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Abstract: The purpose of this review is to provide a review of current data of the most recently 

approved glucagon-like peptide (GLP)-1-receptor agonist, dulaglutide, in the treatment of type 2 

diabetes. To complete this, a PubMed search was performed to identify manuscripts published 

from 1947 to July 2015. The search terms “Trulicity”, “dulaglutide”, and “LY2189265” were 

utilized, and publications were included if they evaluated the pharmacology, pharmacokinet-

ics, efficacy, safety, or patient-reported outcomes of dulaglutide. Dulaglutide is a GLP-1 

receptor agonist that mimics endogenous GLP-1, the hormone produced in response to food 

intake. Modifications have been made to the molecule to delay breakdown and allow for 

once-weekly dosing. Dulaglutide has been studied as monotherapy and in combination with 

several agents, including metformin, glimepiride, pioglitazone, and insulin lispro. Dulaglutide 

has demonstrated superior efficacy compared to placebo, metformin, insulin glargine, sitaglip-

tin, and twice-daily exenatide. It was found to be noninferior to liraglutide. The most common 

adverse effects in clinical studies were gastrointestinal-related adverse events, and patient 

satisfaction was high with the use of dulaglutide. Dulaglutide is an appealing option for the 

treatment of type 2 diabetes, based on its once-weekly dosing, A1c lowering comparable to 

liraglutide, weight reduction comparable to exenatide, and a similar adverse-effect profile to 

other GLP-1 receptor agonists.
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Introduction
Diabetes continues to be a national and global epidemic. Approximately 387 million 

people worldwide have diabetes, and this number is expected to increase to 592 million 

people by 2035.1 The prevalence of diabetes in the US has also been steadily rising. 

Currently, 29.1 million Americans have diabetes, and at the current pace, one in three 

American adults will have diabetes in their lifetime.2

Type 2 diabetes (T2D) is a progressive disease characterized by insulin resistance 

and progressive β-cell dysfunction, leading to worsening glycemic control over time, 

which can ultimately lead to micro- or macrovascular complications.3 Diabetes con-

tinues to be a leading cause of death in the US, and contributes significantly to car-

diovascular disease, kidney disease, retinopathy, blindness, peripheral neuropathy, and 

amputations.2 The costs associated with diabetes and its complications are staggering. 

Total costs were estimated at $245 billion in the US in 2012.2 The progressive nature 

of the disease, growing prevalence, substantial risk for complications, and escalating 

costs provide clear necessity for effective, safe, and durable treatment options for 

glycemic control.
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Current and emerging treatments 
for managing type 2 diabetes
Lifestyle modifications, including weight loss, dietary 

changes, and increased physical activity, remain crucial to 

achieving and sustaining glycemic control and reducing the 

risk of long-term complications. However, the vast majority 

of patients with T2D require medications in addition to life-

style modifications to achieve sustained glycemic control.2

Significant therapeutic advances have been made in the 

pharmacological management of hyperglycemia in patients 

with T2D. For many years, the treatment of T2D was limited 

to sulfonylureas, metformin, and thiazolidinediones. Insulin 

was commonly reserved for use in the late stages of the 

disease. Today, significantly more is known about the multiple 

pathophysiologic defects of T2D, and as many as 14 classes of 

T2D medications are available, making the treatment decision-

making process increasingly complex.3,4 In many patients, 

effective glycemic control requires multiple drugs used in 

combination to correct multiple pathophysiologic defects.3

Current treatment recommendations by both the American 

Diabetes Association and the American Association of Clini-

cal Endocrinologists promote a patient-centered approach 

that takes into consideration the efficacy of the drug as well 

as the pharmacological action, effect on weight, tolerability, 

and long-term safety.4–8 Both treatment-recommendation 

algorithms promote early lifestyle management and met-

formin, and quickly progress to combination therapy through 

individualized decision making.

Metformin remains the cornerstone of T2D therapy, pro-

viding good reductions in A1c, low incidence of hypoglyce-

mia, and mild weight loss. The UKPDS study demonstrated 

that in overweight individuals, early, intensive glycemic con-

trol with metformin reduced the risk of any-diabetes related 

end point, myocardial infarction, and death from any cause, 

and this benefit persisted for 10 years of posttrial follow-up.9 

Metformin is oral and inexpensive, which are also important 

advantages for this first-line option.

Sulfonylureas remain viable options for T2D and pro-

vide effective A1c-lowering effects. These agents are oral, 

taken once or twice daily, and are remarkably inexpensive. 

However, they do increase the risk of hypoglycemia and 

cause weight gain. While thiazolidinediones offer several 

advantages, including effective A1c lowering, oral once-daily 

administration, and low cost, the multitude of safety concerns 

have led to a decline in their use. Safety and tolerability 

concerns include weight gain, edema, reduced bone mineral 

density, increased risk of heart failure, fractures, and bladder 

cancer.10 Basal insulin offers several advantages, including 

the ability to titrate the dose to individual patient needs. 

Basal insulin can also be delivered via a pen device either 

once or twice daily. Although all insulin agents increase the 

risk of hypoglycemia and weight gain, the hypoglycemia risk 

is much lower with basal insulin compared to premixed or 

neutral protamine Hagedorn insulin.10

More recent additions to the T2D-treatment arma-

mentarium include glucagon-like peptide-1-receptor 

agonists (GLP-1 RAs), Dipeptidyl peptidase-4 (DPP4) 

inhibitors, and sodium–glucose cotransporter (SGLT2) 

inhibitors. Unfortunately, despite the expansion of treatment 

options, achieving glycemic control targets remains elusive 

for many patients. 

Recent evidence from the National Health and Nutrition 

Evaluation Survey shows that even with medication therapy, 

only about half of patients with diabetes achieve a target 

A1c ,7%.11 Barriers to achieving glucose control include 

factors beyond drug efficacy, such as adherence, cost, fear of 

hypoglycemia, weight gain, and clinical inertia. Therefore, 

in addition to good A1c-lowering effects, there are several 

additional factors to consider for emerging therapies in 

T2D, including ease of administration, convenient dosing 

frequency, effect on weight, tolerability, risk of hypogly-

cemia, effects on cardiovascular outcomes, and long-term 

safety concerns. 

Recent evidence from mandated cardiovascular safety 

studies has provided significant insight into the cardiovas-

cular effects of certain novel agents. To date, these studies 

have demonstrated overall cardiovascular safety of the DPP4 

inhibitors sitagliptin,12 saxagliptin,13 and alogliptin.14 Of note, 

saxagliptin led to an increased risk of hospitalization for heart 

failure.13 The ELIXA study demonstrated the cardiovascular 

safety of the GLP-1 RA lixisenatide.15 Studies examining the 

cardiovascular safety of other GLP-1 inhibitors are under way. 

Specifically, the REWIND study is looking at the safety of 

dulaglutide in over 9,000 patients with T2D.16 In addition, 

recent evidence suggests that certain novel agents, such as 

DPP4 inhibitors when compared to sulfonylureas17 and the 

SGLT-2 inhibitor empagliflozin when compared to placebo,18 

reduce the risk of cardiovascular outcomes. Emerging evi-

dence also suggests that many of the newer agents achieve 

similar reductions in A1c compared to older therapies, but 

with neutral effects on weight or weight loss and with low 

rates of hypoglycemia. Results from one study suggest that 

patients are more adherent to treatment regimens that result in 

weight loss compared to those that result in weight gain.19

Issues related to weight and safety may explain the recent 

decline in use of some of the older T2D treatments. An audit 
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of ambulatory physician practices in the US showed declining 

use of sulfonylureas and thiazolidinediones and increasing use 

of DPP-4 inhibitors and GLP-1 RAs between 2005 and 2012. 

GLP-1 RAs, however, are still not being used frequently and 

accounted for only 4% of treatment visits in 2012.20 Their 

use may however gain momentum as we continue to learn 

more about their efficacy and long-term safety.

GLP-1 RAs have proven to be a major advancement in 

the treatment of T2D. Currently, there are five GLP-1 RAs 

approved for use in the US and six approved for use in the EU 

(Figure 1). As a class, these agents offer many advantages, 

including effective A1c lowering, weight loss, and low risk 

of hypoglycemia. Current research and guidelines support 

the use of GLP-1 RAs as a second-line option, in combi-

nation with metformin, sulfonylureas, thiazolidinediones, 

and/or in combination with basal insulin as an alternative to 

prandial insulin.6,7

There are, however, important within-class differences 

between the drugs. Head-to-head trials indicate differences 

in A1c lowering and rates of gastrointestinal (GI) adverse 

events.21 Administration requirements, dosing, and cost 

are also significantly different (Table 1).22–26 Considering 

the  heterogeneity of the class, each agent should be 

evaluated independently when making patient-specific 

treatment decisions. The purpose of this review is to provide 

an analysis of current data of the most recently approved 

GLP-1 RA, dulaglutide.

Pharmacology/mode of action
Dulaglutide is a GLP-1 RA that mimics endogenous GLP-

1, the hormone produced in response to food intake. GLP-1 

stimulates the secretion of insulin when glucose levels are 

elevated, resulting in a low risk of hypoglycemia. In addition, 

GLP-1 inhibits glucagon secretion and slows gastric empty-

ing. Due to the inhibition of appetite caused by GLP-1, it 

may promote weight loss.27 Endogenous GLP-1 is quickly 

inactivated by DPP4; however, dulaglutide and other GLP-1 

RAs are engineered to resist degradation by DPP4.28 Dula-

glutide consists of two GLP-1 analogues with identical amino 

acid sequences. These two amino acid sequences are 90% 

identical to endogenous GLP-1, with modifications made 

to resist inactivation.22 These GLP-1 analogues have also 

GLP-1 receptor agonists
SC administered exogenous peptide

direct interaction  with GLP-1 receptor
Pharmacologic concentrations of GLP-1 RA

Human GLP-1 based

Once weekly

Albiglutide
(Tanzeum®)

Liraglutide
(Victoza®)

Exenatide
extended-release

(Bydureon®)

Exenatide
(Byetta®)

Lixisenatide
(Lyxumia®)*

Dulaglutide
(Trulicity®)

Semaglutide
(in development)

Once daily Once weekly

Once or
 twice daily

Exendin-4 based

Figure 1 GLP-1-receptor agonists currently approved and in development.
Notes: *Not available in the US. Reproduced from Trujillo JM, Nuffer w. GLP-1 receptor agonists for type 2 diabetes mellitus: recent developments and emerging agents. 
Pharmacotherapy. 2014;34(11):1174–1186.21 with permission of John wiley and Sons. Copyright © 2014.
Abbreviations: GLP, glucagon-like peptide; SC, subcutaneously; RA, receptor agonist.
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been covalently linked by the constant fragment of human 

immunoglobulin class 4. This modification leads to less renal 

clearance because of the larger size of the molecule. Both of 

these changes increase the duration of action of dulaglutide, 

allowing for once-weekly administration.28

Pharmacokinetics
The pharmacokinetics of dulaglutide do not appear to differ 

in patients with and without diabetes, nor do they differ based 

on the site of administration.22 Steady-state concentrations 

of once-weekly subcutaneous dulaglutide will occur within 

2–4 weeks. The mean peak plasma concentration at a steady 

state is 114 ng/mL, which will occur in a time to maximum 

concentration of 24–72 hours (median 48 hours).22,27 The total 

systemic exposure (area under the curve) is 14,000 ng ⋅ h/mL. 

After a single subcutaneous dose of dulaglutide, bioavailabil-

ity for the 0.75 mg dose was 65% and for the 1.5 mg dose 

was 47%. Volume of distribution for the 0.75 mg dose was 

approximately 19.2 L and was 17.4 L for the 1.5 mg dose of 

dulaglutide. Dulaglutide is catabolized into amino acids by 

general protein breakdown, and it has an elimination half-life 

of 5 days.22,28 Although patients with renal dysfunction expe-

rience an increase in systemic exposure to dulaglutide, and 

patients with hepatic dysfunction experience a decrease in 

systemic exposure to dulaglutide, no dosing adjustments are 

recommended for patients with renal or hepatic dysfunction. 

No dosing adjustments are needed for other factors, such 

as age, sex, race, or weight. As dulaglutide delays gastric 

emptying, there is the potential for drug interactions with 

respect to the absorption of orally administered medications; 

however, no clinically relevant drug interactions have been 

identified in clinical studies.22

Efficacy
In general, early dulaglutide studies demonstrated the effi-

cacy of dulaglutide was dose-dependent, with increasing 

doses resulting in greater efficacy. One Phase I double-blind, 

placebo-controlled, crossover study examined escalating 

doses of dulaglutide 0.1, 0.3, 1, 3, 6, and 12 mg.27 Reductions 

in blood glucose were found to be significantly better than 

placebo when the dose of dulaglutide was 1 mg or greater. 

In another double-blind, placebo-controlled parallel-group 

study, patients received once-weekly doses of 0.05, 0.3, 1, 3, 

5, or 8 mg of subcutaneous dulaglutide.28 Significant reduc-

tions in fasting blood glucose were seen for the 0.05, 1, 3, 

5, and 8 mg doses, and significant reductions compared to 

placebo were seen in 2 hour postmeal glucose levels for all 

doses of 1 mg or more. 

The efficacy of dulaglutide was examined in overweight 

and obese patients by randomizing patients to either 16 

weeks of placebo, 16 weeks of dulaglutide 1 mg, 4 weeks 

of dulaglutide 0.5 mg followed by 12 weeks of dulaglutide 

Table 1 Comparison of GLP-1-receptor agonists

Drug Date of 
FDA  
approval

Dose SC 
administration

Delivery  
device

Storage Renal function 
considerations

Cost (30-day 
AWP),  
US$*,50

exenatide  
(Byetta®)

April 2005 5 μg ×1 month;  
then 10 μg if  
tolerated

Twice daily,  
30–60 minutes  
before meal

Multiuse pen  
(5 μg, 10 μg)

Active pen – room  
temperature;  
refrigerate others

CrCl 30–50 mL/ 
min: use caution 
CrCl ,30 mL/min: 
not recommended

$619.93

Liraglutide  
(victoza®)

January  
2010

0.6 mg ×1 week,  
1.2 mg ×1 week, 
then 1.8 mg if 
tolerated

Once daily Multiuse pen  
(three doses in  
one pen)

Active pen – room  
temperature;  
refrigerate others

None $769.18

exenatide XR 
(Bydureon®)

March  
2014

2 mg Once weekly Single-use pen  
(2 mg, requires  
reconstitution)

Refrigerate; or room 
temperature for  
28 days; room  
temperature 15 minutes 
before reconstitution

CrCl 30–50 mL/ 
min: use caution 
CrCl ,30 mL/min: 
not recommended

$610.22

Albiglutide  
(Tanzeum®)

April  
2014

30 mg, can  
increase to 50 mg

Once weekly Single-use pen  
(30 mg, 50 mg,  
requires 
reconstitution)

Refrigerate; or room 
temperature for  
28 days; room 
temperature 15 minutes 
before reconstitution

None $426.36

Dulaglutide  
(Trulicity®)

September 
2014

0.75 mg, can  
increase to 1.5 mg

Once weekly Single-use pen  
(0.75 mg, 1.5 mg)

Refrigerate; or room 
temperature for 14 days

None $638.16

Note: *Cost for maximum recommended dose.
Abbreviations: AwP, average wholesale price; CrCl, creatinine clearance; FDA, US Food and Drug Administration; SC, subcutaneous.
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1 mg, or 4 weeks of dulaglutide 1 mg followed by 12 weeks 

of dulaglutide 2 mg.29 Each active comparator group showed 

a significant reduction in A1c, fasting blood glucose, and 

postmeal glucose compared to placebo. 

In a 12 week, double-blind, placebo-controlled study, 

patients received either placebo or dulaglutide 0.1, 0.5, 1, or 

1.5 mg subcutaneously weekly.30 Reductions in A1c, fasting 

blood glucose, and postmeal blood glucose occurred in a 

dose-dependent manner. A1c reduction and fasting blood 

glucose reduction were significantly more compared to 

placebo for all active comparator groups except dulaglutide 

0.1 mg weekly. 

A randomized, double-blind, placebo-controlled, parallel-

group study compared placebo and dulaglutide 0.25, 0.5, or 

0.75 mg subcutaneously weekly.31 Changes in A1c, fasting 

blood glucose, and postmeal blood glucose were dose-

dependent, and were significantly greater than placebo for 

all doses. The results of these early studies resulted in the 

six Phase III AWARD clinical studies, which focused on 

dulaglutide 0.75 mg weekly and 1.5 mg weekly. These studies 

ultimately led to the approval of dulaglutide by the US Food 

and Drug Administration (FDA).

The AWARD studies were randomized controlled studies 

that looked at weekly dulaglutide in more than 5,000 patients. 

Patients enrolled in these studies were prescribed a variety of 

background therapies. Patients in the AWARD-3 study were 

treatment-naïve at baseline.32 In the AWARD-5 and AWARD-6 

studies, patients were receiving metformin alone.33,34 In the 

remaining AWARD studies, patients were taking metformin in 

combination with pioglitazone,35 glimepiride,36 or insulin lis-

pro.37 Comparators of dulaglutide include placebo,35 insulin 

glargine,36,37 metformin,35 sitagliptin,33 and two other GLP-1 

RAs: exenatide35 and liraglutide.34 A summary of the efficacy 

of dulaglutide as demonstrated in the AWARD studies can be 

found in Table 2.

The AWARD-1 study was a randomized study that 

compared dulaglutide 1.5 mg and 0.75 mg weekly to both 

exenatide 10 μg twice daily and placebo.35 This study was 

designed to test for superiority of dulaglutide compared 

to placebo and noninferiority of dulaglutide compared to 

exenatide. Patients enrolled were uncontrolled, with a base-

line A1c of 8.1%, and on metformin 1,500–3,000 mg daily 

and pioglitazone 30–45 mg daily. Throughout the 26-week 

study period, both doses of dulaglutide led to greater reduc-

tions in A1c compared to placebo (−1.51%, −1.30%, −0.46%, 

respectively; P,0.001 for both comparisons). Over 26 weeks, 

patients taking dulaglutide 1.5 mg and dulaglutide 0.75 

mg also experienced a greater reduction in A1c  compared 

to exenatide (−1.51%, −1.30%, −0.99%, respectively; 

P,0.001 for both comparisons). Patients assigned to both 

dulaglutide groups had significantly more A1c reduction 

over exenatide from baseline to 52 weeks as well (−1.36%, 

−1.07%, −0.80%, respectively; P,0.001 for both com-

parisons). Statistically more patients in both the dulaglutide 

1.5 mg and 0.75 mg groups achieved an A1c less than 7% 

than in the exenatide and placebo groups (78%, 66%, 52%, 

43%, respectively; P,0.001 for both comparisons). Greater 

weight reduction was seen for patients in the dulaglutide 

1.5 mg and 0.75 mg groups compared to placebo (−1.30, 

0.20, and 1.24 kg , respectively; P,0.001 and P,0.010, 

respectively). While weight reduction was similar between 

patients in the dulaglutide 1.5 mg group and exenatide group 

(−1.30 kg vs −1.07 kg, not significant [NS]), patients in the 

dulaglutide 0.75 mg group experienced less weight loss when 

compared to patients taking exenatide (0.20 kg vs −1.07 kg, 

P,0.001).

The AWARD-2 study was a randomized, open-label, 

noninferiority study that compared dulaglutide 1.5 mg and 

0.75 mg to insulin glargine dosed to achieve fasting blood 

glucose levels ,100 mg/dL.36 Patients included in this 

study were uncontrolled on metformin dosed at or above 

1,500 mg daily and glimepiride dosed at least 4 mg daily. A 

lead-in period of 10–12 weeks allowed for discontinuation of 

other oral diabetes medications and doses of metformin and 

glimepiride to be titrated to the maximum tolerated doses. 

Baseline A1c was 8.1%. Over 52 weeks, dulaglutide 1.5 mg 

led to superior A1c reduction compared to insulin glargine 

(−1.08% vs 0.63%, P,0.001). Dulaglutide 0.75 mg was 

noninferior to insulin glargine for A1c lowering (−0.76% 

vs −0.63%; P 
noninferiority

,0.001). At 78 weeks, greater 

A1c reduction persisted, with patients in the dulaglutide 

1.5 mg group  experiencing superior A1c reduction compared 

to insulin glargine. Dulaglutide 0.75 mg remained noninferior 

to insulin glargine at 78 weeks. After 52 weeks of treatment, 

significantly more patients achieved an A1c less than 7% in 

the dulaglutide 1.5 mg group compared to the insulin glargine 

group (53% vs 31%, P,0.001). There was no difference 

between dulaglutide 0.75 mg and insulin glargine in the per-

centage of patients achieving an A1c less than 7%. Patients in 

both the dulaglutide 1.5 mg and 0.75 mg groups experienced 

weight loss, whereas patients in the insulin glargine group 

experienced weight gain (−1.87 kg, −1.33 kg, and 1.44 kg; 

P,0.001 for both comparisons).

The AWARD-3 study was a randomized, double-blind, 

noninferiority study that compared dulaglutide 0.75 and 

1.5 mg to metformin 1,500–2,000 mg daily.32 Patients were 
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newly diagnosed with T2D and above goal A1c when treated 

with lifestyle modifications or one oral diabetes medication 

dosed at less than or equal to 50% of the maximum dose. 

Mean baseline A1c was 7.6%. A 2-week washout period was 

included, during which all oral diabetes agents were stopped. 

Over 26 weeks, when compared to metformin, both doses of 

dulaglutide led to greater reductions in A1c, with the 1.5 

mg dose of dulaglutide resulting in an A1c reduction of 

0.78%, the 0.75 mg dose of dulaglutide resulting in an 

A1c reduction of 0.71%, and metformin resulting in an 

A1c reduction of 0.56% (P=0.002 for dulaglutide 1.5 mg 

compared to metformin and P=0.02 for dulaglutide 0.75 mg 

compared to metformin). At 52 weeks, dulaglutide 1.5 mg 

remained significantly better than metformin with respect 

to A1c change (−0.70% vs −0.51%, P,0.02). However, at 

52 weeks, there was no difference between dulaglutide 0.75 

and metformin in A1c reduction (−0.55% vs −0.51%, NS). 

After 26 weeks of treatment, significantly more patients on 

dulaglutide 1.5 mg and 0.75 mg achieved an A1c less than 

7% compared to metformin (62%, 63%, 54%, respectively; 

P=0.02 for both comparisons). Throughout the 52-week 

study period, metformin and dulaglutide 1.5 mg weekly led 

to similar weight loss (−2.29 vs −2.22 kg, NS). However, 

dulaglutide 0.75 mg weekly led to less weight loss compared 

to metformin. (−1.36 vs −2.22 kg, P=0.003).

The AWARD-4 study was a randomized, open-label, 

noninferiority study that compared dulaglutide 1.5 mg 

and 0.75 mg with insulin glargine using a treat-to-target 

algorithm.37 Patients were above goal A1c on insulin lispro 

with or without metformin 1,500 mg daily. Average baseline 

A1c was 8.5%. Over 26 weeks, patients in the dulaglutide 

1.5 mg group achieved a greater reduction in A1c com-

pared to insulin glargine (−1.64% vs −1.41%, P=0.005). 

Patients in the dulaglutide 0.75 mg group also experienced 

a greater reduction in A1c compared to insulin glargine 

(−1.59% vs −1.41%, P=0.015). A1c reduction for patients in 

both dulaglutide groups remained significantly greater than 

for those in the glargine group after 52 weeks. More patients 

in both the dulaglutide 1.5 mg and 0.75 mg groups achieved 

an A1c less than 7% compared to patients in the insulin 

glargine group after 26 weeks of therapy (68%, 69%, 57%, 

respectively; P=0.14, 0.010, respectively). Average weight loss 

in the dulaglutide 1.5 mg group was greater than weight loss 

in patients in the insulin glargine group (−0.87 kg vs 2.33 kg, 

P,0.0001). Weight gain occurred in both the dulaglutide 0.75 

mg and insulin glargine groups; however, average weight gain 

in the dulaglutide 0.75 mg weekly was less than weight gain 

in the insulin glargine group (0.18 vs 2.33 kg, P,0.0001).

The AWARD-5 study was a randomized, double-blind 

study comparing dulaglutide 1.5 mg and 0.75 mg to sitaglip-

tin 100 mg daily and placebo.33 This study was designed to 

test for superiority of dulaglutide compared to placebo and 

noninferiority of dulaglutide compared to sitagliptin. Patients 

enrolled had a baseline A1c of 8.1% on metformin at or 

above 1,500 mg daily. At 26 weeks, dulaglutide 1.5 mg and 

0.75 mg led to a greater reduction in A1c compared to 

placebo (−1.22%, –1.01%, −0.61%, respectively; P,0.001 

for both comparisons). After 52 weeks, patients in the dula-

glutide 1.5 mg group experienced a greater reduction in A1c 

compared to sitagliptin (−1.10% vs −0.39%; P,0.001). 

Patients in the dulaglutide 0.75 mg group also experienced 

a greater reduction in A1c compared to the sitagliptin group 

(−0.87% vs −0.39%, P,0.001). Superior A1c reduction 

with both doses of dulaglutide persisted over the 104-week 

duration of the study (−0.99%, −0.71%, −0.32%; P,0.001 

for both comparisons).38 Statistically more patients achieved 

an A1c of less than 7% in both dulaglutide groups compared 

to sitagliptin after 52 weeks and 104 weeks of treatment 

(52 weeks, 58%, 49%, 33%, P,0.001 for both compari-

sons; 104 weeks, 54%, 45%, 31%, P,0.001 for both com-

parisons).33,38 More weight loss occurred in both dulaglutide 

groups than in the sitagliptin group (−3.03, −2.60, −1.53 kg; 

P,0.001 for both comparisons).33

The AWARD-6 study was a randomized, open-label, 

noninferiority study that compared dulaglutide 1.5 mg 

weekly to the GLP-1 RA liraglutide 1.8 mg daily.34 Patients 

enrolled were taking metformin dosed at or above 1,500 mg 

daily. Baseline A1c was 8.1%. After 26 weeks of therapy, 

patients in the dulaglutide group achieved A1c reduction 

that was noninferior to liraglutide (−1.42% vs −1.36%, 

P
noninferiority

,0.0001). A1c reduction for dulaglutide was 

not superior to that of liraglutide. There was no difference 

between groups in the percentage of patients achieving an 

A1c less than 7%. Treatment with dulaglutide resulted in 

significantly less weight loss when compared to treatment 

with liraglutide (−2.9 vs −3.6 kg, P=0.011).

Safety and tolerability
In dose-finding studies of dulaglutide, the most commonly 

reported adverse effects were dose-related GI adverse 

effects.27–29 Patients also reported injection-site reactions, 

headaches, and nasopharyngitis.27,29 Dose-related increases 

in heart rate were also seen.27–29

In the six AWARD studies, overall incidence of adverse 

events was similar for dulaglutide compared to exenatide,35 

metformin,32 sitagliptin,33 and liraglutide.34 In the AWARD-2 
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Table 3 Safety of dulaglutide across randomized controlled trials

Study Treatment group Discontinuation 
due to AEs (%)

Overall  
GI AEs (%)

Nausea (%) Vomiting (%) Diarrhea (%) Total 
hypoglycemia (%)

wysham et al  
(AwARD-1)35

DULA 1.5 mg 
DULA 0.75 mg 
eXeN 10 μg BiD 
PBO

3 
1 
3 
2

47 
30 
42 
18

28 
16 
26 
6

17 
6 
11 
1

11 
8 
6 
6

10.4 
10.7 
15.9 
3.5

Giorgino et al  
(AwARD-2)36

DULA 1.5 mg 
DULA 0.75 mg 
insGlar

3.3 
2.9 
1.9

NR 15.4 
7.7 
1.5

6.6 
3.7 
1.1

10.6 
9.2 
5.7

55.3 
54.4 
69.1

Umpierrez et al  
(AwARD-3)32

DULA 1.5 mg 
DULA 0.75 mg 
MeT 1,500–2,000 mg

4.8 
2.2 
3.7

NR 19 
10.7 
14.6

8.6 
5.9 
4.1

10 
5.2 
13.8

12.3 
11.1 
12.7

Blonde et al 
(AwARD-4)37

DULA 1.5 mg 
DULA 0.75 mg 
insGlar

7 
5 
4

NR 25.8 
17.7 
3.4

12.2 
10.6 
1.7

16.6 
15.7 
6.1

86.6 
90.1 
90.2

Nauck et al  
(AwARD-5)33

DULA 1.5 mg 
DULA 0.75 mg 
SiTA 100 mg

10.9 
7.6 
9.5

41 
37 
23

17 
14 
5

13 
8 
2

15 
10 
3

10.2 
5.3 
4.8

Dungan et al  
(AwARD-6)34

DULA 1.5 mg 
LiRA 1.8 mg

6 
6

36 
36

20 
18

7 
8

12 
12

9 
6

Abbreviations: Ae, adverse effects; BiD, bis in die (twice daily); DULA, dulaglutide; eXeN, exenatide; Gi, gastrointestinal; insGlar, insulin glargine; LiRA, liraglutide; NR, not 
reported; PBO, placebo; SiTA, sitagliptin; MeT, metformin.

study, rates of adverse events were similar between dula-

glutide and insulin glargine.36 However, in the AWARD-4 

study, serious adverse events occurred more frequently with 

insulin glargine than dulaglutide, and overall adverse events 

occurred more frequently with dulaglutide than insulin 

glargine.37 Discontinuation rates were similar for dulaglutide 

compared to exenatide,35 insulin glargine,36 metformin,32 

sitagliptin,33 and liraglutide.34 An overview of adverse events 

from the AWARD studies can be found in Table 3.

Gastrointestinal adverse events
GI adverse events make up the majority of adverse 

events related to dulaglutide use, which is consistent with 

other GLP-1 RAs. In the AWARD studies, GI side effects 

were mild to moderate in severity32,34–37 and resolved with 

time.33–37 Compared to placebo, dulaglutide dosed at both 

1.5 mg and 0.75 mg led to more GI events in the AWARD-1 

study (47%, 30%, 18%; P,0.001, P,0.05, respectively, vs 

placebo).35 Similar results were seen in the AWARD-5 study, 

with dulaglutide 1.5 mg and 0.75 mg resulting in more GI side 

effects compared to placebo after 26 weeks (38%, 32%, 23%; 

P,0.001, P,0.05, respectively). Both dulaglutide 1.5 mg and 

0.75 mg led to more GI side effects than sitagliptin (41%, 37%, 

23%; P,0.001 for both comparisons).33 When compared to 

insulin glargine, dulaglutide resulted in more GI side effects. 

In the AWARD-2 study, nausea was more common in patients 

 taking dulaglutide 1.5 and 0.75 mg compared to insulin 

glargine (15.4%, 7.7%, 1.5%, respectively; P,0.001 for both 

comparisons).36 In the AWARD-4 study, nausea, vomiting, and 

diarrhea all occurred significantly more with both dulaglutide 

1.5 mg and 0.75 mg versus insulin glargine (nausea, 26%, 18%, 

3%, P,0.0001 for both comparisons; vomiting, 12%, 11%, 

2%, P,0.0001 for both comparisons; diarrhea, 17%, 16%, 

6%, P,0.001, P=0.0002, respectively, vs insulin glargine).37 

Overall, GI adverse events were similar when comparing 

dulaglutide to both liraglutide34 and metformin.35 Although 

GI adverse events were similar with dulaglutide 1.5 mg and 

exenatide (47% vs 42%, NS), dulaglutide 0.75 mg led to fewer 

GI events compared to exenatide (30% vs 42%, P,0.05).35

Pancreatitis
Although the data are conflicting, increased risk of pancreatitis 

with GLP-1 inhibitors compared to other nonincretin therapies 

has been demonstrated.39 Pancreatic enzymes increased in 

patients taking dulaglutide in all of the AWARD studies.32–37 

Only in the AWARD-2 study did patients randomized to dula-

glutide develop pancreatitis.36 Two of these cases were acute, 

occurring 1 day and 302 days after the initiation of dulaglutide. 

The remaining case of chronic pancreatitis occurred after 

107 days of dulaglutide. Two patients were taking dulaglutide 

1.5 mg, and one patient was taking dulaglutide 0.75 mg.

In total, 12 patients receiving dulaglutide in Phase II and 

III studies developed an adverse event due to pancreatitis.22 

Comparatively, three patients taking nonincretin agents 
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developed an adverse event due to pancreatitis. Pancreatitis 

was confirmed in five patients prescribed dulaglutide and 

one patient taking a nonincretin agent. Patients prescribed 

dulaglutide should be monitored for signs and symptoms 

of pancreatitis, and dulaglutide should be discontinued if 

pancreatitis occurs.22 As a caution, the FDA has mandated 

pancreatitis in the Risk Evaluation and Mitigation Strategy 

(REMS) program for dulaglutide.22,40

Hypoglycemia
The incidence of hypoglycemia was low in the AWARD stud-

ies, and rates of hypoglycemia with dulaglutide were higher 

in the studies that included background treatment associ-

ated with hypoglycemia. When dulaglutide and exenatide 

were compared, patients taking dulaglutide experienced less 

hypoglycemia (10.4% vs 15.9%, P=0.007).35 Dulaglutide 1.5 

and 0.75 mg led to less hypoglycemia than insulin glargine 

(55.3%, 54.4%, 69.1%, respectively; P=0.001 for dulaglutide 

1.5 mg and P,0.001 for dulaglutide 0.75 mg).36 Similarly, 

the AWARD-4 study found lower rates of hypoglycemia with 

dulaglutide 1.5 mg than with insulin glargine (31.0, 39.9 

events/patient/year, respectively; P,0.036).37 There was 

not a significant difference in rates of hypoglycemia when 

comparing dulaglutide 1.5 mg and 0.75 mg to metformin in 

the AWARD-3 study (12.3%, 11.1%, 12.7%, respectively; 

NS).32 Incidence of hypoglycemic events was 10.2% for 

dulaglutide 1.5 mg, 5.3% for dulaglutide 0.75 mg, and 

4.8% for sitagliptin (P-value not reported) in the AWARD-5 

study,33 and the incidence of hypoglycemic events was 9% 

for dulaglutide and 6% for liraglutide (P-value not reported) 

in the AWARD-6 study.34

Cardiovascular effects
In general, GLP-1 RAs led to clinically significant reductions 

in blood pressure, typically in individuals with elevated base-

line blood pressure.41 They have led to persistent increases in 

heart rate.41 Using ambulatory blood pressure monitoring, 

one 26-week, randomized, double-blind, placebo-controlled 

study compared dulaglutide to placebo for changes in blood 

pressure and heart rate.42 Compared to placebo, dulaglutide 

1.5 mg significantly reduced blood pressure and significantly 

increased heart rate. When compared to metformin, liraglutide, 

exenatide, sitagliptin, and insulin glargine, dulaglutide led to 

no significant differences in blood pressure.32–37  Dulaglutide 

did not lead to any significant differences in heart rate when 

compared to metformin, liraglutide, or exenatide.32,34,35 How-

ever, at week 52, dulaglutide 1.5 mg and 0.75 mg did lead 

to a significant increase in heart rate compared to sitagliptin 

(2.4, 2.1, −0.3 bpm, respectively; P,0.001 for both compari-

sons).33 In the AWARD-2 study, the mean heart rate increased 

in patients treated with dulaglutide, but decreased in patients 

treated with insulin glargine (P-value not reported).36,37 

Similarly, in the AWARD-4 study, dulaglutide 1.5 mg led to 

significant increases in heart rate compared to insulin glargine 

(2.38 vs 0.93 bpm, P=0.047).37

Thyroid C-cell tumors have been associated with dula-

glutide in male and female rats; the incidence is dose- and 

duration-dependent. Although dulaglutide has not been 

associated with thyroid C-cell tumors in humans, due to the 

incidence in rats, it is contraindicated in human patients with 

thyroid C-cell tumors. As with other GLP-1 RAs, dulaglutide 

carries a black-box warning of potential thyroid C-cell tumors 

for dulaglutide, and the REMS program for dulaglutide also 

cautions about this potential.40

Patient-focused perspectives
While clinical studies have demonstrated the efficacy and safety 

of dulaglutide, the overall success of therapy will depend on 

patient adherence to the medication. This may be of greater 

concern for an injectable medication, such as dulaglutide, as 

negative treatment outcomes have been associated with a fear of 

injections.43 It is imperative to look at patient-reported outcomes 

because they reveal patient perspectives, measure treatment 

satisfaction, and may be indicative of medication adherence.44

Patient-reported outcomes have improved as manu-

facturers have worked to improve injection systems.45 The 

dulaglutide-injection system contains 0.75 mg/0.5 mL or 

1.5 mg/0.5 mL of dulaglutide solution in a single-dose pen.46 

The disposable, prefilled pen device is supplied with a needle 

already attached and does not require reconstitution. Although 

the patient must initiate the injection, the actual insertion and 

retraction of the needle are automated. To use the pen, patients 

must remove a base cap that exposes the needle. The patient 

must place the clear base firmly against the skin at the injec-

tion site. The pen must then be unlocked by turning the lock 

ring. The patient injects by pressing and holding the injection 

button for 5–10 seconds. The patient should hear a loud click 

when the injection button is pressed and a second loud click 

after 5–10 seconds, indicating that the needle is retracting.46

Use of the pen device was studied in a Phase IIIB open-

label study. Patients naïve to injections were included to 

determine if the dulaglutide pen device can be used safely 

and effectively.47 Patients were trained on how to inject 

placebo using the dulaglutide pen device and were provided 
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with instructions for use. Ninety-nine percent of patients 

were able to successfully self-administer the final injection 

in the 4-week study. Even at baseline, 97% of patients were 

able to administer placebo successfully via the dulaglutide 

pen device. Nearly all patients (99%) reported the pen was 

“easy” or “very easy” to use. Most patients also found the pen 

device convenient to use and were confident in their ability to 

use the pen. Patients appreciated that the needle did not have 

to be touched or seen with the device. Fear of self-injecting 

significantly decreased over the 4-week study.

Four of the AWARD trials also measured overall treat-

ment satisfaction with dulaglutide. The Diabetes Treatment 

Satisfaction Questionnaire (DTSQ) was administered in 

the AWARD-1 and AWARD-3 studies.48 The DTSQ status 

(DTSQs) version measures absolute treatment satisfaction, 

whereas the DTSQ change (DTSQc) version measures 

the change in treatment satisfaction from baseline. In 

the AWARD-1 study, statistically significant improve-

ments were seen in DTSQs scores for both dulaglutide 

groups compared to baseline at 26 and 52 weeks. DTSQs 

scores were significantly better for dulaglutide than exenatide 

and placebo as well. Patients taking dulaglutide experienced 

a significant improvement in DTSQc scores at 52 weeks. 

Significant improvements in the DTSQs scores were seen for 

both dulaglutide and metformin in the AWARD-3 study, and 

improvements were similar for both groups. DTSQc scores 

improved for both dulaglutide and metformin at 52 weeks.

Patient-reported outcomes were measured in the 

AWARD-2 study through the use of the  following measures: 

ability to perform activities of daily living, the impact of 

weight on self-perception, and the low blood sugar survey 

behavior and worry measures.49 Compared to insulin glargine, 

patient-reported outcomes were significantly improved with 

dulaglutide for all measures studied. The AWARD-6 study also 

examined patient-reported outcomes.34 Both liraglutide and 

dulaglutide led to significant improvements in the impact of 

weight on self-perception scores. The dulaglutide group had 

significant improvements from baseline in ability to perform 

physical activities of daily living and quality-of-life scores. 

These results indicate overall patient satisfaction with the 

dulaglutide-injection system, as well as dulaglutide itself.

Conclusion
With their demonstrated efficacy and long-term safety profile, 

GLP-1 RAs as a class are an appealing option for the treat-

ment of T2D. In particular, the low rates of hypoglycemia and 

the weight loss associated with their use give them a distinct 

advantage over other agents. Disadvantages do exist, and 

include adverse GI side effects, cost, and the fact that they 

are injectable. As a GLP-1 RA, dulaglutide is dosed once 

weekly, and studies have demonstrated treatment satisfac-

tion with both the injection system as well as the medication 

itself. Therefore, dulaglutide is a viable second-line option 

after metformin, with demonstrated superior efficacy to other 

second-line agents, including sitagliptin, insulin glargine, and 

the GLP-1 RA exenatide twice daily.
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