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Abstract

Background/Aim: Sodium–glucose transport protein 2 (SGLT2) inhibitors are versatile in 
action and are considered appropriate for treatment of diabetes. In this study, the efficacy 
of SGLT2 inhibitor therapy for atherosclerosis and protection of renal function in patients 
with type 2 diabetes was investigated over a 5-year period.
Patients and Methods: Forty-three patients with treated diabetes were divided into an 
SGLT2 inhibitor group (SG group, n=31) and an SGLT2 inhibitor-naive group (non-SG 
group). The prospective incidence rates of coronary artery disease, stroke, and cardio-
cerebrovascular disease (C-CVD) were calculated by scoring risk factors over a period of 5 
years. The effect on the estimated glomerular filtration rate was also assessed.
Results: Patients in the SG group were younger and heavier than those in the non-SG 
group. The prospective incidence rates of coronary artery disease and C-CVD were lower 
in the SG group than in the non-SG group during 5 years of follow-up. The decline in 
estimated glomerular filtration rate was maintained at a lower rate in the SG group. The 
results for coronary artery disease, C-CVD, and renal function were confirmed even when 
age was corrected for cases under 65 years of age.
Conclusion: Long-term use of SGLT2 inhibitor therapy was effective in the treatment of 
atherosclerotic disease and had a renoprotective effect.
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Introduction
　Considering that r isk factors often 
overlap in patients with diabetes, strict 
management of not only blood glucose 

but also lipid levels and blood pressure 
(BP) is recommended from an early 
stage [1, 2]. Sodium–glucose transporter 
2 (SGLT2) inhibitors are considered to 
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be versatile in action and appropriate 
for the treatment of diabetes from its 
earliest stages [3, 4]. SGLT2 inhibitors 
have been used in cl in ical pract ice 
since 2014 in Japan, where the initial 
recommendation for their use was in 
relatively younger patients with mild 
diabetes and kidney dysfunction [5]. Since 
then, the indications have been expanded 
to include congest ive hear t fa i lure 
and chronic kidney disease [4]. In this 
study, we evaluated the comprehensive 
therapeutic effects of SGLT2 inhibitors on 
atherosclerotic vascular disease and renal 
function in patients with type 2 diabetes 
over a 5-year period. 

Methods

Since 2015, patients with type 2 diabetes 
attending our department have been 
treated with management targets and 
received regular health check-ups over a 
5-year period. The prospective incidence 
rates of coronary artery disease (CAD), 
st roke, and cardio -cerebrovascular 
disease (C-CVD) were calculated based on 
the following risk factors: age, sex, body 

mass index (BMI), BP, smoking status, 
serum lipids, and diabetes status [1, 6].

Subjects
This was a primary prevention study, 
so patients with a history of cardiac or 
cerebrovascular disease were excluded. 
There was one exclusion for cerebral 
infarction in the SG group and one each 
for angina pectoris and cerebral infarction 
in the non-SG group. One patient in 
the SG group was excluded because he 
developed angina pectoris and underwent 
bypass surgery in the third year of 
enrollment. Finally, 43 patients with 
diabetes treated using antihyperglycemic 
agents over a 5-year period since 2015 
were enrolled and divided according to 
whether they did or did not receive an 
SGLT2 inhibitor (SG group, n=12; non-SG 
group, n=31; Figure 1). The antidiabetic 
and other medications used in both study 
groups are summarized in Table 1. Blood 
glucose-lowering agents and dipeptidyl 
peptidase-4 inhibitors were the main anti-
diabetes medications used in both groups. 
Five types of SGLT2 inhibitors were used 
in the 12 patients in the SG group.

Figure 1 Design of this subanalysis study. 
Forty-three patients with DM treated using antihyperglycemic agents over a 5-year period 
since 2015 were enrolled and divided into those who received an SGLT2 inhibitor (SG 
group, n=12) and those who did not (non-SG group, n=31). DM, diabetes mellitus; non-SG 
group, SGLT2 inhibitor-naive group; SG group, SGLT2 inhibitor group
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At enrollment in 2015, patients in the 
SG group were significantly younger and 
heavier than those in the non-SG group 
(Table 2). Glycated hemoglobin (HbA1c) 

was significantly higher in the SG group. 
There was no statistically signif icant 
between-group difference in estimated 
glomerular filtration rate (eGFR). 

Absolute risk assessment
Assessment of the absolute r i sk of 
atherosclerotic vascular disease was 
determined for patients with CAD, those 
with stroke, and those with C-CVD. 
Each prospective incidence rate was 

evaluated annually over 5 years using 
the following scoring methodology. CAD 
included myocardial in farct ion and 
angina pectoris and was evaluated using 
the Risk Assessment Chart Application 
for Atherosclerotic Disease Prevention 

Table 2 Comparison of clinical characteristics at enrollment between the SG group and the non-SG group 
  

 
There was a significant difference in age and BMI between the SG group and the non-SG group. HbA1c was 
significantly higher in the SG group and there was no statistically significant between-group difference in eGFR.  
BMI, body mass index; dBP, diastolic blood pressure; EGFR, estimated glomerular filtration rate; HbA1c, glycated 
hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; non-SG group, 
SGLT2 inhibitor-naive group; sBP, systolic blood pressure; SG group, SGLT2 inhibitor group; TG, triglycerides 
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Guidelines 2017 [6] and 2022 [7] based 
on the Suita study [8, 9]. Stroke included 
the combined incidence of cerebral 
infarct ion and cerebral hemorrhage 
and was assessed using the risk scoring 
system described in the Japan Public 
Health Center-based Prospective Study 
[10, 11]. C-CVD included both CAD 
and cerebrovascular disease and were 
assessed using the scoring system from 
the 2006 Hisayama study [12, 13]. These 
scores are based on factors such as age, 
sex, BMI, BP, serum lipids, diabetes 
status, and smoking status.

Management of target values
The treatment management targets were 
similar to those in the conventional 
treatment group in the J-DOIT3 study [14] 
and also partly in line with the application 
program for absolute assessment. The 
targets are as follows: BMI≥25.0; systolic 
BP≥140 mmHg; low-density lipoprotein 
cholesterol≥140 mg/dL (in patients without 
diabetes mell itus) or≥120 mg/dL (in 
patients without diabetes mellitus); HbA1c 
≥7.0%; and smoking cessation.

Ethics statement 
T he  s t u d y  wa s  a pp r ove d  by  o u r 
institutional ethics committee (approval 
number 64). Research f ield: cl inical 
research, epidemiolog ica l research 
(including obser vat ional research). 
Research subjects: patients attending 
the Lifestyle-Related Disease Centre at 
our institution. Evaluation: absolute risk 
assessment and longitudinal follow-up of 
macrovascular diseases (coronary heart 
disease, cerebrovascular disease). All 
patients provided informed consent.

Statistical analysis
Values are expressed as the mean ± 
standard deviation and were compared 
between the SG group and the non-
SG group using the unpaired t-test. All 
statistical analyses were performed using 
BellCurve in statistics Microsoft Excel 
(Microsoft Corp., Redmond, WA, USA). A 
P-value <0.05 was considered statistically 
significant.

Results

Effect of SGLT2 inhibitor therapy on the 
prospective incidence of atherosclerotic 
vascular disease
The percentage of management goals 
achieved between enrollment and year 5 
are shown in Figure 2. BP and low-density 
lipoprotein cholesterol were maintained 
at goal. BMI decreased and smoking 
cessat ion increased in both groups 
and HbA1c decreased in the SG group; 
however, target values were not reached.
The 5-year prospective incidence of 
atherosclerotic vascular disease (i.e., 
CAD, stroke, and C-CVD) in the SG group 
and non-SG group is shown in the upper 
column in Figure 3. Each score includes 
patient age as a risk factor. Therefore, the 
prospective incidence increases year by 
year. The 5-year prospective incidences of 
CAD, stroke, and C-CVD were all lower in 
the SG group than in the non-SG group.
The percentage rates of increase for each 
year from enrollment is shown in the 
lower column in Figure 3. Comparing 
the areas under the curve for the 5-year 
period, the rates of increase in CAD 
(p=0.025) and C-CVD (p=0.022) were 
significantly lower in the SG group than in 
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the non-SG group, possibly because of the 
effect of SGLT2 inhibitor therapy.
Effect of SGLT2 inhibitor therapy on eGFR
The annual change in eGFR over the same 
5-year period is shown in Figure 4. The 
annual decline in eGFR (mL/min/1.73 m2) 
is shown on the left and the percentage 
decline from the year of enrollment is 
shown on the right. The rate of decline 
was significantly lower in the SG group (1.1 
± 1.4 mL/min/1.73 m2 per year) than in 
the non-SG group (1.7 ± 2.0 mL/min/1.73 
m2 per year). Even in healthy subjects, 
the decline in eGFR per year is generally 
reported to be around 1 mL/min/1.73 m2 
[15, 16]. Therefore, the rate of decline in 
eGFR in the SG group was similar to that 
in healthy subjects.

Consider ing the close relat ionsh ip 
between patient age and eGFR, similar 
comparisons were made in two groups 
with no stat ist ical dif ference in age 
between them. Next, a comparison of the 
change in eGFR decline over time was 
performed in patients aged under 65 years 
to adjust for the non-significant difference 
in age between the two groups (SG group, 
n=11; non-SG group, n=19). The ability of 
SGLT2 inhibitors to suppress the decline 
in eGFR was conf i rmed in pat ients 
younger than 65 years of age (p=0.011). 
Accord ing ly, when the prospect ive 
incidence and its rate of increase were 
re-examined in this age group, there was 
a decrease in CAD (p=0.019) but not in 
cardiovascular disease (p=0.112).

Figure 2 Percentages of management goals achieved between enrollment and year 5. 
Systolic blood pressure and LDL-C were maintained at goal. BMI decreased and the 
smoking cessation rate increased in both study groups and HbA1c decreased in the SG 
group. However, target values were not reached. 
BMI, body mass index; HbA1c, glycated hemoglobin; LDL-C, low-density lipoprotein 
cholesterol; non-SG group, SGLT2 inhibitor-naive group; sBP, systolic blood pressure; SG 
group, SGLT2 inhibitor group 
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Discussion

The treatment of diabetes is steadily 
changing over time. The incidence of 
vascular complications of diabetes and 
their contr ibut ion to mortal ity have 
decreased signi f icant ly with recent 
advances in treatment [17, 18] based on 
the effects of many novel agents [19] and 
the results of large clinical trials [14, 20]. 
The choice of antidiabetic agents should 
take into account the expectation that 
they can minimize existing organ damage 
and future risks, such as atherosclerotic 
cardiovascular disease, heart failure, and 
chronic kidney disease [19]. The ultimate 
goal of diabetes care is to increase life 

expectancy by improving metabol ic 
abnormalities, preventing complications, 
and maintaining a good quality of life for 
the patient [21]. Early intensive treatment 
of multiple factors, including not only 
blood glucose but also BP, lipids, and body 
weight, is important in the management 
of pat ients w ith type 2 diabetes in 
terms of their future risk of developing 
macrovascular and microvascular disease 
[1, 21]. 
S GLT 2  i n h i b i t o r s  a nd  g l u c a gon -
like peptide-1 receptor agonists have 
demonstrated cardiovascular benefit in 
patients with type 2 diabetes who have 
established atherosclerotic cardiovascular 
disease or indicators of high risk, such 

Figure 3 Prospective incidence of ASVD (top column) and annual rate of increase in ASVD 
(bottom column) over 5 years in the SG group and the non-SG group. 
The 5-year prospective incidences of CAD, stroke, and C-CVD were all lower in the SG 
group than in the non-SG group. The areas under the curve for the 5-year rates of increase 
in CAD and C-CVD were significantly smaller in the SG group than in the non-SG group, 
possibly because of the effect of treatment with an SGLT2 inhibitor. 
ASVD, atherosclerotic vascular disease; CAD, coronary artery disease; C-CVD, cardio-
cerebrovascular disease; non-SG group, SGLT2 inhibitor-naive group; SG group, SGLT2 
inhibitor group
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as established heart failure or kidney 
disease, and are included as a grade A 
recommendation in the 2020 American 
Diabetes Association guidelines [21]. 
The SGLT2 enzyme is active from the 
early stages of type 2 diabetes, and SGLT2 
inhibitors inhibit glucose reabsorption 
in the proximal tubule and increase 
urinary excretion of glucose [22, 23], so 
are suitable for use in early therapeutic 
i n te r vent ion .  I n  add i t ion  to  t he i r 
hypoglycemic effect, SGLT2 inhibitors 
have multiple metabolic benefits in terms 
of risk factors for atherosclerotic disease, 
including reduction in weight (visceral 
fat) [24], lipid metabolism [25], uric acid 
levels [26, 27], and BP [28, 29]. They are 
also expected to have an early beneficial 
effect on the cardiac response via their 
diuretic effects [30]. For example, the 

SGLT2 inhibitor empagliflozin has been 
reported to reduce all-cause mortality, the 
risk of cardiovascular death, and hospital 
admissions for heart failure in patients 
with type 2 diabetes and cardiovascular 
disease [31, 32]. Renoprotective effects 
have a lso been repor ted, including 
slowing of progression of renal damage 
and a decrease in the incidence of kidney-
related adverse events [3, 4, 31, 32].
When SGLT2 inhibitors were introduced 
into clinical use in Japan in 2014, a 
recommendation for their use in the 
t reatment of d iabetes was in it ia l ly 
publ ished by the Committee on the 
Appropriate Use of SGLT2 Inhibitors. 
The recommendations for appropriate 
use of SGLT2 inhibitors [33] mentioned 
that patients at high risk for dehydration 
and increased ketoacidosis in response 

Figure 4 Annual decline and percentage rate of decline in eGFR per year. 
The rate of decline was significantly slower in the SG group than in the non-SG group. The 
rate of decline was suppressed to the level of healthy subjects in the SG group. 
eGFR, estimated glomerular filtration rate; non-SG group, SGLT2 inhibitor-naive group; SG 
group, SGLT2 inhibitor group
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to SGLT2 inhibitor therapy, such as the 
elderly, those with extreme weight loss, 
and those with excessively impaired 
renal function, would not be candidates 
for these agents. In accordance with 
this recommendation, a comparison of 
data at the time of enrollment in our 
study in 2015 showed that patients in 
the SG group were significantly younger 
and had a higher BMI than those in the 
non-SG group. HbA1c was higher in the 
SG group and there was no statistically 
significant between-group difference in 
eGFR. Therefore, we reevaluated the data 
by focusing on patients under 65 years 
of age and eliminating the age difference 
and found no between-group difference in 
the ability of SGLT2 inhibitor therapy to 
prevent a reduction in eGFR.
The or ig inal study upon which this 
subanalysis is based found no difference 
in the rate of increase in the prospective 
incidence of atherosclerotic disease in 
outpatients receiving treatment regardless 
of whether or not they had diabetes. In 
this subanalysis, the SG group exhibited a 
markedly reduced prospective incidence 
of CAD and C-CVD, in addition to a 
notable suppression of the decline in 
eGFR, when compared with the non-SG 
group during 5 years of follow-up.
I n  conc lu s ion s ,  SGLT 2 i n h ib i to r s 
prevented the onset of CAD and C-CVD 
and suppressed the decline in eGFR over 
time. This small subanalysis shows that 
SG is beneficial in both the short-term and 
long-term management of diabetes.

Acknowledgments 

The authors thank the staff members 

in the Depar tment of Diabetes and 
Endocrinology at Aomori Rosai Hospital 
and Mutsuko Takebe at our hospital for 
her help with collection of data. The 
authors are grateful to Edanz (https://
jp.edanz.com/ac) for editing a draft of this 
manuscript. 

Conflicts of interest 

The authors declare that they have no 
conflict of interest.

References

１．Comprehensive Risk Management for 
the Prevention of ASCVD. Okamura T, 
Tsukamoto K, et al. Japan Atherosclero-
sis Society (JAS) Guidelines for Preven-
tion of Atherosclerotic Cardiovascular 
Diseases 2022. J Atheroscler Thromb, 
31: 654-683, 2024

２．Diabetic macroangiopathy. Japanesen 
Clinical Practice Guideline for Diabetes 
2024. the Japan Diabetes society. Nan-
kodo Co., Ltd.; 243-277, 2024

３．Vergara A, Jacobs-Cachá C, et al. So-
dium-glucose cotransporter inhibitors: 
beyond glycaemic control. Clin Kidney J. 
12: 322–325, 2019

４．Thomas AZ, Eugene B. Mechanisms of 
Cardiorenal Effects of Sodium-Glucose 
Cotransporter 2 Inhibitors. J Am Coll 
Cardiol. 75: 422-34, 2020

５．Recommendation on the appropriate use 
of SGLT2 Inhibitors in the treatment of 
diabetes mellitus The Japan Diabetes So-
ciety, June 13, 2014

６．Comprehensive risk assessment. Japan 
Atherosclerosis Society (JAS) Guidelines 



－ 22 －

for Prevention of Atherosclerotic Cardio-
vascular Diseases Kouwa; 23-48, 2017

７．Comprehensive Risk Assessment for AS-
CVD Prevention. Okamura T, Tsukamoto 
K, et al. Japan Atherosclerosis Society 
(JAS) Guidelines for Prevention of Ather-
osclerotic Cardiovascular Diseases 2022. 
J Atheroscler Thromb. 31:654-683, 2024 

８．Kokubo Y, Okamura T, et al. The com-
bined impact of blood pressure category 
and glucose abnormality on the inci-
dence of cardiovascular diseases in a 
Japanese urban cohort: the Suita Study. 
Hypertens Res. 33: 1238-43, 2010

９．Nakai M, Watanabe M, et al. Develop-
ment of a Cardiovascular Disease Risk 
Prediction Model Using the Suita Study, 
a Population-Based Prospective Cohort 
Study in Japan. J Atheroscler Thromb. 
27: 1160-1175, 2020 

10．Cui R, Iso H, et al.  Diabetes mellitus and 
risk of stroke and its subtypes among 
Japanese: the Japan public health center 
study. Stroke. 42: 2611-4, 2011  

11．Saito I, Kokubo Y, et al. Diabetes and 
the risk of coronary heart disease in the 
general Japanese population: the Japan 
Public Health Center-based prospective 
(JPHC) study. Atherosclerosis. 216: 187-
91, 2011

12．Doi Y, Ninomiya T, et al. Impact of glucose 
tolerance status on development of is-
chemic stroke and coronary heart disease 
in a general Japanese population: the 
Hisayama study. Stroke. 41: 203-9, 2010

13．Honda T, Chen S, et al. Development and 
validation of a risk prediction model for 
atherosclerotic cardiovascular disease 
and its subtypes. the Hisayama Study. J. 
Atherosclero Thromb. 29: 345-61, 2022

14．Ueki K, Sasako T, et al.  Effect of an in-
tensified multifactorial intervention on 

cardiovascular outcomes and mortality 
in type 2 diabetes (J-DOIT3): an open-la-
bel, randomised controlled trial. Lancet 
Diabetes Endocrinol. 5: 951-964, 2017 

15．Glassock RJ, Rule AD. Aging and the 
kidneys: anatomy, physiology and con-
sequences for defining chronic kidney 
disease. Nephron. 134: 25–29, 2016

16．Schmitt R, Melk A. Molecular mecha-
nisms of renal aging. Kidney Int. 92: 
569–579, 2017

17．Nakamura J, Yoshioka N, et al. Causes of 
Death in Japanese Patients With Diabe-
tes Based on the Results of a Survey of 
68,555 Cases during 2011-2020 -Com-
mittee Report on Causes of Death in Dia-
betes Mellitus, Japan Diabetes Society-. J 
Japan Diab Soc. 67: 106-128, 2024

18．Ueki K. Recent progress in the treatment 
of type 2 diabetes. J Jpn Soc Int Med. 
108:460-467, 2018

19．Bouchi R, Kondo T, et al. A consensus 
statement from the Japan Diabetes So-
ciety (JDS): a proposed algorithm for 
pharmacotherapy in people with type 2 
diabetes-2nd Edition (English version). 
Diabetol Int. 15: 327-345, 2024

20．Gæde P, Oellgaard J, et al. Years of life 
gained by multifactorial intervention in 
patients with type 2 diabetes mellitus 
and microalbuminuria: 21 years fol-
low-up on the Steno-2 randomised trial. 
Diabetologia. 59: 2298-2307, 2016

21．ADA Professional Practice Committee. 9. 
Pharmacologic Approaches to Glycemic 
Treatment: Standards of Care in Diabe-
tes—2024. Diabetes Care 47: S158–S178, 
2024 

22．Bailey CJ. Renal glucose reabsorption 
inhibitors to treat diabetes. Trends Phar-
macol Sci. 32: 63-71, 2011 

23．Kaku K, Inoue S, et al. Efficacy and safe-



－ 23 －

ty of dapaglif lozin as a monotherapy 
for type 2 diabetes mellitus in Japanese 
patients with inadequate glycaemic con-
trol: a phase II multicentre, randomized, 
double-blind, placebo-controlled trial. 
Diabetes Obes Metab. 15: 432-40, 2013

24．Bolinder J, Ljunggren Ö, et al. Effects 
of dapaglif lozin on body weight, total 
fat mass, and regional adipose tissue 
distribution in patients with type 2 dia-
betes mellitus with inadequate glycemic 
control on metformin. J Clin Endocrinol 
Metab. 97:1020-31, 2012 

25．Basu D, Huggins LA, et al. Mechanism of 
Increased LDL (Low-Density Lipoprotein) 
and Decreased Triglycerides With SGLT2 
(Sodium-Glucose Cotransporter 2) Inhi-
bition. Arterioscler Thromb Vasc Biol. 
38(9):2207-2216, 2018

26．Novikov A, Fu Y, et al.  SGLT2 inhibition 
and renal urate excretion: role of lumi-
nal glucose, GLUT9, and URAT1. Am J 
Physiol Renal Physiol. 316: F173-F185, 
2019

27．Wilcox CS, Shen W, et al. Interaction 
between the sodium-glucose-l inked 
transporter 2 inhibitor dapagliflozin and 
the loop diuretic bumetanide in normal 
human subjects. J Am Heart Assoc. 
7:e007046, 2018

28．Vasilakou D, Karagiannis T, et al. Sodi-
um-glucose cotransporter 2 inhibitors 
for type 2 diabetes: a systematic review 
and meta-analysis. Ann Intern Med. 159: 
262-74, 2013

29．Cherney DZ, Perkins BA, et al. The effect 
of empagliflozin on arterial stiffness and 
heart rate variability in subjects with 
uncomplicated type 1 diabetes mellitus. 
Cardiovasc Diabetol. 13: 28, 2014

30．Hallow KM, Helmlinger G, et al. Why do 
SGLT2 inhibitors reduce heart failure 

hospitalization? A differential volume 
regulation hypothesis. Diabetes Obes 
Metab. 20: 479-487, 2018

31．Zinman B, Wanner C, et al. Empaglifloz-
in, Cardiovascular Outcomes, and Mor-
tality in Type 2 Diabetes. N Engl J Med. 
373: 2117-28, 2015

32．Wanner C,  Inzucchi SE, et al. Empagli-
flozin and Progression of Kidney Disease 
in Type 2 Diabetes. N Engl J Med. 375: 
323-34, 2016

33．“Recommendation on the Appropriate 
Use of SGLT2 Inhibitors in the Treatment 
of Diabetes. Formulation: June 13, 2014 
“Committee on the Appropriate Use of 
SGLT2 Inhibitors”


