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IT has been approximately 5 years since liraglutide was 
launched as the first glucagon-like peptide-1 (GLP-1) 
receptor agonist in Japan.  Additional GLP-1 receptor 
agonists (exenatide twice daily, exenatide once weekly, 
and lixisenatide) have been launched since then, and 
these have all become important treatment options for 
patients with type 2 diabetes (T2D) [1, 2].  

Dulaglutide is a long-acting GLP-1 receptor ago-
nist that mimics some of the effects of endogenous 
GLP-1 [3].  It has been approved and launched in the 
United States and the European Union at once weekly 
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doses of 0.75 mg and 1.5 mg [4, 5] and in Japan at a 
once weekly dose of 0.75 mg [6].  In phase 3 studies 
in Japanese patients with T2D, once weekly dulaglu-
tide 0.75 mg has shown superiority to insulin glargine 
(in a randomized, 26-week, open-label study of dula-
glutide in combination with sulfonylureas [SU] and/or 
biguanides [BG]) and non-inferiority to liraglutide 0.9 
mg/day (in a randomized monotherapy study in which 
dulaglutide was compared to placebo [double-blind] 
and to liraglutide 0.9 mg/day [open-label]; the study 
had a 26-week primary endpoint and a 52-week treat-
ment period) in HbA1c changes [7-9].  Also, in a non-
randomized, open-label, long-term (52-week) phase 
3 safety study in Japanese patients with T2D, once 
weekly dulaglutide 0.75 mg was overall well-toler-
ated in combination with a single oral hypoglycemic 
agent (SU, BG, α-glucosidase inhibitors, thiazolidine-
diones, or glinides) [10].  In order to better understand 
the effects of once weekly dulaglutide in differerent 
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confidence intervals (CIs), and descriptive statistics 
for the subgroup categories and differences between 
the subgroup categories were computed from the 
ANCOVA model, as well as p-values for the compari-
sons between the categories.  For incidence variables 
(incidence of patients achieving target HbA1c <7.0%, 
hypoglycemia, and nausea), 2-sided p-values com-
puted by Fisher’s exact test were used to test the inde-
pendence of the incidence and the subgroup categories.  
Statistical analyses were performed using SAS Version 
9.2 (SAS Institute Inc, Cary, NC, USA).  

Results

Baseline demographic characteristics
A total of 855 patients received at least 1 dose of 

dulaglutide 0.75 mg in the 3 studies; Table 1 summa-
rizes baseline characteristics for each of the 3 studies 
separately and overall.  Approximately 75% of patients 
were male, and mean age ± SD overall was approxi-
mately 57 ± 10 years.  Mean duration of diabetes was 
7.6 ± 6.2 years.  Mean body weight was 71.3 ± 13.1 kg, 
and mean BMI was 25.9 ± 3.6 kg/m2.  Mean HbA1c 
was 8.3 ± 1.0%; 65% of patients had HbA1c at base-
line ≤8.5%.  Approximately 30% of patients were tak-
ing concomitant SU (with or without BG) and approx-
imately 25% were taking concomitant BG (with or 
without SU).  Table 2 and Table 3 summarize demo-
graphic and baseline characteristics by subgroups.  
Table 4 summarizes concomitant SU and BG doses.  

Subgroup analyses
All analyses represent dulaglutide-treated patients 

pooled across the 3 studies after 26 weeks of treatment. 
Changes from baseline in HbA1c

Fig. 1 presents a forest plot of analysis results for 
changes from baseline in HbA1c (%) at week 26 by 
subgroup.  The LS mean ± SE change from baseline in 
HbA1c at week 26 overall was -1.60 ± 0.03%.  There 
were statistically significant differences in changes 
from baseline in HbA1c between the subgroup catego-
ries for age, BMI, body weight, and baseline HbA1c.  
Reductions were significantly greater for older patients 
and those with lower BMI, lower body weight, and 
higher HbA1c: LS mean differences (95% CIs) were 
-0.12% (-0.24%, -0.01%; p = 0.034) for older – 
younger patients, -0.14% (-0.24%, -0.04%; p = 0.005) 
for patients with lower – higher BMI, -0.21% (-0.30%, 
-0.11%; p <0.001) for patients with lower – higher 

patient populations, we pooled the 3 studies described 
above and evaluated the efficacy and safety of dulaglu-
tide 0.75 mg after 26 weeks of treatment stratified by 
patient characteristics at baseline.  

Materials and Methods

Patients
All 3 protocols were approved by each participating 

center’s ethical review board, and the studies were con-
ducted in accordance with the Declaration of Helsinki 
and Good Clinical Practice guidelines.  All patients pro-
vided written informed consent before receiving treat-
ment.  All 3 studies were registered with ClinicalTrials.
gov (NCT01584232, NCT01558271, NCT01468181).  
Study design and methods for each study have been 
previously reported [7-10].  

Statistical analysis
The following efficacy parameters were analyzed 

across the subgroups for dulaglutide-treated patients 
in the 3 pooled studies after 26 weeks of treatment: 
changes from baseline in HbA1c and body weight and 
proportions of patients achieving HbA1c target <7.0%.  
The following safety parameters were analyzed across 
the subgroups through 26 weeks of treatment: inci-
dence of hypoglycemia (defined as plasma glucose ≤70 
mg/dL with or without symptoms), incidence of nau-
sea, and change from baseline in seated pulse rate.  

The key patient subgroups analyzed were sex (male, 
female), age (<65, ≥65 years), duration of T2D (<7, 
≥7 years), baseline body weight (<70, ≥70 kg), body 
mass index (BMI; <25, ≥25 kg/m2), baseline HbA1c 
(≤8.5%, >8.5%), concomitant SU therapy (yes [these 
patients may also have been receiving concomitant BG 
therapy], no), and concomitant BG therapy (yes [these 
patients may also have been receiving concomitant SU 
therapy], no).  

Continuous variables (changes from baseline in 
HbA1c, body weight, and seated pulse rate) were 
analyzed with an analysis of covariance (ANCOVA) 
model with subgroup as a fixed effect and the base-
line value as the covariate, with 2 exceptions: in the 
analysis of change from baseline in HbA1c by base-
line HbA1c (≤8.5%, >8.5%), baseline HbA1c was not 
included as a covariate, and in the analysis of change 
from baseline in body weight by baseline body weight 
(<70, ≥70 kg), baseline body weight was not included 
as a covariate.  Least-square (LS) mean estimates, 95% 
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Table 1  Demographic and baseline characteristics of dulaglutide-treated patients overall and for each study

Monotherapy study
 (n=280)

BG/SU combination 
study (n=181)

Long-term safety 
study (n=394)

Overall
(N=855)

Female, n (%) 52 (19) 56 (31) 98 (25) 206 (24)

Age, mean (SD), years 57.2 (9.6) 57.5 (10.5) 57.4 (11.0) 57.3 (10.4)

Duration of T2D, mean (SD), years 6.8 (5.6) 8.9 (6.7) 7.7 (6.3) 7.6 (6.2)

Weight, mean (SD), kg 71.3 (12.5) 70.9 (13.7) 71.4 (13.3) 71.3 (13.1)

BMI, mean (SD), kg/m2 25.6 (3.6) 26.1 (3.6) 25.9 (3.7) 25.9 (3.6)

HbA1c, mean (SD), % 8.2 (0.8) 8.1 (0.8) 8.5 (1.1) 8.3 (1.0)

Concomitant SUa, n (%) 0 (0) 117 (65) 131 (33) 248 (29)

Concomitant BGb, n (%) 0 (0) 147 (81) 61 (16) 208 (24)

Seated vital signs

SBP, mean (SD), mmHg 128 (13) 129 (14) 131 (14) 130 (14)

DBP, mean (SD), mmHg 79 (9) 81 (9) 81 (9) 80 (9)

Pulse rate, mean (SD), bpm 70 (10) 72 (11) 73 (10) 72 (11)

Hepatic function

ALT, mean (SD), U/L 30 (17) 35 (20) 30 (18) 31 (19)

AST, mean (SD), U/L 26 (11) 29 (13) 26 (12) 26 (12)

Renal function

UACR, mean (Q1, Q3), mg/g 49 (6, 31) 73 (6, 41) 83 (6, 40) 70 (6, 35)

eGFR, mean (SD), mL/min/1.73 m2 75 (16) 76 (17) 73 (16) 74 (16)

Fasting insulin, mean (SD), mU/L 9.1 (6.5) N/A 9.9 (7.3) N/A

Fasting c-peptide, mean (SD), ng/mL 1.4 (0.7) N/A 2.2 (1.2) N/A

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BG, biguanides; BMI, body mass index; DBP, diastolic blood pressure; 
eGFR, estimated glomerular filtration rate; n/N, number of patients; N/A, not applicable; Q1, first quartile (25th percentile); Q3, third 
quartile (75th percentile); SBP, systolic blood pressure; SD, standard deviation; SU, sulfonylurea; T2D, type 2 diabetes; UACR, urine 
albumin/creatinine ratio.  a Includes patients taking SU with or without BG.  b Includes patients taking BG with or without SU.  

Table 2  Demographic and baseline characteristics in the subgroups (sex, age, duration of T2D, and body weight)

Sex Age Duration of T2D Body weight

Male
(n=649)

Female
(n=206)

<65 years
(n=641)

≥65 years
(n=214)

<7 years
(n=469)

≥7 years
(n=386)

<70 kg
(n=421)

≥70 kg
(n=434)

Female, n (%) 0 (0) 206 (100) 144 (22) 62 (29) 122 (26) 84 (22) 151 (36) 55 (13)

Age, mean (SD), years 56.9 (10.1) 58.7 (11.3) 53.1 (8.2) 70.1 (3.8) 54.7 (10.2) 60.5 (9.7) 61.9 (9.0) 52.9 (9.7)

Duration of T2D, mean (SD), years 7.7 (6.2) 7.6 (6.3) 6.7 (5.6) 10.5 (7.1) 3.5 (1.9) 12.7 (5.9) 9.0 (6.9) 6.3 (5.1)

Weight, mean (SD), kg 73.9 (12.4) 62.8 (11.7) 73.9 (12.9) 63.4 (10.2) 73.0 (13.2) 69.1 (12.7) 60.7 (6.4) 81.5 (9.2)

BMI, mean (SD), kg/m2 25.8 (3.5) 26.1 (4.0) 26.4 (3.6) 24.3 (3.2) 26.4 (3.6) 25.2 (3.5) 23.4 (2.4) 28.3 (3.0)

HbA1c, mean (SD), % 8.3 (1.0) 8.4 (1.0) 8.3 (1.0) 8.3 (1.0) 8.3 (1.0) 8.3 (1.0) 8.3 (1.0) 8.3 (1.0)

Concomitant SUa, n (%) 177 (27) 71 (34) 171 (27) 77 (36) 100 (21) 148 (38) 133 (32) 115 (26)

Concomitant BGb, n (%) 144 (22) 64 (31) 170 (27) 38 (18) 111 (24) 97 (25) 95 (23) 113 (26)

BG, biguanides; BMI, body mass index; n, number of patients; SD, standard deviation; SU, sulfonylurea; T2D, type 2 diabetes. a Includes 
patients taking SU with or without BG.  b Includes patients taking BG with or without SU.   
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Table 4  Daily dose of concomitant sulfonylurea and biguanide

Drug Class Drug name N
Daily dose (mg)

Baseline Week 26
Sulfonylurea Glibenclamide 7 5.4 ± 1.7 4.3 ± 2.4

Gliclazide 20 60 ± 22 58 ± 25
Glimepiride 219 2.3 ± 1.0 2.1 ± 1.0

Biguanide Buformin 1 150 150
Metformin 205 946 ± 363 917 ± 398

Data are mean ± SD.  

Table 3  Demographic and baseline characteristics in the subgroups (BMI, HbA1c, concomitant SU, and concomitant BG)
BMI HbA1c Concomitant SU Concomitant BG

<25 kg/m2

(n=392)
≥25 kg/m2

(n=463)
≤8.5%

(n=559)
>8.5%

(n=296)
yesa

(n=248)
nob

(n=607)
yesc

(n=208)
nod

(n=647)
Female, n (%) 93 (24) 113 (24) 128 (23) 78 (26) 71 (29) 135 (22) 64 (31) 142 (22)
Age, mean (SD), years 60.8 (9.3) 54.4 (10.4) 57.7 (10.2) 56.6 (10.8) 58.4 (11.1) 56.9 (10.1) 55.6 (9.9) 57.9 (10.5)
Duration of T2D, mean (SD), years 9.1 (7.0) 6.4 (5.2) 7.5 (6.1) 8.0 (6.4) 9.7 (7.0) 6.8 (5.7) 8.1 (6.4) 7.5 (6.2)
Weight, mean (SD), kg 61.8 (7.9) 79.3 (11.2) 70.8 (12.8) 72.1 (13.6) 70.2 (13.0) 71.7 (13.1) 72.8 (13.1) 70.8 (13.1)
BMI, mean (SD), kg/m2 22.7 (1.7) 28.5 (2.6) 25.7 (3.5) 26.2 (3.9) 25.8 (3.6) 25.9 (3.7) 26.6 (3.6) 25.6 (3.6)
HbA1c, mean (SD), % 8.3 (1.0) 8.3 (0.9) 7.7 (0.5) 9.4 (0.7) 8.5 (1.1) 8.2 (0.9) 8.1 (0.9) 8.4 (1.0)
Concomitant SU, n (%) 121 (31) 127 (27) 137 (25) 111 (38) 248 (100) 0 (0) 83 (40) 165 (26)
Concomitant BG, n (%) 78 (20) 130 (28) 157 (28) 51 (17) 83 (33) 125 (21) 208 (100) 0 (0)
BG, biguanides; BMI, body mass index; n, number of patients; SD, standard deviation; SU, sulfonylurea; T2D, type 2 diabetes. 
a Includes patients taking SU with or without BG.  b Includes patients who may have been treated with diet and exercise, alpha-glucosidase 
inhibitors, thiazolidinediones, glinides, and/or BG. c Includes patients taking BG with or without SU. d Includes patients who may have 
been treated with diet and exercise, alpha-glucosidase inhibitors, thiazolidinediones, glinides, and/or SU.  

Fig. 1	 LS mean (95% CI) changes from baseline in HbA1c (%) after 26 weeks for dulaglutide-treated patients by key subgroups.  
BG, biguanides; BMI, body mass index; CI, confidence interval; LS mean, least-square mean; n, number of patients with 
postbaseline data; SU, sulfonylurea; T2D, type 2 diabetes; yrs, years.  * denotes p<0.05, ** denotes p<0.01, *** denotes 
p<0.001 from t-tests.  
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(95% CIs) were -0.54 kg (-0.95, -0.13; p = 0.011) for 
females − males, -0.50 kg (-0.83, -0.17; p = 0.003) for 
patients with lower – higher weight, 0.96 kg (0.62, 
1.30; p <0.001) for higher – lower HbA1c, and -0.70 
kg (-1.09, -0.32; p <0.001) for patients with BG use – 
no BG use.  
Percentages of patients experiencing hypoglycemia

Fig. 4 presents analysis results for percentages of 
patients experiencing hypoglycemia through week 26 
by subgroup.  Overall, 12% of patients experienced 
hypoglycemia.  There were statistically significant dif-
ferences in incidence of hypoglycemia between the 
subgroup categories for age (19.6% [older patients] vs. 
9.2% [younger patients], p <0.001), duration of diabe-
tes (16.1% [longer duration] vs. 8.3% [shorter dura-
tion], p <0.001), baseline body weight (14.7% [lower 
weight] vs. 9.0% [higher weight], p = 0.011), concomi-
tant SU use (30.6% [SU use] vs. 4.1% [no SU use], p 
<0.001), and concomitant BG use (17.3% [BG use] vs. 
10.0% [no BG use], p = 0.006).  
Percentages of patients experiencing nausea

Fig. 5 presents analysis results for percentages of 
patients experiencing nausea through week 26 by sub-

body weight, and -0.84% (-0.95%, -0.72%; p <0.001) 
for higher – lower HbA1c.  
Percentages of patients achieving HbA1c <7.0%

Fig. 2 presents analysis results for percentages of 
patients achieving HbA1c <7.0% at week 26 by sub-
group.  Overall, 71% of patients achieved HbA1c 
<7.0% by week 26.  There were statistically significant 
differences between the subgroup categories in patients 
achieving HbA1c <7.0% for body weight (76.4% 
[lower weight] vs. 65.3% [higher weight], p <0.001), 
BMI (75.2% [lower BMI] vs. 67.0% [higher BMI], p 
= 0.010), baseline HbA1c (84.2% [lower HbA1c] vs. 
45.4% [higher HbA1c], p <0.001), and concomitant SU 
use (73.6% [no SU use] vs. 63.8% [SU use], p = 0.006).  
Changes from baseline in body weight

Fig. 3 presents a forest plot of analysis results for 
changes from baseline in body weight (kg) at week 26 
by subgroup.  The LS mean change ± SE from baseline 
in body weight at week 26 overall was -0.18 ± 0.08 
kg.  There were statistically significant differences in 
changes from baseline in body weight between the 
subgroup categories for sex, body weight, baseline 
HbA1c, and concomitant BG use: LS mean differences 

Fig. 2	 Percentages of dulaglutide-treated patients achieving HbA1c <7.0% (%) after 26 weeks by key subgroups.  BG, biguanides; 
BMI, body mass index; n, number of patients with postbaseline data; SU, sulfonylurea; T2D, type 2 diabetes; yrs, years.  
* denotes p<0.05, ** denotes p<0.01, *** denotes p<0.001 from Fisher’s exact tests.  
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Fig. 3	 LS mean (95% CI) changes from baseline in body weight (kg) after 26 weeks for dulaglutide-treated patients by key subgroups.  
BG, biguanides; BMI, body mass index; CI, confidence interval; LS mean, least-square mean; n, number of patients with 
postbaseline data; SU, sulfonylurea; T2D, type 2 diabetes; yrs, years.  * denotes p<0.05, ** denotes p<0.01, *** denotes 
p<0.001 from t-tests.  

Fig. 4	 Percentages of dulaglutide-treated patients experiencing hypoglycemia (%) through 26 weeks by key subgroups.  BG, 
biguanides; BMI, body mass index; n, number of patients with postbaseline data; SU, sulfonylurea; T2D, type 2 diabetes; yrs, 
years.  * denotes p<0.05, ** denotes p<0.01, *** denotes p<0.001 from Fisher’s exact tests.  
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group.  Overall, 7.1% of patients experienced nausea.  
There were statistically significant differences in inci-
dence of nausea between the subgroup categories for 
sex (10.7% [females] vs. 6.0% [males]; p = 0.029), 
body weight (9.0% [lower weight] vs. 5.3% [higher 
weight]; p = 0.045), duration of diabetes (9.3% [longer 
duration] vs. 5.3% [shorter duration]; p = 0.032), and 
concomitant SU use (10.1% [SU use] vs. 5.9% [no SU 
use]; p = 0.040).  
Changes from baseline in seated pulse rate

Fig. 6 presents a forest plot of analysis results for 
changes from baseline in seated pulse rate (bpm) at 
week 26 by subgroup.  The LS mean change ± SE 
from baseline in seated pulse rate at week 26 overall 
was 2.9 ± 0.3 bpm.  There were statistically signifi-
cant differences in changes from baseline in pulse rate 
between the subgroup categories for age, body weight, 
and baseline HbA1c: LS mean (95% CI) differences 
were -1.27 bpm (-2.34, -0.20; p = 0.020) for older – 
younger patients, -0.92 bpm (-1.84, -0.00; p = 0.050) 
for patients with lower – higher weight, and 1.11 bpm 
(0.15, 2.08; p = 0.024) for patients with higher – lower 
HbA1c, respectively.  

Discussion

This post hoc analysis of three Japanese phase 3 
studies of once weekly dulaglutide 0.75 mg evaluated 
efficacy and safety data after 26 weeks of treatment 
stratified by sex, age, body weight, BMI, duration of 
diabetes, baseline HbA1c, and use of concomitant SU 
or BG.  This is the first analysis of dulaglutide across 
subgroups; these stratification factors have also been 
used in previous pooled subgroup analyses for other 
GLP-1 receptor agonists, such as liraglutide [11, 12], 
exenatide twice daily [13], exenatide once weekly [14], 
and lixisenatide [15].  

Treatment with once weekly dulaglutide 0.75 mg 
resulted in significant reductions from baseline in 
HbA1c in all of the subgroups analyzed.  In the pres-
ent analysis the most influential factor for reduction in 
HbA1c and achievement of HbA1c <7.0% was HbA1c 
value at baseline: patients with higher baseline HbA1c 
had significantly greater HbA1c reductions from base-
line, but a significantly smaller percentage achieved 
HbA1c <7.0% compared to patients with lower base-
line HbA1c.  Similar results were reported in a pooled 

Fig. 5	 Percentages of dulaglutide-treated patients experiencing nausea (%) through 26 weeks by key subgroups.  BG, biguanides; 
BMI, body mass index; n, number of patients with postbaseline data; SU, sulfonylurea; T2D, type 2 diabetes; yrs, years.  
* denotes p<0.05 from Fisher’s exact tests.  
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analysis of liraglutide studies [12].  In that analysis, 
greater HbA1c reductions were observed in patients 
with higher baseline HbA1c after 26 weeks of treat-
ment compared to patients with lower HbA1c at base-
line whether they were treated with liraglutide or com-
parators such as sitagliptin, glimepride, rosiglitazone, 
exenatide, or insulin glargine.  Similarly, patients with 
lower baseline HbA1c were more likely to achieve 
HbA1c <7.0% after 26 weeks of treatment compared 
to patients with higher baseline HbA1c regardless of 
treatment.  Differences in changes in HbA1c among 
the other subgroups analyzed were generally small and 
were of limited clinical significance.  

In our analysis of once weekly dulaglutide, statisti-
cally significantly greater reductions from baseline in 
body weight were observed in female patients and in 
patients who had lower body weight or lower HbA1c 
at baseline or were using concomitant BG compared 
to other patients.  The effects of sex and baseline body 
weight might be confounded because females had 
lower mean body weight compared to males (62.8 vs. 
73.9 kg).  Higher serum concentrations of dulaglutide 
in females might result in a more potent weight-loss 
effect.  The detailed mechanism resulting in increased 

weight loss when GLP-1 receptor agonist therapy is 
combined with BG is unknown.  However, it has been 
reported that BG enhances intrinsic GLP-1 secretion, 
and this might explain the additive effect on weight 
loss [16, 17].  Patients using concomitant BG  in a pre-
vious phase 3 study of liraglutide in Japan had weight 
loss similar to that reported here [18].  The observation 
in this analysis of greater weight loss in patients with 
lower baseline HbA1c compared to those with higher 
HbA1c was unexpected.  There is no obvious interpre-
tation for this phenomenon, but one possible interpreta-
tion is that higher HbA1c levels reflected the difficulty 
of treatment of diabetes, including control of body 
weight, in this population.  Differences in usage of con-
comitant medications might also have affected these 
results: patients with higher baseline HbA1c used SU 
more frequently (38%) and BG less frequently (17%) 
compared to patients with lower baseline HbA1c (25% 
used SU, 28% used BG).  

Overall, the incidence of hypoglycemia observed 
in the studies was low, with the exception of patients 
with concomitant SU use.  Concomitant use of SU 
with GLP-1 receptor agonists is a known risk for hypo-
glycemia, and the Japan Diabetes Society Committee 

Fig. 6	 LS mean (95% CI) changes from baseline in seated pulse rate (bpm) after 26 weeks for dulaglutide-treated patients by key 
subgroups.  BG, biguanides; BMI, body mass index; bpm, beats per minute; CI, confidence interval; LS mean, least-square mean; n, 
number of patients with postbaseline data; SU, sulfonylurea; T2D, type 2 diabetes; yrs, years.  * denotes p<0.05 from t-tests.  
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for proper use of incretin drugs (GLP-1 receptor ago-
nists and DPP-4 inhibitors) recommends reducing con-
comitant SU doses when treatment with incretin drugs 
such as DPP-4 inhibitors or GLP-1 receptor agonists 
is begun [19].  Concomitant use of BG also increased 
the incidence of hypoglycemia in this analysis, but 
40% of patients taking concomitant BG were also tak-
ing concomitant SU.  Incidence of hypoglycemia in 
patients taking concomitant BG only (without SU) was 
7.2%, while incidence in patients taking BG and SU 
was 32.5%.  Higher incidence of hypoglycemia was 
also observed in older patients (≥65 years [mean age 
70.1 years]).  Compared to younger patients (<65 years 
[mean age 53.1 years]), the older patients had longer 
mean duration of diabetes (10.5 vs. 6.7 years), lower 
mean body weight (63.4 vs. 73.9 kg), and were more 
likely to be receiving concomitant SU (36% vs. 27%).  
Hypoglycemia is a frequently observed adverse event 
in older patients; in these patients, autonomic symp-
toms are diminished and symptom intensity is low 
overall [20].  

Incidence of nausea was relatively low in all sub-
groups.  In this study, higher incidences of nausea were 
observed in females and in patients with longer dura-
tion of diabetes, lower baseline body weight, and con-
comitant use of SU compared to other patients.  There 
were statistically significant effects but no clinically 
significant effects of subgroups on nausea.  As men-
tioned previously, the effects of sex and baseline body 
weight might be confounded, and higher serum con-
centrations of dulaglutide might have increased the 
incidence of nausea.  In addition, the effects of duration 
of diabetes and concomitant SU use were confounded 
because mean duration of T2D in patients using con-
comitant SU was longer than that in patients not using 
concomitant SU (9.7 vs. 6.8 years).  One of the causes 
of nausea is delayed gastric emptying, and the main 
cause of delayed gastric emptying in patients with T2D 
is autonomic neuropathy, which worsens in patients 
with longer duration of diabetes [21].  

In the analyses of pulse rates, there were statistically 
significant differences between the subgroup catego-
ries for age, body weight, and baseline HbA1c; how-
ever, the differences were not clinically significant.  

Subgroup analyses by age groups are the most 
commonly reported: analyses for liraglutide, exena-
tide twice daily, exenatide once weekly, and lixisena-
tide have been published [11, 13-15].  In this analy-
sis of dulaglutide studies, elderly patients (≥65 years) 

had significantly greater reductions in HbA1c, signif-
icantly higher incidence of hypoglycemia, and sig-
nificantly smaller increases in pulse rate compared 
to younger patients.  In a pooled analysis of the six 
Liraglutide Effect and Action in Diabetes (LEAD) 
studies [11], there were no statistically significant dif-
ferences in changes from baseline in HbA1c or body 
weight between age groups (<65 or ≥65 years).  The 
proportions of patients reporting minor hypoglycemia 
were low and appeared comparable between the age 
groups.  In a posthoc analysis of 16 randomized studies 
of exenatide twice daily [13], the changes from base-
line in HbA1c and fasting plasma glucose were simi-
lar between the age groups, but greater weight loss was 
observed for elderly patients (≥65 years) compared to 
younger patients.  In a posthoc analysis of 7 random-
ized studies of exenatide once weekly [14], changes 
from baseline in HbA1c, fasting plasma glucose, and 
body weight were similar for both age groups (<65, 
≥65 years).  In a pooled analysis of 6 randomized stud-
ies of lixisenatide [15], the incidences of treatment-
emergent adverse events and symptomatic hypoglyce-
mia were generally numerically higher in the elderly 
group (≥65 years) who received lixisenatide but were 
generally comparable between the age groups.  

The subgroup analyses of the studies reported here 
had some potential limitations.  First, these were 
posthoc, exploratory analyses using data integrated 
from studies with different designs (i.e., randomized 
and non-randomized, double-blind and open-label).  
Second, the types of patients included were limited 
to some extent, as exemplified by the low proportions 
of females and of patients over 75 years of age and 
by the exclusion of patients with clinically significant 
medical conditions such as renal and hepatic disorders.  
Third, the current subgroup analyses adjusted only for 
baseline values for continuous variables (HbA1c, body 
weight, and pulse rate) but not for other potential con-
founding factors that may have affected the results.  

In conclusion, once weekly dulaglutide 0.75 mg 
improved blood glucose control as measured by HbA1c 
regardless of patient characteristics other than base-
line HbA1c value.  Weight loss was greatest in patients 
with lower baseline HbA1c and in patients taking con-
comitant BG.  Concomitant use of SU had the great-
est effect on incidence of hypoglycemia.  While statis-
tically significant differences were observed between 
some patient characteristic subgroups (for example, 
younger vs. older patients) for other clinical outcomes, 
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in general these differences were not considered clini-
cally relevant.  
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