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patients with Type 2 diabetes: a subanalysis
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Abstract

Background While the Sodium-glucose co-transporter 2 (SGLT2) inhibitors and dipeptidyl peptidase-4 (DPP4) are
widely used for the glycemic control in type 2 diabetes mellitus, the differences in the effects of SGLT2 inhibitors
and DPP4 inhibitors on energy intake and diabetes-related indicators are unclear.

Methods This was a subanalysis of the CANTABILE study which compared the effects of canagliflozin and tenel-
igliptin on metabolic factors in Japanese patients with Type 2 diabetes. The changes at 24 weeks from the baseline
of the diabetes-related indicators including Hemoglobin Alc (HbA1c), energy intake and body weight were com-
pared between the canagliflozin and teneligliptin groups.

Results Seventy-five patients in the canagliflozin group and 70 patients in the teneligliptin group were analyzed.
A significant decrease in HbA1c was observed in both groups. In the teneligliptin group, although energy intake
was significantly reduced, there was no significant change in body weight. Conversely, in the canagliflozin group,
although energy intake tended to increase, body weight significantly decreased.

Conclusion Canagliflozin and teneligliptin have different effects on the dietary status of patients with Type 2 dia-
betes. Our result suggests that canagliflozin can manage blood glucose without weight gain, even with increased
energy intake.
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Background

Weight loss is associated with a reduction in mortality
in overweight patients with type 2 diabetes, can improve
glycaemia and related comorbidities [1]. The effects of
antidiabetes drugs on body weight vary depending on the
type of drugs. Although dipeptidyl peptidase 4 (DPP4)
inhibitors have been shown to have less effect on body
weight [2, 3], increased fat intake has also been shown to
worsen glycemic control and weight control, and thus the
therapeutic effect of DPP4 inhibitors on Type 2 diabetes
may be affected by dietary conditions [4]. On the other
hand, patients receiving sodium-glucose co-transporter-2
(SGLT2) inhibitors have shown weight loss in many clini-
cal studies [5-8], and overseas, Ferrannini et al. reported
that 90-week administration of SGLT2 inhibitors in
patients with Type 2 diabetes resulted in decreased blood
glucose and body weight even with increased calorie
intake [9]. These results are considered to be related to
the calorie loss due to the urinary glucose excretion by
SGLT?2 inhibitors and SGLT2 inhibitors may be able to
control blood glucose and body weight regardless of
dietary adherence. It has also been reported that calorie
loss by SGLT?2 inhibitors leads to improvement of liver
function markers through reduction of liver fat [10-13]
and that the effect of SGLT2 inhibitors on liver function
may also be less affected by dietary adherence. However,
the effects of SGLT2 inhibitors on energy intake and the
relationship between energy intake and body weight,
blood glucose, and liver function markers has not been
fully elucidated. Thus, we compared the effects of CAN
and TNL on energy intake and the associations between
energy intake and diabetes-related parameters and liver
function markers in the Japanese patient with Type 2 dia-
betes in the CANTABILE study.

Methods

Design

The CANTABILE study was a prospective, multicenter,
open-label, randomized, parallel-group comparison study
conducted across 38 sites in Japan (UMIN000030343).
The study rationale, design, and methods have been
reported previously [14]. This study was conducted in
compliance with the articles of the Declaration of Hel-
sinki (revised in October 2013) and in accordance with
the Ethical Guidelines for Medical and Health Research
Involving Human Subjects established by the Ministry
of Health, Labor, and Welfare in Japan. The investiga-
tor provided sufficient explanation to the patients before
obtaining written informed consent. In accordance with
the laws on clinical research in Japan, the protocol of this
study was approved by the Nara Medical University Cer-
tified Review Board (approval number: nara0002).
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Intervention

Eligible participants were dynamically assigned to either
the CAN group or the TNL group, based on the follow-
ing assignment factors: HbAlc, fasting triglyceride, BMI,
systolic blood pressure, and whether or not metformin
treatment. In each group, 100 mg of CAN or 20 mg of
TNL was orally administered once a day for 24 weeks in
addition to their ongoing diabetes treatment. If neces-
sary, the TNL dose was increased up to a maximum of
40 mg/day. The concomitant and ongoing diet and exer-
cise therapies prior to the study were continued without
modification from at least 8 weeks before the date of
informed consent until week 24 of treatment.

Endpoints

The changes at 24 weeks from the baseline of the dia-
betes-related indicators below were compared between
the two groups: AHbAlc, AHOMA-IR, Abody weight,
Aketone body, Aenergy intake, Aprotein intake, Afat
intake, Acarbohydrates intake, and Asucrose intake
assessed by the brief-type self-administered diet history
questionnaire (BDHQ). The BDHQ has an acceptable
level of validity in Japanese population and has been used
in several studies. [15—18]

Patients

Patients who met the eligibility criteria and did not meet
the exclusion criteria were enrolled. The inclusion criteria
were as follows: 1) written informed consent provided, 2)
age>20 y.o. and <85 y.o, 3) HbAlc>7.0% and <10.0%, 4)
has at least one of the following metabolic risk factors: a)
BMI > 25 kg/m?, b) systolic blood pressure>130 mmHg
or diastolic blood pressure >85 mmHg, or c) serum tri-
glyceride > 150 mg/dL or HDL-C <40 mg/dL, and 5) has
not taken antidiabets medication for 8 weeks before con-
sent or has not changed metformin monotherapy 8 weeks
before consent. The exclusion criteria were as follows: 1)
Type 1 diabetes, 2) BMI<22 kg/m? 3) hypersensitivity
to TNL or CAN, 4) requirement for insulin therapy for
blood glucose management, 5) congestive heart failure
(New York Heart Association functional classification III
or IV), 6) pregnant, breast feeding, or possibly pregnant,
7) malignant tumors diagnosed or suspected, 8) taking
prohibited medications or therapy defined in the study
protocol.

Statistics

This study was a subanalysis of the CANTABILE study
[14], and the full analysis set (FAS) defined in the study
was used for the analysis. The FAS population included
patients whose data was collected, at least, one point
other than baseline. The Wilcoxon rank sum test was
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used to compare continuous variables, and the chi-square
test was used to compare categorical variables. The Wil-
coxon signed-rank test was used to compare various data
at week 0 and week 24. The significance level was set to
be<0.05 on both sides. Statistical analyses were per-
formed using SAS® software.

Results

Patient characteristics

Of the 187 enrolled patients, 162 patients were eligible
(Fig. 1). Eighty-two patients were assigned to the CAN
group, and 75 of them were included in the analysis as

Consent obtained
(n=187)
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FAS. Eighty patients were assigned to the TNL group,
and 70 of them were included in the analysis. There
was no significant difference in patient characteristics
between the CAN and TNL groups (Table 1).

Diabetes-related indicators

A significant decrease in HbAlc was observed in both
groups (Table 2). Body weight and HOMA-IR were not
significantly changed in the TNL group, but were sig-
nificantly reduced in the CAN group. Ketone body and
Ht were not significantly changed in the TNL group, but
were significantly increased in the CAN group. Regarding

Excluded (n = 25)

* Did not meet the inclusion criteria (n = 23)
* Met the exclusion criteria (n = 2)

Randomized

(n=162)

Canagliflozin group
(n=282)

Excluded (n=7)
* Not eligible (n=1)
* Violation of protocol (n = 2)
« Withdrew consent (n = 2)
* Adverse event (n=2)

Full analysis set
n=75)

Teneligliptin group

(n=80)

Excluded (n=10)
* Not eligible (n = 3)
— -« Violation of protocol (n = 4)
« Withdrew consent (n = 1)
* Adverse event (n=2)

Full analysis set

(n="70)

Fig. 1 Patient flow. The full analysis set (FAS) population included patients whose data was collected, at least, one point other than baseline

Table 1 Patient characteristics

Canagliflozin group Teneligliptin group p value

(n=75) (n=70)
Sex (male), n (%) 51 (68.0%) 47 (67.1%) 1.000
Age, mean+SD 572+115 552+114 05277
Height (cm), mean +SD 165.5+9.2 165.5+95 0.9984
Body weight (kg), mean+SD 790+152 792+16.7 0.7848
BMI, mean +SD 28.7+4.7 288+4.8 0.854
HbATc (%), mean+SD 77+06 78+08 0.3706
HDL-C (mg/dL), mean+SD 52.1+12.1 536+114 03532
Triglyceride (mg/dL), mean +SD 202.1£195.0 169.7+£1155 0.5336
Systolic blood pressure (mmHg), mean +SD 140.7+19.0 1378147 0.4580
Diastolic blood pressure (mmHg), mean +SD 8344105 82.7+99 0.7454
Dyslipidemia, n (%) 34 (45.3%) 31 (44.4%) 1.000
Hypertension, n (%) 55 (73.3%) 50 (71.4%) 0.8536
Duration of diabetes mellitus (years), mean +SD 59+49 6.7+£63 0.7889
Metformin treatment, n (%) 44 (58.7%) 44 (62.9%) 0.6148
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Table 2 Changes in variables

Canagliflozin Teneligliptin

Baseline 24 weeks p Baseline 24 weeks p
HbA1c (%), mean+SD 7.7+06 70+06 <0.0001 78+08 72%0.7 <0.0001
HOMA-IR, mean+SD 49+6.1 35+64 <0.0001 40+3.6 3.7+28 0.2451
Ketone body (umol/L), mean+SD 1100+1138 206.4+186.3 <0.0001 110.2+94 109.8+80.3 0.7946
Body weight (kg), mean+SD 79.0+152 76.6+15.2 <0.0001 792+16.7 79.1+164 0.0899
Ht (%), mean +SD 446+35 472435 <0.0001 449440 449+43 0.7740
Energy intake (kcal/day), mean +SD 1747.7 £634.3 1859.7+639.8 0.0872 1789+601.7 1620.9+516.9 0.0354
Protein intake (g/day), mean+SD 66.1+269 69.9+29.1 0.1032 67.8+284 64.3+£26.1 0.2634
Fat intake (g/day), mean+SD 50.1+184 53.1+19.0 0.1355 5444232 479+193 0.0105
Carbohydrate intake (g/day), mean+SD 216+732 236.5+83.8 0.1072 230.1+90.8 209.7+£75.8 0.1632
Sucrose intake (g/day), mean+SD 78+62 8.7+66 0.0889 90+74 83+6.0 0.8843
AST (IU/L), mean+SD 321+£19.7 255+120 <0.0001 303+17.7 30.6+205 0.9764
ALT (IU/L), mean+SD 4044280 30.1+£196 <0.0001 4114331 404+36.0 04180
y-GTP (IU/L), mean£SD 67.6+96.9 474+439 <0.0001 543+526 51.8+51.3 0.2547
Fib 4 index, mean +SD 13408 12+06 0.1047 12+06 12+0.7 0.2362

AST aspartate transaminase, ALT alanine aminotransferase, FIB4 index fibrosis-4 index, y-GTP y-glutamyl transpeptidase, HOMA-IR homeostasis model assessment of

insulin resistance

the amount of change in each marker, there were signifi-
cant differences between the two groups for AHOMA-IR,
Abody weight, and Aketone body (Fig. 2a). A Body weight
was not significantly differences between CAN group
with metformin use and CAN group without metformin
use (-2.9+2.5 kg vs. -2.3+2.6 kg; p=0.294) and between
TNL group with metformin use and TNL group without
metformin use (0.7 £ 2.1 kg vs. 0.2+ 2.2 kg; p=0.356).

Diet-related indicators

Energy intake was significantly decreased in the TNL
group (p=0.0354) and tended to increase in the CAN
group (p=0.0872) (Table 2). Therefore, regarding rela-
tionship between changes in energy intake and body
weight, in the TNL group, although energy intake was
significantly reduced, there was no significant change
in body weight. In the CAN group, although energy
intake tended to increase, body weight significantly
decreased. Regarding the intake of the major nutri-
ents, the TNL group showed a significant decrease in
fat intake (p=0.0105), and there were no significant
changes in other nutrients. In the CAN group, sucrose
intake tended to increase (p=0.0889), but there was no
significant change in any of the nutrients. Regarding
changes in energy and major nutrient intake, Aenergy
intake, Afat intake, and Acarbohydrate intake showed
significant differences between the two groups and all
of these measurements decreased in the TNL group and
increased in the CAN group. (Fig. 2b). Aenergy intake
was not significantly different between CAN group with
metformin use and CAN group without metoformin use

(161.8 £516.2 kcal/day vs. 67.6 + 403.8 kcal/day; p=0.402)
and between TNL group with metformin use and TNL
group without metformin use (-15.0+591.9 kcal/day vs.
-158.9+314.4 kcal/day; p=0.211).

The change in urinary ketones from baseline to
24 weeks were significantly higher in the group of
patients who lost more than 3% of their body weight
than in the group that did not lose more than 3%
(156.7+203.5 umol/L, n=36 and 22.2+105.7 pmol/L,
n=34) (p=0.001). Conversely, there was no significant
difference in energy intake (135.0 £460.2 kcal/day, n=36
and 66.7 +446.2 kcal/day, n=34) (p=0.548).

Liver function markers

No significant changes were found in any liver function
markers in the TNL group (Table 2). In the CAN group,
AST, ALT, and y-GTP were all significantly reduced (all
p<0.0001). Regarding the amount of change in liver
function markers, there were significant differences in all
of AAST, AALT, Ay-GTP, and AFib4 index between the
two groups (Fig. 2c). The decrease in the CAN group was
examined in patients with a pre-treatment FIB-4 index of
1.3 or greater and those with a pre-treatment FIB-4 index
of less than 1.3, based on the cutoff value of 1.3, which is
defined as a risk factor for fibrosis in the NAFLD/NASH
Diagnostic Guideline [19]. The results showed a trend
toward greater change in the group with a pre-treatment
FIB-4 index of 1.3 or greater compared to those with a
pre-treatment FIB-4 index of less than 1.3 (-0.28£0.80
and -0.03 £ 0.19 p=0.0556).
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Fig. 2 Changes in various variables in both groups. A: amount change form baseline to 24 weeks, AST: aspartate transaminase, ALT: alanine
aminotransferase, FIB4 index: fibrosis-4 index, y-GTP: y-glutamyl transpeptidase, HOMA-IR: homeostasis model assessment of insulin resistance

Discussion however, there were differences between the two groups
In this study, a significant decrease in HbAlc level was in the change in energy intake and in body weight. In the
observed in both the CAN group and the TNL group; TNL group, there was a significant decrease in energy
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intake, but no significant change in body weight. Con-
versely, in the CAN group, the energy intake tended to
increase, but the body weight significantly decreased.
In both groups, there was no significant relationship
between results with and without metformin. It has been
shown that DPP4 inhibitors have no apparent effect on
body weight [2, 3] and SGLT2 inhibitors cause body
weight loss [5-9]. Our study showed a difference in the
effects of DPP4 and SGLT2 inhibitors on body weight in
the head-to-head comparison. Regarding energy intake,
the TNL group showed a significant decrease, but the
CAN group showed a tendency to increase. This sug-
gests that adherence to the diet was relatively strict in
the TNL group compared to the CAN group. Kuwata
et al. reported that glycemic control by DPP4 inhibitors
was influenced by energy intake [4]. The reason for the
reduced energy intake in the TNL group may be that
dietary adherence was maintained in cases of inadequate
glycemic control. For SGLT2 inhibitors, an increase in
food intake has been reported in both basic [20, 21] and
clinical studies [9, 22, 23]. The reason for this may be a
physiological compensatory response to calorie loss due
to the urinary glucose excretion caused by SGLT2 inhibi-
tors [9, 24]. Another possibility is that patients receiving
SGLT2 inhibitors may not be on a strict diet because gly-
cemic control is maintained. The mechanism by which
SGLT?2 inhibitors stimulate energy intake is not yet fully
understood.

Nakamura et al. showed that Canagliflozin adminis-
tration to obese and diabetic mice may increase blood
ketone levels by activating AMPK activity and enhancing
fatty acid oxidation [25].

Increased energy intake may be through the phospho-
rylation of AMP-activated protein kinase (AMPK) is a
cellular energy sensor [26].

In relation to weight loss with canagliflozin, several
studies have reported that patients treated with canagli-
flozin experience a weight loss of approximately 1-3%
from baseline [27-29]. However, one report suggests
weight gain with dapagliflozin [30], In the study of the
integrated CANVAS Program and CREDENCE trials,
weight gain and weight stability were observed in some
CAN patients [31], Our study suggests that the weight
gain observed in the SGLT2 group is not due to compen-
satory overeating but rather to a lesser increase in ketone
production despite SGLT2 use. Conversely, the weight
loss observed in the other group is due to an increase in
ketones rather than food intake.

The results of this study also suggests that SGLT2
inhibitors can manage blood glucose without weight
gain, even with increased energy intake. Some patients
with Type 2 diabetes have difficulty adhering to the
diet, and SGLT2 inhibitors may benefit the treatment
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of these patients. Additionally, adherence to diet may
contribute to further improve glycemic control in
the patients with Type 2 diabetes who are prescribed
SGLT2 inhibitor.

In this study, a significant decrease in AST, ALT, and
y-GTP was observed in the CAN group. These results
were similar to previous reports of CAN [10-13]. Liver
fibrosis is the most important factor in the prognosis
of life in patients with nonalcoholic fatty liver disease
(NAFLD). The FIB-4 index is a method to evaluate
the progress of fibrosis based on data calculated from
four blood test parameters (AST, ALT, platelet count,
and age). In a relatively small scale study, a decrease
in FIB-4 index values was showed in NAFLD patients
administered canagliflozin for 6 months [13]. This
study showed a significant decrease in FIB4 index was
observed in the CAN group compared to that in TNL
group in Japanese patients with Type 2 diabetes in the
multicenter clinical trial.

In the present results, there was a trend towards a
greater effect of Canagliflozin in Fib4 > 1.3 where fibro-
sis was suspected.

This result suggests that it may be possible to sup-
press the progression of liver fibrosis in nonalcoholic
fatty liver (NAFL) by CAN administration. Studies
using MRI have shown a significant reduction in liver
fat fraction with CAN administration [12]. Since SGLT?2
inhibitors promote the utilization of fatty acids instead
of glucose [32], the decrease in liver fat associated with
fatty acid oxidation may be involved in the improve-
ment of liver function markers [12, 13]. On the other
hand, Inoue et al. reported that there was no correla-
tion between changes in liver fat fraction and changes
in liver function markers when CAN was administered
[12]. Although it is difficult to clarify, the results of this
study suggest the improvement of liver function mark-
ers by SGLT2 inhibitors involve mechanisms other than
hepatic fat loss.

Limitations

This study has the following limitations. This was an
open-label, 24-week study, and the long-term effects
of the drug are unknown. Calorie intake is estimated
using BDHQ validated in Japan, not measured values.
The results of this study need to be interpreted in con-
sideration of these factors. The use of metformin may
have an additive effect on canagliflozin energy intake
and weight loss. Blood ketone levels were not measured
in this study. It is worth noting that Canagliflozin does
not affect urine volume [33], a phenomenon that may
be due to the activation of ketone body production in
the liver.
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Conclusions

CAN and TNL have different effects on the dietary sta-
tus of patients with Type 2 diabetes. Our result suggests
that CAN can manage blood glucose without weight
gain, even with increased energy intake. SGLT2 inhibi-
tors may benefit in patients with Type 2 diabetes who
have difficulty adhering to the diet. On the other hand,
it is suggested that appropriate nutritional guidance
should be provided to prevent excessive increase in calo-
rie intake when SGLT?2 is administered. Moreover, this
study suggested that CAN offered a favorable effect on
improvement in the FIB-4 index as a surrogate marker of
liver fibrosis. Further studies are required to investigate
whether SGLT 2 treatment improves the prognosis and
prevents liver-related and extrahepatic complications in
patients with NAFLD complicated by T2DM.

Abbreviations

ALT Alanine aminotransferase

AMPK AMP-activated protein kinase

AST Aspartate transaminase

BDHQ Brief-type self-administered diet history questionnaire
BMI Body mass index

CAN Canagliflozin

DPP4 Dipeptidyl peptidase-4

FIB4index  Fibrosis-4 index
FAS Full analysis set

HbAlc Hemoglobin Alc

HDL-C High density lipoprotein cholesterol

HOMA-IR Homeostatic Model Assessment for Insulin Resistance
y -GTP y- Glutamyl transpeptidase

LDLC Low-density lipoprotein cholesterol

NAFL Nonalcoholic fatty liver

NAFLD Nonalcoholic fatty liver disease

SGLT2 Sodium-glucose co-transporter 2

TNL Teneligliptin
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