The combined use of medications for
other chronic diseases included ACEI (8.0%), ARB (46.2%), B
receptor blockers (36.6%), CCB (31.3%), diuretics (3.3%), statins
(71.1%), antiplatelet drugs (19.3%), and urate-lowering therapy
drugs (8.2%).

Analysis of renal function change in SGLT-2
inhibitors users

According to the baseline eGFR values, all included patients
were divided into three subgroups: eGFR >90 mL/min/1.73 m?, 60 <
eGFR <90 mL/min/1.73 m?, and eGFR <60 mL/min/1.73 m? Similar
subgroupings were also conducted for other laboratory indicators,
such as UACR, HbAlc, and UA as per the normal ranges in
laboratory testing.

The overall eGFR trend showed that within 15 months after the
start of treatment, eGFR levels remained below the baseline level,
especially in the first month after SGLT-2 inhibitors administration,
when eGFR levels reached their lowest point (an average decrease of
3.04 mL/min/1.73 m*) (Figure 2A). However, this was followed by a
stable upward trend and, hence, improvement. From the 12" month
onwards, the eGFR level returned to the baseline level, and no
statistically significant differences were observed between eGFR
and the baseline levels. However, the trend of eGFR changes was
not entirely consistent in the three different subgroups. The trend of
changes in the subgroup with eGFR <60 mL/min/1.73 m’ was
completely different from that of the other two groups. Compared
with the baseline value, the eGFR did not decrease within 9 months
after taking SGLT-2 inhibitors, but slightly increased, and there was
no statistical difference between the eGFR and baseline levels during
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January 2020 to June 2021 (n=4734)

Patients who prescribed SGLT-2 inhibitors at our outpatient clinic during the period from

—>

3 times (n=2851)

Excluding patients who prescribed SGLT-2 inhibitors less than

v

Patients who prescribed SGLT-2 inhibitors no less than 3 times during the study period (n=1883)

Exclusion :

@ Age < 18 years old;
@ Type 1 diabetes;

(3 Gestational diabetes;
@ Cancer;

used for the first time).
(n=885)

(® Data does not meet the requirements (no baseline data or
subsequent biochemical results or SGLT-2 inhibitors is not

v

June 2021 (n=998)

Patients who prescribed SGLT-2 inhibitors and fulfilling eligibility criteria from January 2020 to

FIGURE 1
Flowchart of the patients’ screening process for this study.

the 18-month observation period (Figure 2B). The trend of changes in
the subgroup with 60 < eGFR <90 mL/min/1.73 m” was similar to the
overall trend, i.e., the eGFR value significantly decreased in the first
month, gradually recovered from the third month, and tended to be
higher than the baseline value at the 12" month. The difference
between the eGFR and baseline values at the 18" month reached
statistical ~significance (Figure 2C). In the subgroup with
eGFR >90 mL/min/1.73 m?’ the trend of change was almost the
same as the overall trend and approached the baseline level by the 18"
month (Figure 2D).

In addition to eGFR, we also examined the UACR, another
indicator that reflects renal function. According to the baseline
UACR level, patients were divided into three subgroups:
normoalbuminuria (<30 mg/g), microalbuminuria (30-300 mg/
g), and macroalbuminuria (>300 mg/g). As illustrated in
Figure 3A, the natural logarithm of UACR showed minor change
over the observation period. The UACR was significantly lower than
the baseline UACR in the 3™, 6™, and 12" months. In the subgroup
with UACR <30 mg/g, the UACR significantly increased from the
6™ month after taking SGLT-2 inhibitors (Figure 3B). After using
SGLT-2 inhibitors, the UACR values of the 30 < UACR <300 mg/g
and UACR >300 mg/g groups were lower than the baseline values
(Figures 3C, D). The difference between the UACR value and
baseline value in the subgroup with UACR >300 mg/g only
reached statistical significance in the first 6 months.

Frontiers in Pharmacology

Changes in other indicators following SGLT-
2 inhibitors administration

As depicted in Figure 4, the overall study results showed that the
compliance rate of HbAlc reached a maximum of 53.0% in the 12™
month after initiation of SGLT-2 inhibitors therapy. The value
fluctuated around 50% at other time points. There were
647 patients with baseline HbAlc values >7.0%, and the change
in HbAlc compliance was similar to the overall trend. In the
subgroup with baseline HbAlc < 7.0%, the HbAlc compliance
rate fluctuated around 75% during the follow-up period.

After excluding patients with a history of using urate-lowering
therapy drugs, we also analyzed the changes in UA values of the
remaining 911 patients. We divided patients into two subgroups for
analysis based on the baseline UA values. As shown in Supplemental
Figure S1A, the overall UA level decreased during the observation
period. The baseline mean for the subgroup UA < 357 umol/L was
292.71 pmol/L. Although there was an increase in UA levels during
the follow-up period in this subgroup, the overall average value did
not exceed the limit (Supplemental Figure S1B). In the subgroup
with UA > 357 umol/L, UA levels remained significantly lower than
baseline throughout the entire follow-up period after initiating
SGLT-2i treatment (Supplemental Figure S1C).

After excluding patients with a history of using lipid modulating
drugs, we analyzed the trend of blood lipid changes in the remaining
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TABLE 1 Baseline characteristics of 998 patients including overall and subgroups stratifed by baseline eGFR levels (eGFR <60, 60—90, >90 mL/min/1.73 m?).

Characteristics eGFR<60 mL/min/ 60<eGFR<90 mL/min/ eGFR>90 mL/min/
1.73m? 1.73m? 1.73m?
N =117 N = 362 N = 519
Male, n (%) 656 (65.7) 69 (59.0) 261 (72.1) 326 (62.8)
Age (years), mean (SD) 60.09 67.31 (11.93) 65.26 (10.52) 54.84 (10.75)
(12.13)
BMI (kg/m?), mean (SD) 26.80 (3.93) | 25.73 (3.84) 26.61 (3.77) 27.09 (4.00)
Diagnosis of diabetes, n (%) 998 (100) 117 (100) 362 (100) 519 (100)

Duration of diabetes (years), n (%)

<5 343 (34.4) 33 (28.2) 112 (30.9) 198 (38.2)
5-10 164 (16.4) 21 (17.9) 45 (12.4) 98 (18.9)
10-20 349 (35.0) 36 (30.8) 139 (38.4) 174 (33.5)
>20 142 (14.2) 27 (23.1) 66 (18.2) 49 (9.4)

Diabetic complications, n (%)

None 493 (49.4) 34 (29.1) 174 (48.1) 285 (54.9)
Diabetic retinopathy 168 (16.8) 36 (30.8) 61 (16.9) 71 (13.7)

Diabetic nephropathy 294 (29.4) 68 (58.1) 123 (34.0) 103 (19.8)
Diabetic peripheral neuropathy 357 (35.8) 51 (43.6) 133 (36.7) 173 (33.3)
Baseline HbAlc (%), mean (SD) 8.27 (1.66) 7.91 (1.70) 8.03 (1.55) 8.49 (1.69)

History of cardiovascular disease, n (%)

Coronary heart disease 498 (49.9) 72 (61.5) 218 (60.2) 208 (40.1)
Heart failure 261 (26.2) 45 (38.5) 126 (34.8) 90 (17.3)
Hypertension 816 (81.8) 115 (98.3) 326 (90.1) 375 (72.2)
Hyperlipidemia 757 (75.9) 90 (76.9) 297 (82.0) 370 (71.3)
Cerebrovascular disease 388 (38.9) 67 (57.3) 161 (44.5) 160 (30.8)

SGLT-2 inhibitors, n (%)

Empagliflozin 504 (50.5) | 49 (41.9) 184 (50.8) 271 (52.2)
Dapagliflozin 270 (27.1) | 30 (25.6) 94 (26.0) 146 (28.1)
Canagliflozin 193 (193) | 29 (24.8) 77 (21.3) 87 (16.8)
Others* 31 (3.1) 9 (7.7) 7 (1.9) 15 (2.9)

Department SGLT-2 inhibitors first prescribed, n (%)

Endocrinology department 782 (78.4) 64 (54.7) 264 (72.9) 454 (87.5)
Nephrology department 123 (12.3) 43 (36.8) 50 (13.8) 30 (5.8)
Cardiology department 47 (4.7) 7 (6.0) 21 (5.8) 19 (3.7)
Geriatrics department 25 (2.5) 2 (1.7) 15 (4.1) 8 (1.5)
Other departments 21 (2.1) 1 (0.8) 12 (3.3) 8 (1.5)
Baseline eGFR (ml/min/1.73m?), 87.19 47.57 (9.39) 70.75 (8.22) 102.72 (9.46)
mean (SD) (20.57)

Abbreviations are as follows: eGFR, estimated glomerular fltration rate; SD, standard deviation; BMI, body mass index; HbA ¢, glycated hemoglobin Alc; SGLT-2, inhibitors, Sodium glucose
cotransporter-2 inhibitors.
Others a: Using multiple SGLT-2 inhibitors.
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Change in eGFR levels over time after SGLT-2 inhibitors treatment: (A) overall study, (B) eGFR <60 mL/min/1.73 m? subgroup, (C) 60 < eGFR <90 mL/
min/1.73 m? subgroup, and (D) eGFR >90 mL/min/1.73 m? subgroup. Means of change in eGFR are plotted with standard error of mean. The bottom tables
present the number of eGFR observations available at each time point. *, representing the p < 0.05 of eGFR in the time point and baseline by paired

sample test.

patients. The LDL-C, TG, and TC values were significantly lower
than the baseline level in the first 9 months following SGLT-2
inhibitors administration (Supplemental Figures S2A-C). The TG
remained significantly lower than the baseline value 12 months after
SGLT-2 inhibitors administration. However, HDL-C showed an
overall upward trend, but only the values in the 9" month showed
statistical differences values

from the baseline

(Supplemental Figure S2D).

Discussion

This was the first real-world study to focus on renal protection of
SGLT-2 inhibitors in patients with T2DM with different baseline
renal functions, conducted in mainland China. Although the data
was only from the outpatient prescription database of one hospital,
Peking University People’s Hospital is one of the first hospitals in
mainland China to use SGLT-2 inhibitors drugs. Moreover,
adequate outpatient flow ensures population diversity, and that

Frontiers in Pharmacology

the results are applicable to a wider Asian population. This study
further validated the protective effect of SGLT-2 inhibitors on renal
function in T2DM patients based on real-world records.

Until now, only a few studies have reported the effect of SGLT-2
inhibitors on renal prognosis in patients with different baseline renal
functions. The proportions of patients in different subgroups in our
study were similar to that in the CVD-REAL trial, which was the first
largest transnational observational cohort study to evaluate the
effects of SGLT-2 inhibitors treatment on kidney prognosis of
patients in the real world (Heerspink et al., 2020b). However, the
baseline eGFR of patients in the CVD-REAL trial was significantly
higher than that of our study. A cohort study from Taiwan, China,
explored the effects of SGLT-2 inhibitors on the renal prognosis of
Asian patients with T2DM in the real world (Lin et al., 2021). The
average baseline eGFR level of patients included in Taiwanese study
was similar to that of our study, however the population
composition based on baseline eGFR grouping was significantly
different.
cardiovascular disease reached 51.7% in our study, significantly

The proportion of patients with atherosclerosis
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higher than that in the former studies (Heerspink et al., 2020b; Lin
etal., 2021). In addition, the 18th month follow-up rates of the three
subgroups in our study were higher than those of other real-world
studies (Lin et al., 2019; Heerspink et al., 2020b; Lin et al., 2021).
Although there were differences in patient characteristics and study
design between our study and previous studies (Heerspink et al.,
2016; Heerspink et al., 2020b; Lin et al., 2021), the overall trend of
eGFR changes in patients using SGLT-2 inhibitors was consistent;
the decrease in eGFR reached a maximum value in the first month
and then began to rise gradually and tended to return to baseline
level. However, some studies have shown that SGLT-2 inhibitors
have the advantage of slowing the downward trend of eGFR, but do
not show an upward trend (Wheeler et al., 2021; Zannad et al., 2021;
Wheeler et al., 2022). In summary, the results of our research
provided the support for the improvement of renal function by
SGLT-2 inhibitors in the real world.

The trend of eGFR variation in the subgroup with eGFR <60 mL/
min/1.73 m* in most studies was consistent with the overall results of
the study (Chertow et al., 2021; Lin et al,, 2021). However, in our study,
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the trend of eGFR changes during follow-up in this subgroup was
significantly different from the overall results, while the results of other
subgroups were similar to those of previous studies (Chertow et al.,
2021; Lin et al., 2021). The average baseline eGFR in the eGFR <60 mL/
min/1.73 m” subgroup in our study was 47.57 mL/min/1.73 m? and the
average eGFR within 9 months after taking SGLT-2 inhibitors was
higher than the baseline value, and then began to decline. Another study
showed similar results, in eGFR <60 mL/min/1.73 m? subgroup, which
showed that the eGFR was greater than the baseline value within 2 years
after treatment with dapagliptin, and then began to decline (Mosenzon
et al, 2019). In addition, the CVD-REAL study reported that in the
corresponding subgroup (n = 973), the eGFR of patients after taking
SGLT-2 inhibitors increased by 0.22 mL/min/1.73 m?* however, the
average value of eGFR in the subgroup and its change over time were
not reported (Heerspink et al., 2020b). It is possible that differences in
renal function among patients included in the studies led to different
conclusions. Moreover, considering that not all patients had a
corresponding eGFR value at each time point during the follow-up
period and the number of patients included in the three subgroups was
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Change in proportion of people with HbAlc < 7.0% over time after SGLT-2 inhibitors treatment.

significantly different, careful interpretation of the results is required.
Thus, increasing the sample size of the eGFR <60 mL/min/1.73 m?>
subgroup may increase robustness in this study. In summary, our
results indicated that SGLT-2 inhibitors have a certain improvement
effect on renal function in T2DM patients with eGFR <60 mL/min/
1.73 m? over a certain period of time.

The differences in SGLT-2 inhibitors action on renal function may
also be related to follow-up time. Some studies have shown that eGFR
decreases sharply in a dose-dependent manner within a few weeks,
(Heerspink et al,, 2016; Lin et al., 2019), while the probability of kidney-
related events increases with time (Lin et al., 2019). However, the
potential mechanism of SGLT-2 inhibitors in protecting the kidneys is
not fully understood. The results of the EMPA-REG trial showed that
the potential change in glomerular pressure contributes to the improved
renal end point (Wanner et al., 2016). Several studies report that the
renal hemodynamic mechanism mediated by natriuretic and glucose-
induced osmotic diuresis is the main reason for the short-term biphasic
changes in renal function caused by SGLT-2 inhibitors (Heerspink et al.,
2018; Cherney et al., 2020; van Bommel et al., 2020). Moreover, the type
of SGLT-2 inhibitors also affects the degree of eGFR decrease in
patients. Huilin et al. pointed out that empagliflozin causes fewer
kidney-related events than dapagliflozin, (Tang et al, 2017),
however, Lin et al. reported contradictory results (Lin et al, 2019).
Thus, in future, research should focus on the correlation between SGLT-
2 inhibitors type and the trend of eGFR changes.

Our study also analyzed the UACR trend over time after using
SGLT-2 inhibitors in patients with T2DM. Although the sample size
for UACR was significantly smaller than that of eGFR, we still
performed subgroup analysis according to the baseline value. During
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the follow-up period, patients with baseline proteinuria showed
varying  degrees  of patients  with
microalbuminuria at baseline, the maximum reduction of UACR
after taking SGLT-2 inhibitors reached 38.9%. Patients with clinical
proteinuria at baseline showed the maximum decrease in UACR

improvement.  For

during the observation period, which was 47.5%. For patients with
proteinuria in our study, the degree of reduction in proteinuria
caused by SGLT-2 inhibitors was similar to the results of large
randomized controlled trials, ranging from 18% to 40%. (Vlado
etal,, 2018; Perkovic et al., 2019; Jongs et al., 2021). The prespecified
analysis of the DAPA-CKD trial showed that SGLT-2 inhibitors can
reduce proteinuria in patients with diabetes. (Pollock et al., 2019;
Heerspink et al,, 2020a; Jongs et al, 2021). Our study further
confirmed the role of SGLT-2 inhibitors in reducing proteinuria
in patients with T2DM. Moreover, Jongs et al. found a significant
reduction of UACR during dapagliflozin treatment was related to
eGFR decrease during the follow-up period. (Jongs et al,, 2021). In
future, the sample size needs to be increased when studying the
correlation between eGFR and UACR.

Moreover, we also analyzed the impact of SGLT-2 inhibitors on
HbAlc levels. Most of the patients included in our study were
treated with SGLT-2 inhibitors in combination with other types of
hypoglycemic drugs. We conducted statistical analyses on the
proportion of patients whose HbAlc reached the standard value
after initiation of SGLT-2 inhibitors and found that the overall
compliance rate of HbAlc showed an upward trend after initiating
SGLT-2 inhibitors treatment. After the follow-up period, the overall
HbAlc decreased by an average of 1.1% compared to baseline.
Similarly, other studies have shown that SGLT-2 inhibitors can
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reduce HbAlc in patients with T2DM by 0.11%-0.9% after a
treatment cycle of not less than 6 months (Jabbour et al., 2014;
Ridderstréle et al., 2014; Rodbard et al., 2019; Inzucchi et al., 2021).

In addition, our results further confirmed that SGLT-2
inhibitors can reduce UA levels in patients with high UA levels
(Doehner et al., 2022; Ferreira et al., 2022; Suijk et al., 2022). During
the follow-up period, the time point for reaching the maximum
decrease, with the value of —57.97 umol/L, was 1 month after
initiating SGLT-2 inhibitors treatment in this subgroup, which
was consistent with previous studies (Doehner et al., 2022). The
mechanism of SGLT-2 inhibitors in reducing UA levels has been
shown to be potentially different from that of UA-lowering drugs
(McDowell et al., 2022). La et al. (2022) found that the reduction of
UA by SGLT-2 inhibitors was related to its inhibition of low-grade
inflammation. In addition, animal experiments showed that
empagliflozin attenuates hyperuricemia by upregulation of
ABCG2 via the AMPK/AKT/CREB signaling pathway in type
2 diabetic mice (Lu et al., 2020). Butt et al. (2023) suggested that
the lowering effect of SGLT-2 inhibitors on UA can reduce the
required dosage of urate-lowering therapy drugs. Although the
mechanism of lowering UA by SGLT-2 inhibitors is not yet clear,
this study further confirms the urate-lowering effect of SGLT-2
inhibitors in the real world.

We also investigated the effect of SGLT-2 inhibitors on blood lipids.
We analyzed the blood lipid data of the remaining patients, particularly
LDL-C, after excluding those with a history of using lipid modulating
drugs. Currently, reports on the role of SGLT-2 inhibitors in LDL-C
have been controversial (Fadini et al., 2018; Kinguchi et al., 2019; Sezai
et al,, 2019; Berkovic et al,, 2020; Osto et al,, 2023). In our study,
although there was no significant statistical difference in LDL-C level
between patients at the end of the follow-up period and the baseline,
LDL-C level was significantly lower than the baseline value at 1, 3, and
6 months after taking SGLT-2 inhibitors, indicating that SGLT-2
inhibitors had a certain lipid modulating effect. Sezai et al. (2019)
have suggested that the improvement of LDL-C levels may be related to
the reduction of fat volume in patients taking SGLT-2 inhibitors. In
addition, the SGLT-2 inhibitors effect on TC was similar to that of LDL-
C, and there was a trend towards lower TG after SGLT-2 inhibitors
usage. However, SGLT-2 inhibitors had almost no effect on HDL-C.
Therefore, SGLT-2 inhibitors can reduce blood lipids, temporarily, with
the effect gradually disappearing over time. Although the mechanism
and effect of SGLT-2 inhibitors on blood lipids remains controversial,
our retrospective study based on the real world excluded the
which  has
persuasiveness. Previous research has shown that SGLT-2 inhibitors

interference of lipid modulating drugs, strong
can reduce oxidative stress associated with T2DM, improve insulin
sensitivity and lead to better cardiovascular outcomes and renal
advantages (Andreadi et al, 2023). Therefore, in T2DM patients, the
use of SGLT-2 inhibitors improves cardiovascular outcomes and
controls metabolic consequences. People has attached more attention
to the importance of SGLT-2 inhibitors in the treatment of diabetes in
patients with cardiovascular diseases. Overall, our study still provides a
practical basis for the protective effect of SGLT-2 inhibitors on the
cardiovascular system.

This study had some limitations. First, this study was conducted
in a single hospital, thus the sample size included in the study was
eGFR <60 mL/min/1.73 m®
subgroup. Second, the relevant laboratory examinations depended

small, especially in the
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on patient compliance, resulting in significant data loss during the
follow-up period. In addition to the small number of patients with
proteinuria or CKD, most doctors tended to examine eGFR but
ignored UACR, which made it difficult to collect sufficient UACR
data. Third, we did not conduct further research on the effect of
SGLT-2 inhibitors type and dosage on renal function in patients.
Also, a longer follow-up time is required to further study the long-
term effects of SGLT-2 inhibitors on the kidneys. Fourth, we only
focused on the clinical efficacy of SGLT-2 inhibitors and did not
perform statistical analysis on any acute kidney injury or urinary
tract infection that they may cause. Finally, no in-depth analysis was
performed on some mixed factors that may affect the observation
indicators.

Conclusion

Our results indicate that during the 18-month follow-up, SGLT-
2 inhibitors can improve renal function in patients with T2DM
regardless of their baseline renal function. Although eGFR may
decline sharply in the initial stage of medication, it gradually
Our
demonstrates that SGLT-2 inhibitors can reduce proteinuria in

improves with prolonged medication. study further
patients with T2DM. On the basis of existing clinical trials and
real-world studies, our findings provide further evidence for the use

of SGLT-2 inhibitors and their renal benefits in Asian populations.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics Committee
of Peking University People’s Hospital. The studies were conducted in
accordance with the local legislation and institutional requirements. The
participants provided their written informed consent to participate in
this study. Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable
images or data included in this article.

Author contributions

RS: Data curation, Formal Analysis, Funding acquisition,
Investigation, Methodology, Project administration, Resources,
Validation, Writing-review and editing. QH: Data curation,

Formal  Analysis, Methodology, Software, Visualization,
Writing-original draft. XZ: Conceptualization, Formal Analysis,
Project administration, Software, Supervision, Validation,

Writing-review and editing. WZ: Data curation, Methodology,
Software, Writing-review and editing. GL: Writing-review and
editing. ML: Validation, editing. XZ:
Supervision, Validation, Writing-review and editing. LJ: Funding

Writing-review and

acquisition, Resources, Supervision, Writing-review and editing.

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1376850

Song et al.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the grants from National Natural Science
Foundation of China (grant numbers. 81970708) and project
(RDY2021-28) supported by Peking University People’s Hospital
Research And Development Funds.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

Administration USFD Home-News (2024). Events-FDA newsroom- press
announcements-FDA approves treatment for chronic kidney disease. Available at:
https://www.fda.gov/news-events/press-announcements/fda-approves-treatment-
chronic-kidney-disease (Accessed October 23, 2023).

Agency (2024). Agency EM medicines-forxiga. Available at: https://www.ema.europa.
eu/en/medicines/human/EP AR/forxiga (Accessed October 23, 2023).

Andreadi, A., Muscoli, S., Tajmir, R., Meloni, M., Muscoli, C,, Ilari, S., et al. (2023).
Recent pharmacological options in type 2 diabetes and synergic mechanism in
cardiovascular disease. Int. J. Mol. Sci. 24 (2), 1646. doi:10.3390/ijms24021646

Astrazeneca (2024). Astrazeneca Homepage-Dapagliflozin Chronic kidney disease
indication approved in China. Available at: https://www.astrazeneca.com.cn/zh/media/
press-releases/2022/_4.html (Accessed October 23, 2023).

Berkovic, M. C,, Bilic-Curcic, L, Bozek, T., Mahecic, D. H., Majanovic, S. K., Canecki-
Varzic, S., et al. (2020). Glucagon-like-1 receptor agonists and sodium/glucose
cotransporter-2 inhibitors combination-are we exploiting their full potential in a
real life setting? World J. Diabetes 11 (11), 540-552. doi:10.4239/wjd.v11.i11.540

Butt, J. H., Docherty, K. F., Claggett, B. L., Desai, A. S., Petersson, M., Langkilde, A. M.,
et al. (2023). Association of dapagliflozin use with clinical outcomes and the
introduction of uric acid-lowering therapy and colchicine in patients with heart
failure with and without gout: a patient-level pooled meta-analysis of DAPA-HF
and deliver. JAMA Cardiol. 8 (4), 386-393. doi:10.1001/jamacardio.2022.5608

Cherney, D. Z. I, Dekkers, C. C. J., Barbour, S. J., Cattran, D., Abdul Gafor, A. H.,
Greasley, P. ], et al. (2020). Effects of the SGLT2 inhibitor dapagliflozin on proteinuria
in non-diabetic patients with chronic kidney disease (DIAMOND): a randomised,
double-blind, crossover trial. Lancet Diabetes Endocrinol. 8 (7), 582-593. doi:10.1016/
$2213-8587(20)30162-5

Chertow, G. M., Vart, P., Jongs, N, Toto, R. D., Gorriz, J. L., Hou, F. F,, et al. (2021).
Effects of dapagliflozin in stage 4 chronic kidney disease. J. Am. Soc. Nephrol. 32 (9),
2352-2361. doi:10.1681/asn.2021020167

De Nicola, L., Gabbai, F. B., Garofalo, C., Conte, G., and Minutolo, R. (2020).
Nephroprotection by SGLT2 inhibition: back to the future? J. Clin. Med. 9 (7), 2243.
doi:10.3390/jcm9072243

Doehner, W., Anker, S. D., Butler, J., Zannad, F., Filippatos, G., Ferreira, J. P, et al.
(2022). Uric acid and sodium-glucose cotransporter-2 inhibition with empagliflozin in
heart failure with reduced ejection fraction: the EMPEROR-reduced trial. Eur. Heart J.
43 (36), 3435-3446. doi:10.1093/eurheartj/ehac320

Fadini, G. P., Solini, A., Manca, M. L., Penno, G., Gatti, A., Anichini, R., et al. (2019).
Effectiveness of dapagliflozin versus comparators on renal endpoints in the real world: a
multicentre retrospective study. Diabetes Obes. Metab. 21 (2), 252-260. doi:10.1111/
dom.13508

Fadini, G. P., Zatti, G., Baldi, I, Bottigliengo, D., Consoli, A., Giaccari, A., et al. (2018).
Use and effectiveness of dapagliflozin in routine clinical practice: an Italian multicentre
retrospective study. Diabetes Obes. Metab. 20 (7), 1781-1786. doi:10.1111/dom.13280

Ferreira, J. P., Inzucchi, S. E., Mattheus, M., Meinicke, T., Steubl, D., Wanner, C., et al.
(2022). Empagliflozin and uric acid metabolism in diabetes: a post hoc analysis of the
EMPA-REG OUTCOME trial. Diabetes Obes. Metab. 24 (1), 135-141. doi:10.1111/
dom.14559

Heerspink, H. J., Perkins, B. A, Fitchett, D. H., Husain, M., and Cherney, D. Z. (2016).
Sodium glucose cotransporter 2 inhibitors in the treatment of diabetes mellitus:
cardiovascular and kidney effects, potential mechanisms, and clinical applications.
Circulation 134 (10), 752-772. doi:10.1161/circulationaha.116.021887

Frontiers in Pharmacology

10

10.3389/fphar.2024.1376850

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2024.1376850/
full#supplementary-material

Heerspink, H. J. L., Karasik, A., Thuresson, M., Melzer-Cohen, C., Chodick, G.,
Khunti, K., et al. (2020b). Kidney outcomes associated with wuse of
SGLT2 inhibitors in real-world clinical practice (CVD-REAL 3): a
multinational observational cohort study. Lancet Diabetes Endocrinol. 8 (1),
27-35. d0i:10.1016/s2213-8587(19)30384-5

Heerspink, H. J. L., Kosiborod, M., Inzucchi, S. E., and Cherney, D. Z. I. (2018).
Renoprotective effects of sodium-glucose cotransporter-2 inhibitors. Kidney Int. 94 (1),
26-39. doi:10.1016/j.kint.2017.12.027

Heerspink, H. J. L., Stefansson, B. V., Correa-Rotter, R., Chertow, G. M., Greene, T.,
Hou, F. F,, et al. (2020a). Dapagliflozin in patients with chronic kidney disease. N. Engl.
J. Med. 383 (15), 1436-1446. doi:10.1056/NEJMo0a2024816

Herrington, W. G., Frankel, A. H., Wonnacott, A., Webb, D., Watt, A., Watson, M.,
et al. (2021). “UK kidney association clinical practice guideline: sodium-glucose Co-
transporter-2 (SGLT-2),” in Inhibition in adults with kidney disease. Editor
U. K. Association (China: BMC Nephrology).

Inzucchi, S. E., Davies, M. J., Khunti, K., Trivedi, P., George, J. T., Zwiener, L, et al.
(2021). Empagliflozin treatment effects across categories of baseline HbAlc, body
weight and blood pressure as an add-on to metformin in patients with type 2 diabetes.
Diabetes Obes. Metab. 23 (2), 425-433. doi:10.1111/dom.14234

Jabbour, S. A., Hardy, E., Sugg, J., Parikh, S., and Study 10 Group (2014).
Dapagliflozin is effective as add-on therapy to sitagliptin with or without
metformin: a 24-week, multicenter, randomized, double-blind, placebo-controlled
study. Diabetes Care 37 (3), 740-750. doi:10.2337/dc13-0467

Jongs, N., Greene, T., Chertow, G. M., McMurray, J. J. V., Langkilde, A. M., Correa-
Rotter, R, et al. (2021). Effect of dapagliflozin on urinary albumin excretion in patients
with chronic kidney disease with and without type 2 diabetes: a prespecified analysis
from the DAPA-CKD trial. Lancet Diabetes Endocrinol. 9 (11), 755-766. doi:10.1016/
$2213-8587(21)00243-6

Kinguchi, S., Wakui, H,, Ito, Y., Kondo, Y., Azushima, K., Osada, U, et al. (2019).
Improved home BP profile with dapagliflozin is associated with amelioration of
albuminuria in Japanese patients with diabetic nephropathy: the Yokohama add-on
inhibitory efficacy of dapagliflozin on albuminuria in Japanese patients with type
2 diabetes study (Y-AIDA study). Cardiovasc Diabetol. 18 (1), 110. doi:10.1186/s12933-
019-0912-3

Kosiborod, M., Lam, C. S. P, Kohsaka, S., Kim, D. J., Karasik, A., Shaw, J., et al. (2018).
Cardiovascular events associated with SGLT-2 inhibitors versus other glucose-lowering
drugs: the CVD-REAL 2 study. J. Am. Coll. Cardiol. 71 (23), 2628-2639. doi:10.1016/j.
jacc.2018.03.009

La, G. R,, de Candia, P., Olivieri, F., Matacchione, G., Giuliani, A., Rippo, M. R,, et al.
(2022). Anti-inflammatory effect of SGLT-2 inhibitors via uric acid and insulin. Cell
Mol. Life Sci. 79 (5), 273. doi:10.1007/s00018-022-04289-z

Lin, F. ], Wang, C. C,, Hsu, C. N,, Yang, C. Y., Wang, C. Y,, and Ou, H. T. (2021).
Renoprotective effect of SGLT-2 inhibitors among type 2 diabetes patients with different
baseline kidney function: a multi-center study. Cardiovasc Diabetol. 20 (1), 203. doi:10.
1186/512933-021-01396-2

Lin, Y. H,, Huang, Y. Y, Hsieh, S. H,, Sun, J. H,, Chen, S. T., and Lin, C. H. (2019).
Renal and glucose-lowering effects of empagliflozin and dapagliflozin in different
chronic kidney disease stages. Front. Endocrinol. 10, 820. doi:10.3389/fend0.2019.00820

Liyanage, T., Ninomiya, T, Jha, V., Neal, B., Patrice, H. M., Okpechi, L, et al. (2015).
Worldwide access to treatment for end-stage kidney disease: a systematic review. Lancet
385 (9981), 1975-1982. doi:10.1016/s0140-6736(14)61601-9

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphar.2024.1376850/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2024.1376850/full#supplementary-material
https://www.fda.gov/news-events/press-announcements/fda-approves-treatment-chronic-kidney-disease
https://www.fda.gov/news-events/press-announcements/fda-approves-treatment-chronic-kidney-disease
https://www.ema.europa.eu/en/medicines/human/EPAR/forxiga
https://www.ema.europa.eu/en/medicines/human/EPAR/forxiga
https://doi.org/10.3390/ijms24021646
https://www.astrazeneca.com.cn/zh/media/press-releases/2022/_4.html
https://www.astrazeneca.com.cn/zh/media/press-releases/2022/_4.html
https://doi.org/10.4239/wjd.v11.i11.540
https://doi.org/10.1001/jamacardio.2022.5608
https://doi.org/10.1016/s2213-8587(20)30162-5
https://doi.org/10.1016/s2213-8587(20)30162-5
https://doi.org/10.1681/asn.2021020167
https://doi.org/10.3390/jcm9072243
https://doi.org/10.1093/eurheartj/ehac320
https://doi.org/10.1111/dom.13508
https://doi.org/10.1111/dom.13508
https://doi.org/10.1111/dom.13280
https://doi.org/10.1111/dom.14559
https://doi.org/10.1111/dom.14559
https://doi.org/10.1161/circulationaha.116.021887
https://doi.org/10.1016/s2213-8587(19)30384-5
https://doi.org/10.1016/j.kint.2017.12.027
https://doi.org/10.1056/NEJMoa2024816
https://doi.org/10.1111/dom.14234
https://doi.org/10.2337/dc13-0467
https://doi.org/10.1016/s2213-8587(21)00243-6
https://doi.org/10.1016/s2213-8587(21)00243-6
https://doi.org/10.1186/s12933-019-0912-3
https://doi.org/10.1186/s12933-019-0912-3
https://doi.org/10.1016/j.jacc.2018.03.009
https://doi.org/10.1016/j.jacc.2018.03.009
https://doi.org/10.1007/s00018-022-04289-z
https://doi.org/10.1186/s12933-021-01396-2
https://doi.org/10.1186/s12933-021-01396-2
https://doi.org/10.3389/fendo.2019.00820
https://doi.org/10.1016/s0140-6736(14)61601-9
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1376850

Song et al.

Lu, Y. H, Chang, Y. P, Li, T., Han, F,, Li, C. ], Li, X. Y., et al. (2020). Empagliflozin
attenuates hyperuricemia by upregulation of ABCG2 via AMPK/AKT/CREB signaling
pathway in type 2 diabetic mice. Int. J. Biol. Sci. 16 (3), 529-542. doi:10.7150/ijbs.33007

Ma, Y., Lin, C, Cai, X.,, Hu, S., Zhu, X,, Lv, F, et al. (2023). Baseline eGFR,
albuminuria and renal outcomes in patients with SGLT2 inhibitor treatment: an
updated meta-analysis. Acta Diabetol. 60 (3), 435-445. doi:10.1007/s00592-022-
02022-7

McDowell, K., Welsh, P., Docherty, K. F., Morrow, D. A,, Jhund, P. S., de Boer, R. A.,
et al. (2022). Dapagliflozin reduces uric acid concentration, an independent predictor of
adverse outcomes in DAPA-HF. Eur. J. Heart Fail 24 (6), 1066-1076. doi:10.1002/ejhf.
2433

Mosenzon, O., Wiviott, S. D., Cahn, A, Rozenberg, A., Yanuv, L., Goodrich, E. L., et al.
(2019). Effects of dapagliflozin on development and progression of kidney disease in
patients with type 2 diabetes: an analysis from the DECLARE-TIMI 58 randomised trial.
Lancet Diabetes Endocrinol. 7 (8), 606-617. doi:10.1016/s2213-8587(19)30180-9

Osto, E., Bonacina, F., Pirillo, A., and Norata, G. D. (2023). Neutral effect of
SGLT2 inhibitors on lipoprotein metabolism: from clinical evidence to molecular
mechanisms. Pharmacol. Res. 188, 106667. doi:10.1016/j.phrs.2023.106667

Pasternak, B., Wintzell, V., Melbye, M., Eliasson, B., Svensson, A. M., Franzén, S., et al.
(2020). Use of sodium-glucose co-transporter 2 inhibitors and risk of serious renal
events: scandinavian cohort study. Br. Med. J. 369, m1186. doi:10.1136/bmj.m1186

Perkovic, V., Jardine, M. J., Neal, B., Bompoint, S., Heerspink, H. J. L., Charytan, D.
M, et al. (2019). Canagliflozin and renal outcomes in type 2 diabetes and nephropathy.
N. Engl. J. Med. 380 (24), 2295-2306. doi:10.1056/NEJMoal811744

Pollock, C., Stefansson, B., Reyner, D., Rossing, P., Sjostrom, C. D., Wheeler, D. C.,
et al. (2019). Albuminuria-lowering effect of dapagliflozin alone and in combination
with saxagliptin and effect of dapagliflozin and saxagliptin on glycaemic control in
patients with type 2 diabetes and chronic kidney disease (DELIGHT): a randomised,
double-blind, placebo-controlled trial. Lancet Diabetes Endocrinol. 7 (6), 429-441.
doi:10.1016/s2213-8587(19)30086-5

Ridderstréle, M., Andersen, K. R., Zeller, C., Kim, G., Woerle, H. J., Broedl, U. C,, et al.
(2014). Comparison of empagliflozin and glimepiride as add-on to metformin in
patients with type 2 diabetes: a 104-week randomised, active-controlled, double-
blind, phase 3 trial. Lancet Diabetes Endocrinol. 2 (9), 691-700. doi:10.1016/s2213-
8587(14)70120-2

Rodbard, H. W, Rosenstock, J., Canani, L. H., Deerochanawong, C., Gumprecht, J.,
Lindberg, S., et al. (2019). Oral semaglutide versus empagliflozin in patients with type
2 diabetes uncontrolled on metformin: the PIONEER 2 trial. Diabetes Care 42 (12),
2272-2281. doi:10.2337/dc19-0883

Saran, R., Robinson, B., Abbott, K. C., Agodoa, L. Y. C., Albertus, P., Ayanian, J., et al.
(2017). US renal data system 2016 annual data report: epidemiology of kidney disease in
the United States. Am. J. Kidney Dis. 69, A7-A8-A8. doi:10.1053/j.ajkd.2016.12.004

Sezai, A., Sekino, H., Unosawa, S., Taoka, M., Osaka, S., and Tanaka, M. (2019).
Canagliflozin for Japanese patients with chronic heart failure and type II diabetes.
Cardiovasc Diabetol. 18 (1), 76. do0i:10.1186/s12933-019-0877-2

Suijk, D. L. S,, van Baar, M. J. B., van Bommel, E. J. M., Igbal, Z., Krebber, M. M.,
Vallon, V., et al. (2022). SGLT2 inhibition and uric acid excretion in patients with type

Frontiers in Pharmacology

11

10.3389/fphar.2024.1376850

2 diabetes and normal kidney function. Clin. J. Am. Soc. Nephrol. 17 (5), 663-671.
doi:10.2215/cjn.11480821

Tang, H,, Li, D,, Zhang, ], Li, Y., Wang, T., Zhai, S., et al. (2017). Sodium-glucose co-
transporter-2 inhibitors and risk of adverse renal outcomes among patients with type
2 diabetes: a network and cumulative meta-analysis of randomized controlled trials.
Diabetes Obes. Metab. 19 (8), 1106-1115. doi:10.1111/dom.12917

Udell, J. A., Yuan, Z., Rush, T., Sicignano, N. M., Galitz, M., and Rosenthal, N. (2018).
Cardiovascular outcomes and risks after initiation of a sodium glucose cotransporter
2 inhibitor: results from the EASEL population-based cohort study (evidence for
cardiovascular outcomes with sodium glucose cotransporter 2 inhibitors in the real
world). Circulation 137 (14), 1450-1459. doi:10.1161/circulationaha.117.031227

Vallon, V., and Thomson, S. C. (2020). The tubular hypothesis of nephron filtration
and diabetic kidney disease. Nat. Rev. Nephrol. 16 (6), 317-336. doi:10.1038/s41581-
020-0256-y

van Bommel, E. J. M., Muskiet, M. H. A., van Baar, M. J. B,, Tonneijck, L., Smits,
M. M., Emanuel, A. L., et al. (2020). The renal hemodynamic effects of the
SGLT2 inhibitor dapagliflozin are caused by post-glomerular vasodilatation
rather than pre-glomerular vasoconstriction in metformin-treated patients with
type 2 diabetes in the randomized, double-blind RED trial. Kidney Int. 97 (1),
202-212. doi:10.1016/j.kint.2019.09.013

Vlado, P., De, Z. D., Mahaffey, K. W., Greg, F., Ngozi, E., Wayne, S., et al. (2018).
Canagliflozin and renal outcomes in type 2 diabetes: results from the CANVAS Program
randomised clinical trials. Lancet Diabetes Endocrinol. 6 (9), 691-704. doi:10.1016/
$2213-8587(18)30141-4

Wanner, C., Inzucchi, S. E., Lachin, J. M., Fitchett, D., von Eynatten, M., Mattheus, M.,
et al. (2016). Empagliflozin and progression of kidney disease in type 2 diabetes. New
Eng. J. Med. 375 (4), 323-334. doi:10.1056/NEJMoal515920

Warren, B., Rebholz, C. M., Sang, Y., Lee, A. K., Coresh, J., Selvin, E,, et al. (2018).
Diabetes and trajectories of estimated glomerular filtration rate: a prospective cohort
analysis of the atherosclerosis risk in communities study. Diabetes Care 41 (8),
1646-1653. doi:10.2337/dc18-0277

Wheeler, D. C,, Jongs, N., Stefansson, B. V., Chertow, G. M., Greene, T., Hou, F. F.,
et al. (2022). Safety and efficacy of dapagliflozin in patients with focal segmental
glomerulosclerosis: a prespecified analysis of the dapagliflozin and prevention of adverse
outcomes in chronic kidney disease (DAPA-CKD) trial. Nephrol. Dial. Transpl. 37 (9),
1647-1656. doi:10.1093/ndt/gfab335

Wheeler, D. C,, Toto, R. D, Stefansson, B. V., Jongs, N., Chertow, G. M., Greene, T,
etal. (2021). A pre-specified analysis of the DAPA-CKD trial demonstrates the effects of
dapagliflozin on major adverse kidney events in patients with IgA nephropathy. Kidney
Int. 100 (1), 215-224. doi:10.1016/j.kint.2021.03.033

Zannad, F., Ferreira, J., Gregson, J., Kraus, B., Mattheus, M., Hauske, S., et al.
(2022). Early changes in estimated glomerular filtration rate post-initiation of
empagliflozin in EMPEROR-Reduced. Eur. J. Heart Fail 24 (10), 1829-1839.
doi:10.1002/ejhf.2578

Zannad, F., Ferreira, J. P, Pocock, S. J., Zeller, C., Anker, S. D., Butler, J., et al. (2021).
Cardiac and kidney benefits of empagliflozin in heart failure across the spectrum of
kidney function: insights from EMPEROR-reduced. Circulation 143 (4), 310-321.
doi:10.1161/circulationaha.120.051685

frontiersin.org


https://doi.org/10.7150/ijbs.33007
https://doi.org/10.1007/s00592-022-02022-7
https://doi.org/10.1007/s00592-022-02022-7
https://doi.org/10.1002/ejhf.2433
https://doi.org/10.1002/ejhf.2433
https://doi.org/10.1016/s2213-8587(19)30180-9
https://doi.org/10.1016/j.phrs.2023.106667
https://doi.org/10.1136/bmj.m1186
https://doi.org/10.1056/NEJMoa1811744
https://doi.org/10.1016/s2213-8587(19)30086-5
https://doi.org/10.1016/s2213-8587(14)70120-2
https://doi.org/10.1016/s2213-8587(14)70120-2
https://doi.org/10.2337/dc19-0883
https://doi.org/10.1053/j.ajkd.2016.12.004
https://doi.org/10.1186/s12933-019-0877-2
https://doi.org/10.2215/cjn.11480821
https://doi.org/10.1111/dom.12917
https://doi.org/10.1161/circulationaha.117.031227
https://doi.org/10.1038/s41581-020-0256-y
https://doi.org/10.1038/s41581-020-0256-y
https://doi.org/10.1016/j.kint.2019.09.013
https://doi.org/10.1016/S2213-8587(18)30141-4
https://doi.org/10.1016/S2213-8587(18)30141-4
https://doi.org/10.1056/NEJMoa1515920
https://doi.org/10.2337/dc18-0277
https://doi.org/10.1093/ndt/gfab335
https://doi.org/10.1016/j.kint.2021.03.033
https://doi.org/10.1002/ejhf.2578
https://doi.org/10.1161/circulationaha.120.051685
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1376850

	Retrospective analysis of the effect of SGLT-2 inhibitors on renal function in patients with type 2 diabetes in the real world
	Introduction
	Methods
	Data sources and patient selection
	Data extraction
	Statistical analyses

	Results
	Study population characteristics
	Analysis of renal function change in SGLT-2 inhibitors users
	Changes in other indicators following SGLT-2 inhibitors administration

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


