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 Yoshiharu Oshidad, Tetsuro Miyatae

Abstract

Background: Obese patients with type 2 diabetes mellitus often de-
velop obstructive sleep apnea syndrome (OSAS). In this study, con-
tinuous positive airway pressure (CPAP) was initiated in Japanese 
patients with type 2 diabetes mellitus who developed OSAS during 
treatment with a sodium-glucose cotransporter 2 (SGLT2) inhibitor, 
and the effect of the SGLT2 inhibitor therapy on the patients was in-
vestigated.

Methods: The study was conducted in outpatients with type 2 diabe-
tes mellitus with serum hemoglobin A1c (HbA1c) values of ≥ 6.5% 
who developed OSAS. The patients were divided into two groups 
according to whether they were receiving treatment with an SGLT2 
inhibitor or with other oral hypoglycemic agents: the SGLT2 inhibitor 
group (n = 9) and non-SGLT2 inhibitor group (n = 7). The patients 
in the former group were under treatment with one of the following 
three SGLT2 inhibitors: luseogliflozin (2.5 mg/day), dapagliflozin (5 
mg/day) and empagliflozin (10 mg/day). The patients took the drugs 
once daily, before or after breakfast. The patients were initiated on 
CPAP therapy for OSAS, and their weight, body mass index (BMI), 
serum HbA1c level, lipid profile, liver function parameters, serum 
uric acid, and apnea-hypopnea index (AHI) measured before the ini-
tiation of CPAP therapy (baseline) were compared with the values 
measured 3 months after the start of CPAP therapy.

Results: The AHI decreased significantly after 3 months of CPAP 
therapy, as compared to that at the baseline, in both the SGLT2 inhibi-
tor and non-SGLT2 inhibitor groups. There was no significant change 
in the serum HbA1c value after 3 months of CPAP therapy as com-
pared to that at the baseline in either group. The body weight and BMI 
increased significantly after 3 months of CPAP therapy in the SGLT2 
inhibitor group, but not in the non-SGLT2 inhibitor group.

Conclusion: The body weight and BMI increased significantly after 
3 months of CPAP therapy initiated for OSAS in the type 2 diabetic 
patients who were receiving SGLT2 inhibitor therapy. Thus, when 
CPAP therapy is adopted for an obese diabetic patient with OSAS, 
it should be borne in mind that the body weight may increase if the 
patient is receiving SGLT2 inhibitor treatment.
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Body weight; HbA1c

Introduction

Type 2 diabetic patients with obesity often also develop ob-
structive sleep apnea syndrome (OSAS), suggesting that de-
terioration of the blood glucose and body weight is associated 
with an elevated risk of development of OSAS [1, 2]. In ad-
dition, development of OSAS has been reported to exacerbate 
insulin resistance in patients with type 2 diabetes mellitus [3]. 
OSAS increases the cardiovascular risk and lowers the quality 
of life of the patients [4]. Improvement of the blood glucose and 
body weight is considered to be necessary to improve the con-
dition in patients with OSAS. Sodium-glucose cotransporter 2 
(SGLT2) inhibitors exert their hypoglycemic effect in patients 
with type 2 diabetes mellitus by selectively inhibiting SGLT2 
to reduce the renal tubular reabsorption of glucose, thereby in-
creasing urinary excretion of the excess blood glucose [5]. In 
addition to their hypoglycemic effect, SGLT2 inhibitors have 
also been reported to reduce the body weight, lower the blood 
pressure, improve lipid metabolism and uric acid metabolism, 
and ameliorate liver dysfunction [6, 7]. Through these pleio-
tropic effects, SGLT2 inhibitors have been reported to signifi-
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cantly reduce the cardiovascular risk in patients with type 2 
diabetes mellitus and elevated cardiovascular risk [8]. In this 
study, the effects of SGLT2 inhibitor therapy versus treatment 
with other hypoglycemic agents were evaluated in Japanese 
patients with type 2 diabetes mellitus who were initiated on 
continuous positive airway pressure (CPAP) therapy for OSAS 
developing during treatment with SGLT2 inhibitors.

Materials and Methods

This study was conducted in compliance with the ethical 
standards of the responsible institution for studies in human 
subjects as well as with the Declaration of Helsinki. The pro-
tocol of this study was reviewed and approved by the institu-
tional review board of the Medical Corporation Odakai Ethics 
Committee (IRB approval number 2014-03).

Subjects

Japanese type 2 diabetic patients with serum hemoglobin 
A1c (HbA1c) values of ≥ 6.5% who developed OSAS during 
treatment with antidiabetic drugs were enrolled in this study. 
Consent for participation in the study was obtained from the 
subjects after they had received an explanation about the pur-
pose of the study from their physicians. This prospective clini-
cal study is officially registered as an open-label study (ID: 
UMIN000045226).

Study methods

Patients with type 2 diabetes mellitus who developed OSAS 
during treatment with oral antidiabetic drugs and were initi-
ated on CPAP therapy were enrolled in this study; only those 
patients in whom the blood glucose levels had been stabilized 
by treatment with the same hypoglycemic agents and no new 
drugs had been added for ≥ 6 months (n = 16, 14 males and 
two females) were eligible. The subjects were divided into two 
groups according to whether they were receiving treatment 
with an SGLT2 inhibitor or with other hypoglycemic agents: 
the SGLT2 inhibitor group, comprising type 2 diabetic sub-
jects who were receiving treatment with an SGLT2 inhibitor 
(n = 9, seven males and two females), and the non-SGLT2 in-
hibitor group, comprising type 2 diabetic subjects who were 
receiving treatment with hypoglycemic agents other than an 
SGLT2 inhibitor (n = 7, seven males and none female).

Subjects of the SGLT2 inhibitor group in this study were 
receiving any one of the following three SGLT2 inhibitors: lu-
seogliflozin (Taisho Pharmaceutical Holdings Co., Ltd, Tokyo, 
Japan), dapagliflozin (Astra Zeneca, Osaka, Japan), and em-
pagliflozin (Boehringer Ingelheim Japan, Inc., Tokyo, Japan). 
The subjects took the drugs once daily before or after breakfast 
at the following doses: luseogliflozin, 2.5 mg/day; dapaglifloz-
in, 5 mg/day; empagliflozin, 10 mg/day. Each patient received 
one of the three SGLT2 inhibitors.

The hypoglycemic agents used for treatment in the non-

SGLT2 inhibitor group included dipeptidyl peptidase 4 (DPP4) 
inhibitors, biguanides, sulfonylureas, α-glucosidase inhibitors, 
or thiazolidinediones. In addition, some patients from both 
groups were receiving two or more drugs with different mech-
anisms of action. Some of the study subjects were also receiv-
ing lipid-lowering drugs and/or antihypertensive drugs.

The patients were initiated on CPAP therapy (ResMed 
Inc., San Diego, USA) at home for the treatment of OSAS for 
3 months. The CPAP was performed according to the compli-
ance of CPAP issued by Japan Society for Study of Obesity.

The AHI was measured using the sleep assessment device 
PulSleep LS-140 (FUKUDA DENSHI, Inc., Tokyo, Japan).

Blood samples for various laboratory measurements were 
collected before the initiation of CPAP therapy (on the day be-
fore the start of treatment) and after 3 months of CPAP therapy. 
Measurements of the serum HbA1c, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), γ-glutamyl 
transpeptidase (γ-GTP), uric acid, and blood lipid levels were 
entrusted to Handa Medical Association Health Center (Aichi, 
Japan); serum AST, ALT, γ-GTP, and uric acid and blood lipid 
levels were measured using an autoanalyzer (JCA-BM8000 se-
ries, JAOL, Tokyo, Japan), and the serum HbA1c values were 
measured using an automated HPLC assay (HLC-723GX, To-
soh Corporation, Tokyo, Japan). Paired t-test was used to test 
the significance of differences; the level of significance was 
set at P < 0.05.

Results

Patient characteristics

Table 1 shows the patient characteristics.

Effects of SGLT2 inhibitors on the body weight, BMI, se-
rum HbA1c value, blood lipid profile, serum uric acid lev-
el, liver function parameters, and AHI

There were no statistical differences in all baseline values be-
tween two groups.

Significant increases of the body weight and BMI were 
observed at the end of 3 months of CPAP therapy, as compared 
to the values recorded at the baseline, in the SGLT2 inhibitor 
group. No significant change of the body weight or BMI was 
observed, as compared to the baseline, after 3 months of CPAP 
therapy in the non-SGLT2 inhibitor group.

No significant changes of the serum HbA1c value were 
observed after 3 months of CPAP therapy in either group.

No significant changes in liver function parameters, in-
cluding the serum levels of AST, ALT or γ-GTP, were observed 
after 3 months of CPAP therapy in either group.

Furthermore, no significant changes in the blood lipid pro-
file, namely, the serum levels of total cholesterol, high-density 
lipoprotein cholesterol (HDL-C), low-density lipoprotein cho-
lesterol (LDL-C) or triglycerides, were found after 3 months of 
CPAP therapy in either group.

There was also no change in the serum uric acid level after 
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3 months of CPAP therapy in either group.
The AHI decreased significantly after 3 months of CPAP 

therapy in both groups.

Regarding days of CPAP performed per month, there was 
no difference between two groups (Table 2).

Discussion

OSAS has been reported to increase the risk of development of 
diabetes mellitus, hypertension, and heart disease [4, 9]. Fur-
thermore, treatment of OSAS by CPAP therapy has been report-
ed to reduce the risk of development of these diseases [9, 10]. 
However, few studies have investigated the effects of hypogly-
cemic agents on the glycemic control and body weight during 
CPAP therapy for OSAS. The purpose of this study was to in-
vestigate the effects of SGLT2 inhibitor therapy in patients with 
type 2 diabetes mellitus initiated on CPAP therapy for OSAS, 
by comparing the changes in the values of relevant parameters 
measured before and 3 months after the initiation of CPAP 
therapy between patients receiving SGLT2 inhibitor therapy 
(SGLT2 inhibitor group) and those receiving other classes of 
oral hypoglycemic agents (non-SGLT2 inhibitor group).

Significant decrease of the AHI and improvement of OSAS 
was observed following 3 months of CPAP therapy in both the 
SGLT2 inhibitor group and non-SGLT2 inhibitor group.

The body weight and BMI increased significantly after 3 
months of CPAP therapy, as compared to the baseline, in the 
SGLT2 inhibitor group; on the other hand, CPAP therapy for 
3 months had no effect on the body weight or BMI in the non-
SGLT2 inhibitor group.

SGLT2 inhibitors have been reported to reduce the body 
weight and BMI in patients with type 2 diabetes mellitus [6, 

Table 1.  Patient Characteristics at Baseline

Group SGLT2 
inhibitor

Non-SGLT2 
inhibitor

n 9 7
Male/female 7/2 7/0
Age (years) 59 ± 12 55 ± 9
Body weight (kg) 80.2 ± 17.1 90.3 ± 13.4
BMI (kg/m2) 28.0 ± 5.4 29.5 ± 3.6
HbA1c (%) 6.9 ± 0.5 7.1 ± 0.7
Concomitant medication
  Antidiabetic drug (n)
    DPP4 inhibitor 8 4
    Biguanide 6 2
    Sulfonylurea 1 1
    alpha-glucosidase inhibitor 1 1
    Thiazolidinedione 4 2
  Lipid-modifying agents (n) 9 2
  Antihypertensive drug (n) 1 4

SGLT2: sodium-glucose cotransporter 2; BMI: body mass index; 
HbA1c: hemoglobin A1c; DPP4: dipeptidyl peptidase 4; SD: standard 
deviation. Data are expressed as means ± SD.

Table 2.  Effects of SGLT2 Inhibitors on Various Parameters in Type 2 Diabetic Patients With OSAS

SGLT2 inhibitor group (n = 9) Non-SGLT2 inhibitor group (n = 7)

Before CPAP therapy 3 months  
after CPAP therapy Before CPAP therapy 3 months  

after CPAP therapy
Age (years) 59 ± 12 55 ± 9
Body weight (kg) 80.2 ± 17.1 81.9 ± 17.8** 90.3 ± 13.4 91.3 ± 14.1
BMI (kg/m2) 28.0 ± 5.4 28.6 ± 5.7** 29.5 ± 3.6 29.8 ± 3.8
HbA1c (%) 6.9 ± 0.5 7.1 ± 0.6 7.1 ± 0.69 7.0 ± 0.6
AST (U/L) 23.2 ± 8.6 24.4 ± 9.3 25.9 ± 5.8 27.1 ± 8.2
ALT (U/L) 30.6 ± 20.2 30 ± 17.4 31.4 ± 7.9 32.9 ± 10.9
γ-GTP (U/L) 28.4 ± 12.3 27.6 ± 10.8 44.4 ± 27.6 43.1 ± 28.4
Uric acid (mg/dL) 5.2 ± 0.9 5.1 ± 0.8 6.4 ± 0.8 6.3 ± 1.2
Total cholesterol (mg/dL) 182 ± 36 182 ± 29 192 ± 33 196 ± 36
HDL-C (mg/dL) 56 ± 19 54 ± 19 57 ± 9 53 ± 8
LDL-C (mg/dL) 102 ± 26 98 ± 18 112 ± 27 118 ± 35
Triglycerides (mg/dL) 169 ± 72 233 ± 106 152 ± 44 174 ± 103
AHI (events/h) 34.0 ± 19.3 1.9 ± 2.2** 44.2 ± 19.4 1.9 ± 0.9**
Days of CPAP (days/month) 26 ± 2 27 ± 1

Data are expressed as means ± SD. *P < 0.05, **P < 0.01 vs. before CPAP therapy. Days of CPAP: days of performed per month. SGLT2: sodium-
glucose cotransporter 2; OSAS: obstructive sleep apnea syndrome; CPAP: continuous positive airway pressure; BMI: body mass index; HbA1c: 
hemoglobin A1c; AST: aspartate aminotransferase; ALT: alanine aminotransferase; γ-GTP: γ-glutamyl transpeptidase; LDL-C: low-density lipoprotein 
cholesterol; HDL-C: high-density lipoprotein cholesterol; AHI: apnea-hypopnea index
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7]. Sawada et al reported that administration of SGLT2 inhibi-
tors reduced the body weight and BMI in type 2 diabetic pa-
tients with OSAS who had not been initiated on any treatment 
for OSAS [11]. The weight loss in patients receiving SGLT2 
inhibitors is thought to be the result of calorie loss (reduced 
calorie supply) associated with the excess urinary glucose ex-
cretion [12].

In our study, SGLT2 inhibitors had been administered con-
tinuously for 6 months prior to the initiation of CPAP therapy 
for the treatment of OSAS, suggesting that the body weight 
had decreased during the period from the start of administra-
tion of SGLT2 inhibitor treatment 6 months prior to the study 
until the initiation of CPAP therapy (on the day before the start 
of treatment). Therefore, the weight gain after the initiation 
of CPAP therapy for OSAS may be considered as being due 
to the improvement of the OSAS following the initiation of 
CPAP therapy. The increase in body weight is possible as a re-
bound after weight loss in patients treated with SGLT2 inhibi-
tors. However, Bolinder et al reported that body weight level 
decreased in response to dapagliflozin treatment and this effect 
continued until over 2 years [13].

In contrast to the belief that SGLT2 inhibitor treatment re-
sults in weight loss, an animal study conducted in rats reported 
that administration of SGLT2 inhibitors was associated with 
increased food intake by the animals [14]. In addition, Chiba 
et al found that administration of the SGLT2 inhibitor dapagli-
flozin reduced energy consumption in mice, and reported that 
this was caused by reduced expression of uncoupling protein 1 
(UCP1) in the brown adipocytes due to decreased sympathetic 
activity [15]. However, our search of the literature yielded no 
clinical reports on the effects of SGLT2 inhibitors on the sym-
pathetic nervous system or the appetite.

In this study, patients receiving SGLT2 inhibitor therapy 
who developed OSAS and were initiated on CPAP therapy 
showed increase of the body weight after 3 months of CPAP 
therapy; this was speculated to be attributable to the improved 
appetite associated with improvement of the OSAS, along 
with the appetite-enhancing effect and sympathetic nervous 
activity-lowering effect of SGLT2 inhibitors. However, future 
studies with measurement of the dietary intakes in patients re-
ceiving SGLT2 inhibitor therapy are required to elucidate the 
precise cause of the weight gain. It is also necessary to clarify 
the clinical effects of SGLT2 inhibitor therapy on the sympa-
thetic nervous system, parasympathetic nervous system and 
the feeding centers of the brain.

Brooks et al reported that CPAP therapy improved the in-
sulin sensitivity in diabetic patients with OSAS [16]. In the pre-
sent study, no change in the serum level of HbA1c, which is 
an indicator of glycemic control, was found after 3 months of 
CPAP therapy in either the SGLT2 inhibitor group or the non-
SGLT2 inhibitor group. SGLT2 inhibitors have been reported 
to improve the serum levels of AST, ALT and γ-GTP, which are 
liver function parameters, and also improve the blood lipid pro-
file and decrease the serum uric acid level [6, 7]. However, in 
the present study, no changes in any of these aforementioned 
parameters were found after 3 months of CPAP therapy in either 
study group. This is considered to be because all the patients had 
received the hypoglycemic agents continuously for a period of 
at least 6 months before the initiation of CPAP therapy and the 

effects of the hypoglycemic agents on the parameters mentioned 
abovemay have already reached a peak before the initiation of 
the CPAP therapy (on the day before the start of treatment).

Conclusion

In this study, type 2 diabetic patients receiving SGLT2 inhibitor 
therapy who developed OSAS were initiated on CPAP therapy.
While no significant effect on the serum HbA1c value was ob-
served, the body weight and BMI of the patients increased after 
3 months of CPAP therapy. Thus, when a type 2 diabetic patient 
on SGLT2 inhibitor therapy develops OSAS and needs to be 
initiated on CPAP therapy, it must be borne in mind that his/her 
weight could increase after the start of the CPAP therapy and 
that measures for weight control might need to be implemented.
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