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thus have higher risk of mortality.3,4 Therefore, better 
treatment strategies for patients with T2D and HF are of 
major interest.

Over the past 3 decades, renin-angiotensin system block-
ers and β-adrenergic receptor antagonists have been estab-
lished as treatments for patients with HFrEF with and 
without T2D.5–9 Recently, new drugs for HFrEF, including 

T he incidence of type 2 diabetes (T2D) and heart 
failure (HF) has increased worldwide with popula-
tion aging.1,2 T2D is a well-known major risk factor 

for developing HF with both reduced and preserved ejec-
tion fraction (HFrEF and HFpEF, respectively). Except 
for clinically overt HF, which includes both HFrEF and 
HFpEF, 30–40% of patients with HF also have T2D and 

Received March 12, 2021; revised manuscript received June 6, 2021; accepted June 18, 2021; J-STAGE Advance Publication released 
online July 22, 2021    Time for primary review: 11 days

Cardiovascular Medicine, Nara Medical University, Kashihara (T.U., T.S., M.W., R.K., Y. Saito); Institute for Clinical and Translational 
Science, Nara Medical University Hospital, Kashihara (S.K., M.K.); Department of Cardiovascular Medicine, Graduate School 
of Medical Sciences, Kumamoto University, Kumamoto (M.Y., K.T.); Department of Cardiovascular Medicine, Yamato Takada 
Municipal Hospital, Yamatotakada (T.N., K.U.); Department of Cardiovascular Medicine, Minami-Nara General Medical 
Center, Nara (Y.M.); Department of Cardiovascular Medicine, Nara Prefecture General Medical Center, Nara (H.K.); Department 
of Cardiovascular Medicine, Fukushima Medical University, Fukushima (A.Y., Y.T.); Nakayama Cardiovascular Clinic, Kumamoto 
(M.N.); Cardiovascular Center, Osaka Gyoumeikan Hospital, Osaka (S.K.); and Ikuyaku, Integrated Value Development, 
Mitsubishi Tanabe Pharma Corporation, Osaka (Y.O., H.T., Y. Susuta), Japan

K.T. is a member of Circulation Reports’ Editorial Team.
Mailing address:  Yoshihiko Saito, MD, PhD, Cardiovascular Medicine, Nara Medical University, 840 Shijo-cho, Kashihara 634-8522, 

Japan.    E-mail: yssaito@naramed-u.ac.jp
All rights are reserved to the Japanese Circulation Society. For permissions, please e-mail: cr@j-circ.or.jp
ISSN-2434-0790

Effect of the Sodium-Glucose Cotransporter 2 Inhibitor  
Canagliflozin for Heart Failure With Preserved Ejection  

Fraction in Patients With Type 2 Diabetes

Tomoya Ueda, MD, PhD; Shu Kasama, MD, PhD; Masahiro Yamamoto, MD, PhD;  
Tomoya Nakano, MD, PhD; Kazuhiro Ueshima, MD; Yoshinobu Morikawa, MD, PhD;  

Hiroyuki Kawata, MD, PhD; Akiomi Yoshihisa, MD, PhD; Masafumi Nakayama, MD, PhD;  
Sei Komatsu, MD, PhD; Tsunenari Soeda, MD, PhD; Makoto Watanabe, MD, PhD;  

Rika Kawakami, MD, PhD; Yasushi Okada, BSc; Hiroyuki Tanaka, BSc; Yutaka Susuta, PhD;  
Masato Kasahara, MD, PhD; Kenichi Tsujita, MD, PhD; Yasuchika Takeishi, MD, PhD;  

Yoshihiko Saito, MD, PhD; CANONICAL Study Group

Background:  The efficacy of sodium-glucose cotransporter 2 (SGLT2) inhibitors in elderly patients with heart failure with preserved 
ejection fraction (HFpEF) remains unclear.

Methods and Results:  In a multicenter, controlled trial, the CANONICAL study, we enrolled 82 HFpEF (left ventricular ejection 
fraction [LVEF] ≥50%) patients with type 2 diabetes (T2D) aged ≥65 years, with plasma B-type natriuretic peptide (BNP) ≥100 pg/mL 
or plasma N-terminal pro BNP (NT-proBNP) ≥400 pg/mL or history of HF. Patients were randomly assigned to 2 groups and were 
administered either the SGLT2 inhibitor canagliflozin (100 mg/day) for 24 weeks or standard therapy. The primary endpoints were 
changes in body weight (BW) and BNP concentrations. Mean (±SD) patient age, body mass index, and LVEF were 75.7±6.5 years, 
25.0±3.6 kg/m2 and 61.5±7.6%, respectively. At 24 weeks, BW was significantly lower in the canagliflozin than standard therapy 
group. The extent of BNP reductions at 4 weeks was significantly greater in the canagliflozin than standard therapy group (P<0.05), 
but at 24 weeks there was no significant difference between the 2 groups.

Conclusions:  In this study, canagliflozin treatment reduced BW, but did not significantly reduce plasma BNP concentrations com-
pared with standard therapy after 24 weeks treatment in T2D patients with HFpEF. Further large-scale randomized studies are 
needed to conclude the beneficial effects of canagliflozin in T2D patients with HFpEF.
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for blood glucose management, severe renal dysfunction or 
treatment with hemodialysis for end-stage renal disease, a 
history of acute coronary syndrome, cerebrovascular dis-
ease, myocarditis, or contractile pericarditis, and severe 
valvular disease in the 12 weeks prior to consenting to take 
part in the study. Details of the inclusion and exclusion 
criteria can be found in the protocol paper.24

Patients meeting the inclusion criteria were randomly 
assigned to either the canagliflozin (CAN) or standard dia-
betic therapy (STDT) group. Patients in the CAN group 
were administered 100 mg canagliflozin (CANAGLU® tab-
lets 100 mg; Mitsubishi Tanabe Pharma Corporation, 
Osaka, Japan) orally once a day, before or after breakfast, 
for 24 weeks in addition to ongoing diabetic treatment. In 
the STDT group, antihyperglycemic drugs other than 
SGLT2 inhibitors were administered for 24 weeks in 
addition to ongoing diabetes treatment if needed. A glycemic 
(HbA1c) goal was set for each patient according to the 
Japanese Diabetes Society guidelines,25 and patients were 
provided HF treatment in accordance with the Guidelines 
for Diagnosis and Treatment of Acute and Chronic Heart 
Failure of the Japanese Circulation Society and Japanese 
Heart Failure Society.26

This study was performed in compliance with the 
Declaration of Helsinki (as revised in October 2013) and 
according to the Ethical Guidelines for Medical and 
Health Research Involving Human Subjects established by 
the Ministry of Health, Labour, and Welfare of Japan. 
Each patient was provided with an explanation of the 
study and provided written informed consent. This study 
was approved by the Nara Medical University Certified 
Review Board and has been registered with the University 
Hospital Medical Information Network (UMIN) Clinical 
Trials Registry (UMIN 000028668) and Japan Registry of 
Clinical Trials (ID: 051180030). The research period was 
from October 1, 2017 to March 31, 2021.

Randomization
Registration and allocation of the study participants was 
performed using the central registration modality in an 
electronic data capturing system. Participants were dynam-
ically assigned to the STDT and CAN groups using the 
following assignment factors: plasma BNP, BW, presence 
or absence of chronic atrial fibrillation, age, eGFR, and sex.

Endpoints
The primary endpoints were reductions in BW and plasma 
BNP concentrations after 24 weeks of treatment compared 
with baseline values. Secondary endpoints were HHF, CV 
death and all-cause death, BW changes from baseline at 
each time point, changes in the use of diuretics, HbA1c 
changes from baseline, changes in echocardiography param-
eters and nutritional status (based on the Controlling 
Nutritional Status score and Geriatric Nutritional Risk 
Index). For safety analysis, adverse events (AEs) were col-
lected. An AE was defined as any unfavorable or unintended 
sign, symptom, or disease, including abnormal laboratory 
values.

For efficacy evaluation, the full analysis set (FAS) and 
the per-protocol set (PPS) were used. The FAS was defined 
as the patient population with plasma BNP concentrations 
and BW values at baseline and at ≥1 subsequent time 
point. The PPS was defined as the patient population that 
was excluded from the FAS for any of the following rea-
sons: violation of safety-related exclusion criteria, meeting 

sodium-glucose cotransporter 2 (SGLT2) inhibitors, have 
emerged,10–13 and another 2 classes of drugs, soluble gua-
nylyl cyclase stimulators and myosin stimulators, will be 
approved in the near future because of the results of recent 
randomized control trials (RCTs).14,15 Thus, the prognosis 
of HFrEF continues to improve.

However, with the exception of SGLT2 inhibitors, the 
drugs mentioned above have failed to reduce cardiovascular 
(CV) death and hospitalization for HF (HHF) in large RCTs 
on HFpEF.16 Consequently, none of the recommended 
treatment guidelines reduce the long-term CV outcomes of 
HFpEF. Although the prognosis of HFrEF has improved 
over the past 3 decades, it remains poor. Furthermore, the 
prognosis of HFpEF is as poor as that of HFrEF and has 
not improved.17,18

SGLT2 inhibitors were originally developed to lower 
serum glucose concentrations by blocking SGLT2-medi-
ated glucose reabsorption in the renal proximal tubules.19 
In addition to their blood glucose-lowering effects, SGLT2 
inhibitors also decrease body weight (BW) and blood pres-
sure without increasing heart rate.20 Empagliflozin, cana-
gliflozin, and dapagliflozin have demonstrated favorable 
CV effects in patients with T2D, and can also slow reduc-
tions in estimated glomerular filtration rate (eGFR).20–23 
Moreover, 2 recent large-scale RCTs demonstrated that 
dapagliflozin and empagliflozin could significantly reduce 
CV mortality and worsening HF in patients with HFrEF, 
regardless of the presence of T2D.12,13 Therefore, whether 
SGLT2 inhibitors are effective against HFpEF is currently 
a topic of great interest. A few large outcome trials examin-
ing this are ongoing, but require more time to complete. 
We conducted a clinical trial, the CANagliflOziN heart 
faIlure with preserved ejection fraCtion study for type 2 
diAbetes meLlitus (CANONICAL) study, to investigate 
whether canagliflozin decreases fluid retention and plasma 
B-type natriuretic peptide (BNP) concentrations in elderly 
patients with T2D and HFpEF.

Methods
Design
The study design and the characteristics of the patients in 
the CANONICAL study have been published elsewhere.24 
Briefly, the CANONICAL study is a multicenter open-
label randomized parallel-group study comparing the 
effect of canagliflozin on cardiac function to that of stan-
dard diabetes treatment in elderly patients with T2D and 
HFpEF. Eligible participants were patients aged ≥65 years 
who had inadequate glycemic controlled with diet and 
exercise or with an oral hypoglycemic drug other than an 
SGLT2 inhibitor.

The main inclusion criteria were: (1) age ≥65 years; (2) 
echocardiographic left ventricular ejection fraction (LVEF) 
≥50% and mean E/e′ >14 (septal E/e′ >15 or lateral E/e′ 
>13) or septal e′ <7 cm/s or lateral e′ <10 cm/s; (3) 
6.5%≤HbA1c<10.0%; (4) New York Heart Association 
functional class II–III; and (5) either plasma BNP ≥100 pg/mL 
or plasma N-terminal pro BNP (NT-proBNP) ≥400 pg/mL 
during the screening period, or plasma BNP ≥40 pg/mL or 
NT-proBNP ≥125 pg/mL during the screening period with 
a history of plasma BNP ≥100 pg/mL or plasma NT-
proBNP ≥400 pg/mL at any time before enrollment. The 
main exclusion criteria were: type 1 diabetes, a body mass 
index (BMI) <18.5 kg/m2, previous treatment with glucagon-
like peptide-1 receptor agonists, a need for insulin therapy 
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difference by 2-sided t-test (1−β=0.98, α=0.05) was esti-
mated to be 34 patients per group. Considering typical 
dropout rates, the target number of patients was set to 40 
in each group and 80 in total.

Statistical Analysis
For changes in BW and log-transformed plasma BNP 
concentrations from baseline, the least-squares mean (LSM) 
difference and 95% confidence intervals (CIs) were calcu-
lated for each group, which were compared by analysis of 
covariance using the baseline value as a covariate. The 

the criteria for study discontinuation, non-compliance with 
allocated drugs, violation of effectiveness-related inclusion 
criteria, the use of a prohibited treatment, a study drug 
compliance rate <70%, or a treatment period <16 weeks. 
The safety analysis set (SAS) included patients with safety 
evaluation data after the start of the study treatment.

Sample Size
Based on previous reports,27–30 the difference in BW from 
baseline to 24 weeks between the 2 groups should have 
been 2.0±2.0 kg, and the sample size required to detect this 

Table 1.  Patient Characteristics

Total  
(n=82)

CAN  
(n=42)

STDT  
(n=40) P value

Demographics

    Age (years)   75.7±6.5   76.5±6.4   75.9±5.8 0.6691

    Male sex (%) 67.1 66.7 67.5 0.9360

    Body weight (kg)     63.36±11.04     62.89±10.96     63.90±11.38 0.9077

    BMI (kg/m2)   25.0±3.6   24.7±3.6   25.2±3.7 0.4923

    Duration of T2D (years) 6.0 [2.0–14.3] 7.0 [4.0–11.0] 5.0 [2.0–15.9] 0.5367

    Duration of HF (years) 4.0 [1.8–9.0]　　 4.3 [1.6–8.0]　　 4.5 [2.6–10.0] 0.4630

Medical history (%)

    Hypertension 90.2 95.2 85.0 0.1116

    Chronic atrial fibrillation 34.1 35.7 32.5 0.8184

NYHA class (%) 0.2704

    II 91.5 88.1 95.0

    III   8.5 11.9   5.0

Vital signs

    SBP (mmHg)   131.3±15.3   131.1±14.6   131.5±16.2 0.8672

    DBP (mmHg)     70.3±11.4     71.6±12.1     69.0±10.5 0.2942

    Heart rate (beats/min)     69.0±11.0     70.5±11.0     67.4±10.9 0.2633

Echocardiographic parameters

    LVEF (%)   61.5±7.6   61.1±7.8   61.9±7.6 0.7051

    E/e′ 15.0 [11.4–18.0] 14.4 [11.2–17.8] 15.7 [12.7–18.3] 0.2112

Laboratory data

    HbA1c (%)     7.01±0.66     7.13±0.74     6.90±0.55 0.2233

    eGFR (mL/min/1.73 m2)     57.0±14.0     57.8±14.2     56.0±13.8 0.5786

    Plasma BNP (pg/mL) 133 [79–219]　　　 134 [75–213]　　　 130 [93–219]　　　 0.5186

Nutritional status

    CNS score     1.2±1.0     1.2±0.9     1.2±1.0 0.9457

    GNRI 103.0±5.0 102.9±5.4 103.0±4.6 0.9360

Medications (%)

    ACE inhibitors 25.6 28.6 22.5 0.7065

    ARBs 58.5 59.5 57.5 0.8525

    MR blockers 17.1 14.3 20.0 0.6937

    β-blockers 70.7 69.0 72.5 0.9198

    Loop diuretics 43.9 42.9 45.0 0.8450

    DPP-4 inhibitors 45.1 42.9 47.5 0.8412

    Biguanides 18.3 16.7 20.0 0.9167

    α-glucosidase inhibitors 20.7 19.0 22.5 0.9100

    Sulfonylureas 11.0   7.1 15.0 0.4328

Unless indicated otherwise, data are shown as the mean ± SD or as the median [interquartile range]. P values were 
calculated using t-tests for differences in mean values between groups of metric values, and using Fisher’s exact test 
or the Wilcoxon rank-sum test for differences in proportions between groups. ACE, angiotensin-converting enzyme; 
ARB, angiotensin receptor blocker; BMI, body mass index; BNP, B-type natriuretic peptide; CAN, canagliflozin; CNS, 
Controlling Nutrition Status; DBP, diastolic blood pressure; DPP-4, dipeptidyl peptidase-4; E/e′, ratio of early mitral 
inflow velocity to mitral annular early diastolic velocity; eGFR, estimated glomerular filtration rate; GNRI, Geriatric 
Nutritional Risk Index; HF, heart failure; LVEF, left ventricular ejection fraction; MR, mineralocorticoid receptor; 
NYHA, New York Heart Association; SBP, systolic blood pressure; STDT, standard diabetic therapy; T2D, type 2 diabetes.
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There were no significant differences in age, sex, BW, or 
the duration of T2D and HF between the 2 groups, and the 
proportion of comorbidities was equal between them. 
Moreover, vital signs and laboratory findings were similar 
in the 2 groups. With regard to echocardiography parameters, 
LVEF values and early mitral inflow velocity to mitral 
annular early diastolic velocity (E/e′) ratios were equal 
between the 2 groups. The proportion of patients treated 
with angiotensin-converting enzyme inhibitors or angioten-
sin receptor blockers, β-blockers, mineralocorticoid recep-
tor blockers, or diuretics was similar between the 2 groups.

Outcomes
BW and BNP concentrations were measured after 4, 12, 
and 24 weeks of treatment (Supplementary Table 1). The 
LSM BW in the CAN group was significantly decreased 
from the baseline (P<0.001 at 4, 12, and 24 weeks), and the 
reduction in BW was significantly greater than in the STDT 
group after 24 weeks of treatment (P=0.019; Figure 1). The 
LSM log-transformed plasma BNP concentration in the 

significance level for statistical tests was 0.05 on both sides, 
and the confidence coefficient for statistical estimation was 
95% on both sides. Missing values in the efficacy analysis 
were supplemented with the immediately preceding value 
(last observation carried forward). In addition, an observed 
case analysis was performed. Unless indicated otherwise, 
data are presented as the mean ± SD.

Results
Baseline Characteristics
To investigate the effects of canagliflozin on BW and BNP 
in patients aged ≥65 years with HFpEF and T2D, 82 
patients were randomly assigned to either the CAN (n=42) 
or STDT group (n=40). As indicated in Table 1, the mean 
age of the 82 patients was 75.7±6.5 years, and 67.1% were 
men. The mean BW and BMI were 63.36±11.04 kg and 
25.0±3.6 kg/m2, respectively. The mean HbA1c was 
7.01±0.66%. The median BNP value was 133 pg/mL, with 
an interquartile range (IQR) of 79–219 pg/mL.

Figure 1.    Least-squares (LS) mean 
(±SEM) changes in body weight in 
the canagliflozin (CAN) and standard 
diabetic therapy (STDT) groups. 
***P<0.001 compared with baseline 
(ANCOVA); #P<0.05, ###P<0.001 
compared with the STDT group 
(ANCOVA).

Figure 2.    Least-squares (LS) mean 
(±SEM) changes in plasma B-type 
natriuretic peptide (BNP) concentra-
tions in the canagliflozin (CAN) and 
standard diabetic therapy (STDT) 
groups. *P<0.05 compared with base-
line (ANCOVA); #P<0.05 compared 
with the STDT group (ANCOVA).
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compared with baseline in the CAN group (P<0.05). How-
ever, in patients with baseline BNP <100 pg/mL, these 
changes were not observed at any time point (Figure 3). 
Moreover, in patients with LVEF values lower than the 
median (63%), the LSM log-transformed plasma BNP con-
centration was significantly lower in the CAN than STDT 
group after 24 weeks (P=0.0395; Figure 4).

Regarding secondary endpoints, 1 HHF occurred in each 

CAN group was significantly decreased at 4 weeks com-
pared with baseline, and the extent of change in BNP at 
this time point was greater in the CAN than STDT group 
(P<0.05); however, at 12 and 24 weeks, neither group exhib-
ited a significant decline in the log-transformed plasma 
BNP concentrations compared with baseline (Figure 2). In 
patients with baseline BNP ≥100 pg/mL, the LSM plasma 
BNP concentration was significantly lower after 24 weeks 

Figure 3.    Least-squares (LS) mean (±SEM) changes in plasma B-type natriuretic peptide (BNP) concentrations in patients with 
baseline BNP (A) <100 pg/mL (n=30) and (B) ≥100 pg/mL (n=48) in the canagliflozin (CAN) and standard diabetic therapy (STDT) 
groups. *P<0.05, **P<0.01 compared with baseline (ANCOVA); #P<0.05 compared with the STDT group (ANCOVA).

Figure 4.    Least-squares (LS) mean (±SEM) changes in plasma B-type natriuretic peptide (BNP) in patients with baseline left 
ventricular ejection fraction (LVEF) (A) <63% (n=39) and (B) ≥63pg/mL (n=39) in the canagliflozin (CAN) and standard diabetic 
therapy (STDT) groups. **P<0.01 compared with baseline (ANCOVA); #P<0.05 compared with the STDT group (ANCOVA).
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Discussion
This is the first report focusing on the effect of canagliflozin 
on BW and plasma BNP concentrations in patients with 
T2D and HFpEF. Treatment with canagliflozin for 24 
weeks significantly reduced BW in the CAN group, but not 
in the STDT group. Between-group differences in BW were 
evident throughout the study period. One of the reasons 
for BW loss may be a decrease in fluid volume due to the 
effect of canagliflozin. Moreover, in patients with T2D and 
obesity, two-thirds of the BW loss due to the effects of 
SGLT2 inhibitors is attributed to a decrease in fat mass.31,32 
In the present study, the mean BMI was 25.0 kg/m2, and 
patients tended to be obese. Therefore, it cannot be ruled 
out that the BW loss observed in this study may be due to 
calorie loss due to increased urinary sugar excretion.

After 4 weeks, canagliflozin treatment reduced plasma 
BNP concentrations to a greater extent than the standard 
treatment. This difference was no longer significant after 
12 and 24 weeks of treatment, although the BNP concen-
tration tended to be lower in the CAN than STDT group. 
However, post hoc analyses revealed greater reductions in 
plasma BNP concentrations after 24 weeks compared with 
baseline in the CAN group in the subgroup with BNP 
≥100 pg/mL, although there was no significant difference in 

group, but no CV death or all-cause death was observed. 
There was also no difference in the use of diuretics from 
baseline between the 2 groups. Changes from baseline in 
all echocardiography parameters were equal between the 2 
groups. Moreover, changes in HbA1c and nutritional status 
after 24 weeks were similar between the 2 groups (Table 2).

In the STDT group, the antihyperglycemic drugs added 
during the observation period were biguanides (in 3 
patients), sulfonylureas, dipeptidyl peptidase-4 inhibitors, 
and α-glucosidase inhibitors (in 2 patients each), and 
glinide (in 1 patient). Moreover, diuretics were added in 4 
patients in the STDT group, but not in the CAN group, 
during the observation period.

Regarding vital signs, there were no significant differ-
ences in systolic blood pressure, diastolic blood pressure, 
or heart rate between the 2 groups at any time point 
(Supplementary Table 2).

Safety
The incidence of major AEs was similar in the 2 groups. 
The rates of hyperkalemia, diabetic ketoacidosis, and HF 
did not differ significantly between the 2 groups. Further-
more, the frequency of fractures was similar in the 2 
groups. However, the incidence of infection was higher in 
the STDT than CAN group (P=0.0146; Table 3).

Table 2.  Secondary Endpoints

CAN  
(n=42)

STDT  
(n=40) P value

All-cause death 0 (0.0) 0 (0.0)

Cardiovascular death 0 (0.0) 0 (0.0)

Hospitalization for HF 1 (2.4) 1 (2.5) 1.000　　
LS mean change from baseline (%)

    HbA1c −0.29   0.11 0.0929

    Echocardiography parameters

        LVEF   0.97 −1.18 0.0795

        E/e′ −0.66 −0.65 0.9851

    Nutritional status

        CNS score 0.1 0.4 0.2786

        GNRI −0.4　　 −0.8　　 0.7703

Unless indicated otherwise, data are given as n (%). P values were calculated by analysis of covariance with the 
baseline value as a covariate for differences in mean values between groups for metric values, and continuity-
corrected Chi-squared statistics for differences in proportions between groups. LS mean, least-squares mean. Other 
abbreviations as in Table 1.

Table 3.  Major Adverse Events

Total  
(n=82)

CAN  
(n=42)

STDT  
(n=40) P value

HF 4 (4.9) 1 (2.4) 3 (7.5) 0.2691

Infection 4 (4.9) 0 (0.0)   4 (10.0) 0.0146

Bone fracture 3 (3.7) 2 (4.8) 1 (2.5) 0.5816

Diabetic ketoacidosis 1 (1.2) 0 (0.0) 1 (2.5) 0.2310

Hyperkalemia 1 (1.2) 0 (0.0) 1 (2.5) 0.2310

Liver dysfunction 1 (1.2) 1 (2.4) 0 (0.0) 0.2417

Gout 1 (1.2) 1 (2.4) 0 (0.0) 0.2417

Kidney stone 1 (1.2) 0 (0.0) 1 (2.5) 0.2310

Unless indicated otherwise, data are given as n (%). P values were calculated a test with a continuity-corrected 
Chi-squared statistics for differences in proportions between groups. CAN, canagliflozin; HF, heart failure; STDT, 
standard diabetic therapy.
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to these drugs in similar ways. Although a threshold EF 
value of 50% has been used empirically without rationale, 
an EF-dependent strategy should be considered for medi-
cal intervention for HFpEF. A more precise investigation 
to understand the mechanism underlying the development 
of HFpEF is necessary. Some studies recently found that 
the subgroup of patients with HFpEF and the night-time 
riser pattern of blood pressure, as determined ambulatory 
blood pressure monitoring, was at higher risk for CV 
events and HHF.39,40 The use of SGLT2 inhibitors may be 
more promising in these patients, because these drugs 
likely reduce night-time blood pressure in patients with 
T2D and uncontrolled nocturnal hypertension.41

Because this study is hypothesis generating by nature, 
solid evidence could not be generated regarding the effects 
of SGLT2 inhibitors on CV death and HHF risk reduction 
in patients with T2D and HFpEF. Similarly, post hoc 
analysis of the DECLARE-TIMI58 study provided uncer-
tain findings as to whether dapagliflozin reduced HHF in 
the subgroup of patients with HFpEF.42 Conversely, the 
SOLOIST-WHF trial suggested that the SGLT2 inhibitor 
effectively prevented CV events in patients with T2D and 
a history of HHF, even in patients with EF ≥50%.43 There-
fore, upcoming results from ongoing large RCTs should 
help confirm the effects of SGLT2 inhibitors on HFpEF.44

In this study, compared with other studies of HFpEF 
patients, there was a lower complication rate of hyperten-
sion. We do not know the exact reason for this. However, 
we think that renin-angiotensin system blockers given for 
renal protection may have had an effect. In the present 
study, renin-angiotensin system blockers were adminis-
tered in >80% of the patients, which may have controlled 
the increase in blood pressure. Therefore, the rate of hyper-
tension may have been lower in the present study than in 
other HFpEF studies.

This study has several limitations, including a short 
observation period, a small number of patients, and an 
open-label modality. Moreover, there were not enough data 
related to fluid volume, such as the cardiothoracic ratio on 
chest X-ray and inferior vena cava and left ventricle dimen-
sion on the echocardiography.

Conclusions
The present study demonstrated that treatment with cana-
gliflozin reduced BW, but did not significantly reduce 
plasma BNP concentrations, after 24 weeks of treatment 
in patients with T2D and HFpEF. Further large-scale 
randomized studies are needed to conclude the beneficial 
effects of canagliflozin in patient with T2D and HFpEF.
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plasma BNP concentrations after 24 weeks between the 
CAN and STDT groups. Conversely, in patients with 
LVEF <63%, plasma BNP concentrations after 24 weeks 
were not significantly reduced from baseline in the CAN 
group, but were lower in the CAN than STDT group after 
24 weeks.

Regarding secondary endpoints, there was no difference 
in the magnitude of the decrease in HbA1c between the 2 
groups. One of the reasons for this is thought to be that the 
therapeutic goals for glycemic control were set to be at the 
same in both groups. Furthermore, the relatively low base-
line HbA1c may have limited hypoglycemic effects in all 
treatment groups. The increase in specific AEs in the CAN 
group was similar to that in the STDT group.

The CANONICAL study should be considered hypoth-
esis generating because we enrolled only 82 patients with 
T2D and HFpEF and used the plasma BNP concentra-
tions as a surrogate marker of HF instead of hard end-
points. In this study, canagliflozin treatment lowered BW 
as expected; however, a significant and long-lasting decline 
in plasma BNP was not observed. The reason for this is not 
clear, but there are a few possible reasons. First, the sample 
size may have been insufficient. Because there were no data 
available on canagliflozin-induced BNP changes in patients 
with T2D and HFpEF, we used the known BW change 
induced by canagliflozin to calculate the sample size for 
this study. Therefore, the present study may have been 
underpowered to detect reductions in BNP. Second, the 
lack of a long-lasting decrease in BNP may be due to the 
fact that the patients in this study had mild HF. Patients in 
the CANONICAL study had similar or older ages but 
lower natriuretic peptide levels at enrollment than patients 
in other RCTs. NT-proBNP levels in these other RCTs 
were approximately 900 pg/mL, roughly corresponding to 
a BNP concentration of 200 pg/mL.33,34 The mean LVEF 
was slightly higher in the CANONICAL study than in 
other RCTs, which reported mean LVEF ranging from 
54% to 60%.4,16,35–37 Therefore, HF was less severe in the 
CANONICAL study than in other RCTs.

The CANDLE trial, a prospective randomized trial to 
investigate the effect of 24 weeks of canagliflozin treatment 
in patients with T2D and chronic HF, was recently reported.38 
In that trial, HF was diagnosed by a skilled cardiologist 
according to clinical symptoms and related laboratory 
findings, and approximately 70% of enrolled patients had 
HFpEF. NT-proBNP levels were 245 pg/mL at baseline and 
229 pg/mL at the end of treatment. NT-proBNP changes 
were similar between the canagliflozin and comparator 
(glimepiride) groups. HFrEF or HFpEF subgroups 
showed no changes in NT-proBNP concentrations before 
and after canagliflozin treatment.38 Thus, the present 
findings are not in conflict with the CANDLE results. 
Moreover, given that NT-proBNP concentrations of 
200–240 pg/mL correspond to BNP concentrations of 
50–60 pg/mL, it is plausible that canagliflozin treatment 
fails to produce favorable results in patients with BNP 
<100 pg/mL.

In another post hoc analysis, patients with EF values 
lower than the median (63%) showed a greater decline in 
plasma BNP concentrations. A recent large RCT on HFpEF, 
the PARAGON trial, reported that sacubitril/valsartan 
significantly reduced the risk of CV death and HF hospi-
talization in patients with EF <57%.16 Of course, the phar-
macological actions of canagliflozin are different from 
those of sacubitril/valsartan; however, HFpEF may respond 
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