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ABSTRACT

Introduction: Once-weekly (OW) glucagon-like
peptide 1 receptor agonist (GLP-1RA) semaglu-
tide has been shown to have a more potent
glycated hemoglobin (HbA1c)-lowering effect
than other oral hypoglycemic agents and
existing GLP-1RAs in global randomized con-
trolled trials. The study aim was to evaluate the
safety and effectiveness of OW semaglutide in
Japanese patients with type 2 diabetes mellitus
(T2DM) in a real-world clinical setting and
identify pre- and post-treatment predictors of
good response.
Methods: We investigated the change in
HbA1c, percentage of patients achieving\ 7%
HbA1c, and factors contributing to the effect
6 months after OW semaglutide use in Japanese
patients with T2DM. We also examined

differences in effectiveness between patients
with different backgrounds.
Results: At baseline, the 77 patients had a
mean baseline HbA1c of 8.1% ± 1.23%, 74% of
the patients were injecting another GLP-1RA,
and 42.9% of the patients were being treated
with insulin. HbA1c decreased by 0.89% and by
0.66% in the other GLP-1RA users. The rate of
achievement of\7% HbA1c increased from
21% to 43%. There were no differences in effect
by age, sex, or body mass index. Higher baseline
HbA1c and shorter duration of diabetes were
associated with greater HbA1c reduction. OW
semaglutide was tolerable for the majority of
our study population.
Conclusion: This study provided real-world
evidence showing that OW semaglutide signif-
icantly reduced HbA1c in Japanese patients
with T2DM who had inadequate HbA1c
control.

Keywords: Glucagon-like peptide 1 receptor
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Key Summary Points

Why carry out this study?

Once-weekly (OW) semaglutide has been
reported to lower glycated hemoglobin
(HbA1c) more potently than other
glucagon-like peptide 1 receptor agonists
(GLP-1RAs) and dipeptidyl peptidase 4
inhibitors in global randomized
controlled trials that included Japanese
people.

Few studies have been conducted using
real-world evidence (RWE) in Japanese
patients with type 2 diabetes mellitus
(T2DM).

This retrospective study provides RWE for
enhanced treatment using OW
semaglutide in Japanese patients with
T2DM.

What was learned from this study?

Add-on or switching from another GLP-
1RA to OW semaglutide significantly
reduced HbA1c at 6 months relative to
those supported by RCT. The rate of
achievement of HbA1c\7% also
increased.

Patients with higher baseline HbA1c and
shorter duration of diabetes were
associated with greater reduction of
HbA1c.

INTRODUCTION

The pathophysiology of type 2 diabetes mellitus
(T2DM) involves decreased insulin secretion
from pancreatic b-cells and decreased activity in
target organs [1]. Insulin secretion capacity and
resistance are lower in East Asians, including
Japanese people, than in Caucasians [2, 3]. In
particular, acute insulin secretion in response to
higher glucose levels is decreased and causes
postprandial hyperglycemia in early-stage

T2DM [4]. Glucagon-like peptide 1 (GLP-1), a
gut-derived hormone, maintains glucose
homeostasis through glucose-stimulated insulin
secretion (GSIS) from pancreatic b-cells (pan-
creatic action) and other direct or indirect
actions on the central nervous system, liver,
gut, and adipose tissue (extrapancreatic action)
[5, 6]. GLP-1 stimulates GSIS in pancreatic b-
cells by activating the ATP-sensitive K? channel
pathway via GLP-1/cyclic adenosine 30,50-
monophosphate (cAMP)/exchange protein
directly activated by the cAMP 2 (EPAC2) path-
way or another mechanism [7–9] and improves
glucose intolerance. Administration of GLP-1,
not incretin enhancers such as dipeptidyl pep-
tidase 4 inhibitors, also reduces appetite and
food intake [10]. GLP-1 receptor agonists (GLP-
1RAs) are an established glucose-lowering ther-
apeutic option for treatment of T2DM proven in
numerous clinical trials [11]. Presently, once-
weekly (OW) administered GLP-1RA semaglu-
tide is available (in Japan since June 2020), and
patients can choose the most appropriate for-
mulation (oral or injectable) depending on their
individual factors [12]. On the other hand,
other GLP-1RAs and/or new sodium-glucose
transporter 2 (SGLT2) inhibitors have become
widely used in Japan, but some patients still
have difficulty reducing glycated hemoglobin
(HbA1c) [13–15]. OW semaglutide has been
reported to have a more potent effect on HbA1c
than placebo or existing drugs or another GLP-1
receptor agonist in the Semaglutide Unabated
Sustainability in Treatment of Type 2 Diabetes
(SUSTAIN) clinical trial program, which
includes clinical trials on Japanese patients
[16, 17]. The SUSTAIN-6 trial, a cardiovascular
outcome trial, showed significant reduction in
major adverse cardiovascular events by treat-
ment with semaglutide relative to those in the
placebo group [18]. Currently published clinical
trials suggest that semaglutide may be useful for
therapeutic intensification of diabetes treat-
ment and provide a cardiovascular benefit, but
few studies have been conducted in real-world
clinical settings in Japanese patients with
T2DM. A recent meta-analysis of six GLP-1RA
clinical trials, including the SUSTAIN-6 trial,
reported that the benefit of GLP-1 on major
adverse cardiovascular events was greater in
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Asians than in White patients [19]. We planned
a study of the efficacy and safety of semaglutide
in Japanese patients with T2DM. To reinforce
the previous randomized clinical trial (RCT)
findings, the present study aim was to evaluate
the safety and effectiveness of OW semaglutide
and identify pre- and post-treatment predictors
of good response in Japanese patients with
T2DM in a real-world clinical setting.

METHODS

Study Design and Participants

This was a retrospective cohort study conducted
at a single center. We enrolled patients with
T2DM who had been treated with OW
semaglutide (Ozempic� subcutaneous injection
SD) in the Jichi Medical University Saitama
Medical Center between June 2021 and
December 2021. Semaglutide was used for better
glycemic control at the discretion of the
attending physician according to the Japanese
package insert, with a starting dose of 0.25 mg.
We evaluated clinical parameters 6 months after
OW semaglutide initiation. The inclusion cri-
teria were as follows: Japanese patients with
T2DM who initiated OW semaglutide in an
outpatient setting. The exclusion criteria were
patients with acute metabolic disorders, such as
diabetic ketoacidosis and hyperosmolar hyper-
glycemic syndrome; who were taking steroids,
had acute infectious disease, or had any newly
diagnosed cancer; who required hospitalization,
self-discontinued, or had poor adherence to
injections; who exhibited a change in an oral

antidiabetic drug (OAD) or new insulin induc-
tion during the observation period; and whose
adverse events led to discontinuation within
6 months.

Figure 1 shows the flowchart of patient
enrollment. After application of the inclusion
and exclusion criteria, we analyzed the data
from 77 patients. No patient discontinued the
treatment because of side effects. The primary
outcome was the change in HbA1c at 6 months
after initiation of OW semaglutide. The sec-
ondary outcome was the proportion of partici-
pants achieving HbA1c\7.0%. Additionally,
we investigated clinical factors that potentially
caused a change in HbA1c, and the information
in the medical records on adverse events. We
obtained baseline demographic data of the
patients, such as age, sex, body mass index
(BMI), duration of diabetes, presence of
macroangiopathy and cardiovascular disease,
concomitant medications, adverse events, and
OW semaglutide dose at 6 months, from the
medical records. Additionally, we collected the
following clinical laboratory data: HbA1c, total
cholesterol, high-density lipoprotein choles-
terol, triglyceride, and estimated glomerular
filtration rate (eGFR). This study was conducted
in accordance with the Declaration of Helsinki
of 1964, as revised in 2013, and was approved
by the Ethics Committee at Jichi Medical
University Saitama Medical Center (No. S19-
005). This study used non-identifiable data
obtained by the treating physicians and there-
fore, on the basis of the decision from our local
Ethics Committee of Jichi Medical University
Saitama Medical Center (No. S19-005),
informed consent was not required. Patients
had the opportunity to object to the use of their
data for retrospective scientific research; how-
ever, none of the patients objected.

Statistical Analysis

We expressed continuous variable data as
means (± standard deviations) and categorical
variable data as numbers and percentages. We
compared each parameter before and after ini-
tiating OW semaglutide by using paired t tests
or the t test. One-way analysis of variance

Fig. 1 Flowchart of patient enrollment
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(ANOVA) or the Kruskal–Wallis test was used to
compare the clinical characteristics among
three or more groups. Categorical variables were
compared by performing Fisher’s exact test. We
defined patients who showed a change in
HbA1c greater than the median (C 0.7%) as the
good-response group and those who showed a
change in HbA1c less than the median (\0.7%)
as the poor-response group.

To explore the effects of various clinical fac-
tors on the deterioration of OW semaglutide in
the good-response group, we performed logistic
regression analysis. We divided the patients into
the younger and elderly groups (age \ 65,
C 65 years), non-obese and obese groups
(BMI\25, C 25 kg/m2), and the chronic kidney
disease (CKD) and non-CKD groups (eGFR\ 60,
C 60 mL/min/1.73 m2). We defined baseline
HbA1c\ 8.1% or C 8.1% and duration of dia-
betes as \14 or C 14 years according to these
medians. We performed all statistical analyses
using EZR (Jichi Medical University, Saitama
Medical Center), a graphical user interface for R
(The R Foundation for Statistical Computing),
and a modified version of R commander
designed to add statistical functions frequently
used in biostatistics. We accepted all P values
less than 0.05 as indicating statistical
significance.

RESULTS

Baseline Characteristics

The baseline characteristics of the 77 patients
(aged 64.6 ± 11.6 years, 50 men) are shown in
Table 1. The average baseline HbA1c and BMI
were 8.1% ± 1.23% and 27.3 ± 5.03 kg/m2,
respectively. The elderly group (age C 65 years)
comprised 41 patients, and the obese group
(BMI C 25 kg/m2) comprised 49 patients. The
most used OADs were the SGLT2 inhibitor
(66.2%) and biguanides (52%). The percentage
of patients treated only by an OAD was 14.3%.
We found that 74% of the patients were
injecting GLP-1RAs and 42.9% of the patients
were being treated with insulin. All patients
were initially administered semaglutide
0.25 mg, and at the time of data evaluation, the

Table 1 Clinical baseline characteristics of the patients

Variables

Number of patients, n 77

Men/women, n 50/27

Age, years 64.6 (11.6)

BMI, kg/m2 27.3 (5.03)

BW, kg 70.4 [65–82]

Duration of diabetes, years 14 [9–22]

HbA1c, % 8.1 (1.23)

eGFR, mL/min/1.73 m2 65.5 (26.9)

TC, mg/dL 178 (37.3)

TG, mg/dL 146 [103–205]

HDL-C, mg/dL 49 [20–56]

Dyslipidemia, yes, n (%) 51 (66.2)

Hypertension, yes, n (%) 48 (62.3)

Ischemic heart disease, yes, n (%) 17 (22.1)

Diabetic retinopathy yes, n (%) 11 (14.3)

Diabetic nephropathy yes, n (%) 27 (35.1)

Medications

Sulfonylurea, n (%) 14 (18.2)

Biguanide, n (%) 40 (52)

Glinide, n (%) 23 (29.8)

a-Glucosidase inhibitor, n (%) 21 (27.3)

Thiazolidinedione, n (%) 7 (9.1)

SGLT2 inhibitor, n (%) 51 (66.2)

DPP4 inhibitor n (%) 14 (18.2)

OAD only, n (%) 11 (14.3)

Insulin therapy, n (%) 33 (42.9)

Basal insulin only, n (%) 21 (27.3)

Bolus insulin only, n (%) 0 (0)

Basal–bolus therapy, n (%) 12 (15.6)

GLP-1 receptor agonist, n (%) 57 (74)

Liraglutide, n (%) 10 (13)

Lixisenatide, n (%) 10 (13)
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semaglutide dosages were 0.25 mg in 13
patients, 0.5 mg in 59 patients, and 1.0 mg in 5
patients.

Change in HbA1c and Response Predictors

Overall, reduction of HbA1c was - 0.89% from
baseline HbA1c at 6 months. The percentage of
patients who achieved HbA1c\ 7% was signif-
icantly changed from 21% at baseline to 43%
(Fig. 2). The changes in HbA1c in the two
groups were significantly improved from their
baseline HbA1c values (Fig. 2). The degree of
change in HbA1c between the two groups did
not differ by age, sex, BMI, and duration

(Fig. 3a–d), but significant changes were
observed between previous GLP-1RA users and
OAD-only users (Fig. 3e, f). Among the follow-
ing four categories, patients who were
\65 years with BMI\ 25 kg/m2, \65 years
with BMI C 25 kg/m2, C 65 years with
BMI\25 kg/m2, and C 65 years with
BMI C 25 kg/m2, the changes in HbA1c
decreased relative to their respective baseline
HbA1c values. However, the degree of change in
HbA1c by category was not significant (Fig. 4).
Weight data were available for 64 patients. The
overall change in body weight was a decrease of
1.25 kg, with a decrease of 4.2 kg for semaglu-
tide 0.25 mg (n = 4), 0.63 kg for 0.5 mg (n = 55),
and 5.7 kg for 1.0 mg (n = 5), and significant
differences in weight changes were observed.
(p = 0.016). Significant reductions from baseline
weight were also observed overall and in the
group using OW semaglutide 0.5 mg (Supple-
mentary Material 1).

Multivariate analysis of the potential pre-
dictors of a good response to OW semaglutide
([0.7% HbA1c improvement as defined in the
‘‘Methods’’ section) revealed that shorter dura-
tion of diabetes and higher baseline HbA1c level
were more likely than the other predictors to
achieve a good response (Table 2).

Table 1 continued

Dulaglutide, n (%) 37 (48.1)

Data are presented as n (%) for categorical variables and as
the mean (standard deviation) or median [interquartile
range] for continuous variables
BMI body mass index, BW body weight, HbA1c glycated
hemoglobin, eGFR estimated glomerular filtration rate, TC
total cholesterol, HDL-C high-density lipoprotein choles-
terol, TG triglyceride, SGLT2 sodium-glucose cotrans-
porter 2, DPP4 dipeptidyl peptidase 4, OAD oral
antidiabetic drug, GLP-1 glucagon-like peptide 1

Fig. 2 Change in HbA1c from baseline overall and in the semaglutide dose subgroup (a) and proportion of patients
achieving HbA1c\ 7% (b). *P\ 0.05 in the paired t test (vs. BL). BL baseline, HbA1c glycated hemoglobin
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Safety

In this study, no patients were discontinued
because of side effects. Nausea occurred in eight
(10.4%) patients, out of which six whose pre-
vious therapy was not GLP-1RA and two who

had switched from GLP-1RA. By OW semaglu-
tide dose, seven patients received 0.5 mg, and
one patient received 1.0 mg. Seven (9.1%)

Fig. 3 Change in HbA1c by subgroup a age, b sex, c BMI,
d duration of diabetes, e previous GLP-1RA user or not,
and f OAD user or not. *P\ 0.05 in paired t test (vs. BL

HbA1c). BL baseline, HbA1c glycated hemoglobin, BMI
body mass index, GLP-1RA glucagon-like peptide 1
receptor agonist, OAD oral antidiabetic drug

Fig. 4 Change in baseline HbA1c by age and BMI.
*P\ 0.05 in the paired t test (vs. BL HbA1c). BL baseline,
HbA1c glycated hemoglobin, BMI body mass index

Table 2 Independent clinical factors associated with good
response

Parameters OR 95% CI P value

Age C 65 years 1.29 0.376–4.44 0.685

Sex, women 0.948 0.282–3.18 0.931

BMI C 25 kg/m2 0.680 0.211–2.20 0.520

Duration of

diabetes C 14 years

0.312 0.101–0.962 0.043

eGFR C 60 mL/min/

1.73 m2

0.367 0.103–1.30 0.121

Baseline HbA1c C 8.1% 8.87 2.83–27.8 \ 0.001

BMI body mass index, eGFR estimated glomerular filtra-
tion rate, HbA1c glycated hemoglobin, OR odds ratio, CI
confidence interval
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patients complained of injection pain, but all
were able to continue treatment. No hypo-
glycemic episodes were reported.

DISCUSSION

We showed that the addition of semaglutide or
switching from other GLP-1RAs was effective in
Japanese patients with T2DM and inadequate
HbA1c control using existing therapy. OW
semaglutide was particularly effective in
patients with high baseline HbA1c, but less
effective in those with longer disease duration
of diabetes.

In the safety and effectiveness of monother-
apy with OW semaglutide versus one additional
OAD in Japanese people with T2DM (SUSTAIN
OAD combination trial in Japan), OW
semaglutide 0.5 mg and 1 mg reduced HbA1c by
1.7% and 2.0% from baseline HbA1c (8.1%,
overall), respectively, compared with 0.7% for
additional OAD [16]. In the present study,
treatment with OW semaglutide reduced HbA1c
by 0.89%; however, in previously untreated
GLP-1 or treated by OAD-only patients, the
addition of OW semaglutide reduced HbA1c by
1.5% to 2.1%, which was similar to the results
for the SUSTAIN Japan OAD combination [16].
Otherwise, people who switched from another
GLP-1RA to OW semaglutide showed reduction
of 0.66% (baseline HbA1c 7.9%) of HbA1c in the
present study. In a retrospective study con-
ducted in Canada, switching to OW semaglu-
tide from liraglutide or dulaglutide decreased
HbA1c by 0.65% (baseline HbA1c, 7.9%) in 164
patients after 6 months (REALISE-DM study)
[20]. Most prior GLP-1RA usage (liraglutide and
dulaglutide) was of high doses [20]. In our
study, there were few previous users of high-
dose GLP-1RAs. Additionally, the final dose of
OW semaglutide was 1.0 mg in the REALISE-DM
study [20], whereas the average dose in our
study was 0.49 mg, and only five (6.5%) patients
received 1.0 mg. A prospective, observational
study conducted in Switzerland (SURE Switzer-
land) showed a 0.8% reduction in HbA1c
(baseline HbA1c 7.8%) with the introduction of
OW semaglutide (mean dose 0.78 mg) at
approximately 30 weeks [21]. Patients treated

with insulin or other GLP-1RAs were included
in SURE Switzerland, and, similar to the results
of our study, semaglutide may contribute to
HbA1c improvement regardless of prior therapy
and without using up to 1.0 mg.

Introduction of OW semaglutide signifi-
cantly reduced HbA1c levels from the baseline
level; however, there were no significant differ-
ences among subgroups divided by age and BMI
(Fig. 4). The degree of improvement in HbA1c
was greater in the higher HbA1c group (Sup-
plementary Material 2). A post hoc analysis of
two SUSTAIN Japan trials also showed that OW
semaglutide was effective regardless of age and
BMI subgroups (age\65 and C 65 years and/or
BMI\25 and C 25 kg/m2) [22]. A large US
database used to examine the effect of switching
other GLP-1RAs to OW semaglutide showed
that semaglutide was effective regardless of
prior GLP-1RAs, age, or gender [23]. Our real-
world evidence (RWE) is consistent with the US
RWE, and semaglutide may be effective for fur-
ther improvement of HbA1c in poorly con-
trolled T2DM regardless of patient background,
as well as in Japanese patients.

In the present study, nausea occurred in
eight (10.4%) patients, and compared with the
SUSTAIN Japan post hoc analysis [22], no new
adverse effect concerns were identified. Injec-
tion site pain was thought to be due to the use
of the SD pen. We concluded that OW
semaglutide was tolerable for the majority of
our study population.

The current study data showed that baseline
HbA1c and disease duration of diabetes were
predictors of effectiveness. The results of several
real-world studies have shown that higher
baseline HbA1c was associated with a greater
effect of OW semaglutide [20, 24, 25], consis-
tent with our results (Table 2, Supplemental
Fig. 1). Marzullo et al. reported that the shorter
duration of diabetes was a significant predictor
of a good response after 6 months OW
semaglutide induction [25]. Since the retention
of GSIS capacity in patients with T2DM is
inversely correlated with the duration of dia-
betes [26], it is speculated that longer duration
is responsible for the attenuated effect of insulin
secretagogues. Ohbatake et al. reported that the
best predictor of GLP-1RA efficacy was residual

Diabetes Ther (2022) 13:1779–1788 1785



b-cell function as assessed by the glucagon
stimulation test [27]. Consequently, it would be
useful to examine the relationship between b-
cell function and semaglutide efficacy in the
future.

A study showed that weekly dulaglutide was
superior to liraglutide with respect to treatment
satisfaction in Japanese patients with T2DM
[28]. OW semaglutide may also affect treatment
satisfaction, but treatment quality of life (QOL)
could not be assessed in this study. Future
studies on treatment QOL are also needed.

This study had several limitations. First, this
was a single-center retrospective observational
study without a control group; therefore, there
may have been confounding factors that were
not eliminated, and the results may not be
applicable to the general Japanese diabetes
population. Side effects, such as nausea or
hypoglycemic episodes, were not documented
in the medical records and may have been
underestimated. Second, OW semaglutide usage
was uneven, with most patients using 0.5 mg
(76.6%), and the follow-up period was short
(6 months), which may have resulted in inade-
quate semaglutide dose titration. Third, there
was variability in the drug and dose of pre-
treatment GLP-1RAs. There was no statistical
power to analyze each drug subgroup; conse-
quently, analysis of a large number of cases is
desired in the future.

CONCLUSION

Our study results showed that the introduction
of semaglutide in Japanese patients with T2DM
who had not achieved the target reduction in
HbA1c level with existing therapy, including
another GLP-1RA, was useful for lowering
HbA1c levels. In addition, patients with shorter
disease duration and higher baseline HbA1c
were found to be more likely to benefit from
treatment. Semaglutide was useful for earlier
treatment intensification.
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