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ABSTRACT

Introduction: Dulaglutide is a long-acting glu-
cagon-like peptide 1 receptor agonist that is
administered once weekly for the treatment of
type 2 diabetes. However, the immediate glu-
cose-lowering effect of dulaglutide after the first
administration and the factors affecting the
efficacy of the drug remain unclear.
Methods: This study was a retrospective and
observational study of 80 subjects with type 2
diabetes conducted in a hospitalized setting.
The changes (D) in the blood glucose (BG) levels
at six time points (6-point BG levels) from the
baseline (day - 1) to the day after the first
administration of 0.75 mg of dulaglutide (day 1)
were evaluated. The associations of the D 6-
point BG levels with the patients’ characteristics
and laboratory data were also analyzed.
Results: Significant reduction of the fasting BG,
preprandial BG, postprandial BG, and standard
deviation (SD) of the 6-point BG levels was

observed on day 1 as compared to day - 1
(P\0.0001) and the reduced BG levels were
maintained throughout the remaining obser-
vation period of 5 days. The baseline serum
hemoglobin A1c and glycoalbumin levels were
positively correlated with the reduction of the
fasting BG. The D BG levels were not related to
the parameters of insulin-secreting capacity.
Insulin treatment was positively associated with
the reduction of the 6-point BG levels. Patients
without cerebrovascular disease and patients
without diabetic retinopathy showed greater
improvements of the fasting BG and SD of the
6-point BG levels, respectively. Urinary
microalbumin level was positively correlated
with improvements of the 6-point BG levels.
Dulaglutide reduced the BG levels, irrespective
of the previously used class of antidiabetic
medication(s).
Conclusion: Dulaglutide achieved reduction in
glucose level within 24 h of the first injection.
The improvement in the BG levels remained
stable for a week in the hospitalized clinical
setting.
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Key Summary Points

Why carry out this study?

Dulaglutide is a long-acting glucagon-
like peptide 1 receptor agonist that is
administered once weekly in the
treatment of type 2 diabetes

Its long-term effectiveness in reducing the
fasting and postprandial blood glucose
(BG) levels, hemoglobin A1c (HbA1c)
levels, and body weight, with a minimal
risk of hypoglycemia has been well-
documented by previous studies;
however, the immediate glucose response
after the first administration of the drug
and factors influencing it still remain
unclear

What was learned from the study?

Dulaglutide achieved reduction in glucose
level within 24 h of the first injection, and
the reduced BG levels were stably
maintained for at least a week in the
hospitalized clinical setting

Dulaglutide was effective even in patients
with elevated baseline HbA1c levels,
irrespective of the age, body mass index,
beta cell function, duration of diabetes,
and previously used antidiabetic
medications

These results might be useful knowledge
for early decision-making on the
appropriate treatment regimen for
glycemic control in patients with type 2
diabetes

INTRODUCTION

For patients with diabetes who show elevated
serum hemoglobin A1c (HbA1c) levels,
improvements of both fasting and postprandial
blood glucose (BG) levels are necessary. In
regard to glycemic control in the hospital

setting, prompt reduction of the BG can be
achieved with strict dietary modification and
intensive glycemia control. However, hospital-
ization for more than a certain length of time is
difficult and impractical for young and middle-
aged patients who are busy at work or school.
For elderly patients and patients with physi-
cal/mental disabilities, the therapeutic regimen
needs to be selected taking into consideration
their ability to handle medications and the
available support from family and/or social
services. Hence, several factors need to be taken
into consideration in selecting the appropriate
regimen for glycemic control in short-term
hospitalized diabetes patients.

Dulaglutide is a long-acting glucagon-
like peptide 1 receptor agonist (GLP-1 RA) that
is administered once a week for the treatment of
type 2 diabetes. It consists of two identical
chains, each containing a modified GLP-1 ana-
logue sequence linked to a modified
immunoglobulin G4 (IgG4) Fc fragment for
protection from dipeptidyl peptidase 4 (DPP4)
inactivation and a reduction in renal clearance.
This structure slows the clearance rate of the
drug, allowing once-weekly administration [1].
The approved dosage of dulaglutide in Japan is
0.75 mg weekly [2].

The long-term effectiveness of the drug in
reducing the fasting and postprandial BG levels,
serum HbA1c levels, and body weight, with a
low risk of hypoglycemia, was well established
by the AWARD clinical trials conducted for
26–104 weeks [3–10]. The treatment satisfaction
and perceived frequency of hyperglycemia were
significantly improved in the dulaglutide as
compared to the placebo arm at 26 weeks and as
compared to twice-daily exenatide treatment at
26 and 52 weeks in the AWARD-1 trial [11]. In
the AWARD-3 trial, although there was no dif-
ference in the overall degree of treatment sat-
isfaction between the dulaglutide and
metformin arm, a significantly greater reduc-
tion in the perceived frequency of hyper-
glycemia was observed in the dulaglutide arm at
52 weeks [11]. An observational study showed
greater adherence to and persistence with
dulaglutide treatment as compared to twice-
daily or weekly exenatide, lixisenatide, or
liraglutide treatment [12]. Similar results were
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reported from comparisons with semaglutide
and weekly exenatide [13]. The retrospective
analysis of data conducted by the Japan Dia-
betes Clinical Data Management Study Group
revealed that dulaglutide was the most fre-
quently prescribed initial GLP-1 RA (65.7%) in
Japan, and that the persistence rates with the
treatment at 6, 12, and 18 months after its ini-
tiation were 81.9%, 70.7%, and 65.4%, respec-
tively [14]. These rates were higher than those
reported for liraglutide, the second most com-
monly prescribed initial GLP-1 RA (29.1%), the
treatment persistence rates for which were
79.7%, 60.0%, and 30.4% at 6, 12, and
18 months after the treatment initiation [14].

The dulaglutide device is single-dose pen
which automatically injects drug by just
unlocking and pressing the button without the
need for needle attachment. Its simple handling
and once-weekly administration relieve the
treatment burden. No difference in the fre-
quency of gastrointestinal adverse events was
demonstrated between the dulaglutide arm and
the exenatide or liraglutide arm in the AWARD-
1 or AWARD-6 trials, and the symptoms were
mild to moderate in most cases [3, 7]. These
merits of dulaglutide appear to be the reason for
the higher satisfaction with and good adher-
ence to the drug. In addition, dulaglutide was
demonstrated in the REWIND trial to be bene-
ficial for both primary and secondary preven-
tion of cardiovascular events and renal
outcomes in middle-aged to elderly patients
with type 2 diabetes, showing a broad range of
glycemic control [15, 16].

Short-term treatment with dulaglutide
resulted in a significant reduction of the fasting
BG levels at 2 weeks after the first administra-
tion in the AWARD-1 and AWARD-5 trials [3, 6].
In regard to the pharmacokinetic characteristics
of dulaglutide, the maximum plasma concen-
tration is reached at 48 h after administration
and stable plasma concentrations are achieved
in 2–4 weeks [2, 17]. A greater degree of reduc-
tion of the HbA1c and fasting BG levels was
observed at 6 and 12 months in patients with
baseline HbA1c levels of at least 8.5%
(69 mmol/mol) than in patients with baseline
HbA1c levels of less than 8.5% (69 mmol/mol)
[18]. Another post hoc analysis of the data from

AWARD-1 and AWARD-5 revealed that lower
fasting BG levels (less than 142.2 mg/dL) at
week 2 predicted greater reduction of the HbA1c
at week 26 of treatment [19]. Because these
studies were focused on the long-term efficacy
of dulaglutide, factors influencing the immedi-
ate blood glucose responses to dulaglutide
treatment have remained unclear. There are
only a few reports on the immediate BG
responses to dulaglutide administration and no
reports of the possible factors associated with
the efficacy of the drug because of the limited
number of patients [20–22].

In this study, we investigated the timing of
initial glucose lowering, in terms of the fasting
and postprandial BG levels, and changes in the
daily blood glucose fluctuations in response to
the first administration of dulaglutide, and
explored the factors that affected the efficacy of
its first administration among patients with
type 2 diabetes who had been hospitalized for
the glycemic control.

METHODS

Participants

This study was a single-arm, retrospective, and
observational analysis of 80 subjects with type 2
diabetes who were hospitalized at the Depart-
ment of Endocrinology and Metabolism, Yoko-
hama City University Hospital, between
January 1, 2016, and August 31, 2020, for gly-
cemic control. All the subjects were at least
20 years of age and were initiated on treatment
with dulaglutide (0.75 mg, subcutaneously
injected once weekly) for the first time. Patients
with serious liver disorder, cancer, mental ill-
ness, ketosis, diabetic coma, infection, injury,
pancreatic exocrine disorder, endocrinological
disorder, or those in a postoperative state were
excluded from this study. This study was con-
ducted with the approval of the ethics com-
mittee of Yokohama City University Hospital
(B191100009). The study protocol was in com-
pliance with the principles outlined in the 1964
Declaration of Helsinki and its later amend-
ments. Written informed consent from the
subjects was not required because of the
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anonymized nature of the data collected from
the existing medical records. We informed the
participants about the objectives, method,
research period, and types of data collected in
this study, and of their right to refuse partici-
pation in the study via a notice put up on the
website of Yokohama City University Hospital.

Study Design

The BG levels were measured daily with a glu-
cometer (Medisafe Fit Smile, Terumo Corpora-
tion) before and 2 h after each meal, at 7:30
(n = 54–80), 10:30 (n = 47–80), 11:30
(n = 47–80), 14:30 (n = 43–77), 17:30
(n = 46–79), and 20:30 (n = 44–78) (data col-
lected for 8 days) (Fig. 1). Overnight fasting
blood samples and spot urine samples were
collected before the start of dulaglutide admin-
istration and within 4 days of hospital admis-
sion. The 24-h urinary samples for C-peptide
and microalbumin measurements were col-
lected within 6 days of hospitalization. The
body weight and waist circumference were
measured within 3 days of hospitalization.
Blood pressure and heart rate measured a day
before the start of dulaglutide administration
were adopted for the analyses. Administration
of DPP4 inhibitors or other GLP-1 RAs was

discontinued a day before the first injection of
dulaglutide.

Other glucose-lowering medications,
including insulin, were continued, with their
doses adjusted as needed, except on the 3 days
before and after the dulaglutide injection. The
primary outcome was the changes in the BG
levels at six aforementioned time points (6-
point BG levels) from the baseline to the day
after the administration of dulaglutide. We also
analyzed the associations of the changes in the
BG levels with the patients’ characteristics and
laboratory data. HbA1c was measured by high-
performance liquid chromatography (HPLC).
The estimated glomerular filtration rate (eGFR)
was calculated by the modified IDMS-MDRD
equation: 194 9 serum creatinine (Cre)-1.094-

9 age-0.287(9 0.739 for women). The C-pep-
tide index (CPI) was calculated as (fasting
C-peptide immunoreactivity (CPR))/(fasting
blood glucose) 9 100. The FIB-4 index was
calculated as the serum aspartate aminotrans-
ferase level (AST) (IU/L) 9 age/platelet (109/
L) 9 Hserum alanine aminotransferase level
(ALT) (IU/L).

Statistical Analysis

The 6-point BG levels of a day before (day - 1)
and a day after (day 1) the first dulaglutide

Fig. 1 Study design. (1) to (6) indicate the timing of
glucose levels measurements at 7:30, 10:30, 11:30, 14:30,
17:30, and 20:30, respectively. The triangles show meal

times; breakfast at 8:30, lunch at 12:30, and dinner at
18:30. Dulaglutide was injected just before breakfast on
day 0

2876 Diabetes Ther (2021) 12:2873–2889



administration were expressed as arithmetic
mean ± standard deviation (SD) and evaluated
by Wilcoxon signed rank test. The fasting,
preprandial, and postprandial BG levels, and
the SD of the 6-point BG levels were expressed
as median values [25th–75th percentile] and the
changes were statistically evaluated by the
Wilcoxon signed rank test. The changes (D) of
the fasting BG levels, 2-h post breakfast BG
levels, mean of the 6-point BG levels, and SD of
the BG levels, between day - 1 and day 1 were
expressed as median values except for these
changes regarding sex which were expressed as
mean values. Correlations between the D BG
levels and continuous variables were evaluated
by simple linear regression analysis. Associa-
tions between the D BG levels and categorical
variables were evaluated by the Mann–Whitney
U test. In all tests, P\ 0.05 was considered as
being indicative of significance. All the statisti-
cal analyses were conducted using JMP Pro
version 15.0.0 (SAS Institute Inc., NC, USA).

RESULTS

Baseline Characteristics

The baseline characteristics of the 80 hospital-
ized patients with type 2 diabetes enrolled in
this study are shown in Table 1. The median age
was 72 (60–80) years, the median body mass
index (BMI) was 26.6 (23.4–29.8) kg/m2, the
median HbA1c was 9.1 (8.0–10.1)% (75 (63–86)
mmol/mol), and the median urinary CPR was
73.4 (40.0–119.8) lg/day. The proportion of
patients with a prior history of use of other GLP-
1 RAs and DPP4 inhibitors was 12.5% and 70%,
respectively.

Glucose-Lowering Effect in the Early Phase
After Administration of Dulaglutide

To examine the short-term effects of dulaglu-
tide on the BG levels, we compared the 6-point
BG levels at the baseline (day - 1) with those on
the day after the first administration of
dulaglutide at the dose of 0.75 mg (day 1)
(Fig. 2). Both fasting and postprandial BG levels
were significantly lower on day 1 as compared
to day - 1 (P\ 0.0001, except for the post-
lunch values; P\0.01). Figure 3 shows the
blood glucose excursions expressed as the SD of
the 6-point BG levels, which were also lower on
day 1 than on day - 1 (P\ 0.0001). These
results indicate that dulaglutide effectively

Table 1 Baseline patient characteristics

Baseline characteristics Values (N = 80)

Age (years) 72 [60–80]

Sex (male/female) 41/39

BMI (kg/m2) 26.6 [23.4–29.8]

Prior use of GLP-1 RAs 10

Prior use of DPP4 inhibitors 56

HbA1c (%) (mmol/mol) 9.1 [8.0–10.1] (75

[63–86])

FPG (mg/dL) 158 [136–193]

eGFR (mL/min/1.73 m2) 64.6 [50.7–86.1]

Urinary CPR (lg/day) 73.4 [40.0–119.8]

Fasting CPR (ng/mL) 2.6 [1.8–4.0]

All data shown are median values [25th–75th percentile],
except sex and prior use of medication, which are shown in
numbers
BMI body mass index, CPR C-peptide immunoreactivity,
DPP4 dipeptidyl peptidase 4, FPG fasting plasma glucose,
GLP-1 RAs glucagon-like peptide 1 receptor agonists

Fig. 2 Six-point BG levels at the baseline (day - 1) and
on the day after the first dulaglutide administration
(day 1). Day 0 indicates the day of administration of
dulaglutide. BG levels, blood glucose levels. **P\ 0.01 vs.
day - 1, ****P\ 0.0001 vs. day - 1. All data shown are
the arithmetic means ± SD
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decreased the BG levels and daily blood glucose
fluctuations by the day after the first injection
in patients with poorly controlled type 2 dia-
betes, i.e., even before the reported time at
which the maximum concentration of the drug
is reached (48 h after administration). The
reductions in the fasting, preprandial, and
postprandial BG levels, and in the SD of the
6-point BG levels were maintained stably for the
rest of the observation period (5 days,
P\ 0.0001, except for the SD on day 6;
P\ 0.001) (Fig. 4).

Six patients presented mild nausea and
slightly decreased appetite during 2–4 days after
dulaglutide administration. Two of them also
claimed constipation or mild abdominal pain.
The proportion of adverse events was less than
previous studies in which nausea was observed
ranging from 7.7% to 16% [3–6, 10]. All the
patients recovered from aforementioned
adverse events spontaneously in a few days.

Factors Associated with the Blood Glucose-
Lowering Effect of Dulaglutide on the Day
After Administration

Next, we explored the factors that were associ-
ated with the reduction of the BG levels in the
patients treated with dulaglutide between
day - 1 and day 1 (Tables 2 and 3). There was
no significant association of the age, sex, or BMI
with the glucose-lowering effect of dulaglutide.
A positive correlation was observed between
higher HbA1c values at the baseline and the
change in the (D) fasting BG (r = 0.461,
P\ 0.001). The serum glycoalbumin (GA) level
at the baseline was also positively correlated

Fig. 3 Changes in the blood glucose excursions, expressed
as the SD of the 6-point BG levels, from the baseline
(day - 1) to the day after the first administration of
dulaglutide (day 1). Day 0 indicates the day of adminis-
tration of dulaglutide. SD, standard deviation of the
6-point blood glucose levels. ****P\ 0.0001 vs. day - 1.
All data shown are the median values ± (25–75%)

Fig. 4 Changes in the fasting, preprandial, postprandial,
and in the SD of the 6-point BG levels. Day 0 indicates the
day of administration of dulaglutide. BG levels, blood
glucose levels; SD, standard deviation. a Fasting blood
glucose levels, b Preprandial blood glucose levels, c Post-
prandial blood glucose levels, d Standard deviation.
***P\ 0.001 vs. day - 1, ****P\ 0.0001 vs. day - 1. All
data show are the median values ± (25–75%)
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Table 2 Correlations of the changes in the blood glucose levels with the patient characteristics and laboratory data

Variable D fasting BG level
(mg/dL)

D 2-h post-breakfast
BG level (mg/dL)

D mean value of
6-point BG levels
(mg/dL)

D SD of 6-point BG
levels (mg/dL)

r P value r P value r P value r P value

Age 0.041 0.716 0.025 0.823 - 0.076 0.545 0.018 0.884

BMI - 0.167 0.138 - 0.111 0.033 - 0.043 0.732 0.034 0.790

Waist circumference - 0.218 0.062 - 0.152 0.201 - 0.095 0.469 - 0.156 0.234

Duration of diabetes - 0.016 0.159 - 0.003 0.979 - 0.135 0.296 0.071 0.583

Systolic BP 0.050 0.658 0.107 0.351 0.041 0.744 0.103 0.414

Diastolic BP - 0.114 0.315 - 0.149 0.188 - 0.101 0.422 - 0.081 0.522

Heart rate - 0.035 0.758 - 0.184 0.101 - 0.117 0.352 - 0.299 0.016*

HbA1c 0.461 \ 0.001*** 0.132 0.244 0.203 0.105 - 0.018 0.885

eGFR 0.137 0.224 - 0.044 0.699 0.074 0.561 - 0.125 0.322

Urinary CPR - 0.142 0.472 - 0.045 0.819 0.022 0.918 - 0.201 0.336

Fasting CPR 0.076 0.508 0.102 0.369 0.048 0.707 0.068 0.591

WBC 0.039 0.733 0.129 0.254 0.066 0.601 0.084 0.503

RBC - 0.124 0.271 - 0.154 0.170 - 0.203 0.105 - 0.210 0.093

Hb - 0.112 0.321 - 0.109 0.337 - 0.140 0.265 - 0.058 0.647

Plt 0.022 0.847 - 0.218 0.052 - 0.180 0.152 - 0.207 0.098

TP - 0.013 0.906 - 0.279 0.012* - 0.247 0.047* - 0.204 0.102

Alb - 0.013 0.910 - 0.137 0.226 - 0.113 0.369 - 0.088 0.487

AST 0.033 0.774 0.158 0.162 0.052 0.679 0.135 0.283

ALT 0.052 0.645 0.134 0.236 0.082 0.518 0.147 0.244

c-GTP 0.132 0.244 0.055 0.628 0.025 0.844 0.021 0.870

FIB-4 index 0.182 0.106 0.225 0.045* 0.215 0.085 0.131 0.300

ALP 0.303 0.006** 0.249 0.026* 0.354 0.004** 0.005 0.970

LDH 0.076 0.500 0.240 0.032* 0.209 0.094 0.115 0.360

ChE - 0.008 0.458 - 0.198 0.079 - 0.160 0.195 - 0.114 0.365

AMY 0.083 0.469 - 0.003 0.976 - 0.123 0.331 - 0.216 0.086

BUN - 0.167 0.138 - 0.020 0.861 - 0.133 0.292 0.020 0.872

Cre - 0.074 0.514 0.058 0.607 - 0.004 0.974 0.204 0.103

UA - 0.226 0.043* - 0.069 0.541 - 0.157 0.211 0.074 0.560

Na - 0.407 \ 0.001*** - 0.225 0.045* - 0.256 0.039* - 0.046 0.714

K 0.106 0.348 - 0.216 0.054 - 0.125 0.330 - 0.102 0.419

Diabetes Ther (2021) 12:2873–2889 2879



with the D fasting BG (r = 0.436, P\0.001). No
correlations were observed between the changes
in the BG levels and the parameters related to
the insulin secretory capacity (fasting CPR, uri-
nary CPR, and CPI).

The D BG levels showed no correlations with
duration of diabetes. In regard to the influence

of diabetic complications, patients without a
history of cerebrovascular disease and without a
history of diabetic retinopathy showed a greater
D fasting BG and D SD of the 6-point BG levels
(P\0.05), respectively. Although no correla-
tion was observed between the presence of dia-
betic nephropathy and the D BG levels, the

Table 2 continued

Variable D fasting BG level
(mg/dL)

D 2-h post-breakfast
BG level (mg/dL)

D mean value of
6-point BG levels
(mg/dL)

D SD of 6-point BG
levels (mg/dL)

r P value r P value r P value r P value

Cl - 0.313 0.005** - 0.077 0.497 - 0.152 0.225 0.070 0.581

Ca 0.218 0.052 - 0.035 0.757 0.08 0.888 - 0.030 0.812

P 0.026 0.818 - 0.065 0.567 0.009 0.944 - 0.153 0.223

Mg 0.086 0.471 - 0.106 0.371 - 0.058 0.661 - 0.218 0.095

Ferritin 0.141 0.217 0.100 0.382 0.119 0.354 0.208 0.102

T-Bil - 0.261 0.020* 0.141 0.241 0.024 0.854 0.199 0.115

CRP - 0.036 0.754 0.113 0.320 0.027 0.833 0.200 0.113

T-Chol 0.121 0.284 0.105 0.354 0.091 0.471 - 0.033 0.792

TG - 0.046 0.687 0.203 0.071 0.084 0.506 0.224 0.072

HDL-C 0.082 0.468 0.012 0.919 - 0.011 0.930 - 0.246 0.048*

LDL-C 0.110 0.329 0.051 0.652 0.074 0.558 - 0.039 0.558

TSH 0.019 0.879 0.022 0.861 0.004 0.976 0.113 0.412

FT4 0.004 0.974 - 0.267 0.028* 0.024 0.861 - 0.004 0.977

GA 0.436 \ 0.001*** 0.118 0.302 0.177 0.161 - 0.081 0.524

CPI - 0.086 0.443 0.040 0.730 - 0.066 0.606 0.028 0.826

Urinary microalbumin 0.120 0.321 0.046 0.704 0.277 0.037* 0.191 0.154

D, change from the baseline, calculated as the value on day - 1 minus the value on day 1. r, coefficient of correlation
ALT serum alanine aminotransferase, Alb serum albumin, AMY serum amylase, ALP serum alkaline phosphatase, AST
serum aspartate aminotransferase, BG blood glucose, BMI body mass index, BP blood pressure, BUN blood urea nitrogen,
Ca serum calcium, ChE serum cholinesterase, Cl serum chloride, CPI serum C-peptide index, CPR C-peptide
immunoreactivity, Cre serum creatinine, CRP serum C-reactive protein, FT4 serum free T4, GA serum glycoalbumin, Hb
serum hemoglobin, HDL-C serum high-density lipoprotein cholesterol, K serum potassium, LDH serum lactate dehy-
drogenase, LDL-C serum low density lipoprotein cholesterol, Mg serum magnesium, Na serum sodium, P serum phos-
phorus, Plt platelet, SD standard deviation, T-Bil serum total bilirubin, T-Chol serum total cholesterol, TG serum
triglycerides, TP serum total protein, TSH serum thyroid-stimulating hormone, UA serum uric acid,WBC white blood cell,
RBC red blood cell, c-GTP serum c-glutamyl transpeptidase
*P\ 0.05, **P\ 0.01, ***P\ 0.001
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urinary microalbumin level was positively cor-
related with the D mean of the 6-point BG levels
(r = 0.277, P\0.05). The FIB-4 index was posi-
tively correlated with the D post-breakfast BG
(r = 0.225, P\0.05). Serum alkaline phos-
phatase (ALP) was positively correlated with the
D fasting BG (r = 0.303, P\ 0.01), D post-break-
fast BG (r = 0.249, P\ 0.05), and Dmean of the
6-point BG levels (r = 0.354, P\0.01). Serum
total bilirubin (T-Bil) was negatively correlated
with the D fasting BG (r = - 0.261, P\0.05).
Serum lactate dehydrogenase (LDH) was posi-
tively correlated with the D post-breakfast BG
levels (r = 0.240, P\0.05). Other factors asso-
ciated with the D BG levels in the present study
include the serum sodium (Na), serum chloride

(Cl), serum uric acid (UA), high-density
lipoprotein cholesterol (HDL-C), serum free T4
(FT4), serum total protein (TP), heart rate, and
history of smoking (Tables 2 and 3).

Association between the previously used
antidiabetic agents and the changes in the BG
levels between day - 1 and day 1 were also
analyzed in the patients started on dulaglutide
treatment (Table 4). A total of 10 patients
received daily GLP-1 RA treatment prior to the
start of dulaglutide treatment in this study,
including liraglutide in 8 patients, exenatide in
1 patient, and lixisenatide in 1 patient. There
was no significant difference in the D fasting BG
or D post-breakfast BG between the patients
who had/had not previously received

Table 3 Differential changes in the blood glucose levels depending on the patient characteristics/diabetic complications

Fasting BG level
(mg/dL)

2-h post-breakfast
BG level (mg/dL)

Mean value of
6-point BG levels
(mg/dL)

SD of 6-point BG
levels (mg/dL)

D P value D P value D P value D P value

1 2 1 2 1 2 1 2

Sex� 20.0 22.9 0.878 46.3 51.0 0.996 29.3 37.3 0.688 11.3 6.6 0.418

Smoking history 19.0 16.5 0.939 64.0 35.0 0.019* 32.9 22.8 0.056 10.0 6.8 0.063

Drinking history 19.0 16.5 0.960 48.0 44.0 0.774 32.8 27.8 0.881 12.3 7.1 0.072

Family history of diabetes 16.5 19.0 0.917 52.5 34.0 0.447 28.4 29.0 0.440 9.5 8.2 0.373

Obesity 19.0 10.0 0.566 45.0 37.0 0.662 29.0 18.3 0.217 9.3 6.5 0.501

Hyperlipidemia 16.0 20.0 0.818 49.0 33.0 0.234 29.5 20.8 0.224 9.2 8.7 0.427

Hypertension 16.5 24.5 0.725 47.0 35.5 0.576 28.7 30.5 0.719 9.2 8.7 0.604

Ischemic cardiac disease 10.0 20.0 0.081 41.0 47.0 0.445 23.3 29.0 0.331 11.6 8.2 0.451

Cerebrovascular disease 11.0 23.0 0.017* 41.0 47.0 0.279 22.3 29.5 0.133 8.8 9.2 0.843

Peripheral arterial disease 7.5 17.0 0.172 52.5 43.0 0.930 27.5 28.8 0.762 13.7 9.3 0.742

Diabetic retinopathy 13.0 18.5 0.444 30.5 54.0 0.066 23.7 29.1 0.194 3.2 9.8 0.040*

Diabetic nephropathy 14.0 19.0 0.944 49.0 39.0 0.216 32.5 28.0 0.347 12.6 7.6 0.252

Diabetic peripheral neuropathy 20.0 11.5 0.717 48.0 37.0 0.741 28.4 29.3 0.685 7.3 9.9 0.128

Diabetic autonomic neuropathy 19.0 17.5 0.950 43.0 59.5 0.351 26.2 32.9 0.278 8.2 9.3 0.292

Data shown are the median values, unless indicated otherwise
BG blood glucose, SD standard deviation
*P\ 0.05
� Data shown are the mean values. ? Data of patients with factors or male; - Data of patients without factors or female.
D, change from the baseline, calculated as value on day - 1 minus value on day 1
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liraglutide. A total of 56 patients had received
treatment with DPP4 inhibitors prior to the
start of dulaglutide treatment. The BG levels
and SD of the 6-point BG levels decreased sig-
nificantly by a day after dulaglutide adminis-
tration irrespective of prior use of DPP4
inhibitors. The degree of the reduction in BG
levels was unaffected by the discontinuation of
DPP4 inhibitors. Metformin, sulfonylureas,

glinides, and sodium glucose co-transporter 2
(SGLT2) inhibitors were not necessarily discon-
tinued, but these medications seemed to have
no influence on the changes in the BG levels
elicited by dulaglutide. The significant reduc-
tions in BG levels were also observed irrespec-
tive of the use of thiazolidinediones, with
smaller D post-breakfast BG levels in the
patients taking that class of drug (P\0.05).

Table 4 Influence of the previously used class of glucose-lowering drugs on the changes in the blood glucose levels observed
after dulaglutide administration

Number
of cases

Fasting BG level
(mg/dL)

2-h post-breakfast
BG level (mg/dL)

Mean value of
6-point BG levels
(mg/dL)

SD of 6-point BG
levels (mg/dL)

D P value D P value D P value D P value

1 2 1 2 1 2 1 2

DPP4 inhibitors 56 17.5 16.5 0.372 47.0 32.5 0.299 29.0 26.7 0.235 9.4 7.2 0.134

Metformin 33 17.0 19.0 0.699 37.0 49.0 0.206 19.8 32.9 0.138 8.2 9.3 0.868

Thiazolidinediones 6 18.0 17.0 0.694 0.5 48.0 0.020* 22.8 28.8 0.396 3.7 9.3 0.172

Sulfonylureas 19 19.0 16.0 0.439 45.0 43.0 0.429 35.3 28.2 0.537 6.5 9.3 0.432

a-GIs 13 11.0 19.0 0.351 49.0 43.0 0.850 14.8 29.3 0.219 4.0 9.3 0.639

GLP-1 RAs 10

Liraglutide 8 9.0 19.0 0.382 15.0 47.0 0.071

Exenatide 1

Lixisenatide 1

Glinide 10 10.5 20.0 0.066 25.5 49.0 0.093 18.3 29.4 0.175 4.5 9.3 0.193

SGLT2 inhibitor 18 10.5 19.0 0.242 35.0 52.5 0.079 25.8 30.6 0.279 4.5 9.6 0.121

Insulin 42 30.0 13.0 0.022* 52.0 37.5 0.071 32.8 22.8 0.029* 10.0 5.4 0.183

Rapid-acting

insulin

28 30.5 13.0 0.011* 52.0 39.5 0.112 31.2 23.3 0.035* 9.4 7.3 0.327

Long-acting

insulin

38 32.0 10.5 0.001** 39.5 37.5 0.039* 33.3 22.8 0.011* 10.0 5.4 0.150

Premixed insulin 2

Data shown are the median values. ? Data of patients with factors; - Data of patients without factors. D, change from the
baseline, calculated as value on day - 1 minus value on day 1
a-GI alpha-glucosidase inhibitor, BG blood glucose, DPP4 dipeptidyl peptidase 4, GLP-1 RAs glucagon-like peptide 1
receptor agonists, SGLT2 sodium glucose co-transporter 2, SD standard deviation
*P\ 0.05, **P\ 0.01
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Table 5 Factors associated with the glucose-lowering effects of dulaglutide

D fasting BG
level (mg/dL)

D 2-h post-breakfast
BG level (mg/dL)

D mean value of 6-point
BG levels (mg/dL)

D SD of 6-point BG
levels (mg/dL)

Heart rate -

HbA1c ?

TP - -

UA -

FIB-4 index ?

ALP ? ? ?

T-Bil -

LDH ?

HDL-C -

Na - - -

Cl -

FT4 -

GA ?

Urinary

microalbumin

?

Smoking ?

Cerebrovascular

disease*

-

Diabetic

retinopathy*

-

Previously used class of glucose-lowering medication

Thiazolidinedione* -

Insulin* ? ?

Rapid-acting

insulin*

? ?

Long-acting

insulin*

? ? ?

? positive correlation, - negative correlation except for factors marked with *. For factors marked with *, ? indicates a
greater glucose-lowering effect when the factor is present, and - indicates a greater glucose-lowering effects when the factor
is absent
ALP alkaline phosphatase, BG blood glucose, Cl serum chloride, FT4 serum free T4, GA serum glycoalbumin, HDL-C
serum high-density lipoprotein cholesterol, LDH serum lactate dehydrogenase, Na serum sodium, SD standard deviation,
T-Bil serum total bilirubin, TP serum total protein, UA serum uric acid
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Patients with prior history of insulin use also
showed an improved glycemia profile in the
early phase after the start of dulaglutide treat-
ment. Both patients who were receiving rapid-
and long-acting insulin preparations showed a
higher D fasting BG (P\0.05 and P\ 0.01,
respectively) and D mean of the 6-point BG
levels (P\ 0.05 for both) compared to patients
who had not received insulin treatment.
Patients receiving long-acting insulin also
showed a higher D post-breakfast BG (P\ 0.05)
compared to patients who had not received
treatment with long-acting insulin. From these
outcomes, it would be reasonable to conclude
that significant decrease of the BG levels is
observed immediately after the first adminis-
tration of dulaglutide, irrespective of the class of
glucose-lowering medications used previously
in the patients. A summary of the factors asso-
ciated with the glucose-lowering effects of
dulaglutide is shown in Table 5.

DISCUSSION

In this study, we assessed the timing of onset of
the glucose-lowering effect of dulaglutide after
its first injection in patients with type 2 diabetes
in a hospital setting, and analyzed the factors
that were associated with the glucose-lowering
effect of dulaglutide observed on day 1 (a day
after the first administration of dulaglutide) as
compared to day - 1 (baseline, a day before the
first administration of dulaglutide).

The fasting and postprandial BG levels, mean
of the 6-point BG levels, as well as the daily
blood glucose fluctuations, measured as the SD
of the 6-point BG levels, decreased significantly
by day 1 after dulaglutide administration, as
compared to day - 1, and the reductions were
maintained stably throughout the rest of the
observation period (5 days). All of HbA1c, GA,
HDL-C, TP, UA, FIB-4 index, ALP, T-Bil, LDH,
Na, Cl, FT4, urinary microalbumin, heart rate,
history of smoking, history of diabetic
retinopathy, history of cerebrovascular disease,
and prior use of thiazolidinedione and insulin
were identified as candidate factors associated
with the early glucose-lowering effect of
dulaglutide observed on day 1. Long-acting

GLP-1 RAs, including dulaglutide, reduce both
the fasting and postprandial blood glucose
concentrations by causing sustained activation
of the GLP-1 receptor and stimulating glucose-
dependent insulin secretion [23]. However,
these findings are based on the long-term
studies. There are only three reports on the
early-phase effects of dulaglutide; however, the
sample sizes in these studies were small, ranging
from 12 to 43; in addition, the associations of
the early effects of dulaglutide with the patient
demographic characteristics or laboratory data
or with switching from other incretin-based
medications were also not evaluated in these
studies [20–22]. This study presented that
dulaglutide achieved reduction in BG levels
within 24 h and this might be beneficial for
early decision-making on the appropriate regi-
men for glycemic control, especially in short-
term hospitalized diabetes patients. Further
research is warranted focusing on the compar-
ative data for other GLP-1 RAs.

In relation to the pharmacokinetic profile, it
has been reported that dulaglutide reaches its
maximum plasma concentration at 48 h after
injection, has an elimination half-life of 5 days,
and reaches its steady-state concentration
between 2 and 4 weeks after weekly adminis-
tration [22, 24]. Barrington et al. [22] reported
reductions of the fasting BG levels and 2-h
postprandial BG levels by 48 h after the first
dulaglutide administration. Their study was
designed such that blood samples were col-
lected when dulaglutide reached its maximum
concentration in the blood; therefore, the data
of the first 24 h were not shown. Matsushita and
Inoue [20, 21] reported the mean BG levels,
daily glucose fluctuations, as assessed by the SD
of the 6-point BG levels, mean amplitude of the
glycemic excursions (MAGE), and percentage of
patients with BG greater than 180 mg/dL
decreased significantly by a day after the first
dulaglutide administration. In present study,
the daily average preprandial and postprandial
BG levels also, which have not been measured
in previous studies, decreased significantly by a
day after the first dulaglutide administration
[20–22]. In a Japanese phase 3 study, median
time to maximum concentration (tmax) was
50.33 (45.87–94.67) h after single injection of

2884 Diabetes Ther (2021) 12:2873–2889



0.75 mg dulaglutide. In that study, plasma
dulaglutide concentration at 24 h reached
about 90% of those at 48 h (around 38.0 ng/mL
vs. around 42.5 ng/mL) [2]. Thus, the plasma
concentration of dulaglutide seemed to be ele-
vated enough at 24 h after first injection to
reduce blood glucose level.

Barrington et al. [22] reported a significant
increase from the baseline of the area under the
curve (AUC) of the CPR after 5 weeks of
dulaglutide administration, as compared to
placebo. Inoue et al. [21] reported a significant
increase of the AUC of CPR (0–4 h after
dulaglutide administration), as compared to
placebo, by the third dulaglutide administra-
tion. In two previous studies, no change in the
glucagon secretion was observed after 4–5 weeks
of dulaglutide administration [21, 22]. How-
ever, the baseline fasting CPR, urinary C-pep-
tide, and CPI were not correlated with the D BG
levels, and these factors were not considered
after dulaglutide administration in the present
study. The contribution of insulin secretion or
glucagon secretion to the glycemic control eli-
cited by dulaglutide within a day of its admin-
istration requires further investigations. The
post hoc analysis of AWARD-1 to 6 showed that
a baseline fasting serum insulin level of
55 pmol/L or less was associated with a - 0.2%
(- 2.2 mmol/mol) greater mean reduction of
the HbA1c, but the influence was considered to
be too small to be clinically significant [25]. In
another post hoc analysis of AWARD-1, 3, and
6, greater reduction of the HbA1c was observed
in candidates with a low baseline HOMA2-%b
(3.5–43.9%), but the difference was no longer
observed after adjustment for the baseline
HbA1c [26]. Dulaglutide may be effective even
in patients with severe diabetes, as reduction of
the HbA1c was observed irrespective of the beta
cell function in a past long-term study [26] as
well as in the present study.

While there are no previous reports on the
predictors of the immediate glucose-lowering
effect of dulaglutide, several studies with
observation periods of more than 12 weeks have
reported factors related to reduction of the
HbA1c by dulaglutide treatment, and the major
factor is a relatively high baseline HbA1c
[18, 25, 27, 28]. The D fasting BG immediately

after the first administration of dulaglutide was
found to be associated with the baseline HbA1c
and GA in the present study. This finding sug-
gests that poor baseline glycemic control may
be associated with greater improvements of the
BG levels following administration of dulaglu-
tide, both in the short term and the long term.

Reported factors related to reduction of the
HbA1c following dulaglutide treatment other
than the baseline HbA1c vary among previous
studies. In the post hoc analysis of AWARD-1 to
6, Wysham et al. [25] reported that a lower
baseline fasting BG, age 65 years or less, and
eGFR of 100 mL/min/1.73 m2 or less were
associated with a greater reduction of the
HbA1c following dulaglutide treatment. In a
post hoc analysis of phase 3 studies of dulaglu-
tide in Japanese patients with type 2 diabetes
conducted by Onishi et al. [28], lower baseline
body weight (less than 70 kg), lower BMI (less
than 25 kg/m2), and higher age (65 years and
over) were identified as significant factors.
However, the influences of these factors on the
reduction of the HbA1c by a mean value in the
range of - 0.05% to - 0.21% (- 0.6 to
- 2.2 mmol/mol) were considered to be too
small and to be of limited clinical significance,
and both studies concluded that dulaglutide
produced a significant reduction of the HbA1c,
irrespective of background factors, except that a
higher baseline HbA1c was associated with a
- 0.6% to - 0.8% (- 6.6 to - 8.8 mmol/mol)
greater mean reduction of the HbA1c [25, 28].
Wysham et al. [25] contended that renal dys-
function may lower the endogenous insulin
clearance, resulting in a greater degree of
reduction of the HbA1c. In that study, patients
over the age of 65 years tended to show lower
HbA1c and eGFR values but the majority of
their participants were aged below 65 years,
making it difficult to interpret their results [25].
In the present study, we found no correlations
among the D BG levels and patients’ age, body
weight, BMI, baseline renal function, or base-
line fasting BG. Thus, it may be reasonable to
conclude that factors other than the baseline
HbA1c exert no significant influence on the
effectiveness of dulaglutide in the immediate
period after its administration.
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According to two previous studies, the
duration of diabetes was not associated with the
change in the HbA1c achieved with dulaglutide
treatment [18, 28], but a third study showed
that patients with a shorter duration of diabetes
showed greater degree of reduction of the
HbA1c following dulaglutide treatment [29]. In
the present study, the duration of diabetes was
not related to the D BG levels, but subjects
without a history of diabetic retinopathy and
cerebrovascular disease showed greater D SD of
the 6-point BG levels and D fasting BG levels,
respectively. There are no previous reports on
the influence of diabetic complications on the
glucose-lowering effect of dulaglutide. Patients
without diabetic complications are likely to
have a shorter duration of diabetes, but the
results cannot be interpreted clearly, as the
influence of the duration of diabetes on the
reduction of HbA1c reported by previous studies
is conflicting [18, 28, 29].

In a previous long-term study, patients who
were switched from another GLP-1 RA or DPP4
inhibitor to dulaglutide showed significant
reduction of the HbA1c, although the degree of
reduction was lower than that in patients who
were receiving biguanides, thiazolidinediones,
sulfonylureas, or insulin, either alone or in
combination [29]. However, there are no studies
on the effect of switching from DPP4 inhibitors
or other GLP-1 RAs to dulaglutide on the
immediate effects of the latter on the BG levels
so far. Although the short-term study con-
ducted by Matsushita et al. [20] included 7 out
of 15 participants with prior history of use of
DPP4 inhibitors, evaluation of independent
associations between the previously used DPP4
inhibitors and the glucose-lowering effects
immediately after the first dulaglutide admin-
istration was not presented. This is the first
report of patients switched from DPP4 inhibi-
tors to dulaglutide treatment, in whom signifi-
cant reductions of the BG levels and SD of the
6-point BG levels were demonstrated a day after
dulaglutide administration. In addition,
patients in the present study who were switched
from liraglutide to dulaglutide treatment did
not show worsening of the fasting or post-
breakfast BG levels in the present study. From
these results and the results of past studies,

switching from other incretin-based medica-
tions to dulaglutide appears to be safe.

The positive correlation between prior use of
insulin and D BG levels observed in the present
study could be explained by subjects with
higher baseline HbA1c values being more likely
to be on frequently titrated insulin therapy in a
hospitalized situation.

GLP-1 RAs have been shown to improve the
lipid and glucose metabolisms in the liver [30].
In previous studies, significant reductions of the
serum AST, ALT [31], and gamma-glutamyl
transferase (c-GTP) levels [31, 32], as well as the
liver fat content [32], were observed in the
dulaglutide treatment arm, as compared to the
placebo arm, after 24 weeks of treatment. The
positive correlations of the FIB-4 index, ALP,
T-Bil and LDH with the D BG levels observed in
the present study could be due to the effects of
dulaglutide on the liver fat. Other factors asso-
ciated with the D BG levels in the present study
include the serum Na, Cl, UA, HDL-C, FT4, TP,
urinary microalbumin, heart rate, prior use of
thiazolidinedione, and history of smoking.
There are no previous reports on the associa-
tions of these factors with the effects of
dulaglutide, and because of the exploratory
nature of our study, it is not possible to estab-
lish causal associations and further studies are
needed.

There were several limitations of our study.
Firstly, the observed improvement in the glu-
cose profiles following dulaglutide administra-
tion could also have been influenced by diet
modification, frequent checking of the BG
levels, and adjustments of the doses of the
antidiabetic medications in the hospitalized
patients by the end of the observation period
(day 5). Secondly, patients previously treated
with incretin-related drugs were not allowed a
washout period, making it difficult to precisely
determine the contribution of dulaglutide itself
to the reduced BG levels. In addition, we ana-
lyzed possible factors associated with the
immediate effects of dulaglutide, but it was not
possible to establish causal relationships
because of the exploratory nature of this study.
Therefore, a prospective study with strict
inclusion criteria, a washout period for incretin-
related drugs, and restriction of adjustments of
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the doses of other antidiabetic drugs, including
insulin, is warranted.

CONCLUSIONS

Dulaglutide achieved reduction in glucose level
within 24 h of the first injection. The reduced
BG levels were maintained stably for at least a
week in the hospitalized clinical setting. The
drug was particularly effective for patients with
relatively high baseline HbA1c levels, irrespec-
tive of the age, BMI, beta cell function, or
duration of diabetes.
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