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ABSTRACT

Introduction: This study aimed to investigate
the efficacy and clinical factors affecting the
glycemic response to dulaglutide in type 2 dia-
betes (T2D) in a real-world clinical setting.

Methods: We conducted a retrospective study
of 234 patients at the Asan Medical Center,
Republic of Korea, who had T2D and initiated
dulaglutide from June 2016 to December 2017.
The primary outcome was the change in gly-
cated hemoglobin (HbAlc) concentration
between baseline and 6 months after the initi-
ation of therapy. Multivariate regression analy-
sis was wused to determine the clinical
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parameters contributing to a superior glycemic
response to dulaglutide.

Results: The mean age of the patients was 53,
and 50% were male. Their mean baseline
HbAlc, body mass index and duration of dia-
betes were 8.8%, 27.6kg/m? and 10.2 years,
respectively. The change in HbAlc between
baseline and 6 months was — 0.92% (95% CI:
— 1.1% to — 0.74%, p < 0.001). The reduction
in body weight over the same period was
—2.1kg (95% CI: — 2.9 to — 1.3 kg, p <0.001).
Using multivariate regression analysis, baseline
HbA1c was found to be a significant predictor of
superior glycemic response to dulaglutide.
Conclusion: The use of dulaglutide was associ-
ated with a significant reduction in HbAlc and
body weight over a 6-month period in a real-
world clinical setting. T2D patients with higher
baseline HbA1c concentrations were more likely
to demonstrate good clinical responses to
dulaglutide.
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INTRODUCTION

Glucagon-like peptide-1 (GLP-1) is an incretin
hormone that increases glucose-stimulated
insulin secretion, inhibits glucagon secretion,
slows gastric emptying and reduces appetite
[1, 2]. Given these beneficial effects, various
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GLP-1 receptor agonists have been developed
and are now being used for the management of
patients with type 2 diabetes (T2D).

Recently, a wvariety of guidelines [3-5],
including the consensus report by the American
Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD),
suggested GLP-1 receptor agonist as the pre-
ferred second option after failure to achieve
adequate glycemic control using metformin
and lifestyle modification. In addition, the
ADA/EASD consensus report recommends the
use of a GLP-1 receptor agonist in preference to
insulin for patients who need the greater glu-
cose-lowering effect of an injectable medication
[6]. Moreover, GLP- 1 receptor agonists are a
preferable option for Asian than Caucasian
populations with T2D; the former need more
focused treatment on postprandial glucose than
on insulin resistance because of the unique
characteristics of Asian patients such as
impaired b-cell function [7].

Dulaglutide is a long-acting human GLP-1
receptor agonist that is administered weekly,
and its efficacy and safety have been demon-
strated in assessment of weekly administration
of LY2189265 in diabetes (AWARD) trials [8-10]
and several others [11-13]. However, few studies
to date have demonstrated the efficacy of
dulaglutide in a real-world setting. In addition,
although few studies have investigated factors
associated with glycemic response to dulaglu-
tide, the findings obtained have been inconsis-
tent [14-18], and the baseline characteristics
contributing to the glycemic response to
dulaglutide in a real-world setting have yet to be
established. Therefore, this study aimed to
determine the efficacy and clinical factors
affecting the glucose-lowering response to
dulaglutide in a real-world clinical setting.

METHODS

Study Participants

Data from T2D patients attending the Asan
Medical Center (AMC), Republic of Korea, who
commenced treatment with dulaglutide
between June 2016 and December 2017, and

continued for at least 6 months, were retro-
spectively reviewed. Initially, 280 patients were
included. Of these, patients who were on
hemodialysis (n = 4), demonstrated cancer pro-
gression (n = 4), had missing baseline (n = 13)
or 6-month (n = 5) HbAlc values, or were using
dulaglutide in combination with insulin
(n = 20) were excluded. Thus, data from 234
patients were eligible for analysis. In accordance
with the ethical guidelines of the Declaration of
Helsinki and Korea Good Clinical Practice, this
study was approved by the institutional review
board of the Asan Medical Center (2018-1050).

Efficacy of Dulaglutide

At baseline, data regarding age, sex, body
weight, body mass index (BMI), blood pressure,
medical history, duration of diabetes, presence
of hypertension or dyslipidemia, and concomi-
tant medication were collected. In addition, the
use of anti-hyperglycemic medication prior to
dulaglutide treatment was reviewed. Laboratory
measurements were conducted at baseline,
including HbA1c, fasting plasma glucose (FPG),
total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), triglycerides (TG), crea-
tinine and glomerular filtration rate (GFR). All
these measurements were repeated after
3 months (£ 4 weeks) and 6 months
(+ 4 weeks) of dulaglutide treatment.

The primary objective of the study was to
determine the efficacy of dulaglutide by assess-
ing the change in HbAlc between baseline and
6 months. The secondary outcomes assessed
after 6 months of treatment were the percent-
age of patients achieving the HbAlc target
concentrations of <7.0% or < 6.5%, the
change in body weight from baseline, fasting
plasma glucose and blood pressure. After
3 months of treatment, the changes in HbAlc,
FPG and body weight were also assessed.

Because this study was a retrospective, real-
world study, there were no specific criteria to
change the dose of dulaglutide. However, the
dose of dulaglutide was increased from 0.75 mg
to 1.5 mg mostly after a month of treatment.
However, if patients had adverse events, had
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enough glycemic control with 0.75mg of
dulaglutide and/or did not want to increase the
dose, it was not increased to 1.5 mg.

Clinical Parameters Affecting
the Glycemic Response to Dulaglutide
and Adverse Events

Clinical factors affecting the glycemic response
of the patients to dulaglutide therapy were
analyzed by multiple linear regression analysis.
Next, patients were categorized into groups
according to their age, BMI, baseline HbAlc and
duration of diabetes, and the reductions in
HbA1lc were compared.

Adverse events were reviewed on the basis of
the patients’ medical records during dulaglutide
treatment.

Statistical Analysis

Data are expressed as the mean (SD) for con-
tinuous variables and as a percentage for cate-
gorical variables. Student’s t-test and the y* test
were used to compare the baseline characteris-
tics of the study participants, categorized
according to the degree of reduction in HbAlc
achieved (> 1% or < 1%). The paired t-test was
used to compare the changes in HbAlc, FPG,
body weight and blood pressure between base-
line and 6 months. A linear mixed model was
used to analyze repeated measurements. The y*
test was also used to compare the proportions of
patients achieving the HbAlc target. Finally,
univariate and multiple linear regression anal-
ysis was used to determine the clinical factors
affecting the reduction in HbAlc achieved. All
statistical analyses were performed using SPSS
version 24.0 for Windows (Armonk, NY: IBM
Corp.).

RESULTS

Baseline Characteristics

The baseline characteristics of the study partic-
ipants are shown in Table 1. The patients were
categorized according to their change in HbAlc

between baseline and 6 months (high response:
HbAlc change > 1% or low response: HbAlc
change < 1%). In the complete cohort of
dulaglutide-treated patients, the mean (SD) age
was 53 (10) years, and 50% were male. The
mean (SD) baseline HbA1lc, BMI and duration of
diabetes were 8.8% (1.4%), 27.6 kg/m? (4.2 kg/
m?) and 10.2 years (7.1 years), respectively. Of
the patients, 8.1% of patients were in chronic
kidney disease (CKD) stage 3, and 0.9% were in
CKD stage 4. Dulaglutide-treated patients in the
high response group had a higher mean base-
line HbAlc than those in the low response
group (9.4% vs. 8.3%). Patients in the high
response group also tended to have higher
C-peptide concentrations than those in the low
response group (2.9 ng/dl vs. 2.5 ng/dl).

Most of the patients (44.4%) had been trea-
ted with triple combinations of oral anti-dia-
betic drugs (OADs), and 29% were treated with a
combination of insulin and OAD before initi-
ating dulaglutide. At the time of initiating
dulaglutide, 91% of patients were taking met-
formin and sulfonylurea, and 6% of patients
were taking metformin, sulfonylurea and
sodium-glucose cotransporter 2 (SGLT2) inhi-
bitor (Table S1, Table S2).

Efficacy of Dulaglutide

The change in HbAlc between baseline and
6 months was — 0.92% [95% confidence inter-
val (CI): — 1.1to — 0.74, p < 0.001; Fig. 1a]. The
reduction in FPG concentration after 6 months
of treatment was — 19.7 mg/dl (95% CI: — 28.0
to — 11.4, p < 0.001; Fig. 1b), and the reduction
in body weight was — 2.1 kg (95% CI: — 2.9 to
— 1.3, p<0.001; Fig. 1c). The proportion of
patients who achieved the HbAlc target con-
centrations of < 7.0% and < 6.5% were 28.2%
and 18.8%, respectively (Fig. 1d).

Among 234 patients who initiated dulaglu-
tide, 48.7% (n = 114) did not change the dose of
medication, and 46.2% (n = 108) decreased the
dose of anti-diabetic medication. In patients
who did not change the dose of oral anti-dia-
betic medication, the baseline HbAlc was 8.9%.
In this group, the HbAlc reduction after
6 months of dulaglutide treatment was — 0.84%
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Table 1 Baseline characteristics of the participants

Variables Total (n = 234) HbAlc change
> 1% (» = 107) <1% (n = 127) p value
Sex
Male, 7 (%) 117 (50) 60 (56.1) 57 (44.9) 0.088
Female, 7 (%) 117 (50) 47 (43.9) 70 (55.1)
Age, years (SD) 53 (10) 53 (11) 53 (10) 0.997
Body weight, kg (SD) 74.4 (14.2) 76.0 (16.0) 72.9 (12.5) 0.118
BMI, kg/m? (SD) 27.6 (4.2) 27.9 (4.7) 27.3 (3.9) 0.283
Diabetes duration, years (SD) 10.2 (7.1) 9.8 (7.1) 10.3 (7.1) 0.563
HbAlc, % (SD) 8 (1.4) 4 (1.3) 8.3 (1.3) < 0.001
FPG, mg/dl (SD) 181 (54) 193 (58) 171 (49) 0.002
SBP, mmHg (SD) 131 (15) 131 (16) 132 (15) 0.537
DBP, mmHg (SD) 74 (10) 74 (10) 74 (10) 0.802
Total cholesterol, mg/dl (SD) 154 (33) 151 (33) 155 (34) 0.338
HDL-C, mg/dl (SD) 47 (11) 44 (10) 48 (11) 0.009
Triglycerides, mg/dl (SD) 177 (105) 181 (118) 173 (94) 0.575
LDL-C, mg/dl (SD) 97 (26) 96 (23) 99 (28) 0.315
C-peptide, ng/dl (SD) 2.6 (1.2) 2.9 (1.3) 2.5 (1.2) 0.053
Creatinine, mg/dl (SD) 0.81 (0.32) 0.8 (0.3) 0.8 (0.3) 0.743
GFR, ml/min/1.73 m* (SD) 94 (20) 95 (19) 93 (20) 0.329
Dulaglutide dose 7 (%) 0.051
0.75 mg 3 (22.6) 18 (16.8 35 (27.6
1.5 mg 181 (77.4) 89 (83.2) 92 (72.4)
Hypertension 168 (71.8)
On medication 44 (61.5)
Dyslipidemia 227 (97.0)
On medication 210 (89.7)

Data are expressed as mean (SD), median (interquartile range) or percentage (number)
BMI body mass index, FPG fasting plasma glucose, SBP systolic blood pressure, DBP diastolic blood pressure, HDL-C high-
density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, GFR glomerular filtration rate

(95% CI: — 1.06 to — 0.62, p < 0.001). Even in
patients with a decreased dose of medication,
the efficacy in lowering HbAlc was consistent.
In this group, the baseline HbAlc was 8.7% and

the HbAlc

reduction

after

6 months

of

dulaglutide treatment was — 1.07% (95% CI:
— 1.38 to — 0.75, p < 0.001) (Figure S1).
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Fig. 1 Efficacy measures a change in HbAlc between
baseline and 6 months. b Change in fasting plasma glucose
between baseline and 6 months. ¢ Change in body weight

There were no differences in HbAlc changes
between the groups who used metformin and
sulfonylurea and who used another oral anti-
diabetic medication when dulaglutide was ini-
tiated (HbAlc change: — 0.92% vs. — 1.0%,
p =0.817).

There were significant changes in HbAlc,
FPG and body weight among baseline,
3 months and 6 months, according to linear
mixed models (Figure S2), but there were no
changes in systolic or diastolic blood pressure
between baseline and 6 months (Figure S3).
However, there were significant changes in TC
(mean change: — 8.3 mg/dl, p=0.001) and
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HbA1c target concentration

between baseline and 6 months. d Percentages of patients
achieving the HbAlc targets of < 7.0% or < 6.5% after
6 months of treatment with dulaglutide

LDL-C (mean change: — 9.7 mg/dl, p < 0.001)
after 6 months of treatment (Table S3).

Predictors of the Response to Dulaglutide

To determine which variables might predict a
superior response to dulaglutide, univariate and
multiple linear regression analysis of the change
in HbA1lc was conducted. Univariate regression
analysis showed that higher baseline HbAlc,
FPG and C-peptide values were associated with
greater reductions in HbAlc (Table 2). After
adjusting for multiple confounding factors (sex,
age, C-peptide, baseline HbAlc, duration of
diabetes and body weight), baseline HbAlc and
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Table 2 Univariate linear regression analysis of the
reduction in HbAlc

Variables Standardized f p value
Sex 0.303 0.113
Age — 0.011 0.207
Hypertension 0.151 0.479
Dyslipidemia 0.205 0.716
C-peptide — 0286 0.003
Baseline HbAlc — 0457 < 0.001
Baseline FPG — 0.007 < 0.001
GFR 0.005 0.282
Body weight — 0.012 0.071
Dulaglutide dose — 0.243 0.288
Duration of diabetes 0.019 0.148
Baseline BMI — 0.037 0.101

FPG fasting plasma glucose, GFR glomerular filtration rate,
BMI body mass index

Table 3 Multiple linear regression analysis of the reduc-
tion in HbAlc

Variables Standardized f p value
Sex 0.053 0.453
Age — 0.096 0.176
C-peptide — 0.195 0.024
Baseline HbAlc — 0.454 < 0.001
Diabetes duration 0.122 0.083
Body weight 0.016 0.828

C-peptide levels were shown to affect the degree
of reduction in HbA1c achieved. Poorer baseline
glycemic status had the strongest association
with the reduction in HbAlc, with a 1% higher
baseline HbAlc being associated with a reduc-
tion in HbAlc of — 0.45% (Table 3). However,
age, sex, duration of diabetes and baseline BMI
did not affect the degree of reduction in HbAlc.

Comparison of the Efficacy of Dulaglutide
in Subgroups of Patients

Patients were categorized into the following
groups (Fig.2): (1) baseline HbAlc > 9%
(n=103) or < 9% (n=131), (2) age > 65 years
(n =31) or < 65 years (n = 203), (3) duration of
diabetes > 10 years (n=110) or < 10 years
(n=124) and (4) BMI <25 (n=67) or > 25
(n =163).

After 6 months of treatment, a greater
reduction in HbAlc was observed in the sub-
group with baseline HbAlc>9% (mean
change: — 1.5%, 95% CI: — 1.81 to — 1.19; vs.
mean change: — 0.5%, 95% CI: — 0.68 to
— 0.27 for the subgroup with HbAlc < 9%j;
p < 0.001).

The reductions in HbAlc were statistically
not different for the groups classified according
to age (p = 0.13) or BMI (p = 0.84).

The groups with long- and short-term histo-
ries of diabetes showed — 0.7% (95% CI: — 1.00
to —0.50) and — 1.1% (95% CI: — 1.36 to
— 0.80) reductions in HbAlc, but the difference
between the two groups was not statistically
significant (p = 0.08).

Adverse Events

The adverse events encountered are summa-
rized in Table 4. Overall, 41.2% of patients
reported adverse events after a month of treat-
ment. In the first month, the most frequent
adverse events were gastrointestinal: nausea
(26.4%) and diarrhea (5.8%). However, the
overall frequency of adverse events decreased
with time (19% after 3 months of treatment,
10.7% after 6 months of treatment). After
6 months, the most frequent adverse events
were the same [nausea (2.9%), diarrhea (1.7%)],
but they had significantly reduced in frequency.
By contrast, only 1.3% (n=3) of patients
reported injection site reactions after 3 months
of treatment, but 2.5% (n=6) of patients
reported these after 6 months, making them the
second most common adverse event. One
patient reported hypoglycemia after 3 months
and one after 6 months, but there were no cases
of severe hypoglycemia.
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Fig. 2 Changes in HbAlc according to baseline HbAlc, age, duration of diabetes and body mass index after 6 months of
treatment (Student’s #-test was used to analyze the data)

Table 4 Adverse events

DISCUSSION

Adverse events 1 months 3 months 6 months

(n = 102) (n=221) (n=234) In the present study, we determined the efficacy
and safety of once-weekly dulaglutide therapy
Toal 7 (%) 42 (41.2) 42 (19.0) 25 (107) in patients with type 2 diabetes in a real-world
Nausea 27 (26.4) 14 (6.3) 7 (2.9) setting. Dulaglutide was effective in reducing
HbA1c and was also associated with a reduction
Vomiting 0 (0) 2 (09) 0 (0) in body weight and a low risk of hypoglycemia.
Abdominal 4 (3.9) 3 (1.3) 2 (0.8) Dulaglutide treatment for 6 months was asso-
distension/pain ciated with a significant improvement in
HbAlc, irrespective of age, duration of diabetes
Dyspepsia 1(0.9) 3 (13) 2 (08) or baseline HbAlc concentration. However,
Diarrhea 6 (5.8) 8 (3.6) 4 (1.7) greater HbAlc reductions were achieved in
Constipation 3 (29) 3(13) 0 (0) patients .with higher baseline HbAlc

concentrations.
Injection site 1 (0.9) 3 (1.3) 6 (2.5) The mean changes in HbAlc, FPG and body
reaction weight between baseline and 6 months were
. . —0.92%, — 19.7mg/dl and — 2.1 kg, respec-
Allergic reaction 1 (0.9) 2 (0.9) 2(0.8) tively, which weregconsistent withgthe gut-
Hypoglycemia 0 (0) 3 (1.3) 1(04) comes of the clinical trials of dulaglutide
Others 2 (19) 4(18) 2 (0.8) [9-12, 19]. AWARD-2 compared the efficacy of

Data are 7 (%)

dulaglutide and insulin glargine in patients
already taking metformin and glimepiride,
which was similar to the present study, because
91% of the patients were already taking met-
formin and a sulfonylurea when dulaglutide
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treatment was instigated. In the AWARD-2 trial,
the mean HbA1lc changes between baseline and
52 weeks were — 1.08% and - 0.76% for
dulaglutide 1.5 mg and 0.75 mg, respectively,
and those for FPG and body weight were
— 27 mg/dl and — 16 mg/dl, and — 1.87 kg and
— 1.33 kg, respectively. In the present study,
30.4% of patients achieved the HbAlc target
of <7% and 19.9% of patients achieved the
target of < 6.5%. In AWARD-2, a greater per-
centage of patients on dulaglutide 1.5 mg
(83.2%) than on dulaglutide 0.75 mg (37.1%)
achieved the HbAlc target of < 7%. However,
in the present study, the baseline HbAlc of the
patients was higher (8.8%) than in the AWARD-
2 trial (8.1%). Thus, the percentage of patients
achieving the target may have been smaller in
the present study because of their higher base-
line HbA1lc concentrations.

Only a few previous studies have investi-
gated the efficacy of dulaglutide in real-world
settings, but their findings were similar to ours.
In a study conducted in the US, the baseline
HbA1lc was 8.3% and there was a 1.12% reduc-
tion in HbAlc over a mean 5 months of treat-
ment, with 40% of patients achieving an
HbAlc < 7% [20]. Similarly, in a study of 30
patients conducted in India, the mean change
in HbAlc over 6 months of treatment was
— 1.01%, and 30% of the patients achieved an
HbA1c of < 7% (baseline HbAlc, 8.43%) [21].

The adverse events associated with dulaglu-
tide reported in this study were consistent with
those previously reported for dulaglutide and
other GLP-1 receptor agonists [22]. The most
frequently reported adverse events were gas-
trointestinal (nausea and diarrhea), but these
decreased in frequency with time and were tol-
erable. In the present study, only two cases of
hypoglycemia were reported. An optimal bal-
ance between the anti-hyperglycemic effects of
the drug and the risk of hypoglycemia is of
critical importance when considering options
for the use of injectable therapies. The high
efficacy, combined with the low risk of hypo-
glycemia, has contributed to GLP-1 receptor
agonists becoming the favored option for
patients requiring therapy in addition to oral
agents.

In this study, baseline HbAlc was the most
reliable clinical parameter for predicting the
patients’ response to medication, and this
finding is consistent with those of previous
studies of dulaglutide [17, 23, 24] and other
GLP-1 receptor agonists, such as semaglutide,
albiglutide and liraglutide [25-27]. However, we
have also shown a relationship between
C-peptide concentration and the degree of
reduction in HbAlc, suggesting that a less
marked glycemic response could be expected in
patients with low C-peptide levels. However,
recent studies that have evaluated the relation-
ship between C-peptide and the change in
HbA1c have yielded inconsistent results. Similar
to the present finding, C-peptide was associated
with the degree of glycemic response to a GLP-1
receptor agonist in a previous prospective study
[18], but in other studies that investigated
whether baseline pancreatic p-cell function
would predict the reduction in HbAlc, C-pep-
tide was not found to be associated with this
change [16, 28]. Furthermore, dulaglutide [29]
has also been shown to significantly reduce
HbAlc irrespective of baseline B-cell function,
assessed using the homeostatic model assess-
ment for beta-cell function, HOMA2-$%. Thus,
further studies are needed to determine whether
baseline B-cell function and/or C-peptide levels
are associated with the glycemic response to
GLP-1 agonists in patients with T2D.

In the present study, there was no influence
of other baseline factors, including sex, age,
duration of diabetes, body weight and BMI, on
the change in HbAlc. One previous study
showed that age < 65 years was associated with
a superior reduction in HbAlc, although the
effect was very small [15], but a number of other
studies have shown that age [17, 23, 24, 29], sex
[14, 23], duration of diabetes [23, 24] and BMI
[17] do not affect the degree of reduction in
HbA1lc achieved.

There were several limitations to the present
study. First, it was of relatively short duration
(6 months). However, in a previous study, the
efficacy of dulaglutide peaked after 24 weeks of
treatment and was similar after 72 weeks. Thus,
although longer studies might provide addi-
tional insight into other effects of dulaglutide
treatment, our study duration should have been
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sufficient to evaluate the efficacy of dulaglutide
with respect to HbAlc. Second, the prior anti-
diabetic medications before starting dulaglutide
were not the same among the patients; this
diversity of previous medications might affect
the results of efficacy of dulaglutide. However,
91% of subjects used a combination of met-
formin and sulfonylurea at the time of initiat-
ing dulaglutide. Third, adverse events were
reported on paper, meaning that some events
may have been missed. Lastly, the patients in
this study were all Korean; therefore, the results
may not be generalizable to other populations.

CONCLUSION

Once-weekly dulaglutide treatment has a sig-
nificant additive anti-hyperglycemic effect,
induces weight loss and is associated with few
significant adverse events when used in a real-
world clinical setting. Furthermore, patients
with higher baseline HbAlc concentrations are
likely to demonstrate superior clinical responses
to once-weekly dulaglutide therapy.
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