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Clinical Trial

Effects of the Once-Weekly Glucagon-Like Peptide-1
Receptor Agonist Dulaglutide on Ambulatory Blood Pressure
and Heart Rate in Patients With Type 2 Diabetes Mellitus

Keith C. Ferdinand, William B. White, David A. Calhoun, Eva M. Lonn, Philip T. Sager,
Rocco Brunelle, Honghua H. Jiang, Rebecca J. Threlkeld, Kenneth E. Robertson, Mary Jane Geiger

Abstract—Glucagon-like peptide-1 receptor agonists, used to treat type 2 diabetes mellitus, are associated with
small reductions in systolic blood pressure (SBP) and increases in heart rate. However, findings based on clinic
measurements do not adequately assess a drug’s 24-hour pharmacodynamic profile. The effects of dulaglutide, a
once-weekly glucagon-like peptide-1 receptor agonist, on BP and heart rate were investigated using ambulatory BP
monitoring. Patients (n=755; 56+10 years; 81% white; 48% women), with type 2 diabetes mellitus, taking >1 oral
antihyperglycemic medication, with a clinic BP between 90/60 and 140/90 mm Hg were randomized to dulaglutide
(1.5 or 0.75 mg) or placebo subcutaneously for 26 weeks. Ambulatory BP monitoring was performed at baseline and
at 4, 16, and 26 weeks. The primary end point was change from baseline to week 16 in mean 24-hour SBP, a tree
gatekeeping strategy compared the effects of dulaglutide to placebo. Both doses of dulaglutide were noninferior to
placebo for changes in 24-hour SBP and diastolic blood pressure, and dulaglutide 1.5 mg significantly reduced SBP
(least squares mean difference [95% confidence interval]), —2.8 mm Hg [-4.6, —1.0]; P<0.001). Dulaglutide 0.75 mg
was noninferior to placebo (1.6 bpm; [0.3, 2.9]; P<0.02) for 24-hour heart rate (least squares mean difference [95%
confidence interval]), but dulaglutide 1.5 mg was not (2.8 bpm [1.5, 4.2]). Dulaglutide 1.5 mg was associated with a
reduction in 24-hour SBP and an increase in 24-hour heart rate. The mechanisms responsible for the observed effects
remain to be clarified. (Hypertension. 2014;64:731-737.) ® Online Data Supplement

Key Words: blood pressure monitoring, ambulatory B blood pressure B dulaglutide B glucagon-like peptide-1
B heart rate B hypertension B type 2 diabetes mellitus

lucagon-like peptide (GLP-1) is an incretin hormone that
stimulates insulin and suppresses glucagon secretion in
a glucose-dependent manner, inhibits gastric emptying, and
reduces appetite and food intake.! Native GLP-1 is short lived,
but longer acting GLP-1 receptor agonists that enhance the
incretin action and are effective in treating type 2 diabetes melli-
tus (T2DM) have been developed. Improvements in cardiovas-
cular risk factors (such as decreases in systolic blood pressure
[SBP] and body weight) have been reported with GLP-1 recep-
tor agonists.? These findings, which are independent of glyce-
mic effects, are important given that T2DM is associated with
an increased risk for cardiovascular complications.?
A reduction in SBP has been reported with the use of sev-
eral GLP-1 receptor agonists.” In the Liraglutide Effect and
Action in Diabetes (1-6) studies, which compared the effects

of the once-daily GLP-1 receptor agonist liraglutide with
other antidiabetic therapies, liraglutide reduced SBP by 2 to
6 mmHg.” In a post hoc analysis of pooled data from 6 trials,
patients treated with twice-daily exenatide had a significant 2.8
mm Hg reduction in mean SBP when compared with placebo
(P<0.0002) and a 3.7 mm Hg reduction compared with insulin
therapy (P<0.0001).* Neither drug had an effect on diastolic
blood pressure (DBP),>* but a small (2-4 bpm) increase in
heart rate (HR) has been observed with liraglutide and with a
once-weekly formulation of exenatide.? However, these studies
relied on clinic BP measurements, which may not accurately
represent overall blood pressure values. Potentially useful data
on hemodynamic effects, such as baseline hypertension sta-
tus; use and changes in concomitant antihypertensive medica-
tions, hypertensive adverse events (AEs), and the timing of BP

Received January 13, 2014; first decision February 3, 2014; revision accepted June 13, 2014.

From the Tulane University School of Medicine, New Orleans, LA (K.C.F.); Calhoun Cardiology Center, University of Connecticut School of Medicine,
Farmington (W.B.W.); University of Alabama at Birmingham (D.A.C.); McMaster University, Hamilton, Ontario, Canada (E.M.L.); Sager Consulting, San
Francisco, CA (P.T.S.); B2S Consulting, Carmel, IN (R.B.); and Lilly Diabetes, Eli Lilly and Company, Indianapolis, IN (H.H.J., R.J.T., K.ER., M.J.G.).

Current address for M.J.G.: Regeneron Pharmaceuticals, Inc, Tarrytown, NY.

This trial is registered at ClinicalTrials.gov with trial identifier NCT01149421 (http://www.clinicaltrials.gov.).

The online-only Data Supplement is available with this article at http://hyper.ahajournals.org/lookup/suppl/doi:10.1161/HYPERTENSIONAHA.
114.03062/-/DC1.

Correspondence to Keith C. Ferdinand, Tulane University School of Medicine, 1430 Tulane Ave, SL-48 New Orleans, LA 70112. E-mail
kferdina@tulane.edu

© 2014 American Heart Association, Inc.

Hypertension is available at http://hyper.ahajournals.org DOI: 10.1161/HYPERTENSIONAHA.114.03062

Downloaded from http://hyper.ahajournals.org/ azgpiversity of Otago Library on September 11, 2014


http://hyper.ahajournals.org/lookup/suppl/doi:10.1161/HYPERTENSIONAHA.114.03062/-/DC1
http://www.clinicaltrials.gov
http://hyper.ahajournals.org/lookup/suppl/doi:10.1161/HYPERTENSIONAHA.114.03062/-/DC1
http://hyper.ahajournals.org/lookup/suppl/doi:10.1161/HYPERTENSIONAHA.114.03062/-/DC1
mailto:kferdina@tulane.edu
http://hyper.ahajournals.org/

732 Hypertension October 2014

measurements in relation to dosing, were not reported. Despite
these omissions, it has become widely accepted that GLP-1
receptor agonists reduce SBP.

Dulaglutide is a once-weekly GLP-1 receptor agonist
that significantly improves glycemic control in patients with
T2DM?’¢ and has been shown to reduce body weight in many
subjects.® The present study (NCTO01149421) investigated the
effects of dulaglutide on BP and HR during 26 weeks using
24-hour ambulatory blood pressure monitoring (ABPM) in
patients with T2DM.

Methods
Study Design

The study was a randomized, double-blind, multicenter, placebo-con-
trolled, 26-week trial designed to evaluate the effects of dulaglutide
when compared with placebo on BP and HR in patients with T2DM
with or without hypertension and BP<140/90 mm Hg. After a 2-week
placebo screening and run-in period, eligible patients were randomly
assigned using a computer-generated random sequence to injectable
placebo or 1.5 or 0.75 mg of dulaglutide (1:1:1) once weekly for 26
weeks and followed up for an additional 4-week off-therapy. Study
visits occurred approximately every 4 weeks through 16 weeks,
and then at 26 weeks with interim phone follow-up. Randomization
was stratified by site and hypertension status (previous diagnosis
and the use of antihypertensive medications or a new diagnosis if
SBP>130 mmHg or DBP >80 mmHg on >2 separate days’ versus
normotensive).

Population

Patients were recruited from 76 centers in Argentina, Brazil, Canada,
Czech Republic, Denmark, India, Puerto Rico, and the United States.
Men and women =18 years of age with T2DM, a glycated hemoglobin
Alc 27.0% and £9.5%, on 21 oral antihyperglycemic medication for
>1 month (=3 months if taking a thiazolidinedione), body mass index >23
kg/m?, and a stable body weight (5% for >3 months), were included.
Mean seated BP was required to be between >90/60 and <140/90
mm Hg, and patients with hypertension had to be taking <3 classes of
antihypertensive medications (same regimen, =1 month). Exclusion
criteria were a recent (<3 months) major cardiovascular event, mean
seated HR<60 or >100 bpm, history of tachyarrhythmia, pancreatitis,
clinically significant hepatic disease, renal impairment (estimated glo-
merular filtration rate <30 mL/min per 1.73 m?), and the use of any
GLP-1 receptor agonist (past 3 months), any dipeptidyl peptidase-4
inhibitor (past 2 weeks), or insulin. Night or rotating shift workers,
pregnant or nursing women, and women of childbearing potential not
using approved means of contraception were also excluded. Baseline
oral antihyperglycemic medications were continued on study. Dose
adjustments were allowed for glycemic management although thia-
zolidinedione doses could only be decreased; insulin initiation after
randomization was permitted. No changes in antihypertensive therapy
were allowed. If adjustments to the antihypertensive regimen were
required, patients were discontinued from the study.

All patients provided written informed consent before initiation
of study procedures. The ethics committees or institutional review
boards of all participating sites approved the protocol. The trial was
conducted in compliance with Good Clinical Practice guidelines and
the ethical principles stated in the Declaration of Helsinki.

BP and HR Monitoring Assessments

Clinic BP and HR measurements were taken in triplicate after the
patient was seated for 5 minutes using an automated digital BP
recorder (Omron HEM 907 XL). The mean of the last 2 clinic read-
ings at screening determined study eligibility; the mean of 3 readings
was used for subsequent analyses. Every effort was made to ensure
whether the clinic BP readings were taken before any procedures,
including venipuncture.

Ambulatory BP measurements were obtained with the SpaceLabs
90207 monitor (SpaceLabs, Inc). All sites were trained and certified
in selection of correct BP cuff size and use of the monitoring equip-
ment. ABPM was performed during screening (baseline) and at 4,
16, and 26 weeks. Recordings were obtained 2 to 4 days after injec-
tion of study drug (the anticipated ¢ __for dulaglutide).>® BP and HR
were measured every 20 minutes between 0700 and 2200 hours and
every 30 minutes between 2200 and 0700 hours. ABPM recordings
were defined as valid with >22.75 hours of monitoring and 80% valid
readings. If these criteria were not satisfied, the patient was asked
to repeat the procedure, preferably within 24 hours. If the repeat re-
cordings did not satisfy validation criteria, the data were considered
nonevaluable. Measurements were blinded after monitor calibration.

Patients discontinued from the study if (1) SBP>160 mmHg or
DBP>100 mmHg was confirmed on repeat evaluation in 1 week or
(2) SBP 2140 and <160 mmHg or DBP >90 and <100 mmHg was
confirmed on 22 days’ within 1 month that required additional anti-
hypertensive therapy in the opinion of the investigator.

Additional Assessments

Additional safety measures included AEs, clinical laboratory data,
physical examination findings, electrocardiographic data, and weight
measurements (using a calibrated electronic scale according to the
WHO STEPwise approach http://www.who.int/chp/steps/manual/
en/index3.html). Aldosterone, plasma renin activity, metanephrines
and normetanephrines, high-sensitivity C-reactive protein, and
N-terminal pro—brain natriuretic peptide values were parameters of
special interest.

Statistical Analyses

The primary objective was to demonstrate that the changes from
baseline in mean 24-hour SBP of patients treated with dulaglutide
1.5 mg and 0.75 mg were noninferior to changes in patients treated
with placebo at 16 weeks. The 16-week time point was chosen to
minimize any effect of weight reduction on BP. A sequential tree
gatekeeping strategy was used to control the family-wise type 1 error
rate.® Simultaneous noninferiority tests of dulaglutide 1.5 mg and
0.75 mg versus placebo were conducted with a multiplicity adjusted
1-sided a of 0.0135. If noninferiority between dulaglutide and pla-
cebo was achieved, then superiority testing was performed. The same
strategy was implemented for analyses of mean 24-hour DBP and HR
changes from baseline. Other measures were not adjusted for multi-
plicity and were conducted at a 2-sided a level of 0.05. The primary
analysis used a mixed model repeated measure analysis based on the
intent-to-treat population with pooled site, treatment, visit, treatment
by visit interaction, and stratification variable (diagnosis of hyperten-
sion) as fixed effects and baseline mean 24-hour SBP as a covariate.
Mixed model repeated measure analysis is a likelihood-based method
to handle missing data (early discontinuation). Similar mixed model
repeated measure models were implemented to analyze DBP, HR,
pulse pressure, diurnal (0800-2100) and nocturnal (0000-0600) data,
body weight, and glycated hemoglobin Alc. Categorical variables
were analyzed with Pearson % test or Fisher exact test. Prespecified
subgroup analyses were conducted for baseline categorization of age
group (<65 and =65 years) and 24-hour ABPM SBP <130 mmHg and
DBP <80 mmHg (yes or no).

A post hoc correlation analysis was completed for the effect of
weight on 24-hour mean SBP; in addition, post hoc subgroup analy-
ses were conducted for the effect of use versus nonuse of angiotensin-
converting enzyme inhibitors and angiotensin receptor blockers, use
or nonuse of f-blockers, and use or nonuse of diuretics, and renin
inhibitors, on mean 24-hour SBP, DBP, and HR.

All statistical analyses were performed using SAS version 8.2 or
higher. Assuming a SD of 10 mm Hg® for the mean change from base-
line on 24-hour SBP, a 10% dropout rate, and no true treatment dif-
ference with a multiplicity adjusted 1-sided o of 0.0135, 693 patients
would provide 80% power to demonstrate that dulaglutide 1.5 mg and
0.75 mg were noninferior to placebo using a noninferiority margin of
3 mmHg. This sample size also provided =80% power to demonstrate
that dulaglutide 1.5 mg and 0.75 mg were noninferior to placebo on
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mean 24-hour DBP and HR changes from baseline using noninferior-
ity margins of 2.5 mmHg (assuming a SD of 8 mmHg)’ and 3 bpm
(assuming a SD of 9 bpm),'? respectively.

Results

Baseline Characteristics

A total of 755 patients were randomized; 87% and 83% com-
pleted 16 and 26 weeks of study, respectively (Figure S1 in
the online-only Data Supplement). The treatment groups were
similar at baseline, except for duration of diabetes mellitus
and history of cardiovascular disease (Table S1). Treatment
compliance was >94% overall. Six patients discontinued
because of hypertension (placebo, 4; dulaglutide 1.5 mg, 2).
Baseline characteristics were similar between patients who
completed the study and those who discontinued before 26
weeks (Table S2).

Changes in 24-hour Blood Pressure

The effects of dulaglutide and placebo on ambulatory BP at 4,
16, and 26 weeks are shown in the Table. The changes from
baseline in 24-hour SBP and 24-hour DBP for each dose of
dulaglutide were noninferior to placebo at 16 and 26 weeks.
Dulaglutide 1.5 mg significantly reduced mean 24-hour SBP
at 16 and 26 weeks (Table) when compared with placebo.

Effects of Dulaglutide on Ambulatory BP and HR 733

The circadian profile demonstrated a persistent decrease in
24-hour SBP with dulaglutide 1.5 mg at 16 weeks (Figure 1).
Between-group comparisons for mean changes from base-
line in diurnal (0800-2100) and nocturnal (0000-0600) SBP
showed dulaglutide 1.5 mg significantly reduced daytime
(Figure 2A) and nighttime SBP when compared with placebo.
No significant-group differences were observed for diurnal
or nocturnal DBP (Figure 2B). Reductions in mean 24-hour
and diurnal and nocturnal pulse pressures were observed in
patients treated with dulaglutide when compared with placebo
(Figure 2C).

Findings by Age, Baseline BP, and Body Weight

No differences with regard to age (<65 and =65 years) were
observed relative to treatment effects on mean 24-hour SBP
or DBP (interaction P value, 0.271 and 0.555, respectively).
When mean baseline 24-hour ABPM was dichotomized into
BP<130/80 versus >130/80 mm Hg, there was no subgroup by
treatment interaction effect (interaction P values, 0.290 and
0.777, respectively).

At 16 weeks, body weight (least squares mean+SE)
was reduced —1.8+0.2 kg in the dulaglutide 1.5 mg group
and -0.8+0.2 kg in the 0.75 mg group when compared
with —0.1+0.2 kg in the placebo group (P<0.005 for each

Table. Baseline and Changes from Baseline in ABPM and HR
Dulaglutide 1.5 mg (n=251) Dulaglutide 0.75 mg (n=254) Placebo (n=250)

ABPM Variable Baseline and Changes  LSM Difference vs Placebo (Cl)  Baseline and Changes  LSM Difference vs Placebo (Cl)  Baseline and Changes
24-h SBP, mmHg

Baseline mean (SD) 130.9+12.1 132.1+13.0 131.1£11.2

LSM A 4 wk (SE) -3.7+0.5 -1.9+0.5 —-0.3+0.5

LSM A 16 wk (SE) -3.4+0.6 -2.8(-4.6, -1.0)"t -1.7+0.6 -1.1(-2.8,0.7)* -0.6+0.6

LSM A 26 wk (SE) -25+0.6 —2.7 (-4.5,-0.8)"f -1.6+0.6 —1.7 (=35, 0.1)* 0.2+0.6
24-h DBP, mmHg

Baseline mean (SD) 76.3+8.4 76.6+8.4 76.0+7.8

LSM A 4 wk (SE) -0.2+0.3 0.3+0.3 -0.1+0.3

LSM A 16 wk (SE) —-0.2+0.4 0.3(-0.8, 1.4)* -0.1+0.4 0.4 (-0.7,1.5)* -0.6+0.4

LSM A 26 wk (SE) 0.3+0.4 0.5(-0.7, 1.7)* —0.1+0.4 0.2 (-1.0, 1.3)* —0.2+0.4
24-h HR, bpm

Baseline mean (SD) 79.9+10.8 79.0+9.8 79.9+10.0

LSM A 4 wk (SE) 4.6+0.4 2.7+0.4 0.3+0.4

LSM A 16 wk (SE) 3.7£05 28(1.5,4.2) 2.5+0.4 1.6(0.3,2.9)8 0.9+0.4

LSM A 26 wk (SE) 42+05 3.5(2.1,4.9) 1.9+0.5 1.3(-0.1,2.6)§ 0.7+0.5
24-h PP, mmHg

Baseline mean (SD) 54.6+9.6 55.4+10.6 55.2+9.6

LSM A 4 wk (SE) -3.5+0.3 -2.2+0.3 -0.2+0.3

LSM A 16 wk (SE) -3.1+0.4 -3.1 (4.0, =2.1)|| ~1.6+0.4 -1.6 (-2.5, -0.6) | 0.0+0.4

LSM A 26 wk (SE) -2.6+0.4 =31 (-4.1,=-2.1)| -1.5+0.4 -2.0(-3.0,-1.0)|| 0.5+0.4

Baseline data are presented as mean+SD, A is change from baseline. Changes from baseline data are presented as LSM+SE. ABPM indicates ambulatory blood
pressure monitoring; Cl, confidence interval, DBP, diastolic blood pressure; HR, heart rate; LSM, least squares mean; PP, pulse pressure; and SBP, systolic blood

pressure.
Noninferiority test: 1-sided «=0.0135: *P<0.001, §°<0.02.
Superiority test: 1-sided «=0.0135, 1P<0.001, £P=0.002.
Pairwise Pvalue based on 95% CI without multiplicity adjustment: || P<0.001.
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—+— Dulaglutide 1.5 mg, n=251
Dulaglutide 0.75 mg, n=254
Placebo, n=250

comparison). A post hoc analysis found no correlation at 16
weeks between change in mean 24-hour SBP and change in
body weight (*=0.09, r’= 0.04, and *=0.00 for dulaglutide
1.5 mg, 0.75 mg, and placebo, respectively).

Changes in 24-Hour HR

The effects of dulaglutide and placebo on ambulatory HR are
shown in the Table. Treatment comparisons of the changes
from baseline in mean 24-hour HR showed that only dulaglu-
tide 0.75 mg was noninferior to placebo at 16 and 26 weeks.
A least squares mean increase in HR of 3 to 4 bpm versus
placebo was observed with dulaglutide 1.5 mg. Similarly,
small increases in diurnal and nocturnal HR were seen with
dulaglutide 1.5 mg when compared with placebo (Figure 2D).

Nocturnal SBP Diurnal PP

16

>

Diurnal SEP
Week
26

4 26 4

4

16

PP Change from Baseline (mm Hg) O

SBP Change from Baseline (mm Hg)

2 4 Diurnal DBP Nocturnal DBP D Diurnal HR
4 16 26 4 16 26 77 4 16 26
14
T T 6 4
o T ﬁ
1 I .

DBP Change from Baseline (mm Hg) 00

HR Change from Baseline (bpm)

Time of Day or Night

Treatment comparisons between dulaglutide 0.75 mg and
placebo were significant at all time points during the noc-
turnal period but only at 4 weeks during the diurnal period
(Figure 2D). At 16 weeks, no correlation was observed
between change in mean 24-hour SBP and change in HR
(r*=0.01, r*=0.00, and r*=0.04 for dulaglutide 1.5 mg, 0.75
mg, and placebo, respectively).

Findings by Baseline Antihypertensive Agent

A post hoc subgroup analysis demonstrated no subgroup by
treatment interaction effect on mean 24-hour SBP, DBP, or
HR in patients taking or not taking: angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers (SBP:
P=0.684; DBP: P=0.279; HR: P=0.966), beta blockers

Nocturnal PP
26

T

16

Figure 2. Effects of dulaglutide and placebo on
diurnal and nocturnal ambulatory systolic blood
pressure (SBP; A), diastolic blood pressure (DBP;
B), pulse pressure (PP; C), and heart rate (HR; D).
Least squares mean values with SE are shown in
each graph. *Statistically significant differences
(P<0.05) from placebo, tStatistically significant
differences (P<0.05) from once-weekly dulaglutide
0.75 mg.

Nocturnal HR
6

4 16 2
]Z
'
|
T TTTT

I Dulaglutide 1.5 mg
Dulaglutide 0.75 mg
Placebo
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(SBP: P=0.518; DBP: P=0.870; HR: P=0.622), or diuretics
and/or renin inhibitors (SBP: P=0.517; DBP: P=0.707; HR:
P=0.150).

Cardiovascular Biomarkers and

Glycemic Control

No significant changes from baseline were observed within
or between the dulaglutide and placebo groups for serum
aldosterone, plasma renin activity, plasma metanephrines
and normetanephrines, or N-terminal pro-brain natriuretic
peptide. There were no correlations between changes in
24-hour SBP and these analytes at 16 weeks. Changes from
baseline in high-sensitivity C-reactive protein levels at 16
weeks were —0.98, —0.08, and 0.62 mg/L for dulaglutide 1.5
mg (P<0.001 versus placebo), dulaglutide 0.75 mg, and pla-
cebo, respectively. The mean (SD) glycated hemoglobin Alc
at baseline was 7.9+0.8% for all treatment groups combined.
Glycated hemoglobin Alc was reduced —1.1£0.1% and
—1.0%=0.1% in the dulaglutide 1.5 mg and 0.75 mg groups
at 16 weeks, respectively, when compared with —0.1+0.1%
in the placebo group (least squares mean+SE; P<0.001 each
comparison).

Adverse Events

The percentage of patients reporting =1 AE was similar across
groups (61.4%—-64.8%). The most frequently reported AEs
were gastrointestinal and included (dulaglutide 1.5 mg, 0.75
mg, and placebo, respectively) diarrhea (12.4%, 9.1%, and
7.6%), nausea (13.5%, 7.1%, and 6.0%), and vomiting (7.6%,
4.3%, and 4.0%). There were 9 AEs (dulaglutide 1.5 mg, 0.75
mg, placebo, respectively) of hypertension (3, 1, and 5), 2 AEs
of BP increase (0, 1, and 1), 1 event of labile hypertension (0,
1, and 0), and 3 events of sinus tachycardia/tachycardia (2, 1,
and 0), no reports of pancreatitis, and no deaths. There were
no differences in overall or cardiac SAEs.

Discussion

This prospective, randomized clinical study used ABPM to
assess the effects of an investigational once-weekly GLP-1
receptor agonist, dulaglutide, on BP and HR in patients with
T2DM during 26 weeks of treatment. Enrollment was strati-
fied for diagnosis of hypertension and, when present, hyper-
tension was required to be controlled (BP value between
90/60 and 140/90, taking 3 or fewer antihypertensive medi-
cations). Dulaglutide doses of 1.5 mg and 0.75 mg, the same
doses tested in phase 3 efficacy and safety trials, were shown
to be noninferior to placebo for reductions in mean 24-hour
SBP and DBP. Dulaglutide 1.5 mg also significantly reduced
mean 24-hour SBP by =3 mmHg, an effect that persisted
throughout the 26-week treatment period. The lowering in
SBP was evident at 4 weeks, the earliest time point mea-
sured, and a time when dulaglutide concentrations were
at steady state. Consistent with these findings, a reduction
in mean 24-hour pulse pressure was observed in patients
treated with dulaglutide.

In a single-dose study in healthy subjects,” dose-
dependent increases in clinic DBP were reported at dula-
glutide doses ranging from 3 to 12 mg, but no effects on
clinic BP were observed in subsequent studies in patients

Effects of Dulaglutide on Ambulatory BP and HR 735

with T2DM.%!2 Nevertheless, more recent analyses of
phase 3 data from other GLP-1 receptor agonists suggest
that these agents may lower clinic SBP.> This ABPM trial
using repeated 24-hour data may provide the most defini-
tive evidence to date about the effects of a GLP-1 recep-
tor agonist on BP, providing a full characterization of the
diurnal and nocturnal effects in patients with T2DM and
controlled blood pressure.

The mechanism(s) of action by which GLP-1 or GLP-1
receptor agonists may affect BP remain uncertain. In rodents,
GLP-1-mediated increases in HR and BP seem to involve
both central and peripheral nervous system pathways,
require intact vagus nerve transmission, and may involve
vasopressin release.”*™> GLP-1 and its degradation product
GLP-1, ; may cause vasodilation through GLP-1 receptor-
dependent and independent pathways.'!” GLP-1 may act on
the kidney and affect BP, based on diuretic and natriuretic
effects observed in rats and humans.'®*?> Recently, Kim et
al?® showed that activation of GLP-1 receptors expressed
in the cardiac atria of rodents promotes secretion of atrial
natriuretic peptide, resulting in a reduction in blood pres-
sure. In the present study, the potential modulation of BP
effects through the renin—angiotensin—aldosterone system
and neurohormonal mechanisms was investigated. No sig-
nificant changes in serum aldosterone, plasma renin activity,
plasma metanephrines and normetanephrines, or N-terminal
pro—brain natriuretic peptide were observed, suggesting that
these mechanisms are not involved although the frequency
of these measures may not have been sufficiently sensitive.
Weight reduction has been shown to lead to BP lowering.?*%
Although in the current study no significant correlations
were found between weight loss and ambulatory BP, the
effect of weight loss cannot be entirely dismissed as a poten-
tial mechanism.

Another key finding of this study is that dulaglutide is asso-
ciated with small increases (2—4 bpm) in HR, as reported in
previous studies and with other GLP-1 receptor agonists.>>%!!
These changes persisted throughout the 24 hours. Whether
this small increase in HR is in response to the reduction in
BP, or is the result of other mechanisms, remains to be inves-
tigated. These effects may be mediated by direct actions of
GLP-1 receptor agonists on the heart, sympathetic mecha-
nisms, or both.? The clinical relevance of a small increase in
HR in patients with T2DM, that remains within the normal
accepted range, is not known.

Perspectives

In this study, we showed that dulaglutide 1.5 mg resulted in
a 2 to 3 mm Hg reduction in SBP, and a 3 to 4 bpm increase
in 24-hour HR in patients with T2DM. These findings were
evident by 4 weeks and persisted throughout 26 weeks. No
major AEs were reported that might be associated with the
observed changes. Given the heightened concerns about the
cardiac safety of new antidiabetic drugs, the effect of dula-
glutide on blood pressure is in the desired direction. The
clinical significance of the increase in HR remains unknown.
The ongoing Researching Cardiovascular Events with a
Weekly INcretin in Diabetes (REWIND) trial?’ is evaluating
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the effects of dulaglutide 1.5 mg on the risk of major cardio-
vascular events.

Study Oversight

Eli Lilly and Company provided study drug and trial
oversight. I3 Inventiv coordinated data management and
performed statistical analysis under sponsor supervi-
sion (H.H.J.), with independent confirmation by Phase V
(Marcia Testa; Ralph Turner; Max Su). M.J.G., K.E.R.,
R.B., and R.J.T. (sponsor) and K.C.F., D.A.C., and E.XM.L.
(investigators) wrote the protocol with approval by all
study investigators. K.C.F.,, W.W., P.S., M.J.G., K.E.R.,
R.J.T., and S.S. wrote the article, with full access to the
final data. All authors provided final review and approval.
K.C.F, M.J.G., K.E.R., and H.H.J. assume responsibility
for data integrity, accuracy, and completeness. All authors
contributed to the study by acquisition of study data and its
analysis and interpretation, and all attest that the study was
performed in accordance with the protocol and the statisti-
cal analysis plan.
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Novelty and Significance

What Is New?
This was a large, randomized placebo-controlled ambulatory blood
pressure monitoring study designed to assess the effects of dulaglutide,
a glucagon-like peptide-1 receptor agonist, on blood pressure and heart
rate.

What Is Relevant?

Both doses of dulaglutide were noninferior to placebo for changes in
24-hour systolic and diastolic blood pressure, and dulaglutide 1.5 mg

significantly reduced systolic blood pressure (P<0.001). The 0.75-mg
dose was noninferior to placebo for 24-hour heart rate. Dulaglutide 1.5
mg was associated with a small increase in 24-hour heart rate.

Summary
Dulaglutide did not adversely affect blood pressure and may have
some benefit. The relevance of a small increase in mean heart rate,
while likely not detrimental, remains to be determined.
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Study Oversight

The sponsor (Eli Lilly and Company) provided funding, study drug, study oversight, trial
level safety reviews, and coordinated data management by I3 Inventiv. Statistical
analysis was performed by I3 Inventiv under sponsor supervision (HHJ), with
independent confirmation by Phase V Technologies (Marcia Testa; Ralph Turner; Max
Su). The sponsor (MJG; KER; RB; RJT) and study investigators (KCF; DAC; EML)
authored the protocol with approval by study investigators. The manuscript outline, first
and subsequent drafts were written by KCF, WW, PS, MJG, KER, RJT, and S. Strobel,
with full access to the final study data. All authors provided final review and approval of
the final version for submission and publication. KCF, MJG, KER and HHT assume
responsibility for data integrity, accuracy, and completeness. All authors contributed to
the study by acquisition of study data and/or its analysis and interpretation, and all attest
that the study was performed in accordance with the protocol and the statistical analysis
plan.
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Table S1. Baseline Demographics and Characteristics

Baseline Characteristics E:uzlggllutide 1.5mg r[])ijzlgglutide 0.75mg Elzazcsg 0 L(;t?a;S
Age,y 56.0+10.1 57.1+10.2 56.4+10.5 56.5+10.3
Female, % 48.2 48.4 47.6 48.1
Race, % white 80.1 80.3 81.2 80.5
Ethnicity, % Hispanic 37.8 39.8 36.4 38.0
BMI, kg/m? 32.8+5.7 32.6+5.9 33.5£6.5 33.0+6.0
HbAlc, % 7.9+0.8 7.9+0.7 7.940.8 7.9+0.8
Diabetes duration*, y 7.6£5.3 9.0+£6.4 8.4+5.8 8.3+5.9
Hypertension, % 66.9 68.1 66.4 67.2
Dyslipidemia, % 57.4 54.3 59.6 57.1
History of CVD', % 11.2 7.9 52 8.1
Serum creatinine, mg/dL 0.86 0.86 0.86 N/A
Creatinine clearance (according to
the Cockcroft-Gault method) 120.3+42.3 117.9437.5 123.3+45.3 N/A
mL/min
Creatinine clearance (according to

89.4+18.2 88.4+17.6 89.0+18.0 N/A

CKD-EPI equation), mL/min

Seated clinic measurements at baseline
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SBP, mm Hg 126.7+£12.4 127.4+12.8 126.8+13.7 127.0+13.0

DBP, mm Hg 76.0+8.6 75.8+8.8 76.1£9.2 76.0+10.3

HR, bpm 74.5+10.8 73.749.3 74.9+10.6 74.4+10.3
Antihypertensive agents, %°*

ACE inhibitors 62.3 60.8 61.8 61.6

ARBs 24.0 30.4 28.7 27.7

Diuretics 33.7 38.1 27.5 33.2

Beta blockers 234 19.9 19.7 21.0

Calcium channel blockers 223 19.3 19.1 20.2

Other’ 4.0 22 3.9 3.4

Antihypertensive Class, %

1 Class 48.0 49.7 55.1 50.9

2 Classes 34.9 29.8 30.3 31.7

3 Classes 16.6 20.4 13.5 16.9
Oral antihyperglycemic medications, %

Metformin 91.2 93.7 93.2 92.7

Sulfonylureas or glinides 61.4 583 61.6 60.4

Thiazolidinediones 10.8 15.8 12.4 13.0

Other 3.2 2.0 2.0 2.4
Aspirin, % 27.5 31.5 31.2 30.1
Lipid-lowering agents®, % 518 48 8 56.0 520
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All data are mean = SD unless otherwise noted; ACE = angiotensin-converting enzyme; ARBs = angiotensin II receptor blockers;
BMI = body mass index; bpm = beats per minute; CVD = cardiovascular disease; DBP = diastolic blood pressure;
HbA 1c = glycosylated hemoglobin; HR = heart rate; N/A = not available; SBP = systolic blood pressure; y=years.

*Duration of diabetes was significantly different across treatment groups (P=0.029). "History of CVD was defined as having at least
one of the following: myocardial infarction, coronary revascularization, hospitalization for unstable angina or heart failure, stroke or
transient ischemic attack, peripheral arterial disease, lower extremity or carotid artery revascularization, or documented coronary
artery disease; * Percentage based on patients receiving antihypertensive therapy, dulaglutide 1.5 mg/wk (n=175), dulaglutide 0.75
mg/wk (n=181), placebo (n=178), total (n=534); *Other antihypertensive medications included antiadrenergic agents and direct renin
inhibitors; 'Other oral antihyperglycemic medications included alpha-glucosidase inhibitors and DPP-IV inhibitors; “Lipid-lowering
agents included HMG-CoA reductase inhibitors, fibrates, niacin, bile acid sequestrants, and cholesterol absorption inhibitors.
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Table S2. Baseline Demographics and Characteristics of Non-Completers and Completers

Non-Completers Completers

Dula Dula Dula Dula
1.5mg 0.75 mg Placebo Total 15mg 0.75 mg Placebo  Total

Baseline Characteristics

oE2 =29 n=44 n=125 =109 nopps - N=206  n=630

Age,y 56.4 53.8 57.2 56.1 55.8 57.5 56.3 56.6
Female, % 42.3 51.7 523 48.0 49.7 48.0 46.6 48.1
Race, % white 71.2 72.4 90.9 78.4 82.4 81.3 79.1 81.0
Ethnicity, % Hispanic 28.8 27.6 43.2 33.6 40.2 41.3 35.0 38.9
BMI, kg/m? 33.1 32.0 34.2 33.2 32.7 32.6 33.4 32.9
HbAlc, % 7.8 7.8 8.0 7.9 8.0 7.9 7.9 7.9
Diabetes duration, y 7.8 9.4 7.7 8.2 7.6 8.9 8.5 8.4
Seated clinic measurements at baseline

SBP, mm Hg 128.4 128.7 128.9 128.6 126.3 127.3 126.4 126.7

DBP, mm Hg 77.4 76.4 78.6 77.6 75.6 75.7 75.6 75.6

HR, bpm 76.1 75.2 74.9 75.5 74.1 73.5 74.9 74.2
Mean 24-hr ABPM measurements at baseline

Mean 24-hr SBP, mm Hg 133.0 130.5 133.9 132.7 130.3 132.3 130.5 131.1

Mean 24-hr DBP, mm Hg 77.7 76.2 78.6 77.7 75.9 76.7 75.4 76.0

Mean 24-hr HR, bpm 81.7 79.4 80.5 80.7 79.4 79.0 79.8 79.4

ABPM = ambulatory blood pressure monitoring; BMI = body mass index; bpm = beats per minute; DBP = diastolic blood pressure;
Dula = dulaglutide HbAlc = glycosylated hemoglobin; HR = heart rate; SBP = systolic blood pressure; y=years.
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Figure S1. Patient disposition.

Discontinued Study
n =252
AE:
Subject decision:
Lost to follow-up:
Protocol Violation:
Other:

Screened Excluded
N = 1497 n=742
Entry criteria not met: 678
> Subject decision: 42
Sponsor decision; 9
Physician decision; 8
AE: 2
8 Lost to follow-up: 3
Randomized 1:1:1
N =755
! \
Dulaglutide 0.75 mg Placebo
n =254 n =250
Discontinued Study Discontinued Study
n=29 n=44
22 AE: 6 AE: 1
20 » Subject decision: 12 » Subject decision: 13
2 Lost to follow-up: 4 Lost to follow-up: 5
2 Protocol Violation: 2 Protocol Violation: 6
6 Other: 5 Other: 9
Y b
Analyzed 16 weeks Analyzed 16 weeks
n=231 n=216
Y A
Analyzed 26 weeks Analyzed 26 weeks
n=225 n =206

AE = adverse event.
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