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Purpose: The aim of this study was to investigate the additional effects of empagliflozin on liraglutide in patients with advanced-stage 
type 2 diabetic kidney disease.
Patients and Methods: Forty-one patients were randomly assigned (1:1) to treatment with liraglutide alone during the first 6 months 
and subsequent treatment with liraglutide plus empagliflozin during the next 6 months (liraglutide plus empagliflozin group) (n = 20) 
or treatment with liraglutide alone for 12 months (liraglutide group) (n = 21). Liraglutide was administered subcutaneously once daily 
at a starting dose of 0.3 mg/day and up-titrated weekly by 0.3 mg to a maximum dose of 0.9 mg/day. Empagliflozin was administered 
orally at a dose of 10 mg once daily. The primary outcome was the change in renal function (estimated glomerular filtration rate) 
during the latter 6 months. Secondary outcomes were changes in body weight, systolic blood pressure, hemoglobin, high-density 
lipoprotein cholesterol, low-density lipoprotein cholesterol, triglyceride, uric acid, blood glucose, hemoglobin A1c, and urine protein 
creatinine ratio during the latter 6 months.
Results: Empagliflozin significantly increased the hemoglobin concentration (from 12.9 ± 1.9 to 13.7 ± 1.9 g/dL; p<0.05) and 
decreased body weight (from 66.1 ± 12.9 to 64.5 ± 12.6 kg; p<0.05). No significant differences were observed between the groups for 
estimated glomerular filtration rate, systolic blood pressure, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, 
triglyceride, uric acid, blood glucose, hemoglobin A1c, and urine protein creatinine ratio.
Conclusion: Empagliflozin increased hemoglobin concentration and decreased body weight in patients with advanced-stage type 2 
diabetic kidney disease who received liraglutide. However, empagliflozin did not provide short-term benefits with regard to renal 
function decline, urinary protein excretion, or glycemic control in these patients.
Keywords: empagliflozin, sodium-glucose co-transporter 2 inhibitor, liraglutide, glucagon-like peptide-1 receptor agonist, diabetic 
kidney disease, diabetic nephropathy

Introduction
Diabetic kidney disease is a common complication of diabetes mellitus and is the most prevalent cause of end-stage kidney 
disease worldwide.1 Glucagon-like peptide (GLP)-1 analogs improve insulin resistance, promote insulin secretion, and 
suppress glucagon secretion, leading to improved glycemic control.2 GLP-1 analogs also mitigate oxidative stress, suppress 
mesangial proliferation, and inhibit the renin-angiotensin system, which attenuates renal function decline.3 Sodium-glucose 
co-transporter (SGLT)2 inhibitors promote urinary glucose excretion, leading to improved glycemic control.4 SGLT2 
inhibitors also reduce intra-glomerular pressure, mitigate tubulointerstitial hypoxia, and modulate sympathetic activity, 
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which attenuates renal function decline.5 Thus, GLP-1 analogs and SGLT2 inhibitors are recommended as first-line 
medications for the treatment of type 2 diabetes mellitus patients with chronic kidney disease.6

Recently, combination therapy comprising SGLT2 inhibitors and GLP-1 analogs has been reported to have additive 
effects on glucose metabolism and body weight in type 2 diabetes mellitus patients.7 However, the additional effects of 
SGLT2 inhibitors on GLP-1 analogs have not been fully investigated in type 2 diabetes mellitus patients with chronic 
kidney disease. Therefore, we performed a randomized controlled trial to investigate the additional effects of SGLT2 
inhibitor on GLP-1 analog in patients with advanced-stage type 2 diabetic kidney disease. Empagliflozin was the only 
SGLT2 inhibitor that was shown to attenuate the progression of diabetic nephropathy at the time when we designed this 
study.8 Also, liraglutide was the only GLP-1 analog that was reported to reduce the development of renal events at that 
time.9 Therefore, we selected empagliflozin and liraglutide as study drugs.

Materials and Methods
Ethical Approval
This study was approved by the Ethics Committee of the University of Ryukyus (approval number: 2018–49), Japan, and 
performed in accordance with the principles of the Helsinki Declaration. Written informed consent was obtained from all 
participants before inclusion in the study. This study was registered in the University Hospital Medical Information 
Network clinical trial registry in Japan (UMIN 000031651).

Participants
The inclusion criteria in this study were: (1) age ≥ 20 years; (2) advanced-stage diabetic kidney disease defined as urine 
protein creatinine ratio (UPCR) ≥ 0.5 g/gCr and/or estimated glomerular filtration rate (eGFR) < 30 mL/min/1.73 m2.10 

The exclusion criteria were: (1) type 1 diabetes mellitus; (2) secondary diabetes mellitus; (3) undergoing renal replace-
ment therapy; (4) previous SGLT2 inhibitor or GLP-1 analog therapy; (5) hypersensitivity to SGLT2 inhibitors or GLP-1 
analogs; and6 pregnant or intending to become pregnant.

Study Design
This was a multicenter, open-label, randomized, parallel design study performed between 1 April 2018 and 
31 March 2021 at Sunagawa Medical Clinic and Shonan Hospital. The study design diagram is shown in Figure 1. 

Figure 1 Study design diagram. 
Abbreviations: eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; UPCR, urine protein creatinine ratio.
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The patient enrollment period was between 1 April 2018 and 31 March 2020. Patient randomization was performed at the 
registration center of Saitama Medical Center using a computer-based allocation program with a minimization method.

Eligible patients were randomly assigned in a 1:1 ratio to receive liraglutide plus empagliflozin (liraglutide plus 
empagliflozin group) or liraglutide (liraglutide group). Patients in the liraglutide plus empagliflozin group received 
liraglutide, only, during the first 6 months (run-in period), and were then treated with liraglutide plus empagliflozin 
during the next 6 months (study period). Patients in the liraglutide group were treated with liraglutide alone during the 
run-in and study periods (12 months). Liraglutide was administered subcutaneously once daily at the same time each day. 
The starting dose was 0.3 mg/day, and the dose was up-titrated weekly by 0.3 mg to a maximum dose of 0.9 mg/day, 
because liraglutide was approved by national medical insurance for the treatment of type 2 diabetes mellitus at 
a maximum dose of 0.9 mg/day. Empagliflozin was administered orally at a dose of 10 mg once daily in the morning. 
All participants were examined every 3 months during the run-in and study periods. Body weight, systolic blood 
pressure, hemoglobin, eGFR, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL- 
C), triglyceride, uric acid, blood glucose, hemoglobin A1c (HbA1c), and UPCR were evaluated at each medical 
examination.

The primary outcome was the change in eGFR during the 6 months of the study period (second 6-month period). The 
secondary outcomes were changes in body weight, systolic blood pressure, hemoglobin, HDL-C, LDL-C, triglyceride, 
uric acid, blood glucose, HbA1c, and UPCR. Changes in body components, namely body fat mass, skeletal muscle mass, 
and total body water, were also evaluated.

Laboratory Methods
Blood and urine parameters were measured in the laboratory of each hospital. Blood parameters, including blood glucose, were 
evaluated either in the fasting state or randomly (non-fasting state) depending on the patients’ visiting time. Spot urine samples 
were used for urinalysis. Body components were assessed using a bioelectrical impedance device (InBody 770; Biospace, Tokyo, 
Japan). HbA1c concentrations were presented as National Glycohemoglobin Standardization Program values. eGFR was 
calculated using the following formula proposed by the Japanese Society of Nephrology: eGFR (mL/min/1.73 m2) = 194 × 
age−0.287 × serum creatinine−1.094 (multiplied by 0.739 for women). Hypertension was defined as blood pressure ≥ 140/90 mm Hg 
or the use of antihypertensive agents. Diabetes mellitus was defined as HbA1c ≥ 6.5% or the use of oral hypoglycemic agents 
and/or insulin therapy.

Statistical Analyses
Statistical analysis was performed using JMP® 11 (SAS Institute Inc., Cary, NC, USA). Data were expressed as means ± 
standard deviations for continuous variables and as counts and percentages for categorical variables. Comparisons of clinical 
parameters between the two groups were performed using Student’s t-test. Comparisons of component ratios between the two 
groups were performed using Fisher’s exact test. Comparisons of serial measurements within each group were performed 
using repeated measures of analysis of variance with Tukey’s test. p-values <0.05 were considered statistically significant. 
On the basis of a previous report,11 we assumed that the difference in mean eGFR between the two groups would be 1.0 mL/ 
min/1.73 m2 with a standard deviation of 1.5 mL/min/1.73 m2 at 52 weeks. Thirty-six patients in each group were needed to 
establish the superiority of the test treatment for the primary endpoint with 80% power at a two-sided significance level of 
5%. Therefore, we planned to enroll 40 patients per group in consideration of potential dropouts.

Results
Patient Characteristics
Forty-seven patients were enrolled in the study. During the run-in period, four patients withdrew consent, one patient 
changed to another hospital, and one patient developed bladder cancer; therefore, these patients were excluded from the 
study. The remaining 41 patients (22 men and 19 women, mean age 66.3 ± 10.1 years, body mass index 27.0 ± 5.0 kg/m2) 
were randomized to the liraglutide plus empagliflozin group (n = 20) and liraglutide group (n = 21) (Figure 2). All 41 
patients completed the study period. Their mean eGFR, UPCR, and HbA1c at baseline were 41.0 ± 18.9 mL/min/ 
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1.73 m2, 1.5 ± 1.4 g/gCr, and 6.9 ± 1.1%, respectively. The proportion of the participants with hypertension was 97.6%. 
The percentages of the participants with diabetic neuropathy and retinopathy were 51.2% and 58.5%, respectively. Five 
(12.2%) patients had a history of ischemic heart disease and 7 (17.1%) had a history of stroke. The proportions of 
participants taking each of the following medications were: statin, 68.3%; renin-angiotensin system inhibitor, 80.5%; 
calcium channel blocker, 73.2%; diuretic, 22.0%; antihyperuricemic agent, 48.8%; glinide, 2.4%; α-glucosidase inhibitor, 
43.9%; insulin, 19.5%; iron supplement, 7.3%; and erythropoiesis-stimulating agent, 9.8%. The baseline patients’ 
characteristics, laboratory values, and medications in each group are summarized in Table 1. There were no significant 
differences in any clinical parameter between the groups. The administered dose of liraglutide was 0.9 mg/day in all 
patients except two (0.6 mg/day, 1; 1.8 mg/day, 1).

Figure 2 Patient flow diagram.

Table 1 Baseline Patients’ Characteristics, Laboratory Values, and Medications in the Liraglutide Plus Empagliflozin Group and 
Liraglutide Group

Variable Liraglutide Plus Empagliflozin  
Group (n=20)

Liraglutide  
Group (n=21)

p-value

Age (years) 66.3 ± 10.3, 68 [60−75] 66.2 ± 10.1, 66 [60−75] 0.97

Male sex (number, %) 10 (50.0) 12 (57.1) 0.76

Body weight (kg) 66.1 ± 12.9, 67.0 [58.4−74.9] 68.4 ± 15.9, 65.8 [57.9−80.1] 0.61

Body mass index (kg/m2) 27.3 ± 5.6, 27.8 [24.3−31.6] 26.8 ± 4.5, 26.6 [24.3−30.5] 0.75

Systolic blood pressure (mmHg) 139.2 ± 12.2, 140 [133−149] 138.7 ± 13.2, 140 [126−145] 0.90

Diastolic blood pressure (mmHg) 72.5 ± 11.9, 75 [60−81] 67.3 ± 9.9, 65 [60−76] 0.14

Serum creatinine (mg/dL) 1.4 ± 0.6, 1.4 [1.0−1.6] 1.5 ± 0.7, 1.4 [1.0−1.7] 0.71

Estimated glomerular filtration rate (mL/min/1.73m2) 42.1 ± 19.7, 39 [32−58] 40.0 ± 18.5, 36 [29−50] 0.73

(Continued)
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Table 1 (Continued). 

Variable Liraglutide Plus Empagliflozin  
Group (n=20)

Liraglutide  
Group (n=21)

p-value

Chronic kidney disease stage (number, %) G1 0 (0.0) 1 (4.8) 0.78

G2 3 (15.0) 1 (4.8)

G3a 3 (15.0) 4 (19.0)

G3b 9 (45.0) 8 (38.1)

G4 5 (25.0) 7 (33.3)

Urine protein creatinine ratio (g/gCr) 1.1 ± 0.9, 0.8 [0.6−1.3] 1.8 ± 1.8, 1.1 [0.6−2.2] 0.40

Low-density lipoprotein cholesterol (mg/dL) 85.9 ± 23.7, 85 [73−97] 89.5 ± 23.6, 89 [74−102] 0.63

High-density lipoprotein cholesterol (mg/dL) 54.5 ± 13.3, 51 [45−62] 60.2 ± 14.7, 60 [51−65] 0.20

Triglyceride (mg/dL) 141.0 ± 74.5, 119 [96−182] 114.1 ± 44.9, 112 [74−143] 0.17

Uric acid (mg/dL) 6.2 ± 1.3, 6.6 [5.6−6.9] 5.9 ± 1.3, 5.9 [5.3−6.5] 0.49

Blood glucose (mg/dL) 129.4 ± 36.5, 120 [106−138] 126.1 ± 40.6, 113 [97−139] 0.79

Hemoglobin A1c (%) 6.9 ± 0.9, 6.9 [6.1−7.5] 7.0 ± 1.3, 6.7 [6.1−7.5] 0.79

Albumin (g/dL) 4.2 ± 0.3, 4.2 [4.1−4.4] 4.0 ± 0.4, 4.1 [3.9−4.2] 0.14

Hemoglobin (g/dL) 12.9 ± 1.9, 12.8 [12.0−14.3] 12.3 ± 1.5, 11.9 [11.4−13.2] 0.24

Estimated salt intake (g/day) 6.6 ± 3.4, 6.0 [4.5−8.2] 8.0 ± 4.4, 6.5 [5.2−11.9] 0.25

Diabetes mellitus (number, %) 20 (100.0) 21 (100.0) 1.00

Duration of diabetes mellitus (years) 14.6 ± 9.2, 14 [8−22] 16.0 ± 8.4, 15 [11−20] 0.61

Diabetic neuropathy (number, %) 7 (35.0) 14 (66.7) 0.06

Diabetic retinopathy (number, %) 10 (50.0) 14 (66.7) 0.35

Hypertension (number, %) 19 (95.0) 21 (100.0) 0.49

Previous ischemic heart disease (number, %) 3 (15.0) 2 (9.5) 0.66

Previous stroke (number, %) 4 (20.0) 3 (14.3) 0.70

Past or current smoking (number, %) 2 (10.0) 2 (9.5) 1.00

Alcohol drinking (number, %) 4 (20.0) 5 (23.8) 1.00

Antiplatelet agent (number, %) 7 (35.0) 7 (33.3) 1.00

Statin (number, %) 15 (75.0) 13 (61.9) 0.51

Fibrate (number, %) 4 (20.0) 1 (4.8) 0.18

Ezetimibe (number, %) 6 (30.0) 3 (14.3) 0.28

Eicosapentaenoic acid (number, %) 1 (5.0) 2 (9.5) 1.00

Renin-angiotensin system inhibitor (number, %) 16 (80.0) 17 (81.0) 1.00

β-blocker (number, %) 3 (15.0) 1 (4.8) 0.34

Calcium channel blocker (number, %) 14 (70.0) 16 (76.2) 0.73

(Continued)

Diabetes, Metabolic Syndrome and Obesity 2024:17                                                                          https://doi.org/10.2147/DMSO.S471535                                                                                                                                                                                                                       

DovePress                                                                                                                       
3771

Dovepress                                                                                                                                                       Sunagawa et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Primary and Secondary Outcomes
The changes in eGFR in each group are shown in Figure 3. There was no significant difference in eGFR between the 
groups during the study period. The hemoglobin concentration of the liraglutide plus empagliflozin group increased 
significantly from 12.9 ± 1.9 g/dL at baseline to 13.5 ± 1.9 g/dL at 3 months (p<0.05) and 13.7 ± 1.9 g/dL at 6 months 
(p<0.05). The hemoglobin concentrations at 3 months and 6 months were significantly higher in the liraglutide plus 
empagliflozin group than in the liraglutide group (each, p<0.05) (Figure 4). The body weight of the patients in the 
liraglutide plus empagliflozin group decreased significantly from 66.1 ± 12.9 kg at baseline to 65.0 ± 13.1 kg at 3 months 
(p<0.05) and 64.5 ± 12.6 kg at 6 months (p<0.05). Body weight at 3 months and 6 months was significantly lower in the 
liraglutide plus empagliflozin group compared with the liraglutide group (each, p<0.05) (Figure 5). Other clinical 
parameters, namely systolic blood pressure (Figure 6), HDL-C (Figure 7), LDL-C (Figure 8), triglyceride (Figure 9), 
uric acid (Figure 10), blood glucose (Figure 11), HbA1c (Figure 12), and UPCR (Figure 13) did not differ significantly 
between the groups during the study period.

Table 1 (Continued). 

Variable Liraglutide Plus Empagliflozin  
Group (n=20)

Liraglutide  
Group (n=21)

p-value

Diuretic (number, %) 6 (30.0) 3 (14.3) 0.28

Antihyperuricemic agent (number, %) 11 (55.0) 9 (42.9) 0.54

Glinide (number, %) 0 (0.0) 1 (4.8) 1.00

α-glucosidase inhibitor (number, %) 7 (35.0) 11 (52.4) 0.35

Insulin (number, %) 5 (25.0) 3 (14.3) 0.45

Iron supplement (number, %) 1 (5.0) 2 (9.5) 1.00

Erythropoiesis-stimulating agent (number, %) 2 (10.0) 2 (9.5) 1.00

Note: Variables are shown as mean ± standard deviation and median [interquartile range], or number (%).

Figure 3 Changes in eGFR in the liraglutide plus empagliflozin group and liraglutide group. 
Abbreviations: eGFR, estimated glomerular filtration rate.

https://doi.org/10.2147/DMSO.S471535                                                                                                                                                                                                                               

DovePress                                                                                                                                

Diabetes, Metabolic Syndrome and Obesity 2024:17 3772

Sunagawa et al                                                                                                                                                       Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Changes in body components are shown in Table 2. In the liraglutide plus empagliflozin group, body weight, skeletal 
muscle mass, and total body water decreased significantly at 6 months compared with baseline. However, body fat mass 
was unchanged at 6 months compared with baseline. In the liraglutide group, body weight, body fat mass, skeletal muscle 
mass, and total body water were unchanged at 6 months compared with baseline.

Figure 4 Changes in hemoglobin concentrations in the liraglutide plus empagliflozin group and liraglutide group. 
Note: *p<0.05 vs baseline; † p<0.05 vs liraglutide group.

Figure 5 Changes in body weight in the liraglutide plus empagliflozin group and liraglutide group. 
Note: *p<0.05 vs baseline; †p<0.05 vs liraglutide group.
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Adverse Events
Adverse events were observed in 5 patients (pneumonia, 2; sepsis, 1; cerebral infarction, 1; fracture, 1) in the liraglutide 
group. However, liraglutide was tolerated by these patients and its administration was continued. No adverse event 
including euglycemic diabetic ketoacidosis was observed in the liraglutide plus empagliflozin group.

Figure 6 Changes in systolic blood pressure in the liraglutide plus empagliflozin group and liraglutide group.

Figure 7 Changes in HDL-C in the liraglutide plus empagliflozin group and liraglutide group. 
Abbreviations: HDL-C, high-density lipoprotein cholesterol.
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Discussion
In the present study, we found that empagliflozin increased the hemoglobin concentration in patients with advanced-stage 
type 2 diabetic kidney disease who were treated with liraglutide. We also found that empagliflozin decreased body weight 
in these patients. However, empagliflozin did not attenuate renal function decline, reduce urinary protein excretion, or 
improve glycemic control.

Figure 8 Changes in LDL-C in the liraglutide plus empagliflozin group and liraglutide group. 
Abbreviations: LDL-C, low-density lipoprotein cholesterol.

Figure 9 Changes in triglyceride in the liraglutide plus empagliflozin group and liraglutide group.
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SGLT2 inhibitors reduce body fluid levels and concentrate blood by increasing urine volume.12 A randomized 
controlled trial showed that empagliflozin reduced total body water and increased hemoglobin concentration compared 
with placebo in patients with type 2 diabetes.13 In contrast, SGLT2 inhibitors promote sirtuin 1 activity by their off-target 
effects, thereby activating hypoxia-inducible factor 2α, which then increases the release of erythropoietin.14 

A randomized controlled trial reported that empagliflozin increased erythropoietin concentration and hemoglobin 
concentration compared with placebo in patients with type 2 diabetes.15 In the present study, empagliflozin reduced 

Figure 10 Changes in uric acid in the liraglutide plus empagliflozin group and liraglutide group.

Figure 11 Changes in blood glucose in the liraglutide plus empagliflozin group and liraglutide group.
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total body water and increased hemoglobin concentration in patients with advanced-stage type 2 diabetic kidney disease 
who were treated with liraglutide; however, erythropoietin concentration was not assessed in this study. Further studies 
are needed to elucidate the mechanism underlying the improvement effect of empagliflozin on anemia in patients with 
type 2 diabetic kidney disease.

Figure 12 Changes in HbA1c in the liraglutide plus empagliflozin group and liraglutide group. 
Abbreviations: HbA1c, hemoglobin A1c.

Figure 13 Changes in UPCR in the liraglutide plus empagliflozin group and liraglutide group. 
Abbreviations: UPCR, urine protein creatinine ratio.
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SGLT2 inhibitors promote sodium and water excretion in urine by inhibiting reabsorption of sodium and water in the 
proximal renal tubule, thereby reducing body fluid volume.16 SGLT2 inhibitors also promote glucose excretion in urine 
by inhibiting reabsorption of glucose in the proximal renal tubule, thereby increasing glucagon concentrations, which 
results in proteolysis in muscle.17 Several randomized controlled studies reported that empagliflozin reduced body 
weight, total body water, and skeletal muscle mass in patients with type 2 diabetes.13,18 In the present study, 6 months 
of empagliflozin therapy reduced body weight, total body water, and skeletal muscle mass in patients with advanced- 
stage type 2 diabetic kidney disease who were treated with liraglutide. These results suggest that empagliflozin reduced 
body weight by decreasing total body water and skeletal muscle mass in patients with type 2 diabetic kidney disease. The 
combined use of GLP-1 analogs and SGLT2 inhibitors has been shown to reduce body weight synergistically by their 
different mechanism of action.7 It has been reported that CKD patients and diabetic patients are prone to develop 
sarcopenia,19 which contributes to frailty and increased risk of mortality.20,21 Therefore, reduced muscle mass is a major 
problem in patients with diabetic kidney disease. Addition of SGLT2 inhibitors to GLP-1 analogs might be harmful with 
respect to development of sarcopenia in patients with diabetic kidney disease. Large-scale, long-term studies are 
necessary to clarify the influence of SGLT2 inhibitors on muscle mass in patients with advanced-stage type 2 diabetic 
kidney disease who are treated with GLP-1 analogs.

Numerous studies reported that SGLT2 inhibitors improved glycemic control in patients with type 2 diabetes.22 

However, the blood glucose-lowering effect of SGLT2 inhibitors is attenuated as renal function declines.23 In the present 
study, empagliflozin did not decrease blood glucose concentration in patients with advanced-stage type 2 diabetic kidney 
disease who were treated with liraglutide. These results suggest that SGLT2 inhibitors might not improve glycemic 
control in patients with advanced-stage type 2 diabetic kidney disease.

Several GLP-1 analogs, namely liraglutide, dulaglutide, and semaglutide, have been shown to have renoprotective 
effect on type 2 diabetic kidney disease in large-scale clinical trials.9,24–26 These trials demonstrated that GLP-1 analogs 
reduced composite renal events including ≥ 30–50% reduction in eGFR and initiation of renal replacement therapy by 
15–35%. Several SGLT2 inhibitors, namely empagliflozin, canagliflozin, and dapagliflozin, have been shown to have 
renoprotective on type 2 diabetic kidney disease in large-scale clinical trials.8,27–29 These trials demonstrated that SGLT2 
inhibitors reduced composite renal events including ≥ 40% reduction in eGFR and end-stage kidney disease by 30–50%. 
Among all SGLT2 inhibitors, empagliflozin was the first SGLT2 inhibitor that was shown to have renoprotective effect 
on type 2 diabetic kidney disease in a large-scale clinical trial.8 In this trial, the effect of empagliflozin on renal outcomes 
was comparable between 10 mg/day and 25 mg/day.8 Therefore, in the present study, empagliflozin was administered at 
a dose of 10 mg/day. However, in the present study, empagliflozin did not attenuate renal function decline or reduce 
proteinuria in patients with advanced-stage type 2 diabetic kidney disease who were treated with liraglutide. Several 
reasons are considered for the discrepancy between results in previous studies and those in the present study. First, the 
number of patients in our study was small (n = 41), which might have reduced the power to detect a statistically 
significant difference between the two groups. Second, the study period was short (6 months). In a previous study of 
patients with advanced-stage type 2 diabetic kidney disease, an effect of SGLT2 inhibitors on renal function decline was 
observed 12 months after the initiation of therapy.28 Therefore, the study period in our study might have been too short to 

Table 2 Changes in Body Components in the Liraglutide Plus Empagliflozin Group and Liraglutide Group

Variable Liraglutide Plus Empagliflozin Group (n=20) Liraglutide Group (n=21)

−6 months Baseline 6 months −6 months Baseline 6 months

Body weight (kg) 67.4 ± 11.9 66.1 ± 12.9 64.5 ± 12.6†* 70.0 ± 15.4 68.4 ± 15.9 67.5 ± 15.6†

Body fat mass (kg) 25.9 ± 8.1 24.7 ± 9.4 24.1 ± 8.6† 23.8 ± 9.4 21.7 ± 8.7 22.1 ± 8.4

Skeletal muscle mass (kg) 23.1 ± 4.7 22.9 ± 4.7 22.4 ± 4.7†* 24.7 ± 6.5 24.6 ± 6.6 24.4 ± 6.2

Total body water (kg) 31.7 ± 5.6 31.4 ± 5.7 30.7 ± 5.6†* 34.3 ± 8.4 34.0 ± 8.5 33.9 ± 7.7

Note: †p < 0.05 vs −6 months; *p < 0.05 vs baseline.
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detect the renoprotective effect of empagliflozin. Large-scale, long-term, randomized controlled studies are needed to 
clarify the renoprotective effect of SGLT2 inhibitors in patients with advanced-stage type 2 diabetic kidney disease who 
are treated with GLP-1 analogs.

It has been reported that SGLT2 inhibitors have favorable effects on blood pressure, uric acid metabolism, and lipid 
profile.30 In the present study, empagliflozin tended to decrease systolic blood pressure, uric acid, and LDL-C and tended 
to increase HDL-C. However, these changes were not significant. These results might be due to small sample size and 
short-term study duration. Large-scale, long-term studies are necessary to clarify the effects of SGLT2 inhibitors on 
blood pressure, lipid profile, and uric acid metabolism in patients with advanced-stage type 2 diabetic kidney disease who 
are treated with GLP-1 analogs.

This study had two main advantages. First, we assessed the changes in clinical parameters including hemoglobin, 
HDL-C, LDL-C, triglyceride, uric acid, blood glucose, HbA1c, eGFR, and UPCR in patients with advanced-stage type 2 
diabetic kidney disease who were treated with liraglutide plus empagliflozin. Second, we also assessed the changes in 
body components in these patients. This study might provide the foundation for further research to investigate the 
additional effects of SGLT2 inhibitors on GLP-1 analogs in patients with type 2 diabetic kidney disease.

There were several limitations in our study. First, we used an open-label design, which may have led to bias with 
regard to the study outcomes. Second, the study sample size was small, which might have reduced the statistical power to 
detect between-group differences. Third, this was a short-term study. Fourth, this study did not include type 2 diabetes 
mellitus patients with UPCR < 0.5 g/gCr and eGFR ≥ 30 mL/min/1.73 m2. Double-blind, large-scale, long-term, 
randomized controlled studies including type 2 diabetes mellitus patients with UPCR < 0.5 g/gCr and eGFR ≥ 30 mL/ 
min/1.73 m2 are needed to elucidate the additional effects of SGLT2 inhibitors on GLP-1 analogs in patients with type 2 
diabetic kidney disease.

Conclusion
Empagliflozin increased hemoglobin concentration and decreased body weight in patients with advanced-stage type 2 
diabetic kidney disease who were treated with liraglutide. However, empagliflozin did not provide short-term benefits 
with regard to renal function decline, urinary protein excretion, or glycemic control in these patients.
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