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Abstract

Background: Sodium-glucose cotransporter 2 inhibitor (SGLT2i) 
blocks reabsorption of glucose by inhibiting SGLT2 in kidney, pro-
motes the renal excretion of glucose and improves blood glucose con-
trol without requiring insulin secretion. Anti-atherosclerotic effects of 
SGLT2is have not been fully elucidated until today.

Methods: We retrospectively picked up patients with type 2 diabetes 
who had been continuously prescribed SGLT2i for 3 months or more 
between April 2014 and December 2016 by a chart-based analysis, 
and compared metabolic parameters including coronary risk factors 
before the SGLT2i treatment with the data at 3 and 6 months after the 
SGLT2i treatment started.

Results: We found 26 patients treated with tofogliflozin, 34 patients 
with canagliflozin, 27 patients with empagliflozin, 23 patients with 
ipragliflozin, 68 patients with dapagliflozin and 71 patients with 
luseogliflozin. Each SGLT2i ameliorated metabolic parameters, in 
different patterns. SGLT2is reduced body weight, systolic and di-
astolic blood pressures, plasma glucose, hemoglobin A1c, aspartate 
aminotransferase, alanine aminotransferase, γ-glutamyltransferase, 
uric acid, triglyceride and non-high-density lipoprotein-cholesterol 
(HDL-C), and elevated HDL-C; however, they did not affect LDL-
cholesterol levels. Change in each metabolic parameter was signifi-
cantly correlated with each metabolic parameter at baseline.

Conclusion: The present study demonstrated that SGLT2i ameliorat-
ed body weight, blood pressure, liver function, serum lipids and uric 
acid, in addition to improvement of glucose metabolism in patients 

with type 2 diabetes.

Keywords: Body weight; Hemoglobin A1c; Serum lipids; Sodium-
glucose cotransporter 2 inhibitor; Uric acid

Introduction

Sodium-glucose cotransporter 2 (SGLT2) is expressed in the 
proximal tubule of kidney and mediates reabsorption of glu-
cose [1], and SGLT2 inhibitor (SGLT2i) blocks reabsorption 
of glucose by inhibiting SGLT2, promotes the renal excretion 
of glucose and improves blood glucose control without requir-
ing insulin secretion [2].

We previously proposed the possible anti-atherosclerotic 
effects beyond glucose lowering of SGLT2i [3]. Briefly, ca-
loric loss by SGLT2 inhibition may decrease plasma glucose 
without increasing insulin secretion, which may reduce body 
weight and result in improvement of insulin resistance. Im-
provement of insulin resistance may ameliorate atherosclerotic 
risk factors such as dyslipidemia, hypertension and elevated 
inflammatory cytokines [3]. Osmotic diuretics by SGLT2 in-
hibition may also decrease blood pressure (BP), favorably af-
fecting atherosclerosis [3].

Actually, EMPA-REG OUTCOME, a randomized place-
bo-controlled trial (RCT) that examined the effect of empa-
gliflozin in addition to standard of care in patients with type 2 
diabetes and established cardiovascular (CV) disease demon-
strated a significant reduction in the incidence of CV death and 
heart failure hospitalization [4].

However, whether SGLT2i is associated with reduction in 
myocardial infarction or not, or whether the beneficial effect 
observed with empagliflozin in EMPAREG OUTCOME study 
is a class effect or not, remained to be controversial [5-8].

Anti-atherosclerotic effects of SGLT2i have not been 
fully elucidated until today. Our institute, National Center for 
Global Health and Medicine (NCGM), is the National Center 
which has the discovery of the best therapy for diabetes as our 
mission, and has many specialists for diabetes treatment. To 
elucidate anti-atherosclerotic effects of SGLT2i, we retrospec-
tively studied six kinds of SGLT2is (tofogliflozin, canagliflo-
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zin, empagliflozin, ipragliflozin, dapagliflozin and luseogliflo-
zin) and also summarized effects of all SGLT2is on metabolic 
parameters including coronary risk factors in patients with 
type 2 diabetes. Further, we studied the most crucial factor at 
baseline to determine the changes in metabolic parameters due 
to SGLT2is.

Materials and Methods

This study was approval by the Institutional Ethics Committee 
in National Center for Global Health and Medicine, and was 

also performed in accordance with the Declaration of Helsinki.
We selected patients with type 2 diabetes who had been 

prescribed the standard-dose of SGLT2is for 3 months or long-
er between April 2014 and December 2016 based on medi-
cal charts. We compared the data at baseline and at 3 and 6 
months after the start of SGLT2i. Body weight, BP, plasma 
glucose, hemoglobin A1c (HbA1c), serum low-density lipo-
protein-cholesterol (LDL-C), triglyceride (TG), high-density 
lipoprotein-cholesterol (HDL-C), uric acid, aspartate ami-
notransferase (AST), alanine aminotransferase (ALT) and 
γ-glutamyltransferase (γ-GT) in studied subjects were meas-
ured almost at the same time point at the baseline and 3 or 6 

Table 1.  Changes in Metabolic Parameters at 3 and 6 Months After the Start of Tofogliflozin

n Baseline,  
mean ± SD

3 months after,  
mean ± SD n Baseline,  

mean ± SD
6 months after,  
mean ± SD

Body weight (kg) 12 85.9 ± 15.1 83.1 ± 13.2** 11 81.5 ± 12.4 79.1 ± 11.3**
Systolic BP (mm Hg) 7 124.0 ± 12.9 123.9 ± 7.5 8 127.3 ± 15.1 126.4 ± 11.0
Diastolic BP (mm Hg) 7 73.6 ± 6.1 74.3 ± 6.8 8 76.0 ± 8.9 76.9 ± 5.2
Plasma glucose (mg/dL) 19 214.7 ± 91.0 189.1 ± 76.2 16 217.6 ± 95.7 191.6 ± 67.5
HbA1c (%) 13 8.6 ± 1.5 7.8 ± 1.5** 12 8.7 ± 1.4 7.9 ± 1.2*
AST (U/L) 19 28.1 ± 14.2 23.7 ± 7.8* 16 30.9 ± 18.0 28.7 ± 18.7
ALT (U/L) 19 33.8 ± 27.3 26.6 ± 11.8 16 36.8 ± 29.4 34.9 ± 33.7
γ-GT (U/L) 11 36.4 ± 22.4 29.9 ± 14.3 10 46.1 ± 30.1 40.1 ± 26.2*
Uric acid (mg/dL) 19 5.3 ± 1.2 5.0 ± 1.1 16 5.3 ± 1.2 4.9 ± 0.9*
TG (mg/dL) 17 216.6 ± 114.4 214.1 ± 188.8 16 219.4 ± 118.5 204.1 ± 123.8
HDL-C (mg/dL) 17 50.4 ± 10.5 51.8 ± 9.4 16 50.1 ± 10.0 52.8 ± 8.9
LDL-C (mg/dL) 16 113.8 ± 39.4 112.7 ± 36.1 15 112.4 ± 39.6 108.2 ± 28.4
Non-HDL-C (mg/dL) 7 139.9 ± 24.2 137.9 ± 22.3 5 135.2 ± 22.9 142.4 ± 29.2

*P < 0.1 and **P < 0.05 vs. baseline.

Table 2.  Changes in Metabolic Parameters at 3 and 6 Months After the Start of Canagliflozin

n Baseline,  
mean ± SD

3 months after, 
mean ± SD n Baseline, 

mean ± SD
6 months after, 
mean ± SD

Body weight (kg) 21 79.4 ± 12.9 78.5 ± 13.3* 19 80.3±13.1 78.8 ± 13.3*
Systolic BP (mm Hg) 23 131.6 ± 12.1 126.0 ± 17.3* 21 131.9 ± 28.7 120.6 ± 15.4**
Diastolic BP (mm Hg) 23 76.9 ± 10.1 76.4 ± 10.7 21 77.4 ± 10.8 72.0 ± 10.4**
Plasma glucose (mg/dL) 27 214.3 ± 75.9 175.4 ± 72.7** 27 210.9 ± 74.7 170.0 ± 49.7**
HbA1c (%) 25 8.6 ± 1.6 7.7 ± 1.1** 24 8.7 ± 1.6 7.7 ± 1.0**
AST (U/L) 27 30.9 ± 33.2 23.9 ± 11.1 27 30.1 ± 33.2 23.7 ± 10.5
ALT (U/L) 26 41.7 ± 49.1 34.6 ± 28.2 26 40.5 ± 49.2 30.3 ± 20.2
γ-GT (U/L) 22 37.5 ± 24.0 30.8 ± 18.9** 23 36.7 ± 23.7 31.3 ± 21.8*
Uric acid (mg/dL) 25 5.3 ± 1.4 5.1 ± 1.2 26 5.0 ± 1.1 5.0 ± 1.1
TG (mg/dL) 25 196.0 ± 135.7 166.9 ± 104.2* 26 193.5 ± 133.5 175.3 ± 125.2
HDL-C (mg/dL) 25 50.9 ± 12.8 50.3 ± 11.9 26 51.8 ± 13.4 51.3 ± 14.0
LDL-C (mg/dlL) 24 102.6 ± 29.1 104.3 ± 26.3 25 103.1 ± 28.6 109.2 ± 29.2
Non-HDL-C (mg/dL) 19 134.3 ± 36.4 129.2 ± 29.6 19 135.3 ± 36.4 135.9 ± 33.9

*P < 0.1 and **P < 0.05 vs. baseline.
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months after the start of SGLT2 inhibitors. LDL-C levels were 
determined by the direct measurement or by the Friedewald’s 
formula. Estimated glomerular filtration rate (eGFR) was cal-
culated by a modified three variable equation for estimating 
GFR in Japanese patients [9].

Comparison of the variables determined before and after 
was analyzed by a paired Student’s t-test. Spearman’s corre-
lation was performed to determine the correlations between 
the data before the start of SGLT2i treatment and changes in 
variables after the SGLT2i treatment. All data are expressed as 
mean ± SD. P < 0.05 and P < 0.1 were considered to be statisti-
cally significant and to show tendency, respectively.

Results

We found 26 patients treated with tofogliflozin (age, 54.0 ± 
11.5 years; male/female, 11/15), 34 patients with canagliflozin 
(56.6 ± 16.2 years; male/female, 16/18), 27 patients with em-
pagliflozin (51.0 ± 9.2 years; male/female, 15/12), 23 patients 
with ipragliflozin (50.0 ± 14.0 years; male/female, 9/14), 68 
patients with dapagliflozin (52.3 ± 13.4 years; male/female, 
35/33) and 71 patients with luseogliflozin (54.4 ± 13.4 years; 
male/female, 42/29). Total 249 patients had been treated by 
SGLT2i at least for 3 months.

Changes in metabolic parameters at 3 and 6 months after 
the start of each SGLT2i were shown in Tables 1-6. Tofogliflo-
zin significantly reduced body weight at both 3 and 6 months 
after the start, and significantly reduced HbA1c at 3 months 
and tended to reduce HbA1c at 6 month (Table 1). AST at 3 
months, γ-GT and uric acid at 6 months tended to decrease 
from baseline. Canagliflozin tended to reduce body weight at 
3 and 6 months, and systolic BP at 3 months (Table 2). Both 
systolic and diastolic BP significantly decreased by canagli-
flozin at 6 month. Canagliflozin significantly reduced plasma 

glucose and HbA1c at both 3 and 6 months. Serum γ-GT and 
TG tended to decrease at 3 months, and γ-GT significantly 
decreased, from baseline, at 6 months. Empagliflozin signifi-
cantly reduced body weight, plasma glucose and HbA1c, and 
significantly increased HDL-C at 6 months (Table 3). HbA1c, 
TG and non-HDL-C significantly decreased from baseline at 
3 months. Ipragliflozin significantly reduced body weight and 
HbA1c at 3 months, and tended to reduce body weight at 6 
months (Table 4). HbA1c and AST significantly decreased 
from baseline at 6 months. Dapagliflozin significantly re-
duced body weight and HbA1c at 3 months, and reduced body 
weight, HbA1c, AST and ALT, and also increased HDL-C at 
6 months (Table 5). Luseogliflozin significantly reduced body 
weight, diastolic BP, HbA1c, AST, ALT, γ-GT and uric acid 
at both 3 and 6 months. Systolic BP, plasma glucose, and TG 
tended to decrease from baseline at 3 months, and TG and 
non-HDL-C significantly decreased from baseline at 6 months 
(Table 6).

Changes in metabolic parameters at 3 and 6 months after 
the start of SGLT2is were shown in Table 7, and the summary 
of changes due to each SGLT2i was shown in Table 8. SGL-
T2is significantly reduced body weight, systolic BP, plasma 
glucose, HbA1c, AST, ALT and γ-GT at both 3 and 6 months, 
and significantly decreased diastolic BP, uric acid and non-
HDL-C at 3 months. Serum TG at both 3 and 6 months, dias-
tolic BP and non-HDL-C at 6 months tended to decrease, and 
HDL-C at 6 months tended to increase by SGLT2i treatment.

The most crucial determinant in parameters at baseline for 
changes in metabolic parameters due to SGLT2i treatment was 
shown in Table 9. Changes in systolic BP, diastolic BP, plasma 
glucose, HbA1c, AST, ALT, uric acid and LDL-C at both 3 
and 6 months after the start of SGLT2i were most closely cor-
related with systolic BP, diastolic BP, plasma glucose, HbA1c, 
AST, ALT, uric acid and LDL-C at baseline, respectively. 
Changes in γ-GT at 3 months were most closely correlated 

Table 3.  Changes in Metabolic Parameters at 3 and 6 Months After the Start of Empagliflozin

n Baseline, 
mean ± SD

3 months after, 
mean ± SD n Baseline, 

mean ± SD
6 months after, 
mean ± SD

Body weight (kg) 17 87.5 ± 21.4 86.6 ± 21.3 6 84.9 ± 30.9 80.2 ± 27.9**
Systolic BP (mm Hg) 16 135.4 ± 17.9 128.1 ± 14.8 4 147.0 ± 31.4 146.3 ± 35.8
Diastolic BP (mm Hg) 16 81.0 ± 16.0 78.6 ± 11.8 4 84.8 ± 23.9 88.0 ± 28.2
Plasma glucose (mg/dL) 17 222.4 ± 73.0 171.5 ± 66.0* 6 205.7 ± 77.5 145.5 ± 38.6**
HbA1c (%) 17 9.4 ± 2.0 7.6 ± 1.1** 6 9.6 ± 2.6 7.4 ± 1.0**
AST (U/L) 17 31.2 ± 21.3 28.1 ± 17.8 6 24.8 ± 18.6 20.3 ± 7.1
ALT (U/L) 17 46.2 ± 43.5 39.6 ± 34.6 6 27.0 ± 21.1 20.0 ± 9.4
γ-GT (U/L) 16 104.6 ± 213.6 73.9 ± 127.7 5 29.0 ± 20.4 23.0 ± 9.8
Uric acid (mg/dL) 15 5.5 ± 2.2 5.1 ± 1.6 6 4.4 ± 1.7 5.2 ± 3.1
TG (mg/dL) 17 257.6 ± 204.3 173.3 ± 105.4** 6 164.0 ± 98.8 104.7 ± 36.7
HDL-C (mg/dL) 17 51.1 ± 16.5 52.5 ± 16.5 6 57.3 ± 24 63.0 ± 23.5**
LDL-C (mg/dL) 17 111.0 ± 29.1 102.6 ± 24.8 6 113.7 ± 36.6 107.2 ± 28.2
Non-HDL-C (mg/dL) 15 159.4 ± 50.6 134.9 ± 30.3** 5 145.4 ± 47.8 119.0 ± 28.9

*P < 0.1 and **P < 0.05 vs. baseline.
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with γ-GT at baseline; however, the most crucial determinant 
of changes in γ-GT at 6 month was ALT. Changes in TG at 3 
and 6 months were most closely correlated with non-HDL-C 
and TG at baseline, respectively. Changes in HDL-C at 3 and 6 
months were most closely correlated with LDL-C and HDL-C 
at baseline, respectively, and changes in non-HDL-C at 3 and 
6 months were most closely correlated with non-HDL-C and 
LDL-C at baseline, respectively. Changes in body weight at 
both 3 and 6 months were most closely correlated with systolic 
BP but not body weight at baseline. The change in body weight 
at 3 months was significantly correlated with body weight at 
baseline (r = -0.2; P = 0.022), however, that at 6 months was 

not significantly correlated with body weight at baseline (r = 
-0.157; P = 0.125).

Discussion

SGLT2i has been proved to be significantly associated with 
weight loss and reduction of BP, in addition to lowering plas-
ma glucose, by a relatively large number of studies [3]. How-
ever, effects of SGLT2i on other metabolic parameters includ-
ing coronary risk factors such as serum lipids, uric acid and 
liver function remained to be unclear.

Table 5.  Changes in Metabolic Parameters at 3 and 6 Months After the Start of Dapagliflozin

n Baseline, 
mean ± SD

3 months after, 
mean ± SD n Baseline, 

mean ± SD
6 months after, 
mean ± SD

Body weight (kg) 33 81.1 ± 17.4 79.5 ± 17.5** 27 78.5 ± 19.6 76.9 ± 19.1**
Systolic BP (mm Hg) 30 130.2 ± 14.5 131.2 ± 17.0 23 127.1 ± 15.2 128.1 ± 16.1
Diastolic BP (mm Hg) 30 79.7 ± 11.0 77.1 ± 13.2 22 80.6 ± 11.2 75.7 ± 9.9
Plasma glucose (mg/dL) 29 188.8 ± 67.1 167.8 ± 64.1 23 184.0 ± 54.0 162.7 ± 91.0
HbA1c (%) 17 8.1 ± 2.0 7.4 ± 1.2** 12 8.5 ± 1.0 7.7 ± 1.2*
AST (U/L) 31 34.0 ± 28.3 30.8 ± 22.0 24 36.9 ± 31.8 24.0 ± 13.6**
ALT (U/L) 33 37.9 ± 27.3 37.2 ± 43.6 26 41.2 ± 29.3 29.6 ± 23.8**
γ-GT (U/L) 26 50.3 ± 33.0 48.1 ± 33.5 21 51.0 ± 30.6 43.2 ± 30.6
Uric acid (mg/dL) 20 5.8 ± 1.5 5.9 ± 1.6 16 5.6 ± 1.3 6.1 ± 1.6
TG (mg/dL) 25 224.2 ± 173.3 261.5 ± 284.5 19 268.1 ± 188.8 276.2 ± 269.8
HDL-C (mg/dL) 23 48.0 ± 12.4 49.3 ± 10.8 18 43.9 ± 10.2 47.9 ± 11.2**
LDL-C (mg/dL) 16 111.9 ± 42.7 99.9 ± 28.2 15 110.2 ± 32.3 108.9 ± 30.5
Non-HDL-C (mg/dL) 16 145.3 ± 45.5 141.5 ± 46.1 15 144.3 ± 36.7 151.9 ± 38.0

*P < 0.1 and **P < 0.05 vs. baseline.

Table 4.  Changes in Metabolic Parameters at 3 and 6 Months After the Start of Ipragliflozin

n Baseline, 
mean ± SD

3 months after, 
mean ± SD n Baseline, 

mean ± SD
6 months after, 
mean ± SD

Body weight (kg) 21 90.9 ± 18.6 89.5 ± 18.1** 13 95.2 ± 20.9 93.8 ± 20.8*
Systolic BP (mm Hg) 17 130.5 ± 14.7 126.7 ± 19.0 15 127.3 ± 8.9 126.4 ± 21.1
Diastolic BP (mm Hg) 17 77.5 ± 10.3 79.6 ± 12.1 15 74.3 ± 9.2 76.7 ± 10.2
Plasma glucose (mg/dL) 23 176.1 ± 77.4 161.3 ± 78.9 19 176.8 ± 80.4 158.6 ± 60.2
HbA1c (%) 19 8.2 ± 1.6 7.5 ± 1.3** 16 8.2 ± 1.8 7.4 ± 1.1**
AST (U/L) 20 31.4 ± 19.7 26.8 ± 16.4 16 33.5 ± 21.1 27.0 ± 13.2**
ALT (U/L) 22 44.0 ± 39.0 36.7 ± 27.6 18 47.6 ± 42.0 37.4 ± 20.4
γ-GT (U/L) 17 64.5 ± 50.2 61.6 ± 46.7 14 59.2 ± 38.3 58.9 ± 38.2
Uric acid (mg/dL) 16 5.5 ± 1.4 5.4 ± 1.1 14 5.4 ± 1.4 5.0 ± 1.1
TG (mg/dL) 22 176.0 ± 69.6 161.0 ± 74.6 18 177.0 ± 76.2 172.1 ± 87.2
HDL-C (mg/dL) 22 47.2 ± 10.6 46.7 ± 13.0 18 48.3 ± 10.8 47.2 ± 13.0
LDL-C (mg/dL) 21 108.2 ± 30.3 105.6 ± 34.4 15 110.4 ± 30.6 102.5 ± 30.8
Non-HDL-C (mg/dL) 12 143.8 ± 29.1 140.3 ± 30.4 11 144.2 ± 30.1 134.5 ± 30.4

*P < 0.1 and **P < 0.05 vs. baseline.
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A 12-week dapagliflozin (10 mg/day) treatment exerted no 
significant effect on HDL-C levels [10]; however, a 6-month 
dapagliflozin treatment significantly elevated HDL-C levels 
in present study. In pooled analysis of phase 3 study results, 
relative to placebo, favorable changes in HDL-C and TG were 
seen with canagliflozin (26-week treatment); increases in 
LDL-C were also seen [11]. However, in our study, canagli-
flozin tended to decrease TG; however, any changes in both 
HDL-C and LDL-C were not observed.

A 12-week dapagliflozin treatment reduced serum uric 
acid in the study by List et al [12], which was not observed in 
our study. An 8-week tofogliflozin treatment (n = 10) tended 

to decrease postprandial TG and significantly decreased uric 
acid, and a 16-week tofogliflozin (n = 10) treatment signifi-
cantly elevated HDL-C [13]. However, tofogliflozin did not 
affect liver function. In our study, tofogliflozin ameliorated 
liver function and uric acid, but did not show any influences 
on serum lipids. A 12-week ipragliflozin treatment (n = 257) 
significantly reduced body weight, systolic and diastolic BP, 
plasma glucose, HbA1c, TG, AST, ALT, γ-GT, uric acid, and 
elevated HDL-C, in the study by Iizuka et al [14]. However, 
ipragliflozin treatment (n = 23) reduced only body weight, 
HbA1c and AST. We obtained the similar results to those in 
Iizuka’s study, by luseogliflozin treatment (n = 71), suggest-

Table 6.  Changes in Metabolic Parameters at 3 and 6 Months After the Start of Luseogliflozin

n Baseline, 
mean ± SD

3 months after, 
mean ± SD n Baseline, 

mean ± SD
6 months after, 
mean ± SD

Body weight (kg) 29 81.3 ± 16.1 79.8 ± 16.1** 21 81.5 ± 15.6 79.8 ± 15.5**
Systolic BP (mm Hg) 27 137.4 ± 20.8 129.9 ± 16.1* 21 134.7 ± 23.3 127.9 ± 23.2
Diastolic BP (mm Hg) 27 83.9 ± 13.4 78.5 ± 11.1** 21 83.5 ± 13.9 77.2 ± 10.2**
Plasma glucose (mg/dL) 32 201.8 ± 95.0 173.1 ± 70.5* 21 202.7 ± 94.0 177.5 ± 87.1*
HbA1c (%) 28 8.8 ± 1.6 8.0 ± 1.3** 20 8.7 ± 1.8 7.5 ± 1.0**
AST (U/L) 34 36.6 ± 29.4 30.1 ± 21.0** 22 42.7 ± 32.6 27.8 ± 19.6**
ALT (U/L) 35 47.0 ± 41.9 40.3 ± 36.2** 22 59.8 ± 47.3 43.9 ± 39.6**
γ-GT (U/L) 27 64.6 ± 50.4 50.3 ± 41.1** 20 73.8 ± 49.1 50.4 ± 33.4**
Uric acid (mg/dL) 26 5.7 ± 1.6 5.2 ± 1.6** 15 6.0 ± 1.2 5.4 ± 1.0**
TG (mg/dL) 30 213.5 ± 163.2 187.0 ± 134.6* 19 284.7 ± 174.5 223.3 ± 138.0**
HDL-C (mg/dL) 29 50.2 ± 13.6 51.2 ± 13.3 18 45.1 ± 7.9 45.4 ± 6.5
LDL-C (mg/dL) 30 113.3 ± 31.2 110.4 ± 38.4 19 113.0 ± 34.0 106.0 ± 36.7
Non-HDL-C (mg/dL) 24 146.2 ± 47.6 143.5 ± 48.2 15 163.5 ± 41.9 141.9 ± 37.1**

*P < 0.1 and **P < 0.05 vs. baseline.

Table 7.  Changes in Metabolic Parameters at 3 and 6 Months After the Start of SGLT2 Inhibitors

Baseline vs. 3 months after Baseline vs. 6 months after

n Baseline, 
mean ± SD

3 months after, 
mean ± SD P value n Baseline, 

mean ± SD
6 months after, 
mean ± SD P value

Body weight (kg) 131 83.7 ± 17.3 82.2 ± 17.1 < 0.001 97 82.5 ± 18.3 80.6 ± 17.8 < 0.001
Systolic BP (mm Hg) 118 132.3 ± 16.3 128.2 ± 16.3 0.012 92 130.8 ± 17.2 126.0 ± 20.6 0.024
Diastolic BP (mm Hg) 118 79.5 ± 12.1 77.5 ± 11.5 0.045 91 79.3 ± 12.1 76.7 ± 12.3 0.077
Plasma glucose (mg/dL) 145 201.1 ± 81.3 172.5 ± 71.0 < 0.001 112 198.8 ± 79.1 169.7 ± 70.7 < 0.001
HbA1c (%) 117 8.6 ± 1.7 7.7 ± 1.2 < 0.001 90 8.6 ± 1.7 7.6 ± 1.1 < 0.001
AST (U/L) 146 32.8 ± 26.3 27.7 ± 17.5 0.001 111 34.4 ± 28.7 25.6 ± 14.8 < 0.001
ALT (U/L) 150 42.2 ± 38.6 36.5 ± 33.2 0.014 114 44.3 ± 40.2 34.0 ± 27.7 < 0.001
γ-GT (U/L) 117 58.2 ± 86.4 48.3 ± 56.1 0.004 93 51.9 ± 36.8 42.8 ± 30.4 < 0.001
Uric acid (mg/dL) 119 5.5 ± 1.5 5.3 ± 1.4 0.032 93 5.4 ± 1.4 5.3 ± 1.4 0.299
Triglyceride (mg/dL) 134 212.5 ± 149.8 194.8 ± 168.1 0.084 104 223.2 ± 145.7 202.3 ± 159.4 0.063
HDL-cholesterol (mg/dL) 131 49.6 ± 12.8 50.3 ± 12.6 0.194 102 48.7 ± 12.2 49.9 ± 12.7 0.059
LDL-cholesterol (mg/dL) 126 108.8 ± 33.5 107.0 ± 30.8 0.374 100 109.3 ± 32.1 107.7 ± 30.2 0.51
Non-HDL-cholesterol (mg/dL) 98 145.0 ± 42.1 138.2 ± 38.0 0.03 100 145.4 ± 37.1 139.6 ± 34.3 0.063
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Table 8.  Summary of Changes in Metabolic Parameters at 3 and 6 Months After the Start of Each SGLT2 Inhibitor

SGLT2i Tofogliflozin Canagliflozin Empagliflozin Ipragliflozin Dapagliflozin Luseogliflozin

Body weight

  3 months ↓ ↓ (↓) ↓ ↓ ↓

  6 months ↓ ↓ (↓) ↓ (↓) ↓ ↓

Systolic BP

  3 months ↓ (↓) (↓)

  6 months ↓ ↓

Diastolic BP

  3 months ↓ ↓

  6 months (↓) ↓ ↓

Plasma glucose

  3 months ↓ ↓ (↓) (↓)

  6 months ↓ ↓ ↓ (↓)

HbA1c

  3 months ↓ ↓ ↓ ↓ ↓ ↓ ↓

  6 months ↓ (↓) ↓ ↓ ↓ (↓) ↓

AST

  3 months ↓ (↓) ↓

  6 months ↓ ↓ ↓ ↓

ALT

  3 months ↓ ↓

  6 months ↓ ↓ ↓

γ-GT

  3 months ↓ ↓ ↓

  6 months ↓ (↓) (↓) ↓

Uric acid

  3 months ↓ ↓

  6 months (↓) ↓

TG

  3 months (↓) (↓) ↓ (↓)

  6 months (↓) ↓

HDL-C

  3 months

  6 months (↑) ↑ ↑

LDL-C

  3 months

  6 months

Non-HDL-C

  3 months ↓ ↓

  6 months (↓) ↓

↓ and (↓) indicate P < 0.05 and P < 0.1, respectively.
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ing that the number of subjects is largely associated with the 
results by SGLT2i treatment.

In our previous study, we examined effects of SGLT2i on 
metabolic parameters in 50 patients with type 2 diabetes, and 
we found that SGLT2i improved the glycemic control and re-
duced body weight and serum AST and ALT levels, whereas 
no significant changes were observed in serum lipids and uric 
acid [15]. However, in present study (n = 249), SGLT2is re-
duced serum TG, non-HDL-C and uric acid, and also increased 
serum HDL-C, supporting a significant influence of the num-
ber of subjects on results due to SGLT2i. We also think that the 
levels of metabolic parameters at baseline may affect changes 
in metabolic parameters. Briefly, the decrease in systolic BP 
due to SGLT2i is larger in patients with higher systolic BP at 
baseline. In our study, change in each metabolic parameter 
except for body weight was significantly correlated with each 
metabolic parameter at baseline, supporting our hypothesis. 
Controversial results in metabolic parameters may be due to 
difference in the number of participants, data at baseline and 
duration of treatment.

In terms of the occurrence of CV events due to SGLT2i, 
Monami et al performed a meta-analysis of RCTs, and found 
that treatment with SGLT2is was associated with a significant 
reduction in all-cause mortality, CV mortality, and myocardial 
infarction, but not stroke, with no apparent difference across 
molecules [5]. However, another meta-analysis of RCTs sug-
gested that SGLT2i appeared to reduce both all-cause and CV 
mortality, and the benefit was only seen with empagliflozin, 
and potential harm was observed with dapagliflozin [6], chal-
lenging a class effect of SGLT2i [5]. However, the meta-analy-
sis by Tang et al denied any harm associated with dapagliflozin 
[7]. A recent systematic review and meta-analysis by Wu et al 
reported that SGLT2i protected against the risk of major ad-
verse CV events, CV death, heart failure, and death from any 
cause, and no clear effect on non-fatal myocardial infarction or 
angina, and an adverse effect for non-fatal stroke [8].

McGovern et al performed a cross-sectional analysis of 
CV risk in patients with type 2 diabetes and a subgroup pre-
scribed SGLT2i to identify and describe the proportion of pa-
tients with type 2 diabetes who have the comparable high CV 
risk to those included in the EMPA-REG trial, and they con-
cluded that the EMPA-REG trial results are applicable only to 
a small proportion of patients with type 2 diabetes and addi-
tional data are required [16], suggesting also an importance of 
backgrounds of subjects at baseline.

The present study has several limitations. First, other hy-
poglycemic, anti-hypertensive, or lipid lowering agents, food 
intakes and/or exercise levels may have an influence on the 
study results. Second, the number of studied subjects was 
small because of the limited availability. Third, since the study 
was based on charts, lack of data might influence the results. 
A more detailed prospective study is recommended to evaluate 
the effects of SGLT2i on metabolic parameters more validly.

The present study also has the strength. First, metabolic 
parameters were measured by the same laboratory. Second, 
subjects were treated by the specialists for diabetes treatment 
who were equally educated by the same specialist. Third, to 
our knowledge, this study is the first to show effects of six 
SGLT2is on metabolic parameters in patients with type 2 dia-

Table 9.  The Most Crucial Determinant in Baseline Parameters 
for Changes in Metabolic Parameters by Using SGLT2 Inhibi-
tors

Most crucial determinant r P value
Changes in body weight
  Systolic BP
    3 months -0.205 0.02
    6 months -0.293 0.004
Changes in systolic BP
  Systolic BP
    3 months -0.42 < 0.001
    6 months 0.34 < 0.001
Changes in diastolic BP
  Diastolic BP
    3 months -0.425 < 0.001
    6 months -0.611 < 0.001
Changes in plasma glucose
  Plasma glucose
    3 months -0.676 < 0.001
    6 months -0.674 < 0.001
Changes in HbA1c
  HbA1c
    3 months -0.619 < 0.001
    6 months -0.659 < 0.001
Changes in AST
  AST
    3 months -0.582 < 0.001
    6 months -0.023 0.023
Changes in ALT
  ALT
    3 months -0.441 < 0.001
    6 months -0.429 < 0.001
Changes in γ-GT
  γ-GT
    3 months -0.517 < 0.001
  ALT
    6 months -0.478 < 0.001
Changes in uric acid
  Uric acid
    3 months -0.694 < 0.001
    6 months -0.463 < 0.001
Changes in TG
  Non-HDL-C
    3 months -0.389 < 0.001
  TG
    6 months -0.425 < 0.001
Changes in HDL-C
  LDL-C
    3 months -0.445 < 0.001
  HDL-C
    6 months -0.428 0.019
Changes in LDL-C
  LDL-C
    3 months -0.351 < 0.001
    6 months -0.353 < 0.001
Changes in non-HDL-C
  Non-HDL-C
    3 months -0.389 < 0.001
  LDL-C
    6 months -0.458 < 0.001
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betes.

Conclusion

Our study demonstrated that SGLT2i ameliorated body weight, 
systolic and diastolic BP, liver function, serum lipids and uric 
acid, in addition to improvement of glucose metabolism.
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