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Abstract

Objective: The current study aimed to compare the renal effects of Empagliflozin with Linagliptin
combined with Metformin in patients with type 2 diabetes mellitus (T2DM) and chronic kidney disease.
Materials and Methods: We conducted a randomized clinical trial on diabetic patients aged over 18

years with chronic re

nal failure and an EGFR between 20 to 60 ml/minutes/1.73 m? corrected with the

MDRD equation. Between January and December 2023, a total of 150 cases in Imam Hossein Hospital
were randomized into two study arms of 75 cases receiving Empagliflozin (10 mg/day) and metformin or
Linagliptin (5mg/day) and metformin for 6 months. The primary outcome was a change in chronic kidney

disease (CKD) stage,

while serum creatinine, fasting blood sugar (FBS), proteinuria, and blood pressure

were evaluated at baseline, 3 and 6 months later.

Results: The mean age of participants was 62.20 (z 4.45) years and 50% of them were females. Study
indices including serum creatinine (P: 0.001), estimated glomerular filtration rate (¢eGFR) (P: 0.001), FBS
(P: 0.001), HgAlc (P: 0.001), proteinuria (P: 0.001), and blood pressure (P: 0.001) reduced significantly

over time in both gro

ups. After adjustment for potential confounders, Empagliflozin reduced the level of

serum creatinine independent of other factors.
Conclusion: Empagliflozin significantly reduces the level of serum creatinine compared to Linagliptin in

patients with T2DM al
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Introduction

iabetes mellitus is one of the major

risk factors for developing chronic

kidney disease (CKD) affecting 38-
68% of diabetic patients (1,2). There are
various mechanisms mediating diabetic
nephropathy but glomerular hyper-filtration,
dysregulated  renin—angiotensin—aldosterone
system (RAAS), advanced glycation products,
inflammation, and oxidative stress come on
top (3). Patients wusually present with
hypertension, anemia, and proteinuria who
eventually might end up with end stage renal
disease (ESRD), cardiovascular complications,
and death (4).

Metformin is an oral agent commonly used
in many countries as the standard first-line
treatment to control blood sugar. However,
monotherapy with metformin fails to control
blood sugar or prevent from progression of
complications in many cases. In the last
decade, other drug classes have been
introduced as add-on regimens which are
currently being used as the second-line or
third-line treatment options in guidelines (5).
Sodium-glucose cotransporter 2 inhibitors
(SGLT2is) including Empagliflozin are one of
the new glucose-lowering agents that act by
inhibiting sodium-glucose cotransporter 2
channels of the renal proximal tubules and
increasing glycosuria (6). Clinical trials on
diabetic patients have approved the efficacy
and safety of SGLT2 is in glycemic control
and weight loss without adding the risk of
hypoglycemia (7-9). Particularly, a growing
body of literature indicated its’ beneficial
effects in patients with cardiovascular or renal
backgrounds (10,11). In this regard, based on
current guidelines and a recent consensus
report by the Kidney Disease Improving
Global Outcomes and the American Diabetes
Association, it is recommended to select
SGLT?2 is independent of glycemic control in
patients with type 2 diabetes (T2DM) and
those with kidney disease, heart failure, or at
high risk of cardiovascular disease (12-14).

Linagliptinas a Dipeptidyl peptidase-4
inhibitor (DPP-4i) is from another drug class
that has been introduced recently and papers
showed its’ potent efficacy in glycemic control
(15). Moreover, there are reports that
highlighted its’ beneficial effects in diabetic
patients with kidney disease when compared
to placebo (16).

To our knowledge, there is no
comprehensive  head-to-head  randomized
clinical trial (RCT) comparing the efficacy of
these therapies as an add-on regimen to
metformin. On this basis, we aimed to conduct
this double-blinded RCT to compare the
efficacy and safety of Empagliflozin versus
Linagliptin in diabetic patients with CKD in
terms of renal outcome and glycemic control.

Material and methods
Study design

The present study was a randomized,
double-blinded, parallel-group trial that was
conducted in Imam Hossein Hospital, Shahid
Beheshti University of Medical Sciences,
Tehran, Iran, from January to December 2023.
The written informed consent was obtained
from all participants after explaining the
details of the study.

Participants

We enrolled type 2 diabetes mellitus
(T2DM) patients aged> 18 years with
moderate to severe stages of CKD (20< eGFR
< 60 mL/min/1.73m? calculated by the
MDRD regardless of any background anti-
diabetic therapy. The study flow chart is
shown in Figure 1. Eligible individuals
received a fixed dose of metformin (1000
mg/d) in combination with Empagliflozin 10
mg/d or Linagliptin 5 mg/d for 24 weeks. The
study’s exclusion criteria were: polycystic
kidney disease, lupus nephritis, anti-neutrophil
cytoplasmic antibody (ANCA) associated
vasculitis, treatment with cytotoxic or
immunosuppressive or other immunologic
agents for kidney disease within the last 6
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months before the first wvisit, organ
transplantation, blood pressure< 90/60 mmHg,
receiving SGLT2is within 8 weeks prior
recruitment or previous intolerance, recurrent
urinary tract infection (UTI), NYHA class IV
heart failure, active malignancy, liver failure
(serum alanine aminotransferase or aspartate
aminotransferase levels> 3 times the upper
limit of normal and bilirubin> 2 times the
upper limit of normal), pregnancy and
breastfeeding

Intervention

When the researcher  ensures the
appropriateness of the volunteer to enter the
study according to all entry and non -entry
criteria, the candidate is based on the pre -
determined random plan in one of the two
groups of intervention; To ensure acceptance
and safety, the drug will be prescribed by an
internal specialist.

An intervention group: prescription 1000 mg
Metformin +10 mg Empagliflozin Active
Control ~ Group:  prescription  1000mg
Metformin+5 mg Melijent

Follow-up and end-point

Patients in both groups followed up during
the study for a maximum of 6 months (one,
three and 6 months after the intervention)
during the study. All the consequences of the
study reviewed and recorded at zero (prior to
the start of the study (drug administration) and
monthly until 6 months after the intervention
(one, three 6 months after the intervention).

Sample size estimation

The sample size was calculated by
PASS.V21.03 software according to the result
of a previous RCT by Gharabaghi et al. when
the mean eGFR was 76.13 = 15.95 mL/ min/
1.73m? and 68.18+ 17.56 mL/ min/ 1.73m?
after  three  months’  treatment  with
Empagliflozin and Linagliptin, respectively
(3). Therefore, a total of 150 participants (75
patients in each arm) was required considering
a drop-out rate of 5%, power of 80%, and 5%
a -level.

Randomization

After the run-in period, using permuted
block randomization (24 blocks in size of
2,4,6,8,10) with SATA. 14 software patients
were randomized in a 1:1 ratio into two study
arms including either Empagliflozin 10 mg/d
and metformin 1000 mg/d or Linagliptin 5
mg/d and metformin 1000 mg/d. Patients did
not receive metformin if they had an eGFR
lower than 30 mL/ min/ 1.73m% Doses
remained unchanged during the study. Patients
were evaluated regarding demographics,
medical and medication history, physical
examination, and laboratory experiments at
baseline. All cases continued to receive their
medications according to their underlying
disease and they were excluded if met any of
the exclusion criteria. We visited participants
during Week 12 and Week 24 to assess
adherence to treatment, blood pressure, and
laboratory variables. The primary endpoint
was to compare the effect of Empagliflozin
versus Linagliptin in addition to metformin on
renal outcomes as CKD staging and status of
proteinuria (<150 mg/day was considered
normal) after 24 weeks. Our secondary
endpoint was to assess the glycemic effect as
those reaching a HgAlc< 8% after 24 weeks.
Renal and glycemic outcomes were measured
using serum creatinine, estimated glomerular
filtration rate (eGFR) calculated by the
Modification of Diet in Renal Disease
(MDRD) equation and proteinuria, and fasting
blood sugar (FBS) and blood pressure,
respectively. Data were collected using a
questionnaire designed for this study.

Blinding

This study was a double-blind, parallel-
group trial. The drugs required for the
participants in the study were completely
covered and undetectable from each other, as
provided by the DR Abidi manufacturer. The
participants in the study and the statistician
who analyzed the data were not aware of the
treatment allocation.
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Statistical analysis

The data analysis approach in this study
employed an intention-to-treat (ITT) analysis.
Initially, the normality of quantitative data was
assessed using a histogram and Kolmogorov—
Smirnov test. Quantitative data were described
using means and standard deviations, while
qualitative data were presented in frequencies
and percentages. The parametric student’s T-
test or the non-parametric Mann-Whitney U
test was utilized to compare mean differences
between the two groups. The chi- square test
was used to examine differences in the
distribution of categorized variables. To
investigate changes in the distribution of
outcome measures (improvement in GFR,
HbAlc, and blood pressure improvement) at
the sixth-month post-intervention compared to
before, the McNemar or Wilcoxon signed-rank
test was applied. Given the non-acceptance of
assumptions for analyzing repeated measures

in line with available data, this study
employed Generalized Estimating Equations
(GEE) with an exchangeable correlation
structure for assessing the trends of repeated
quantitative variables over time. Finally, a
multiple GEE model with an exchangeable
correlation structure was used to examine the
intervention's impact in the presence of
confounding variables. The final model was
fitted based on the Quasi Likelihood under the
Independence Model Criterion (QIC) with the
minimum value. All analyses were conducted
at a significance level of less than 0.05 using
STATA software version 14.

Ethical considerations

After the approval of the study protocol by
the institutional ethics committee (IR.SBMU.
MSP.REC.1402.113). The study was
registered and approved in the Iranian Registry
of Clinical Trials (20230607058409N1).

Assessed for eligibility (n= 156)

Enrollment

Excluded (n=6)

Not meeting inclusion criteria (n=6), one

N

history of SGLT2is, two with heart failure, one
polycystic kidney disease, one with SLE

Randomized (n= 150)

Allocation \J/

\

Allocated to Empagliflozin (n=75)

l Follow-up

Lost to follow-up (n=0)

l Analysis

Analyzed (n=75)

V

Allocated to Linagliptin (n=75)

l

Lost to follow-up (n=0)

l

Analyzed (n=75)

CONSORT 2010 flow diagram
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Results

A total of 150 diabetic patients with a mean
age of 62.2 years were recruited in this study
and all of them completed the study with full
adherence to treatment and without any
complication. 50% were male participants. Of
baseline characteristics, 24% were smokers
and had a mean body mass index (BMI) of
27.95 kg/m® and mean blood pressure of
130/85 mmHg. Initial laboratory results were
as follows; creatinine 1.82 mg/ dl, eGFR 34.02
mL/ min/ 1.73m?, urine protein 174.76 mg/dl,
FBS 15158 mg/dl, HbAlc 8.45%.
Demographics were comparable between the
two groups. Data are shown in Table 1.

Regarding medical background, 20.6% and
8% had ischemic heart disease and CVA,
respectively. Also, 40.3% and 10% of our
patients were using angiotensin-converting
enzyme (ACE) and angiotensin receptor
blocker (ARB) drugs, respectively. Patients in
the Empagliflozin group had significantly
higher levels of BMI, diastolic blood pressure

(DBP), Insulin intake, urine protein, FBS, and
HgAlc (P< 0.05). Despite an appropriate
randomization method that was applied
precisely, patients in the Empagliflozin group
tended to be more obese with poorer blood
sugar control.

As presented in Table 2, all study endpoints
including serum creatinine, eGFR, urine
protein, FBS, HgAlc, systolic blood pressure
(SBP), and DBP significantly reduced in both
groups over time (P< 0.001). Also, given
intergroup differences, patients who received
Empagliflozin had a significantly greater
decline in all of the mentioned endpoints
compared to those with Linagliptin, except for
blood pressure values (P< 0.001).

Both treatments were remarkably able to
slow down CKD progression; Patients in stage
4 of CKD decreased from 30.6% to 14.6% and
from 30.6% to 10.6% in Empagliflozin and
Linagliptin groups, respectively (P< 0.05).
Consistently, patients in stage 3 of CKD
increased from 69.3% to 85.3% and from

Table 1. General and basic clinical information in diabetic with chronic renal failure patients

Empagliflozin + metformin Linagliptin + metformin

Variables (N=75) (N=75) Total (N=150)  P-value
General information
Age (years) 62.40 (+4.81) 62.01 (+4.08) 62.20 (+4.45) 0.804
Gender
Female 36 (48.00) 39 (52.00) 75 (50.00) 0.624
Male 39 (52.00) 36 (48.00) 75 (50.00) ’
Smoker (Yes) 20 (26.67) 16 (21.33) 36 (24.00) 0.444
Body mass index (BMI, kg/m?) 28.65 (£1.72) 27.25 (£1.32) 27.95 (£1.68) <0.001*
Initial systolic blood pressure (mmHg) 131.40 (+5.84) 130.00 +6.62 130.70 (+6.26) 0.220
Initial diastolic blood pressure (mmHg) 86.20 (£3.27) 84.73 (+4.01) 85.46 (£3.72) 0.028*
Medical history (Yes)
Ischemic heart diseases (IHD) 15 (20.00) 16 (21.33) 31 (20.67) 0.840
Stroke 5 (6.67) 7 (9.33) 12 (8.00) 0.547
Medication (Yes)
ACE/ARB 35 (46.67) 30 (40.00) 65 (43.33) 0.410
Diuretic 7(9.33) 8 (10.67) 15 (10.00) 0.785
Calcium channel blockers 13 (17.33) 15 (20.00) 28 (18.67) 0.675
ASA 15 (20.00) 16 (21.33) 31 (20.67) 0.840
Clopidogrel 6 (8.00) 9 (12.00) 15 (20.00) 0.414
Statin 15 (20.00) 16 (21.33) 31 (20.67) 0.840
Beta-blocker 15 (20.00) 16 (21.33) 31 (20.67) 0.840
Insulin 24 (32.00) 5 (6.67) 29 (19.33) <0.001*
Initial laboratory results
Creatinine (mg/dl) 1.87 (x0.19) 1.91 (x0.23) 1.89 (+0.21) 0.495
GFR (ml/min/1.73m?) 34.60 (£6.83) 33.44 (£6.80) 34.02 (£6.82) 0.336
Urine protein (mg/day) 198.80 (+84.97) 150.73 (+£69.48) 174.76 (+81.03)  <0.001*
FBS (mg/dl) 155.08 (+10.55) 148.08 (+11.06) 151.58 (+11.33)  0.0001*
HbA1c (%) 8.62 (£0.33) 8.27 (£0.39) 8.45 (£0.40) <0.001*
Values described as mean + standard deviation or n (%)
“ Statistically significant, P-value < 0.05
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69.3% to 89.3% in the Empagliflozin and
Linagliptin groups, respectively (P< 0.05).
The percentage of patients with normal levels
of proteinuria significantly increased from
22.6% to 69.3% in the Empagliflozin group
and from 48% to 73.3% in the Linagliptin
group (P< 0.001). Similarly, there was a
notable increase in the proportion of patients
who reached a HgAlc< 8% and a blood
pressure< 130/80 mmHg in both groups (P<
0.001) (Table 3).

Given the difference in some basic
characteristics that could act as a confounding
factor that influences outcomes, we performed
univariate and multivariate regression analysis
to find independent factors and adjust potential
confounding factors (Table 4).

In the univariate model, there was a
significant indirect correlation between the
level of serum creatinine and Empagliflozin
(B =-0.03, Cl=95%, P=0.011) or Linagliptin
(B= -0.02, CIl= 95%, P= 0.012) treatment.

e Grouns Baseline 3months after 6 months after P_value P_value time x Comparison of
P intervention intervention time effect groups time groups *

*

Empagliflozin + Metformin ~ 1.87 (£0.19) 1.81 (+0.16) 1.78 (+0.14)  <0.001* Hgg*

*

Creatinine (mg/dl)  Linagliptin + Metformin 191 (£0.23)  1.88(%020)  183(x0.16) <0.001*  <0.001* E%*

*

Total 189 (+021)  185(x0.18)  181(+015) <0.001* H%*

*

Empaglifiozin + Metformin ~ 34.60 (+6.83)  36.10 (+6.33)  37.16 (+6.05)  <0.001* E%*

GFR N . . . TUT2*

(Mi/min/1.73m?) Linagliptin + Metformin 33.44 (+6.80) 34.55 (£6.23) 36.46 (+5.83)  <0.001 <0.001 T1/T3*

*

Total 3402 (+682) 3533 (+633)  36.81 (x5.93)  <0.001* H%*

*

Empaglifiozin + Metformin  198.80 (+84.97) 158.40 (+49.46) 122.06 (+32.09) <0.001* H%*

~Urine protein ] _ ; o . T1/T2*

gmo/day) Linagliptin + Metformin ~ 150.73 (£69.48) 135.53 (#48.21) 122.26 (+38.28) <0.001 <0.001 T1/T3*

. *

8 Total 174.76 (+81.03) 146.96 (£50.01) 122.16 (+35.20) <0.001* H%*

S o : TUT2*

I\ Empagliflozin + Metformin  155.08 (#10.55)  141.57 (¥5.79) 129.49 (+10.49) <0.001* T1/T3*
c

o *

58S (my/d) Linagliptin + Metformin  148.08 (+11.06) 138.85 (+7.36)  130.86 (+8.19) <0.001*  <0.001* Hgg*

5 *

B Total 15158 (+11.33) 14021 (+6.74)  130.18 (+9.40) <0.001* H%*
o

=X . ) TUT2*

= Empagliflozin + Metformin 8.62 (+0.33) 8.44 (+0.28) 8.24 (£0.24) <0.001* T1/T3*

9 *

FbALC Linagliptin + Metformin 827 (:039) 820 (x0.34) 814 (+030) <0.001*  <0.001* H%*

g TUT2*

S Total 845 (:040)  832(:033)  8.19(£028)  <0.001* Lt

g iflozi : TUT2*

a Empagliflozin + Metformin  130.93 (+5.43)  128.86 (£5.17) 128.00 (+5.19) <0.001* T1/T3*

“Systolic blood N . . . TUT2*

e (nmig)  Linagliptin + Metformin 130,00 (:6:62)  127.20 (+610) 12680 (+629) <0.001 <0.001 Tmae

Total 130.70 (+6.26)  128.03 (+5.70) 127.40 (+5.78) <0.001* Eﬂg:

*

| Empaglifiozin + Metformin ~ 86.20 (+3.27) 8333 (x2.64)  82.53 (+300) <0.001* H%*

Biastolic blood S (P . . . TUT2*

";.‘\ﬁressure (MmHg) Linagliptin + Metformin 84.73 (£4.01) 83.00 (£3.67) 80.40 (£3.26)  <0.001 <0.001 T1/T3*

3 Total 85.46 (+372)  83.16(+3.19) 8146 (+330) <0.001* Uz

& ota 46 (+372) 16 (+3.19) 46 (£330) <O, Lk

= statistically significant, P_value< 0.05 based on Generalized Estimation Equation (GEE) analysis
each visit time compared with visit time 1

[ DOI: 10.18502/ijd
SN

Table 2. Mean changes and trend analysis of each laboratory factor between groups

S Values described as mean + standard deviation,
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However, only Empagliflozin was able to
lower the level of urine protein (B = -8.27, Cl=
95%, P= 0.043). According to the results of
multivariate  analysis, after considering
potential confounders such as age, sex, BMI,
history of smoking, ischemic heart disease,
and Insulin intake, there was a remarkable
indirect correlation between both interventions
and the level of serum creatinine.

Discussion
In this randomized, double-blinded, parallel-

of Empagliflozin 10 mg/d and Linagliptin 5
mg/d in diabetic patients with chronic kidney
disease (CKD) who were concurrently
receiving metformin 1000 mg/d. Despite
baseline disparities in blood sugar control,
BMI, diastolic blood pressure (DBP), and
proteinuria favoring the Linagliptin group, our
results revealed that after 3 and 6 months of
treatment, the Empagliflozin group
experienced significantly greater
improvements in both glycemic and renal
variables compared to the Linagliptin group.

group trial, we aimed to compare the efficacy Notably, our multivariate model identified an

Table 3. Changes in outcomes after sixth month intervention versus before between groups

Empagliflozin + Metformin
After 6 months Paired comparison

Linagliptin + Metformin

Outcomes After 6 months Paired comparison

2RI intervention P_value 22 intervention P_value
GFR staging
Stage 3A (moderate CKD,
45-59 mi/min/1.73m? ) 7(9.33) 9 (12.00) 5 (6.67) 8 (10.67)
Stage 3B (moderate CKD, 0.010* 0.007*
30-44 mi/min/1.73m? ) 45 (60.00) 55 (73.33) 47 (62.67) 59 (78.67)
Stage 4 (severe CKD, 15-
29 mi/min/1.73m?) 23 (30.67) 11 (14.67) 23 (30.67) 8 (10.67)
Urine protein
Normal (<150 mg/day) 17 (22.67) 52 (69.33) <0.001* 36 (48.00) 55 (73.33) < 0.001*
Abnormal ( = 150 mg/day) 58 (77.33) 23 (30.67) 39 (52.00) 20 (26.67) '
HbAlc
o =8% 5 (6.67) 20 (26.67) 0.0001* 26 (34.67) 34 (45.33) 0.007*
o >8% 70 (93.33) 55 (73.33) 49 (65.33) 41 (54.67) ’
QBlood pressure
§ < 130/80 mmHg 7(9.39) 26 (34.67) <0.001* 24 (32.00) 43 (57.33) 0.0001*
N >130/80 mmHg 68 (90.67) 49 (65.33) 51 (68.00) 32 (42.67) '

S*Paired comparison of outcomes ‘frequency before and after 6 months” intervention
-=Values described as n (%), ~statistically significant, P-value< 0.05

8
% Table 4. Results of univariate and multivariable linear generalized estimating equation about effect of intervention on mean
S, changes of each factor
S Model 1 Model 2
g Factors Groups &L 95% Cl P_value RL 95% Cl P_value
3 - Linagliptin + Metformin Reference - Reference "
g Creatinine (mg/dl) Empagliflozin +Metformin -0.03 (-0.05, -0.006) 0.011 -0.02 (-0.05, -0.006) 0.012
g GFR Linagliptin + Metformin Reference 0.622 Reference 0507
3 (ml/min/1.73m?) Empagliflozin +Metformin 0.21 (-0.63, 1.06) ' 0.27 (-0.53, 1.07) ‘
—. Urine protein Linagliptin +Metformin Reference 0.043% Reference 0.148

(mg/day) Empagliflozin +Metformin -8.27 (-16.29, -0.25) ’ -6.44 (-15.16, 2.27) ‘

Linagliptin +Metformin Reference Reference
P gl Empagliflozin +Metformin -0.93 (-2.80, 0.94) e -1.51 (-3.58, 0.55) =
Linagliptin +Metformin Reference Reference
0,

HbALc (%) Empagliflozin +Metformin -0.04 (-0.10, 0.01) 0.160 -0.03 (-0.10, 0.03) 0350
o systolicblood pressure Linagliptin +Metformin Reference 0.320 Reference 0.363
L (mmHg) Empagliflozin +Metformin 0.47 (-0.45, 1.39) ' 0.46 (-0.53, 1.45) ‘
"“—|’_ diastolic blood Linagliptin +Metformin Reference 0.051 Reference 0.189
% pressure (mmHg) Empagliflozin +Metformin 0.62 (-0.001, 1.25) ' 0.49 (-0.24, 1.23) '
N ICoefficient (R), 95% Confidence Interval
S Model 1: intercept, groups, initial value of each factor
S, Model 2: intercept, gender, age, groups, body mass index, initial value of each factor, history of smoking, history of ischemic heart disease, insulin use
g “statistically significant, P_value< 0.05 based on Generalized Estimation Equation (GEE) analysis
&
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independent role for Empagliflozin treatment
in reducing serum creatinine levels compared
to Linagliptin.

Numerous population-based studies and real-
world evidence have consistently indicated the
association of SGLT2is with improved renal
outcomes, including a reduced risk of ESRD
and a slowed decline in eGFR compared to
alternative glucose-lowering agents (17,18).
The matter was further approved by large
placebo-controlled clinical trials (19,20).
However, it is imperative to acknowledge the
warning issued by the United States Food and
Drug Administration regarding the potential
risk of AKI associated with SGLT2is. On the
other hand, DPP-4is have been proposed to
exert beneficial effects on renal outcomes
based on its mechanism of action and some
observations in clinical settings including a
decrease in hyperglycemia and albuminuria
which are risk factors for developing diabetic
nephropathy. Nevertheless, the CARMELINA
trial confirmed that Linagliptin lowered
albuminuria progression and HgAlc while it
had no effect on kidney outcome of renal
death, ESRD, and a sustained > 40% decrease
in eGFR from baseline (21). Altogether, data
on a head-to-head comparison between
Empagliflozin and Linagliptin regarding renal
efficacy in diabetic patients with CKD remain
scarce.

Previous findings from a cohort study by
Lee et al. assessing kidney outcomes in 7042
T2DM patients using Empagliflozin and/or
Linagliptin reported a lesser decline in eGFR
for Empagliflozin users compared to
Linagliptin users. Moreover, this study
highlighted that patients aged > 65 years, or
with a baseline eGFR <60 ml/min/1.73 m?, or
with a baseline HgAlc< 7% experienced
attenuated  benefits of  Empagliflozin
concerning the risk of AKI (6). Although this
study had a focus on AKI as an adverse effect,
the effect of these factors might be attributed
to CKD condition as well. In fact, there are
other studies that indicated greater prognostic
effects of SGLT2is on renal outcomes in
patients with higher eGFR (22). However,

Reno-protective effects remained significant in
low eGFR patients, regardless of their
metabolic effects (23). Consequently, early
treatment with Empagliflozin may offer
greater benefits to patients. Importantly, the
Reno-protective effects of Empagliflozin were
observed for the first 3 months in Lee et al.’s
study; however, this effect persisted until 6
months after treatment initiation in our study.

Recently, Mohammad zadeh Gharabaghi et
al. carried out an RCT on 60 patients with
T2DM to compare the renal and glycemic
effects of 12-week  treatment  with
Empagliflozin 10 mg/d vs Linagliptin 5 mg/d.
[3] Similar to our observations, individuals in
the Empagliflozin group had higher values of
baseline FBS, HbALC, and albuminuria in
comparison to the Linagliptin group. Both
interventions contributed to a reduction in
eGFR and HgAlc during the study period. Yet
Empagliflozin lowered the levels of FBS and
albuminuria. The changes in albuminuria were
greater in Empagliflozin compared to
Linagliptin and this effect remained significant
after adjustment for baseline values. Some
discrepancies between this study and ours
might be because of their smaller sample size,
shorter follow-up, and restricted inclusion
criteria of age (30 — 80 years) and HbAlc <
9% as Empagliflozin may have more
beneficial effects in younger age and higher
HgAlc. Also, there are some other obstacles in
this study; For instance, the background
glucose-lowering agent used by participants
and the proportion of patients with CKD are
not presented.

As we mentioned earlier and according to
the results of Lee et al., the higher baseline
HgAlc levels of patients in the Empagliflozin
group may be a confounding factor that
contribute to greater effects of Empagliflozin.
However, a comparative effectiveness study
on 87274 cases by D’Andreaet al.
demonstrated a lower risk of AKI in
Empagliflozin users vs those with Linagliptin
regardless of baseline HgAlc (24). Also, trials
and observational studies demonstrated the
role of SGLT2is in decreasing decline of
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kidney function irrespective of baseline eGFR
(26-29). These findings down play the role of
baseline intergroup differences on results of
our study. The robustness of Empagliflozin's
effects, even in the face of these discrepancies,
adds a layer of resilience to its therapeutic
potential. This prompts us to reconsider the
significance of baseline variations and
underscores the need for individualized
treatment approaches.

Another population-based study on 25332
DPP-4i and 6333 SGLT2is new users
evaluated associations with renal outcomes
(30). The real-world evidence from this study
confirmed the association of SGLT2is with
reduced risks of ESRD, AKI, and a slower
decline in eGFR. In line with our result,
additional observational studies confirmed the
association of SGLT2is with improved renal
outcomes including microalbuminuria, macro
albuminuria, level of serum creatinine, ESRD,
eGFR decline, regardless of baseline eGFR
categories, or metformin treatment (15,29).
Although our results indicated Empagliflozin’s
efficacy in mitigating eGFR decline, it failed
to prove an independent correlation. This
might be due to our small sample size or some
methodological considerations. Nonetheless,
the call for additional research becomes
imperative to validate and build upon our
results. Empagliflozin's ability to
independently reduce serum creatinine levels
indicates a broader impact on renal markers,
raising questions about its potential
mechanisms beyond glucose-lowering actions.

Poor blood sugar control, hypertension, and
high BMI are major risk factors for new-onset
CKD. It’s been well known that Empagliflozin
has protective effects on cardiovascular
outcomes and major adverse composite events
(MACEs) (30-34). Yet, a cohort study
compared SGLT2is with DPP-4i in addition to
metformin in 779 patients with acute
myocardial infarction and T2DMfound that
MACEs and changes in HgAlc were
comparable between the two groups except for
changes in left ventricular ejection fraction

Empagliflozin group (35). Consistent with the
trial of Inzucchi et al. that concluded that the
beneficial effects of Empagliflozin on cardio-
renal outcomes are independent of background
glucose-lowering therapy, we assume that
these benefits are apart from glucose-lowering
action of Empagliflozin and it is not
influenced by glycemic status (36). Similarly,
The EMPEROR-Reduced trial on heart failure
patients with reduced ejection fraction
demonstrated that Empagliflozin significantly
improved cardiovascular and renal outcomes
independent diabetes status and across all
HgAlc categories (37).

We  provided evidence that both
interventions contributed to the improvement
of these risk factors at a significant level.

There are some limitation in our study
including a small sample size, we didn’t
evaluate adverse events, we did not asses the
background antidiabetic therapy, and out
patients were not new-onset T2DM patients.

Conclusion

According to the results of the current study
and  other  reports, treatment  with
Empagliflozin is associated with retarded
kidney dysfunction progression compared to
Linagliptin. We recommend using
Empagliflozin in T2DM patients with CKD.

Acknowledgments

We are grateful for invaluable contributions
of staff and participants of Imam Hossein
hospital.

Funding
None

Conflict of Interest
The authors declare that they do not have
any conflict of interest.

Authors' contributions
R. ZN: Wrote original draft of the
manuscript and collected the data

that was significantly higher in the
IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 16, NUMBER 2, SUMMER 2024
(CCBY 4.0)


http://dx.doi.org/10.18502/ijdo.v16i2.15706
https://ijdo.ssu.ac.ir/article-1-870-en.html

[ Downloaded from ijdo.ssu.ac.ir on 2024-06-29 |

[ DOI: 10.18502/ijdo.v16i2.15706 |

Open Access

R. Zeinabadi Noghabi et al.

R. R: collected the data and performed the
analysis.

T. S and S. K: conceived and designed the
analysis and performed the analysis.

All authors have accepted responsibility for
the entire content of this manuscript and

References

1. Thomas MC, Brownlee M, Susztak K, Sharma K,
Jandeleit-Dahm KA, Zoungas S, et al. Diabetic
kidney disease. Nature reviews Disease primers.
2015;1(1):1-20.

2. Federation ID. |IDF Diabetes Atlas, 9th
edn.2019.https://diabetesatlas.org/atlas/ninth-
edition/

3. Mohammad zadeh Gharabaghi MA, Rezvanfar MR,
Saeedi N, Aghajani F, Alirezaei M, Yarahmadi P,
et al. Comparison of effects of Empagliflozin and
Linagliptin on renal function and glycaemic
control: a double-blind, randomized clinical trial.
Clinical Diabetes and Endocrinology. 2022;8(1):5.

4. Bello AK, Alrukhaimi M, Ashuntantang GE,
Basnet S, Rotter RC, Douthat WG, e.
Complications of chronic kidney disease: current
state, knowledge gaps, and strategy for action.
Kidney international supplements. 2017;7(2):122-9.

5. Au PC, Tan KC, Cheung BM, Wong IC, Li HL,
Cheung CL. Association between SGLT2 inhibitors
vs DPP4 inhibitors and renal outcomes among
patients with type 2 diabetes. The Journal of
Clinical Endocrinology & Metabolism.
2022;107(7):€2962-70.

6. Lee YT, Hsu CN, Fu CM, Wang SW, Huang CC,
Li LC. Comparison of adverse kidney outcomes
with empagliflozin and linagliptin use in patients
with type 2 diabetic patients in a real-world setting.
Frontiers in Pharmacology. 2021;12:781379.

7. Chan GC, Tang SC. SGLT2 inhibitor
empagliflozin: finally at the latter stage of
understanding?. Kidney International.
2018;93(1):22-4.

8. Rosenstock J, Jelaska A, Zeller C, Kim G, Broedl
UC, Woerle HJ, et al. Impact of empagliflozin
added on to basal insulin in type 2 diabetes
inadequately controlled on basal insulin: a 78-week
randomized, double-blind, placebo-controlled trial.
Diabetes, Obesity and Metabolism.
2015;17(10):936-48.

9. Rosenstock J, Jelaska A, Frappin G, Salsali A, Kim
G, Woerle HJ, et al. Improved glucose control with
weight loss, lower insulin doses, and no increased
hypoglycemia with empagliflozin added to titrated
multiple daily injections of insulin in obese
inadequately controlled type 2 diabetes. Diabetes
care. 2014;37(7):1815-23.

agreed to be accountable for all aspects of the
work in ensuring that questions related to the
accuracy or integrity of any part of the work
are appropriately investigated and resolved
and approved the version to be published.

10. Jung S, Bosch A, Kannenkeril D, Karg MV, Striepe
K, Bramlage P, et al. Combination of empagliflozin
and linagliptin improves blood pressure and
vascular function in type 2 diabetes. European heart
journal-Cardiovascular pharmacotherapy.
2020;6(6):364-71.

11. Packer M, Anker SD, Butler J, Filippatos G,
Pocock SJ, Carson P, et al. Cardiovascular and
renal outcomes with empagliflozin in heart failure.
New England Journal of Medicine.
2020;383(15):1413-24.

12. Li J, Albajrami O, Zhuo M, Hawley CE, Paik JM.
Decision algorithm for prescribing SGLT2
inhibitors and GLP-1 receptor agonists for diabetic
kidney disease. Clinical Journal of the American
Society of Nephrology. 2020;15(11):1678-88.

13. Davies MJ, Aroda VR, Collins BS, Gabbay RA,
Green J, Maruthur NM, et al. Management of
hyperglycemia in type 2 diabetes, 2022. A
consensus report by the American Diabetes
Association (ADA) and the European Association
for the Study of Diabetes (EASD). Diabetes care.
2022;45(11):2753-86.

14. de Boer IH, Khunti K, Sadusky T, Tuttle KR,
Neumiller JJ, Rhee CM, et al. Diabetes
management in chronic kidney disease: a consensus
report by the American Diabetes Association
(ADA) and Kidney Disease: Improving Global
Outcomes (KDIGO). Diabetes care.
2022;45(12):3075-90.

15. DeFronzo RA, Lewin A, Patel S, Liu D, Kaste R,
Woerle HJ, et al. Combination of empagliflozin and
linagliptin as second-line therapy in subjects with
type 2 diabetes inadequately controlled on
metformin. Diabetes care. 2015;38(3):384-93.

16. Rosenstock J, Perkovic V, Johansen OE, Cooper
ME, Kahn SE, Marx N, et al. Effect of linagliptin
vs placebo on major cardiovascular events in adults
with type 2 diabetes and high cardiovascular and
renal risk: the Carmelina randomized clinical trial.
Jama. 2019 ;321(1):69-79.

17. Sone H, Mizuno S, Fujii H, Yoshimura Y,
Yamasaki Y, Ishibashi S, et al. Is the diagnosis of
metabolic  syndrome  useful for predicting
cardiovascular disease in Asian diabetic patients?
Analysis from the Japan Diabetes Complications
Study. Diabetes care. 2005;28(6):1463-71.

IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 16, NUMBER 2, SUMMER 2024

(CC BY 4.0)


http://dx.doi.org/10.18502/ijdo.v16i2.15706
https://ijdo.ssu.ac.ir/article-1-870-en.html

[ Downloaded from ijdo.ssu.ac.ir on 2024-06-29 |

[ DOI: 10.18502/ijdo.v16i2.15706 |

Empagliflozin versus Linagliptin effects in chronic kidney disease

Open Access

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Fujihara K, Matsubayashi Y, Yamamoto M, Osawa
T, Ishizawa M, Kaneko M, et al. Impact of body
mass index and metabolic phenotypes on coronary
artery disease according to glucose tolerance status.
Diabetes & metabolism. 2017;43(6):543-6.

Look Ahead Research Group. Cardiovascular
effects of intensive lifestyle intervention in type 2
diabetes. New England journal of medicine.
2013;369(2):145-54.

Staplin N, Haynes R, Judge PK, Wanner C, Green
JB, Emberson J, et al. Effects of empagliflozin on
progression of chronic Kidney disease: a
prespecified secondary analysis from the Empa-
Kidney trial. The Lancet Diabetes &
Endocrinology. 2024;12(1):39-50.

Perkovic V, Toto R, Cooper ME, Mann JF,
Rosenstock J, McGuire DK, et al. Effects of
linagliptin on cardiovascular and kidney outcomes
in people with normal and reduced kidney function:
secondary analysis of the Carmelina randomized
trial. Diabetes care. 2020;43(8):1803-12.

Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich
EL, Bonaca MP, et al. SGLT2 inhibitors for
primary and secondary prevention of cardiovascular
and renal outcomes in type 2 diabetes: a systematic
review and meta-analysis of cardiovascular
outcome trials. The Lancet. 2019;393(10166):31-9.
Heerspink HJ, Perkins BA, Fitchett DH, Husain M,
Cherney DZ. Sodium glucose cotransporter 2
inhibitors in the treatment of diabetes mellitus:
cardiovascular and kidney effects, potential
mechanisms, and clinical applications. Circulation.
2016;134(10):752-72.

D’Andrea E, Wexler DJ, Kim SC, Paik JM, Alt E,
Patorno E. Comparing effectiveness and safety of
SGLT2 inhibitors vs DPP-4 inhibitors in patients
with type 2 diabetes and varying baseline HbAlc
levels. JAMA Internal Medicine. 2023;183(3):242-
54.

Perkovic V, Jardine MJ, Neal B, Bompoint S,
Heerspink HJ, Charytan DM, et al. Canagliflozin
and renal outcomes in type 2 diabetes and
nephropathy. New England journal of medicine.
2019;380(24):2295-306.

Neuen BL, Young T, Heerspink HJ, Neal B,
Perkovic V, Billot L, et al. SGLT2 inhibitors for the
prevention of kidney failure in patients with type 2
diabetes: a systematic review and meta-analysis.
The lancet Diabetes &  endocrinology.
2019;7(11):845-54.

Xie Y, Bowe B, Gibson AK, McGill JB, Yan Y,
Maddukuri G, et al. Comparative effectiveness of
the sodium—glucose cotransporter 2 inhibitor
empagliflozin versus other antihyperglycemics on
risk of major adverse kidney events. Diabetes Care.
2020;43(11):2785-95.

Heerspink HJ, Karasik A, Thuresson M, Melzer-
Cohen C, Chodick G, Khunti K, et al. Kidney

29.

30.

3L

32.

33.

34.

35.

36.

37.

outcomes associated with use of SGLT2 inhibitors
in real-world clinical practice (CVD-REAL 3): a
multinational observational cohort study. The
lancet Diabetes & endocrinology. 2020;8(1):27-35.
Son C, Makino H, Kasahara M, Tanaka T,
Nishimura K, Taneda S, et al. Comparison of
efficacy between dipeptidyl peptidase-4 inhibitor
and sodium—glucose cotransporter 2 inhibitor on
metabolic risk factors in Japanese patients with type
2 diabetes mellitus: Results from the CANTABILE
study. Diabetes Research and Clinical Practice.
2021;180:109037.

Baker WL, Smyth LR, Riche DM, Bourret EM,
Chamberlin KW, White WB. Effects of sodium-
glucose co-transporter 2 inhibitors on blood
pressure: a systematic review and meta-analysis.
Journal of the American Society of Hypertension.
2014;8(4):262-75.

Cherney DZ, Zinman B, Inzucchi SE, Koitka-
Weber A, Mattheus M, von Eynatten M, et al.
Effects of empagliflozin on the urinary albumin-to-
creatinine ratio in patients with type 2 diabetes and
established cardiovascular disease: an exploratory
analysis from the EMPA-REG OUTCOME
randomised, placebo-controlled trial. The lancet
Diabetes & endocrinology. 2017;5(8):610-21.

Neal B, Perkovic V, Mahaffey KW, De Zeeuw D,
Fulcher G, Erondu N, Shaw W, et al. Canagliflozin
and cardiovascular and renal events in type 2
diabetes. New England Journal of Medicine.
2017;377(7):644-57.

Perkovic V, de Zeeuw D, Mahaffey KW, Fulcher
G, Erondu N, Shaw W, et al. Canagliflozin and
renal outcomes in type 2 diabetes: results from the
CANVAS Program randomised clinical trials. The
lancet Diabetes & endocrinology. 2018;6(9):691-
704.

Heerspink HJ, Jongs N, Chertow GM, Langkilde
AM, McMurray JJ, Correa-Rotter R, et al. Effect of
dapagliflozin on the rate of decline in kidney
function in patients with chronic kidney disease
with and without type 2 diabetes: a prespecified
analysis from the DAPA-CKD trial. The lancet
Diabetes & endocrinology. 2021;9(11):743-54.

Lyu YS, Oh S, Kim JH, Kim SY, Jeong MH.
Comparison of SGLT2 inhibitors with DPP-4
inhibitors combined with metformin in patients
with acute myocardial infarction and diabetes
mellitus. Cardiovascular Diabetology.
2023;22(1):185.

Inzucchi SE, Fitchett D, Jurisi¢ -Erz en D, Woo V,
Hantel S, Janista C, et al. Are the cardiovascular
and kidney benefits of empagliflozin influenced by
baseline glucose-lowering therapy?. Diabetes,
Obesity and Metabolism. 2020;22(4):631-9.

Anker SD, Butler J, Filippatos G, Khan MS, Marx
N, Lam CS, et al. Effect of empagliflozin on
cardiovascular and renal outcomes in patients with

IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 16, NUMBER 2, SUMMER 2024

(CC BY 4.0)


http://dx.doi.org/10.18502/ijdo.v16i2.15706
https://ijdo.ssu.ac.ir/article-1-870-en.html

[ Downloaded from ijdo.ssu.ac.ir on 2024-06-29 |

[ DOI: 10.18502/ijdo.v16i2.15706 |

Open Access R. Zeinabadi Noghabi et al.

heart failure by baseline diabetes status: results 2021;143(4):337-49.
from the EMPEROR-reduced trial. Circulation.

IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 16, NUMBER 2, SUMMER 2024
(CC BY 4.0)


http://dx.doi.org/10.18502/ijdo.v16i2.15706
https://ijdo.ssu.ac.ir/article-1-870-en.html
http://www.tcpdf.org

