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Addition of Liraglutide to Insulin in
Patients With Type 1 Diabetes: A

Randomized Placebo-Controlled
Clinical Trial of 12 Weeks

Diabetes Care 2016;39:1027-1035 | DOI: 10.2337/dc15-1136

OBJECTIVE

To investigate whether addition of three different doses of liraglutide to insulin
in patients with type 1 diabetes (T1D) results in significant reduction in glycemia,
body weight, and insulin dose.

RESEARCH DESIGN AND METHODS

We randomized 72 patients (placebo = 18, liraglutide = 54) with T1D to receive
placebo and 0.6, 1.2, and 1.8 mg liraglutide daily for 12 weeks.

RESULTS

In the 1.2-mg and 1.8-mg groups, the mean weekly reduction in average blood
glucose was —0.55 + 0.11 mmol/L (10 = 2 mg/dL) and —0.55 *= 0.05 mmol/L
(10 = 1 mg/dL), respectively (P < 0.0001), while it remained unchanged in the
0.6-mg and placebo groups. In the 1.2-mg group, HbA, . fell significantly (—0.78 + 15%,
—8.5 = 1.6 mmol/mol, P < 0.01), while it did not in the 1.8-mg group (—0.42 =
0.15%, —4.6 = 1.6 mmol/mol, P=0.39) and 0.6-mg group (—0.26 = 0.17%, —2.8 +
1.9 mmol/mol, P =0.81) vs. the placebo group (—0.3 + 0.15%, —3.3 = 1.6 mmol/mol).
Glycemic variability was reduced by 5 = 1% (P < 0.01) in the 1.2-mg group only.
Total daily insulin dose fell significantly only in the 1.2-mg and 1.8-mg groups
(P < 0.05). There was a 5 * 1 kg weight loss in the two higher-dose groups (P < 0.05)
and by 2.7 = 0.6 kg (P < 0.01) in the 0.6-mg group vs. none in the placebo group.
In the 1.2- and 1.8-mg groups, postprandial plasma glucagon concentration fell
by 72 = 12% and 47 * 12%, respectively (P < 0.05). Liraglutide led to higher gastro-
intestinal adverse events (P < 0.05) and <1% increases (not significant) in percent
time spent in hypoglycemia (<55 mg/dL, 3.05 mmol/L).

CONCLUSIONS

Addition of 1.2 mg and 1.8 mg liraglutide to insulin over a 12-week period in
overweight and obese patients with T1D results in modest reductions of weekly
mean glucose levels with significant weight loss, small insulin dose reductions, and
frequent gastrointestinal side effects. These findings do not justify the use of
liraglutide in all patients with T1D.

Although the discovery of insulin dramatically transformed the clinical outcomes in
patients with type 1 diabetes (T1D), a relevant proportion of patients do not reach
their individual glycemic treatment targets and are thus vulnerable to microvascular
complications and excess mortality (1). This is in spite of the introduction of
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Liraglutide Treatment in Type 1 Diabetes

self-monitoring of blood glucose (BG)
and improved methods of insulin de-
livery like insulin pens and continuous
subcutaneous insulin infusion (CSIl) of
insulin through insulin pumps. Recent
observations suggest that the addition
of liraglutide to insulin improves glycemic
control significantly (2,3), as reflected in
the reduction of mean glucose concentra-
tions, glycemic excursions, and HbA;.. In
the first study, the patients already had
well-controlled diabetes (2), while the
second included those whose diabetes
was poorly controlled and who were
obese or overweight (3). In both studies,
the reduction of HbA;. was ~0.5% over a
period of 6 months. The changes in
glycemic control and the reduction in gly-
cemic variability occurred within the first
few days of the institution of liraglutide
treatment, as observed with continuous
glucose monitoring in the first study (2,3).
These retrospective studies also demon-
strated the effects of liraglutide on weight
loss (2,3) and the lowering of systolic
blood pressure (SBP) in obese or over-
weight (3). The third study was prospec-
tively randomized and demonstrated a
reduction in BG concentrations and
HbA,. over a period of just 4 weeks (4).
Nonrandomized studies from other
groups have also confirmed similar clin-
ical and metabolic benefits of glucagon-
like peptide 1 (GLP-1) receptor agonists
in T1D (4-7).

Based on our previous studies, we
have now conducted a prospectively
randomized study in patients with
T1D investigating the effects of three
different doses of liraglutide, using a
continuous glucose-monitoring system
(CGMS). This trial also investigated the
comparative effects of three doses of
liraglutide and placebo. We hypothe-
sized that treatment with liraglutide in
T1D would decrease overall mean glu-
cose, fasting and postprandial glucose
concentrations, and postprandial gluca-
gon and increase postprandial C-peptide
concentrations. In addition, we also in-
vestigated the effects of liraglutide on
SBP, insulin requirements, carbohydrate
intake, body weight, and plasma CRP
concentrations.

RESEARCH DESIGN AND METHODS

This study is a single-center randomized,
placebo-controlled, parallel-group, and
double-blind phase IV study conducted
from November 2012 to April 2014 at

the Diabetes and Endocrinology Center
of Western New York at University at Buf-
falo. The local institutional review board
approved the study protocol. All patients
provided written informed consent.

Patients were eligible for enrollment
in the trial if they were adults 18-75
years of age with T1D, had fasting
C-peptide <0.1 nmol/L, were on insulin
therapy (via CSll [also known as insulin
pump]) or multiple (four or more) injec-
tions of insulin per day for >12 months
with or without a history of diabetic ke-
toacidosis, had HbA;. of =8.5% (69
mmol/mol), and were well versed with
carbohydrate counting. Exclusion crite-
ria were T1D for <12 months; coronary
event or procedure (myocardial infarc-
tion, unstable angina, coronary artery
bypass, surgery, or coronary angio-
plasty) in the previous 3 months; he-
patic disease (transaminase >3 times
normal) or cirrhosis; renal impairment
(serum creatinine >1.5 mg/dL); HIV or
hepatitis C—positive status; any other
life-threatening, noncardiac disease;
history of pancreatitis; history of gas-
troparesis; history of medullary thyroid
carcinoma or multiple endocrine neo-
plasia type 2 (MEN 2) syndrome; family
history of MEN 2, medullary thyroid
cancer, or familial medullary thyroid
cancer; pregnancy or of childbearing
potential without use of adequate con-
traception; participation in any other
concurrent clinical trial; use of an inves-
tigational agent or therapeutic regimen
within 30 days of study; and inability to
give informed consent.

Subjects who met the inclusion and
exclusion criteria were block random-
ized to receive subcutaneous injection
daily of liraglutide 0.6 mg (18 subjects),
1.2 mg (18 subjects), or 1.8 mg (18 sub-
jects) or placebo (18 subjects) for 12
weeks. The subjects, study coordinators
and investigators who were involved in
adjusting insulin and liraglutide doses
were blinded to the treatment. Liraglu-
tide and placebo administered via a pen
kit (obtained from Novo Nordisk Phar-
maceuticals) were indistinguishable
from each other. The effects of 0.6 mg
liraglutide were investigated, as our first
retrospective study suggested that this
dose when given in 14 patients with T1D
(mean BMI 24 kg/m?, HbA, of 6.6%) for
1 week significantly improved glycemia,
with reduced insulin doses within 24
and 48 h with reduction in glycemic
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variability by ~50% with only 0.5 kg
weight loss (2). It thus suggested that
this might benefit normal-weight pa-
tients with T1D and those who may
not tolerate higher doses of the drug.

All subjects were instructed by the
study staff and certified diabetes educa-
tor in the dosing and administration of
the study medication. They were seen
by a registered dietitian who ensured
that they are well versed with their car-
bohydrate counting. They were advised
to monitor their capillary BG by finger-
stick before and 2 h after each meal and
to wear their CGMS constantly for 12
weeks. Meal challenge studies were car-
ried out at baseline and at the end of
the study. All patients were started on
0.6 mg of study drug per day to minimize
side effects, with subsequent titration
to 1.2 and 1.8 mg on a weekly basis until
they reached the maximal tolerated or
target dose. Prior to the initiation of
liraglutide, if the HbA,;. was =7.5%
(58 mmol/mol), then no reductions
were made in dose of insulin, while
if the HbA,. ranged from 7 to 7.5%
(53 to 58 mmol/mol) and was =7%
(53 mmol/mol) then the basal and pre-
prandial insulin doses were reduced by
10% and 25%, respectively. Patients were
seen every week for the first 4 weeks
after the initiation of study drug and
then every 2 weeks until the completion
of the study. Insulin doses were titrated
during study visits based on finger-stick
BG and CGMS to attain preprandial BG
concentrations between 4.9 and 6.6
mmol/L (90 and 120 mg/dL) and 2-h
postprandial <7.7 mmol/L (140 mg/dL).

Medication adherence was evaluated
by counting used pens. All patients were
blinded to their CGMS (Dexcom SEVEN
PLUS) including the patients who were
already using unblinded CGMS, as CGMS
use alone has been shown to improve
glycemic control (8). All patients were
provided sufficient training with CGMS
use during the trial period including
troubleshooting support. All patients
were allowed to see the CGMS reports
at the end of their visits.

Average weekly glucose, fasting glu-
cose, SD, and percent time spent in dif-
ferent glycemic thresholds were obtained
from CGMS. Insulin doses, carbohydrate
intake (in grams), and carbohydrate help-
ings (frequency of eating) were obtained
from insulin pump and patient food/
insulin dose/BG diaries for patients on
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CSll and multiple daily injections (MDI),
respectively. These parameters were
measured every week, while blood
pressure (average of three readings)
was measured manually in the fasting
state after 10 min in the sitting position
at study visits. SD in CGMS represents
the variability of BG concentrations. All
patients were instructed to document
total carbohydrate intake including cor-
rectional carbohydrates during hypo-
glycemia. The carbohydrate helpings
per day were calculated from number
of carbohydrate entries from the insulin
pump for patients on insulin pump and
from the food/insulin dose/BG log for
patients on MDI. The weekly average
carbohydrate intake in grams and fre-
guency were estimated every week
over a period of 12 weeks.

The primary end point of the study
was the difference from baseline in
mean weekly BG concentrations before
and after 12 weeks of treatment in each
of the liraglutide groups compared with
placebo. The difference in mean weekly
BG concentrations was calculated every
week during the 12 weeks of treatment.
The change in HbA;, insulin doses, per-
cent time spent in different glycemic
ranges (3.8-8.8, 8.8-13.3, 13.3-22.25,
3.05-3.88, and <3.05 mmol/L), SD
(measure of variability in BG concentra-
tions), body weight, SBP, carbohydrate
intake, and postprandial glucagon were
secondary end points.

Meal Challenge Test and Plasma
Measurements

Meal Challenge Test

In order to assess the postprandial
changes induced by liraglutide, a meal
challenge was carried out before starting
liraglutide or placebo and at the end of
the study period on days 0 and 84. We
used a 910-cal; high-fat, high-carbohydrate
meal, which we have used previously (9—
11). The ingestion of the meal was com-
pleted in 15 min. Insulin bolus was injected
subcutaneously immediately before the
meal based on the insulin-to-carbohydrate
ratio and correction factor for each indi-
vidual subject. Study subjects continued
to receive their basal insulin (unchanged
basal rates for patients on CSIl or long-
acting insulin at their usual time for pa-
tients on MDI). Liraglutide was omitted on
day 0 but was injected on day 84 (45 min
prior to the meal). Sequential blood sam-
ples were obtained at 0, 15, 30, 45, 60, 90,

120, 150, 180, 210, 240, and 300 min.
Blood sample was collected from an in-
dwelling intravenous cannula in a superfi-
cial forearm vein.

Plasma Measurements

HbA;. was measured at Quest Diagnos-
tics by immunoturbidimetric assay.
ELISAs were used to measure total GLP-1,
gastrointestinal polypeptide (GIP) (EMD
Millipore, Billerica, MA), and glucagon
(R&D Systems, Minneapolis, MN). CRP
was measured using ELISA assay (Amer-
ican Diagnostica, Inc., Stamford, CT).
Free fatty acid (FFA) levels were mea-
sured by a colorimetric assay (Wako
Chemicals, Richmond, VA).

Statistical Methods
There are no previous randomized studies
that have examined the effect of liraglu-
tide on mean weekly BG concentrations
in subjects with T1D. With a conservative
estimate of a difference in mean weekly
BG concentrations of 20 mg/dL before
and after treatment with liraglutide (clin-
ically significant difference based on our
preliminary study [2]), a sample size of 15
patients per treatment group should pro-
vide adequate power (3 =0.2) to detect a
significant difference (a = 0.05), provided
the SD of the residuals is not >25. Thus,
60 subjects will be needed for the study.
Sample size was increased by 20% to 72
to compensate for potential dropout.
Data are presented as mean = SEM.
Final analysis was done based on the
intention-to-treat principle. One-way
ANOVA was used to compare baseline
characteristics (Table 1) of all four
groups (three liraglutide groups and
one placebo group). Student t test was
used to compare the change in mean
weekly BG concentrations, HbA;., per-
cent time spent in different glycemic
thresholds, insulin doses, body weight,
BMI, carbohydrate intake, and blood
pressure in liraglutide groups compared
with placebo. ANOVA was used to com-
pare changes in postprandial glucose
and glucagon between groups. Student
t test was used to compare changes in
area under the curve (AUC) in postpran-
dial glucose and glucagon in liraglutide
groups compared with placebo. x? test
was used to test difference in propor-
tions and frequency of gastrointestinal
adverse events and hypoglycemic epi-
sodes. Changes in these end points
were calculated by averaging the differ-
ences in weekly average values from
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baseline. Pearson correlation was used
to test relationships among variables.
All end points were normally distrib-
uted. A Pvalue of <0.05 was considered
significant. SPSS software (SPSS, Chi-
cago, IL) was used for analysis.

RESULTS

Sixty-three subjects of the 72 random-
ized patients completed the study
(12.5% dropout rate) (Fig. 1). These pa-
tients were recruited between 2 No-
vember 2012 and 5 January 2014, with
follow-up until April 2014. Baseline
characteristics of study subjects are pre-
sented in Table 1. All the groups had
similar age, BMI, and glycemic control.
The total and basal insulin doses were
higherin the 1.2-mg liraglutide group by
23-25 units compared with the placebo
and 1.8-mg liraglutide groups (P < 0.05
for both). All patients had a history of at
least one episode of diabetic ketoacidosis.
Approximately 80% and 20% of random-
ized patients were on CSIl with insulin
pumps and MDI, respectively (Fig. 1).

Effect of Liraglutide on Glycemic
Control
In the 1.2-mg and 1.8-mg groups, the
mean weekly reduction in average BG
concentrations (primary end point) was
—0.55 + 0.11 mmol/L (10 = 2 mg/dL) and
—0.55 £ 0.05 mmol/L (10 £ 1 mg/dL),
respectively (P < 0.0001), while it re-
mained unchanged in the 0.6-mg and
placebo groups (Table 2). The change in
average glucose was —0.01 = 0.11
(P =0.51) and 0.04 = 0 mmol/L in the
0.6-mg and placebo groups, respectively.
HbA, fell by 0.78 = 0.15% (—8.5 *
1.6 mmol/mol) in the 1.2-mg group
(from 7.84 = 0.17% [62 = 2 mmol/mol]
to 7.06 * 0.15% [54 * 1.6 mmol/mol];
P < 0.0001) and by 0.42 = 15% (4.6 = 1.6
mmol/mol) in the 1.8-mg group (from
7.41 * 0.15% [57 = 1.6 mmol/mol]
to 6.99 * 0.15% [53 * 1.6 mmol/mol];
P = 0.001). HbA;. fell by 0.26 = 0.17%
(2.8 = 1.9 mmol/mol; P = 0.81) in the
0.6-mg group and by 0.3 = 0.15%
(3.3 = 1.6 mmol/mol) in the placebo
group. Only the decline in the 1.2-mg
group was statistically significant com-
pared with placebo (Table 2). The change
in HbA;. was related to baseline HbA,. in
the 1.2-mg and 1.8-mg groups (r = 0.55,
P = 0.052, for 1.2 mg, and r = 0.56,
P=0.03, for 1.8 mg) but not to change
in BMI (r=0.26, P=0.39, for 1.2 mg, and
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T1D for at least one year on insulin therapy
No detectable C-peptide in plasma

GAD Antibodies: 43% Positive; 57% Negative
80%: CSII; 20%: MDI

Mean HbAlc: 7.57+0.09%

Mean Body Weight: 83+2.0 Kg

Mean BMI: 291 kg/m?

Mean Age: 44+2 years

Mean Age of T1D Diagnosis: 201 years

96% Caucasian, 3% African American, 1% Asian
56% Females, 44% Males

0000000000

81 patients assessed for
eligibility

A 4

criteria)

9 ineligible
»| (Did not meet
inclusion

72 randomized

l

)

18 assigned
Placebo

v

! |

3

18 assigned 18 assigned
Liraglutide: 0.6 mg

Liraglutide 1.2 mg

18 assigned
Liraglutide 1.8 mg

v v

v

1 Withdrew Consent

3 Withdrew Consent
1 Dropped after one week due
to nausea

1 Dropped after one week due
to nausea; 1 dropped within one
week due to nausea & diarrhea

2 Dropped within one week

A

17 Included in
Final Analysis

)

due to nausea

3 Tolerated only 0.6 mg &
included in analysis based on

1 Tolerated only 0.6 mg &
included in analysis based on

ITT ITT
14 Included in 16 Included in 16 Included in
Final Analysis Final Analysis Final Analysis

\ Figure 1—Trial profile. ITT, intention-to-treat principle.

r=0.31, P=0.27, for 1.8 mg). Basal and
bolus insulin doses fell in both 1.2-mg
and 1.8-mg groups. Change in HbA;,
was related to change in bolus (r =
0.50, P = 0.008) and total insulin doses
(r=0.52, P=0.005). Change in HbA,. was
not related to sex.

The glycemic variability (SD of CGM
readings) fell by 0.23 = 0.04 mmol/L
(4 = 1 mg/dL) (P < 0.01) in the 1.2-mg
group, while it remained unchanged in
other liraglutide and placebo groups.
Percent time spent in hyperglycemia
(8.8-13.3 mmol/L, i.e., 160-240 mg/dL)
decreased in both the 1.2- and 1.8-mg
groups by 3-4% (P < 0.001 for both).
Percent time spent in hyperglycemia
(13.3-22.25 mmol/L, i.e., 240-400 mg/dL)
decreased by 2% (P < 0.05) and 3%
(P < 0.001), respectively, in the 1.2-mg
and 1.8-mg liraglutide groups. Percent
time spent in glycemic threshold (3.8—
8.8 mmol/L, i.e., 70-160 mg/dL) in-
creased by 1% (P < 0.05) in the 0.6-mg
group and by ~5% (P < 0.001) in the 1.8-
mg group. Percent time spent in different
glycemic thresholds was unchanged in
the placebo group. All liraglutide groups
had =1% increase in time spent in hypo-
glycemia (<3.8 mmol/L, i.e., 70 mg/dL,
and <3.05 mmol/L, i.e., 55 mg/dL),

equivalent to 10 min to 2 h per week.
The incidence of hypoglycemia based
on self-monitoring of blood glucose
(SMBG) readings was essentially un-
changed. There was no severe hypogly-
cemic episode requiring hospitalization
or urgent medical attention in the pla-
cebo or liraglutide-treated groups. There
were no changes in C-peptide concentra-
tions in any groups.

Effect of Liraglutide on Carbohydrate
Intake and Body Weight

The total daily carbohydrate intake fell
by 30% (~47 g) in the 1.2-mg and 1.8-mg
groups. This effect occurred within the first
week (decrease by 34 g in both groups)
and continued to the end of the study.
The frequency of carbohydrate helpings
was reduced in the 1.2-mg and 1.8-mg
groups from 3.5 + 0.3t0 2.6 = 0.3 meals
perday, P <0.001, and from 3.3 = 0.3 to
2.9 = 0.3, P < 0.01, respectively.

Mean body weight in the 1.2-mg and
1.8-mg groupsfellby 5 * 1kg (96 = 4 kg
to91 = 4kgand 83 + 4kgto 78 £ 5kg,
respectively, P < 0.001 for both). The
reduction in body weight was most im-
pressive (3.63 kg in the 1.2-mg group
and 2.27 kg in the 1.8-mg group) in
the first 2 weeks after the initiation of

liraglutide treatment. There was a fur-
ther fall of 1.37 kg in the 1.2-mg and
2.53 kg in the 1.8-mg groups thereafter
over 10 weeks. In the 0.6-mg group,
there was a reduction in mean body
weight by 3 kg (80 = 4 to 77 *+ 4 kg,
P = 0.006). Of subjects treated with
liraglutide, 89% lost weight. There was
no weight loss in the placebo group.

Effect of Liraglutide on Blood
Pressure, FFAs, and CRP
There was a fall in SBP by 3 = 1 mmHg
(P < 0.05) in the 1.8-mg group only. The
change in blood pressure was unrelated
to weight loss (r = 0.247, P = 0.376). Fast-
ing plasma FFA fell significantly in the
1.8-mg group from 0.55 * 0.07 to 0.45 =
0.05 mmol/L (P < 0.05) (Tables 1 and 2).
CRP concentrations fell significantly
by 15 = 6% (from 3.01 £ 0.92 to
2.53 £ 0.83 g/L, P < 0.05) in the liraglu-
tide 1.2-mg group and by 19 * 8% (from
3.53 +0.67t02.57 = 0.52 g/L, P < 0.05)
in the liraglutide 1.8-mg group (Tables 1
and 2), with no changes in other groups.

Effect of Liraglutide on Glucose

and Glucagon Excursion After

a Mixed Meal

The increase in plasma glucagon concen-
trations after a high-fat, high-carbohydrate


http://care.diabetesjournals.org

Diabetes Care Volume 39, June 2016

Liraglutide Treatment in Type 1 Diabetes

1032

"SBHWW OQT 03 ZTT WoJj dgs Ul ||e}

01 8uimo oz Aep 1e Sw 0g 01 pue 95 Aep 1e Sw g€ woJ) Sw Q9T 03 PIJdNPa. SEM UBLIES|BA JO 9SOP 3y1 Jualied aAIsusjowlou auo ul ‘dnous Sw-9°Q 8yl uj "dgs Ul ||e) B JO 9snedaq paanpaJ J9x20|g-¢g pue Jolqiyul 30y
J0 s9sop ay3 pey osje dnous siy3 ul s303[qns aAIsualadAy umoud om] “SHWW QOT > 03 d9S Ul ||e} B JO 9snedaq s3nJp ay3 o asop ay3 aanpau Jo dois 03 pey uo13da304d |euads 4oy siouqiyul 30y Sujel dnoad Sw-g'T ul
$393[qNns aAISUSI0WIOU OM] 1 "UOSLIedwWO 104 3533 X (b (3531 7 paJied) dnous ulyum suljaseq Yum paledwod 38ueyd 104 G0°0 > dy "34Nssaid poojq 1[03selp ‘daq "PIIedIpul ISIMIYIO SS3|UN IS F Sueaw aJe ejeq

S0'0> S00> IO +61°0 = 96°0— +ST'0 ¥ 8V'0— ST'0 * TT0— 170 * ¥1°0— (1/8) d¥d
S00> 880 ¥5°0 +€0°0 = T'0— 200 ¥ 200 ¥0'0 & S0°0 €00 = €00 (1/1oww) v44
S0'0> S00>  LTO «TT & 8€ +ET & 6€ A== 44 8 * 01— (w/8d) di9
LT0 7o 750 «V F €T S¥L (A== L¥S (1/1owd) T-d19
990 8€'0 LS0 9T 6 6 F 9— =i €FS (1/8u) uosean|o
€V°0 810 790 TFT T30 EFXTI— rA==1] 91ed as|nd
€500  ¥EO 750 LO0FO0T— ¥'0 ¥ T0— 040 ¥ S0 S0F 60 (BHww) daa
S0'0> 680 L0°0 «TT ¥ €€— 0T FST— TT*0¢€— L'0F S0— +(8Hww) das
000> T00> SO00> +€0F ST— xS0 F LT— 0 F TT— 70 F 10— W/3) IINg
1000> T00> S00> «L'0 F 81— «CT F06— %90 F L'T— S0 F €0— (%) y81om Apog
1000> 1000> +T°0 10 ¥ ¥0— +€0 F 60— T0 ¥ €0— 90 ¥ 00 (Aep Jad sjeaw) s3uid|ay a1e4pAyoq.ed Ajieq
1000> 1000> 100> «9T F v'9r— +9C ¥ 9'Ly— STFLET— 9T F VET— (8) aeaus 1epAyoque)
160 680 980 9T/91T 9T/91T vI/vT LT/9T (Ip/8w 0£-SS) 1/IoWw 88°€-S0'E
S8°0 wo 9.0 9T/€T 9T/91 vT/€T LT/¥T (Ip/3w 58) 1/loww 50>
lbsiuanied jo
Jsquinu |ejol/elwadA|3odAy yum siuaned jo ssquiny
vL°0 S8°0 19'0 () eLv/Le () 9zv/ve (£) sev/se (s) 6117/12 (1p/3w 0£-SS) 1/l1owiw 88°'€-50'€
S9°0 780 L0 (¢) eLv/vt (v) 9zv/1t (s) sev/1t (€) 611/¥T (1p/8w §5) 1/joww 50>
[b(% @douspidul) s3uipeal
DGIAIS JO Jaquinu [e1o1/elwadA|SodAy jo saposid]
000> S00> 00T S0 F SE— 60FT'C— 90 F 80 L0 80 (1p/3w 00v—0vT) 1/IoWw G2 2Z—€ €T
100°0> T000> €TI0 +G°0 F 8'€— +L'0F G€E— 90F S0 S0 ¥ 90— (1p/8w 0¥Z—09T) 1/IoWW €'€T-8'8
100> 6I0 S00> 80 F 87 LOF LT 80 F T'T— 90 F ¥'T (1p/3w 09T-0£) T1/loWwW 8°8-8"€
100°0> T1000> 100> TOFTT YOFCT €0FTO 0¥ 01— (Ip/3w 0£-SS) 1/IoWw 88°€-S0'E
000> T00> 100> TOFET €0F0T €0F L0 70 ¥ 20— (1p/8w 58) 1/loww 50>
(SINDD) suoieiuaduod og 1e Juads awil %
100°0> T1000> /80 +€0 ¥ T8— 90 F T'9— SO0F ¥I— 0¥ ST— (smun) asop uijnsul snjog
100°0> T000> 100> €0F LT— ¥'0 ¥ €9— €E0F ¥I— 70 F %0 (suun) asop uljnsuj |eseg
100°0> T1000> 9.0 %S0 ¥ 0°0T— «L'0 F TCT— L0F 87— L0F 6T— (snun) asop ulnsul |ejo|
€10 100> S90 (TF2) v00 = ¢10— (T = ¥)¥0'0 * €C0— (0 = 1) €00 * 00— (T ¥ 0)¥0'0 = ¢0'0— (1p/3w) 1/joww ‘(SINDD) s 8s0an|9
6€0 T00> T80 (9T F9¥—)ST0Fev0— «(9TF58—)ST0F8L0— (6TF8C—)LT0F920— (9T *€€—)ST0F€0— (low/joww) % “TyaH
1000> T1000> IS0 «(T ¥ 0T) S0°0 ¥ S5°0— «(C ¥ 0T) IT°0 ¥ 50— (6'T +8T°0) IT'0 * T0'0— (0 F2L£0)0 =00 (SW92) (1p/3w) 1/joww ‘9s0dn|3 S3eI9nY
8wgr SBwzrt Swop Sw g1 Sw g1 3w 90 ogaoe|d

(ogaoeyd *sa) 4

sy9am T Jano aguey)

SUO1JBIJUIDUOD YD PUe ‘Y44 ‘uobeonib ‘ainssaid poolq ‘asop uinsul ‘ybiam Apoq ‘1043uod d1wadA16 uo Juswiyeal) apunibedy] Jo 30943 —2 dlqel



care.diabetesjournals.org

meal was reduced in patients taking
1.2 mg and 1.8 mg liraglutide (Fig. 2A and
Supplementary Fig. 1A) at 12 weeks: the
AUC of glucagon was lowered by 47 = 12%
and 72 £ 12% in the 1.2 mg and 1.8 mg
groups, respectively, and thus was dose
dependent (P < 0.05 for both compared
with baseline) (Fig. 2B and Supplementary
Fig. 1A). This was associated with lower
glucose excursion by 21 * 8% at 12 weeks
in the 1.8-mg liraglutide group (AUC from
67 £5t052 £5g*5h*dL™%, P=0.017)
(Fig. 2C and D and Supplementary Fig. 1B),
which was also significantly lower com-
pared with change in the placebo group
(Fig. 2D).

Adverse Effects

The cumulative incidence of nausea was
65% (35 of 54) (P =0.001) in the liraglu-
tide groups vs. 17% (3 of 18) in placebo.
Eleven patients in the 0.6-mg group; 10

>

in the 1.2-mg group, 9 in the 1.8-mg
group, and 3 in the placebo group com-
plained of transient nausea. Self-reported
moderate nausea was reported for
the first 2-5 days after the initiation of
liraglutide and then for another 2-4
days at the time of escalation of the
dose. These patients reported having ei-
ther mild nausea or intermittent nausea
during the remaining study duration.
The dropout rate resulting from nausea
was 9% (5 of 54) in all liraglutide groups,
and the breakdown in each group is
shown in Fig. 1 (Trial profile). One pa-
tient in the 1.2-mg group had to drop
out owing to both nausea and diarrhea
for 1 week. One patient each in the pla-
cebo and 0.6-mg groups reported one
episode of vomiting, while two patients
in 1.2-mg and 1.8-mg group reported
two episodes of vomiting. Of 16 patients

B

Kuhadiya and Associates

in the 1.2-mg group, 6 (37.5%) reported
appetite suppression vs. 8 of 16 (50%)
patients in the 1.8-mg group and none in
the placebo group.

CONCLUSIONS

Our data show that after liraglutide, gly-
cemic control improved rapidly, and this
improvement persisted until the end of
study in the groups given 1.2 and 1.8 mg
liraglutide. This improvement was re-
flected in the reduction of mean glucose
concentration in both higher-dose lira-
glutide groups, with reduction in glyce-
mic variability only in the 1.2-mg group
over the duration of the study. Percent
time spent in hyperglycemia (>8.8
mmol/L, i.e., 160 mg/dL) decreased sig-
nificantly in the 1.2- and 1.8-mg groups
in association with a reduction in the
dose of total and prandial insulin. There
was an increase of 1% in hypoglycemia
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Figure 2—Change in glucagon concentrations after meal challenge before and after 12 weeks of liraglutide or placebo treatments (A) and AUC for
glucagon change at 12 weeks compared with O weeks in all groups (B) in patients with T1D. *P < 0.05 compared with 0 weeks. Change in glucose
concentrations after meal challenge before and after 12 weeks of liraglutide or placebo treatments (C) and AUC for glucose change at 12 weeks (W)
compared with 0 weeks in all groups (D) in patients with T1D. *P < 0.05 compared with 0 weeks. hr, hours; PP, postprandial.
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(both <3.05 mmol/L, i.e., 55 mg/dl, and
<3.8 mmol/L, i.e., 70 mg/dL) in the 1.2-
and 1.8-mg groups. There was higher in-
cidence of mild gastrointestinal adverse
events. There was no significant change
in any of these indices in patients treated
with the placebo or on 0.6 mg liraglutide.
Over the period of 12 weeks, HbA;.
fell significantly from baseline in the
1.2- and 1.8-mg groups. However, the
decrease in the group on 1.8 mg was
not significantly different from that in
the placebo group. It is not clear why
the magnitude of the fall in HbA;. was
greater in the 1.2-mg group than that
in the 1.8-mg group. It is possible
that the higher baseline HbA,. in the
1.2-mg group may have contributed to
this, since the magnitude of change in
HbA,. was shown to be related to base-
line HbA1.. This difference is intriguing,
since other indices changed either
equally or more in the group taking
1.8 mg liraglutide. It is possible that a
12-week study is not sufficient to stabilize
HbA,. levels. Furthermore, the reduc-
tion of 0.42% (4.6 mmol/mol) in HbA;,
in the 1.8-mg group was obtained in
combination with 5 kg weight loss
and a reduction in the insulin dose by
10 units (21%), while the body weight
and insulin dose remain unchanged in
the placebo group. Although the 1.2-mg
group was heavier than the 1.8-mg
group by 13 kg, the change in HbA;.
was not related to change in BMI. Large
and longer-duration randomized clinical
trials in overweight and obese patients
with T1D with similar baseline body
weight, insulin dose, and HbA1. will clar-
ify the heterogeneous HbA;. response
with two higher-dose liraglutide groups.
In addition, there was a reduction in
body weight of 5 kg in the 1.2- and 1.8-mg
groups in 12 weeks. Protein, fat, and to-
tal calorie intake were not measured,
and this is a limitation of our study. Few
patients may not have documented cor-
rectional carbohydrates consumed dur-
ing hypoglycemia, but this will be true
for all groups, and therefore bias result-
ing from this is likely to be small. How-
ever, they were asked to record their
daily carbohydrate intake, which fell by
47 g in the 1.2-mg and 1.8-mg groups.
In the absence of B-cell function,
there are three likely mechanisms that
contribute to improved glycemia in
these patients. Firstly, there was a reduc-
tion in the magnitude of postprandial

increase of glucagon by 72% after 1.8 mg
liraglutide and 47% after the 1.2-mg
dose, consistent with the effect seen in
patients with type 2 diabetes (12). Sec-
ondly, the reduction in carbohydrate
intake by nearly one-third associated
with appetite suppression induced by
liraglutide contributed to the glycemic
control. Thirdly, there may be an insulin-
sensitizing effect, which has recently been
shown to occur in patients with T1D after
the administration of exenatide, a GLP-1
receptor agonist (7), especially in associa-
tion with weight loss.

There was a significant reduction in
SBP in spite of an adequate blood pres-
sure control at baseline. A mean reduc-
tion of 3 mm in the 1.8-mg liraglutide
group occurred in spite of the reduction
in the dose of ACE inhibitors and
B-blockers in some patients. The fall in
SBP is consistent with our original obser-
vation of such an effect with exenatide
in type 2 diabetes (13) and with our re-
cently published data on liraglutide in
obese patients with T1D (3). It is impor-
tant that this effect is not related to
weight loss. It is possible that this effect
is due to a direct action on the vasculature.

A recent 12-week randomized study
in normal-weight patients with T1D
with 1.2 mg liraglutide and a 24-week
randomized study from the same group
in overweight and obese patients with
poorly controlled T1D with 1.8 mg lira-
glutide demonstrated significant reduc-
tion in body weight and insulin dose
without any additional effect on HbA,.
compared with placebo (14,15). The lat-
ter study also demonstrated reduction
in hypoglycemic events (15). Novo Nor-
disk has withdrawn their intent to seek a
regulatory indication for the use of lira-
glutide in T1D in view of no additional
difference in HbA; in two large phase-3
trials despite weight loss and reduced
insulin doses (16). Considering the
above in light of the results seen in
our study, further research should be
directed toward overweight and obese
patients with T1D with a composite pri-
mary end point of change in HbA;,,
body weight, insulin dose, and possible
reduction in hypoglycemia and also
weigh the expense of the additional
therapeutic intervention against these
benefits. Whether patients newly diag-
nosed with T1D and/or patients with
T1D with detectable C-peptide are
more likely to benefit is also of interest.
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Our study has some limitations. High
frequency of gastrointestinal adverse ef-
fects can easily unmask who was likely to
be on liraglutide. But this would be true
for any randomized study of liraglutide
with placebo or other comparator group
that does not have gastrointestinal side
effects. This is a single-center study
with a relatively small sample size of
only 72 patients randomized to four dif-
ferent groups for a short duration of
12 weeks, which is not sufficient for
HbA ;. to stabilize to a new level. Never-
theless, it clearly shows that while the
two higher doses have beneficial ef-
fects, the lowest dose of 0.6 mg is not
likely to be effective in in patients with
T1D. One of the strengths of our study
is that we used CGM throughout the
entire duration of the trial for 12 weeks.
This allowed us to capture ~1% in-
crease in percent time spent in hypo-
glycemia (both <3.05 mmol/L, i.e.,
55 mg/dL, and <3.8 mmol/L, i.e.,
70 mg/dL) in the 1.2- and 1.8-mg
liraglutide groups despite unchanged
incidence of hypoglycemia based on
SMBG.

In conclusion, the two higher doses of
liraglutide are effective in improving
various indices of glycemic control, re-
ducing postprandial glucagon increase,
total insulin dose, carbohydrate intake,
and body weight. Our study paves the
way for larger multicenter clinical trials
over longer periods in overweight and
obese patients with T1D to establish
the durability and consistency of effects
of liraglutide in T1D.
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