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INTRODUCTION

ABSTRACT

Aims/Introduction: To evaluate the efficacy and safety of once-weekly (q.w)
extended-release exenatide after switching from twice-daily (b.id) exenatide in patients
with type 2 diabetes.

Materials and Methods: This was an investigator-initiated, prospective, single-arm,
multicenter study. Individuals with type 2 diabetes who had been treated with exenatide
b.id. for at least 3 months were enrolled and switched to exenatide g.w. for 24 weeks.
The primary end-point was change in HbATc at week 24 to test the glucose-lowering
effect of exenatide q.w. versus exenatide b.i.d.

Results: A total of 58 Japanese individuals with type 2 diabetes completed the study.
Glycated hemoglobin was reduced by 0.2% at week 24 (72 £ 12% vs 70 £ 1.2%

[56 £ 13 vs 53 = 13 mmol/mol], 95% confidence interval =04 to —0.03%, P < 0.005 for
non-inferiority, P = 0.01 for superiority). Fasting plasma glucose was reduced by 12 mg/dL
at week 24 (154 £ 46 vs 142 + 46 mg/dL, P = 0.02). B-Cell function assessed by home-
ostasis model assessment of B-cell function and C-peptide index was significantly
improved at week 24. The incidence of self-reported hypoglycemia was reduced, and
treatment satisfaction assessed by the Diabetes Treatment Satisfaction Questionnaire and
Diabetes Medication Satisfaction Questionnaire was improved at week 24, with no change
in body weight. There was no serious adverse event related to the study drug.
Conclusions: Switching from exenatide b.id. to exenatide g.w. resulted in a reduction
in glycated hemoglobin, fasting plasma glucose and the incidence of hypoglycemia, and
improvement in B-cell function and treatment satisfaction in patients with type 2 diabetes.
These findings will be useful for selecting optimal treatment in individuals with type 2 dia-
betes.

In the past two decades, many new antidiabetic medications

Diabetes is increasing throughout the world, especially in Asia',
and >90% of diabetes patients are classified as having type 2
diabetes. Patients with type 2 diabetes are at high risk of car-
diovascular disease (CVD), as well as microvascular complica-
tions”; therefore, optimal management of people with type 2
diabetes is critical to improve CVD outcomes.
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have been developed and marketed, including incretin-based
drugs; that is, glucagon-like peptide-1 (GLP-1) receptor agonists
(GLP-1RAs) and dipeptidyl peptidase-4 inhibitors’. In particu-
lar, GLP-1RAs have been shown to possess the benefit of
reducing bodyweight in addition to lowering glycated hemoglo-
bin (HbAlc). Treatment with GLP-1RAs added to standard
therapy has been shown to reduce CVD events compared with
placebo in recent CVD outcomes trials*™. However, whether
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this beneficial effect of GLP-1RAs on CVD outcomes is a class
effect of GLP-1RAs remains unclear®.

GLP-1RAs are currently classified into short- and long-acting
drugs based on the plasma half-life of agents’. Differences in
pharmacokinetic/pharmacodynamic profiles between short- and
long-acting GLP-1RAs result in important differences in their
mechanisms of action. Specifically, short-acting GLP-1RAs pre-
dominantly reduce postprandial hyperglycemia through sup-
pression of gastric emptying, whereas long-acting GLP-1RAs
predominantly reduce fasting plasma glucose (FPG) level
through enhancing insulin secretion and suppressing glucagon
secretion.

Exenatide is a GLP-1RA that has been developed based on
exendin-4'°. Uniquely, there are two formulations of exenatide;
that is, exenatide twice daily (b.i.d.) formulation, a short-acting
GLP-1RA, and once-weekly (qw.) exenatide extended-release
formulation, a long-acting GLP-1RA, which were approved in
Japan in 2010 and 2012, respectively. However, there are lim-
ited data available as to clinical differences in the efficacy and
safety between these two formulations. In the present study, we
examined the efficacy and safety of exenatide q.w. switched
from exenatide b.i.d. in Japanese patients with type 2 diabetes,
including patient-reported outcomes measures.

METHODS

Study design

This was an investigator-initiated, prospective, single-arm, mul-
ticenter study. Individuals with type 2 diabetes who had been
treated with exenatide b.i.d. for at least 3 months were enrolled

Agreed to participate in study
(n=62)
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and switched to exenatide q.w. for 24 weeks. Inclusion criteria
were adult patients with type 2 diabetes who had been treated
with exenatide b.id. (either 10 or 20 pg daily) + concomitant
antidiabetic medication for at least 3 months. Exclusion criteria
were patients with: (i) type 1 diabetes; (ii) allergy to exenatide;
(iii) pregnancy or breast-feeding; and (iv) severe renal dysfunc-
tion. The patients were switched from exenatide b.i.d. to exe-
natide g.w. at week 0 after a 4-week observation period without
changing any other antidiabetic medication. They were then
asked to attend the outpatient clinic at week 4, 8, 16 and 24.
Attending physicians were allowed to change their antidiabetic
medication to avoid hypoglycemia during the study period. The
primary end-point of the study was change in HbAlc at
week 24, to test non-inferiority of the glucose-lowering effect of
exenatide q.w. versus exenatide b.i.d. This study was approved
by the ethics committee of Keio University School of Medicine,
and registered as trial numbers: UMINO000016390 and
jRCTs031180320.

Study participants

The disposition of the study participants is shown in Figure 1.
Initially, 62 patients agreed to participate in the study. All were
Japanese. Of them, three withdrew consent before the study, and
59 were switched from exenatide b.i.d. to exenatide q.w. (2 mg
once-weekly). One patient discontinued the study drug because
of constipation, and 58 completed the study. Safety was assessed
in all 59 patients treated with exenatide q.w., while efficacy was
assessed in the 58 patients who completed the study (full analysis
set), whose characteristics are shown in Table 1.

Withdrew consent before study

(n=3)

(n=59)

Switched from exenatide b.i.d. to exenatide q.w.

Discontinued study drug due to constipation

(n="1)

Completed study
(n=58)

Data analysis
Efficacy (n=58)
Safety (n = 59)

Figure 1 | Disposition of study participants. bid, twice-daily; gw. once-weekly.
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Table 1 | Characteristics of study participants

n (male/female) 58 (43/15)
Age (years) 55+ 12
Height (m) 166 + 008
Weight (kg) 862 + 282
BMI (kg/m?) 311497
Duration of diabetes (years) M7
FPG (mg/dL) 154 + 46
HbATC (%) 72%x12
HbATc (mmol/mol) 56+ 13
eGFR (mL/min/1.73 m?) 764 % 210
Hypertension (%) 74.1
Dyslipidemia (%) 724
VD (%) 190
Concomitant antidiabetic medication

None (%) 190

SU (%) 50.0

Metformin (%) 65.5

TZD (%) 172

AGl (%) 69

SGLT2 inhibitor (%) 52

AGl, a-glucosidase inhibitor; BMI, body mass index; CVD, cardiovascular
disease; eGFR, estimated glomerular filtration rate; FPG, fasting plasma
glucose; HbA1c, glycated hemoglobin; SGLT2, sodium—glucose cotrans-
porter 2; SU, sulfonylurea; TZD, thiazolidinedione.

Measurements

Anthropometric characteristics including bodyweight, waist cir-
cumference, blood pressure and heart rate were measured, and
blood and urine samples were obtained after an overnight fast,
at baseline and week 24. Bodyweight, blood pressure, heart rate,
and random blood and urine samples were also obtained at
weeks 4, 8 and 16. HbAlc was measured by HPLC and
expressed as the National Glycohemoglobin Standardization
Program value. Glycated albumin and 1,5-anhydro-D-glucitol
were measured by enzymatic methods. Insulin, C-peptide and
intact proinsulin were measured by chemiluminescent
immunoassays. Glucagon was measured by radioimmunoassay.
High-sensitivity C-reactive protein was measured by nephelom-
etry. Adiponectin was measured by latex agglutination tur-
bidimetry. Urinary 8-hydroxy-2’-deoxyguanosine and 8-
isoprostaglandin  F2o.  were measured by enzyme-linked
immunosorbent assays. Serum aspartate aminotransferase, ala-
nine aminotransferase, creatinine, uric acid, total cholesterol,
high-density lipoprotein cholesterol, triglyceride, free fatty acids,
amylase and lipase were also measured at each visit. Low-den-
sity lipoprotein cholesterol (mg/dL) was calculated as total
cholesterol (mg/dL) — high-density lipoprotein cholesterol (mg/
dL) — triglyceride (mg/dL) / 5.

Patients were asked to carry out self-monitoring of blood
glucose (SMBG) before meals, 1 h after meals and at bedtime
on 2 days at baseline and week 24. The incidence of hypo-
glycemia in the past 4 weeks was assessed by a questionnaire at
each visit. Hypoglycemia was defined as having hypoglycemic

http://wileyonlinelibrary.com/journal/jdi

symptoms with or without confirming capillary glucose level
<70 mg/dL. Severe hypoglycemia was defined as a hypo-
glycemic event that requires assistance from another person to
treat. Patients were also asked to fill out the following question-
naires: Diabetes Treatment Satisfaction Questionnaire“, Dia-
betes Medication Satisfaction Questionnaire' and
Gastrointestinal Symptom Rating Scale''* at baseline and week
24, as previously reported”.

Body mass index was calculated as bodyweight (kg) divided
by height squared (m?). The C-peptide index was calculated as
fasting serum C-peptide (ng/mL) divided by FPG (mg/
dL) x 100. Homeostasis model assessment of insulin resistance
(HOMA-IR) and HOMA of B-cell function (HOMA-B) were
calculated using the HOMA2 calculator (https://www.dtu.ox.ac.
uk/homacalculator/).

Statistical analysis

The sample size required to test the primary end-point was cal-
culated based on the following estimates; standard deviation
(SD) of HbAlc 0.8%, one-sided significance level 0.025, power
80%, non-inferiority margin 0.4% and dropout rate 15%.

Data are presented as the mean £ SD in the text and tables,
and mean * standard error in the figures. Non-normally dis-
tributed data are presented as median and interquartile range.
The paired t-test or Wilcoxon test was used to assess changes
in parameters between baseline and week 24, whereas the
unpaired ¢-test or Mann—Whitney U test was used to assess dif-
ferences between two groups. All analyses were carried out
using the Statistical Package for the Social Sciences (version 24;
SPSS, Chicago, IL, USA), and P < 0.05 was considered statisti-
cally significant.

RESULTS

Glycemic control

Changes in glycemic parameters during the study are shown in
Table 2. Of 58 participants who completed the study, concomi-
tant antidiabetic medication was changed for three participants
during the study; dose reduction of sulfonylurea for two partici-
pants, dose reduction of thiazolidinedione for one participant
and discontinuation of sulfonylurea for one participant, on the
decision of the attending physician. After switching from exe-
natide b.id. to exenatide q.w., HbAlc was reduced by 0.2% at
week 24 (7.2 £ 1.2% vs 7.0 £ 1.2% [56 * 13 vs 53 = 13 mmol/
mol], 95% confidence interval [95% CI] —-0.4 to —0.03%,
P < 0.005 for non-inferiority and P = 0.01 for superiority;
Table 2; Figure 2). A significant reduction in HbAlc at
week 24 was also observed in a subgroup of participants who
were treated with a 20 pg daily dose of exenatide b.i.d. before
switching to exenatide q.w. (7.3 £ 1.2% vs 7.1 = 1.1% [57 + 13
vs 54 £ 12 mmol/mol], P = 0.04).

Other glycemic parameters
Fasting plasma glucose level was reduced by 12 mg/dL at
week 24 (154 46 vs 142 + 46 mg/dL, P = 0.02; Table 2;

384 J Diabetes Investig Vol. 11 No. 2 March 2020

© 2019 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd


https://www.dtu.ox.ac.uk/homacalculator/
https://www.dtu.ox.ac.uk/homacalculator/

http://wileyonlinelibrary.com/journal/jdi

Table 2 | Changes in glycemic parameters, bodyweight, hypoglycemia

and treatment satisfaction assessed by the Diabetes Treatment
Satisfaction Questionnaire

Parameter Baseline Week 24 P-value
HbA1c (%) 72112 70+ 12 001
HbATc (mmol/mol) 56+ 13 53+ 13
Proportion of patients ~ 483% 483% 1.00
with HbATc <7%
FPG (mg/dL) 154 + 46 142 + 46 002
GA (%) 169 + 33 166 + 36 0.12
1,5-AG (ng/mL) 91162 89+ 65 0.55
Mean preprandial 142 £ 44 133 £ 38 0.02
SMBG (mg/dL)
Mean postprandial 162 £ 51 187 £ 50 <0001
SMBG (mg/dL)
SD SMBG (mg/dL) 35+ 17 40t 16 002
CV SMBG (%) 227 £78 249 £ 75 008
Insulin (mU/L) 135+ 115 14.1 +£ 104 0.55
HOMA-IR 36 (20-66) 38 (24-75) 097
HOMA-B (%) 436 (256-767) 520 (34.2-1029) 0.002
C-peptide (ng/mL) 340 £ 204 351+ 181 054
C-peptide index 232+ 147 266 £ 168 004
Proinsulin (pmol/L) 122 £ 132 116 £90 059
Proinsulin/insulin ratio 0.157 £ 0.098 0.156 £ 0.091 088
Glucagon (pg/mL) 139+ 27 149 + 37 001
Weight (kg) 86.2 £ 282 86.1 = 279 066
Hypoglycemia (events 040 + 1.03 004 £ 013 0.007
per person month)
DTSQ
Q2 (hyperglycemia) 31£16 2519 003
Q3 (hypoglycemia) 08+12 11+16 031
Total score (sum of 228+ 60 268+ 70 0.001

Q1, 4-8)

Range of each score (minimum to maximum): Diabetes Treatment
Satisfaction Questionnaire (DTSQ): question 2 (Q2) and question 3 (Q3)
0-6, total score 0-36. 1,5-AG, 1,5-anhydro-D-glucitol; CV, coefficient of
variation; FPG, fasting plasma glucose; GA, glycated albumin; HbATc,
glycated hemoglobin; HOMA-IR, homeostasis model assessment of
insulin resistance; SD, standard deviation; SMBG, self-monitoring of

blood glucose.

8.0 -

7.5 1

HbA1c (%)

7.0 1

6.5 -

*%

0 4 8

16 20 24

Weeks

Figure 2 | Change in glycated hemoglobin (HbA1c) during the study.
*P < 005 and **P < 001 versus baseline (week 0).
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Figure S1). The proportion of patients who achieved HbAlc
<7% (<53 mmol/mol) was not significantly changed at week 24
(48.3% vs 48.3%, P = 1.0). There was no significant change in
glycated albumin or 1,5-anhydro-D-glucitol at week 24
(Table 2; Figure SI).

The change in daily glycemic profile based on SMBG is
shown in Figure 3. At week 24, capillary glucose levels at 1 h
post-breakfast and 1 h post-dinner were significantly increased
(150 £ 45 vs 190 £ 57 mg/dL, P < 0.001, and 148 + 56 vs
186 * 56 mg/dL, respectively, P < 0.001), whereas the capillary
glucose level at pre-lunch was significantly reduced (142 + 52
vs 129 + 46 mg/dL, P = 0.04). The overall mean preprandial
glucose level was significantly reduced, whereas the mean post-
prandial glucose level was increased at week 24 (Table 2). The
SD, but not the coefficient of variation, of SMBG was signifi-
cantly increased at week 24.

Although fasting plasma insulin and serum C-peptide levels
were not significantly changed at week 24, HOMA-B and C-
peptide index were significantly increased at week 24 (Table 2).
Neither fasting proinsulin nor the proinsulin-to-insulin ratio
was significantly changed during the study, whereas the fasting
serum glucagon level was significantly increased at week 24
(Table 2).

Weight, hypoglycemia and treatment satisfaction

There was no significant change in bodyweight at week 24
(Table 2). The incidence of hypoglycemia was significantly
reduced at week 24 (Table 2; Figure S2). There was no case of
severe hypoglycemia during the study. Treatment satisfaction
assessed by the Diabetes Treatment Satisfaction Questionnaire
and Diabetes Medication Satisfaction Questionnaire was signifi-
cantly improved at week 24 (Table 2; Table S1).

Other parameters and adverse events

Changes in other biochemical parameters, and inflammatory
and oxidative stress markers are shown in Table S1. Serum
aspartate aminotransferase and alanine aminotransferase levels
were slightly, but significantly, increased at week 24, whereas
there was no case of an increase in aspartate aminotransferase
and/or alanine aminotransferase level to greater than threefold
the upper limit of normal. Serum amylase and lipase were
increased by ~7% and ~25%, respectively, at week 24 (Table S1;
Figure S3). There was no case of acute pancreatitis. Gastroin-
testinal symptoms assessed by the Gastrointestinal Symptom
Rating Scale did not significantly change during the study
(Table S1).

There was no significant change in waist circumference or
adiponectin level at week 24, whereas high-density lipoprotein
cholesterol was significantly increased (Table S1). Although no
significant change was observed in either C-reactive protein or
urinary 8-hydroxy-2’-deoxyguanosine level at week 24, urinary
8-isoprostaglandin F2or level was significantly increased at
week 24 (Table S1). Overall, there were no serious adverse
events related to the study drug during the study period.
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Figure 3 | Change in daily glycemic profile assessed by self-monitoring
of blood glucose. *P < 0.05 and **P < 001 versus baseline (week 0).

Comparison of patients in whom HbA1c improved and did
not improve

Finally, we compared the clinical parameters between patients
in whom HbAlc improved by >0.5% after switching to exe-
natide q.w. and those in whom it did not, to explore the pre-
dictors of improvement of HbAlc after switching from
exenatide b.i.d. to exenatide q.w. Patients with a HbAlc reduc-
tion >0.5% showed higher body mass index and HbAlc at
baseline, and significant weight loss at week 24 compared with
those without (-1.1 + 2.4 vs 0.4 = 2.4 kg, P = 0.02; Table S2).

DISCUSSION

In the present study, switching from exenatide b.i.d., a short-
acting GLP-1RA, to exenatide qw. a long-acting GLP-1RA,
resulted in the reduction of FPG and HbAlc levels without
increasing the incidence of hypoglycemia, and improved treat-
ment satisfaction in Japanese patients with type 2 diabetes. A
recent meta-analysis of CVD outcomes trials has shown a
CVD protective effect of GLP-1RAs®, and the updated Ameri-
can Diabetes Association/European Association for the Study of
Diabetes guidelines for the management of type 2 diabetes rec-
ommend the use of GLP-1RAs for patients with type 2 diabetes
and CVD'% however, heterogeneity of the CVD protective
effect among the approved GLP-1RAs has also been sug-
gested®"”.

It has been proposed that there are different mechanisms of
action between short- and long-acting GLP-1RAs’. Short-acting
GLP-1RAs primarily reduce postprandial hyperglycemia
through suppression of gastric emptying, whereas long-acting
GLP-1RAs primarily reduce FPG level through enhancing B-
cell function. In the present study, we found that the prepran-
dial glucose level was reduced after switching from exenatide
b.id. to exenatide q.w., whereas the postprandial glucose level
was rather increased, in line with the previous observation'® 2.
Although the pre-breakfast SMBG value was not significantly

http://wileyonlinelibrary.com/journal/jdi

reduced at week 24, in contrast to FPG measured in the clinic
or hospital after overnight fast, this might be due to the differ-
ent timing of meals and SMBG in daily life, as seen in another
study”’. We also found that HOMA-B and C-peptide index,
indices of B-cell function, were increased at week 24, showing
the improvement of B-cell function by switching to exenatide
q.w., whereas the proinsulin-to-insulin ratio did not change. In
contrast, the fasting glucagon level was increased at week 24 in
the present study. The reason for this is unclear, but the assay
method might affect the results, and the recently developed
sandwich enzyme-linked immunosorbent assay, which is more
specific for glucagon®® should be used in future studies.

Postprandial hyperglycemia and glycemic variability (GV) are
known risk factors for developing CVD™. After switching to
exenatide q.w., the postprandial glucose level and SD of SMBG
increased, although the increase in the coefficient of variation
of SMBG was not statistically significant. The reduction in
HbAlc, but not glycated albumin or 1,5-anhydro-D-glucitol,
which reflect GV more sensitively than does HbAlc, also might
be explained by an increase in GV after switching. Also, as uri-
nary 8-isoprostaglandin F2o, an oxidative stress marker, but
not 8-hydroxy-2’-deoxyguanosine, was significantly increased at
week 24, it can be assumed that there is the possibility that
greater GV after switching to exenatide q.w. might promote
atherosclerosis through production of oxidative stress. In fact,
treatment with exenatide q.w. failed to show reduction in CVD
events compared with placebo in the Exenatide Study of Car-
diovascular Event Lowering (EXSCEL) study”®, although other
long-acting GLP-1RAs showed improvement of CVD out-
comes””. Therefore, it remains unclear whether GV affects
CVD outcomes under treatment with GLP-1RAs, and further
investigation is required to clarify the effects of GV on CVD
outcomes under treatment with long-acting GLP-1RAs.

In addition to their glucose-lowering effect, effects on weight
and the incidence of hypoglycemia are also important compo-
nents of antidiabetic medication'®. It has been reported that
treatment with exenatide b.i.d. induced greater weight loss com-
pared with exenatide q.w.". In the present study, we showed
that switching from exenatide b.id. to q.w. maintained weight
loss induced by exenatide b.id., consistent with a previous
study”’. Although the incidence of hypoglycemia was based on
a questionnaire to the patients, and hypoglycemic events were
not necessarily confirmed by SMBG values in the present study,
the reduction in the incidence of hypoglycemia in this study
might have been at least partially due to the dose reduction in
concomitant medications, especially sulfonylurea, during the
study. Nevertheless, we cannot completely exclude the possibil-
ity that asymptomatic hypoglycemia might have increased dur-
ing the study, and further analysis using continuous glucose
monitoring is planned in a subgroup of this study.

Treatment satisfaction was significantly improved after
switching to exenatide q.w., which was likely due to the
reduced number of injections. Despite the fact that 1-h post-
breakfast and post-dinner glucose levels were increased after
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switching to exenatide q.w., the question 2 score regarding the
burden of hyperglycemia in Diabetes Treatment Satisfaction
Questionnaire was improved. The reason for this is unclear,
but we speculate that the improvement of the preprandial glu-
cose level and HbAlc with dose reduction in concomitant
antidiabetic medications in some cases might have a greater
impact on patients compared with postprandial glycemic excur-
sion.

It is of note that the score of symptoms (side-effects) in the
Diabetes Medication Satisfaction Questionnaire was increased
after switching, and within the domain, the only significant
increase was in the question regarding “unwanted weight gain”
(18 £ 35 vs 39+ 50 [score range 0-20], P = 0.002). Gas-
trointestinal symptoms assessed by the Gastrointestinal Symp-
tom Rating Scale did not change during the study, suggesting
that the increase in the symptom domain score was unlikely to
be due to changes in gastrointestinal symptoms.

An increase in serum amylase and lipase levels after initiation of
GLP-1RAs has been reported”>*°. However, the mechanisms by
which GLP-1RAs increase these pancreatic enzymes remain
unclear”. Tt has been reported that an increase in these enzymes
did not predict the development of acute pancreatitis*>*°. The pre-
sent study showed that serum amylase and lipase levels were
increased after switching from exenatide b.i.d. to q.w.; however,
the use of exenatide q.w. did not result in an increase in the risk of
acute pancreatitis in the EXSCEL study** as well as the present
study, and the clinical significance of the elevated pancreatic
enzymes in the present study remains unclear.

Finally, we found that the patients whose HbAlc improved
after switching to exenatide q.w. were more obese and had
higher HbAlc levels at baseline. They also showed greater
weight loss after switching compared with those without
improvement of HbAlc, suggesting the importance of continu-
ous efforts for lifestyle modification to promote greater HbAlc
reduction with long-acting GLP-1RA therapy.

There were limitations to the present study. First, the study was
single-armed and the two drugs were not directly compared. How-
ever, the present study was carried in a usual care setting and the
results can be applied to real-world clinical practice. It also should
be noted that it was difficult to use a cross-over design for ethical
reasons because of the long-lasting mode of action of exenatide
q-w. (~10 weeks), necessitating a prolonged washout period. Sec-
ond, as the participants were all Japanese, the results might not be
applicable to other ethnicities.

In conclusion, switching from exenatide b.id. to exenatide
q-w. resulted in reductions in HbAlc, FPG and the incidence
of self-reported hypoglycemia, and improvement of B-cell func-
tion and treatment satisfaction in patients with type 2 diabetes.
These findings will be useful for selecting optimal treatment for
individuals with type 2 diabetes.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Figure S1 | Changes in (a) fasting plasma glucose (FPG), (b) glycated albumin (GA) and (c) 1,5-anhydro-D-glucitol (1,5-AG) dur-
ing the study. *P < 0.05 and **P < 0.01 versus baseline (week 0). Note that blood sampling at week 4, 8 and 16 was not restricted
to fasting.

Figure S2 | Change in incidence of hypoglycemia during study. *P < 0.05 and **P < 0.01 versus baseline (week 0).

Figure S3 | Changes in (a) serum amylase and (b) serum lipase during the study. *P < 0.05 and **P < 0.01 versus baseline
(week 0).

Table S1 | Changes in other parameters, treatment satisfaction (Diabetes Medication Satisfaction Questionnaire) and gastrointestinal
symptoms (Gastrointestinal Symptom Rating Score).

Table S2 | Comparison between participants in whom glycated hemoglobin improved by >0.5% and those in whom glycated
hemoglobin did not.

Table S3 | Twin-exenatide study investigators.
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