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ABSTRACT

Introduction: This study aimed to investigate
the generalizability of the results of cardiovas-
cular outcome trials (CVOTs) of glucagon-like
peptide 1 receptor agonists (GLP-1 RAs) to Chi-
nese patients with type 2 diabetes mellitus
(T2DM).
Methods: The 3B (Blood Glucose, Blood Pres-
sure, and Blood Lipid) population, a nationally
representative population of patients with
T2DM in China (n = 25,411), was examined for
eligibility of enrollment in four GLP-1 RAs
CVOTs (Dulaglutide-REWIND, Exenatide-
EXSCEL, Liraglutide-LEADER, and Semaglutide-
SUSTAIN-6). We first estimated the proportion
of 3B population who would meet the six
inclusion and exclusion (I/E) criteria, namely
age, hemoglobin A1c (HbA1c), body mass index
(BMI), estimated glomerular filtration rate
(eGFR), history of cardiovascular disease (CVD),
and antidiabetic medication, in each CVOT.
Then we compared 11 baseline characteristics,
namely age, gender, duration of diabetes,

HbA1c, BMI, eGFR, history of CVD, prior
myocardial infarction (MI), low-density
lipoprotein cholesterol (LDL-c), diastolic blood
pressure (DBP), and systolic blood pressure,
between the population in each CVOT and the
3B population. Lastly, we estimated the pro-
portion of 3B population that matched the
characteristics in each CVOT population.
Results: On the basis of the I/E criteria, 31.1%
of the 3B population would have been eligible
for enrollment in REWIND, 15.0% for SUSTAIN-
6, 12.9% for LEADER, and 11.3% for EXSCEL.
On the basis of the baseline characteristics,
REWIND most closely matched the 3B popula-
tion on gender, duration of diabetes, HbA1c,
DBP, LDL-c, history of CVD, and prior MI. The
proportion of 3B population matching on at
least eight or at least ten baseline characteristics
with CVOT populations was highest for
REWIND compared to other CVOTs.
Conclusion: Among the four GLP-1 RA CVOTs,
the REWIND trial using once-weekly dulaglu-
tide is most generalizable to Chinese patients
with T2DM.
Trial Registration: Trial registration:
NCT01128205 (www.clinicaltrials.gov).
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Key Summary Points

Why carry out this study?

The proportions of Chinese participants
were very limited in the cardiovascular
outcome trials (CVOTs) of GLP-1 RAs. It
remains unknown whether results of the
CVOTs, mainly from Caucasians, are
applicable to the Chinese population
because of ethnic differences in response
to GLP-1 RAs between Asians and
Caucasians.

This study evaluated the generalizability
of GLP-1 RA CVOTs results to the Chinese
type 2 diabetes mellitus (T2DM)
population using nationally
representative data from the 3B (Blood
Glucose, Blood Pressure, and Blood Lipid)
study.

What was learned from the study?

Among four GLP-1 RA CVOTs, namely
REWIND, SUSTAIN-6, LEADER, and
EXSCEL, REWIND for once-weekly
dulaglutide is most generalizable to
Chinese patients with T2DM.

Our findings are consistent with prior
studies assessing the generalizability of
the GLP-1 RA CVOTs to the general T2DM
population in the USA and EU.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14566482.

INTRODUCTION

Cardiovascular disease (CVD) is the leading
cause of death in patients with type 2 diabetes

mellitus (T2DM) worldwide [1]. CVD risks are
often considered the main indicator of safety
issues in the evaluation of glucose-lowering
therapies [2, 3]. For example, medications such
as thiazolidinediones were found to be associ-
ated with an increased risk of serious cardio-
vascular events including congestive heart
failure [4–6]. As a novel antidiabetic treatment,
glucagon-like peptide 1 receptor agonists (GLP-
1 RAs) not only demonstrated an antidiabetic
effect and cardiovascular safety [7–13] but also
potential cardiovascular protective effects [14].
GLP-1 RAs were recommended by the American
Diabetes Association (ADA) in 2020 as a prefer-
able combination therapy after metformin for
patients with diabetes and established
atherosclerotic cardiovascular disease (ASCVD)
or at high risk of ASCVD [15, 16].

Cardiovascular outcome trials (CVOTs) of
GLP-1 RAs were conducted worldwide
[7, 9, 11, 13, 17–19]; however, the proportions
of Chinese participants or even Asian partici-
pants were very limited in each CVOT. The
proportion of Asian population in four CVOTs,
namely REWIND (Researching Cardiovascular
Events with a Weekly INcretin in Diabetes)
(dulaglutide; NCT01394952) [7, 8], LEADER
(Liraglutide Effect and Action in Diabetes:
Evaluation of cardiovascular outcome Results)
(liraglutide; NCT01179048) [11, 12], SUSTAIN-6
(semaglutide; NCT01720446 [13], and EXSCEL
(Exenatide Study of Cardiovascular Event Low-
ering) (exenatide once weekly; NCT01144338)
[9, 10], was 1.5%, 9.9%, 8.3%, and 9.8%,
respectively.

Although eligibility criteria for CVOTs can
improve internal validity of clinical trials, they
may limit the generalizability of findings to
different populations recruited from heteroge-
neous practice settings [20]. Several studies have
been conducted to examine the generalizability
of results from GLP-1 RAs CVOTs to T2DM
populations in the USA [21] and Europe [22],
but none has been conducted in Asian patients
with T2DM to our best knowledge. Ethnicity is
considered one of the risk factors for diabetes
and its complications including CVD [23]. It
remains unknown whether results of the
CVOTs, mainly from Caucasians, are applicable
to Asian ethnic groups such as the Chinese
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population. Therefore, our study was the first
that aimed to evaluate the generalizability of
the results of GLP-1 RA CVOTs to the Chinese
T2DM population.

METHODS

Data Source

We utilized the 3B study, i.e., Nationwide
Assessment of Cardiovascular Risk Factors:
Blood Glucose, Blood Pressure, and Blood Lipid
(3B), which is representative of Chinese patients
with T2DM. The 3B study was a cross-sectional,
multicenter, and observational study conducted
to describe CVD risk factors in Chinese patients
with T2DM (the study was registered as
NCT01128205 on www.clinicaltrials.gov) [24].
The 3B population was nationally representa-
tive of outpatients with T2DM enrolled at 104
hospitals in six geographic regions, namely
Northeast, North, East, Northwest, Southwest,
and South-Central China [25]. Patients were
included in the 3B population if they were
18 years or older and diagnosed with T2DM at
least 6 months before screening according to
the diagnostic criteria of the World Health
Organization as recommended by the Chinese
Diabetes Guidelines [26, 27].

A total of 25,817 patients were enrolled from
August 18, 2010 to March 30, 2011 [24]. The 3B
study design has been described elsewhere
[24, 28–30]. Institutional review board (IRB)
approval was not required for this particular
study as the analysis is based on data from
previously conducted studies. The study was
conducted in compliance with the principles in
the Declaration of Helsinki [24].

Study Population

The study population was derived from the 3B
study. Patients aged 18 years or older were
identified as having T2DM if they had a diag-
nosis of T2DM. The study population was also
required to have at least one record of
hemoglobin A1c (HbA1c) and estimated
glomerular filtration rate (eGFR) laboratory

results. Patients were excluded from the analysis
if they had type 1 diabetes, were pregnant,
participating in any other clinical studies, or
unable to report their medical history.

Cardiovascular Outcome Trials

From the US Clinical Trials Registry [31] and
previous publications, four CVOTs for GLP-1
RAs, namely REWIND (dulaglutide) [7], EXSCEL
(exenatide) [9], LEADER (liraglutide) [11], and
SUSTAIN-6 (semaglutide) [13], were identified
and selected for this study. Three other CVOTs,
namely HARMONY (albiglutide) [17], PIONEER-
6 (orally administered semaglutide) [18], and
ELIXA (lixisenatide) [19], were excluded since
albiglutide and orally administered semaglutide
have not been launched in China, and ELIXA
exclusively enrolled patients with T2DM hos-
pitalized with an acute coronary syndrome
event, which is very different from other
CVOTs.

Statistical Analysis

The generalizability of findings from the CVOTs
to the 3B population was examined using three
approaches. First, on the basis of the main
inclusion and exclusion (I/E) criteria in each
CVOT, the proportions of the 3B population
who would have met key I/E criteria and been
enrolled in the CVOT were examined. Table 1
lists the key I/E criteria, and Table S1 in the
supplementary material provides a detailed
summary of how the cardiovascular criteria for
each CVOT were mapped to the 3B population.

Second, the CVOT populations were com-
pared with the 3B population with respect to 11
key baseline characteristics, namely age, gender,
duration of diabetes, HbA1c, body mass index
(BMI), eGFR, CVD history, prior myocardial
infarction (MI), low-density lipoprotein choles-
terol (LDL-c), diastolic blood pressure (DBP),
and systolic blood pressure (SBP). These char-
acteristics were selected since they were repor-
ted in at least three of the selected CVOTs as
well as in the 3B population. Continuous vari-
ables were reported using mean and standard
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deviation, and categorical variables were repor-
ted using frequency and percentages.

Third, we also estimated the number and
proportion of patients in the 3B population that
met the baseline characteristics of each CVOT
population, which were defined as the number
of patients whose results were within the 95%
confidence interval of results in CVOTs for
continuous variables (age, duration of diabetes,
BMI, SBP, DBP, HbA1c, and LDL-c), and was
estimated by applying the percentage of people
with that characteristic in each CVOT (± 5%) to
the 3B population for categorical variables
(gender, eGFR, CVD history, and prior MI).

Furthermore, we examined the proportion of 3B
population who would have met several char-
acteristics in each CVOT population. The
number and proportion of patients in the 3B
population who met more than 4, 8, or 10
characteristics of CVOTs were presented.

All statistical analyses were conducted using
the R platform.

Sensitivity Analysis

We conducted sensitivity analysis to assess the
robustness of results using five of the six I/E
criteria (excluding antidiabetic medication),

Table 1 Patient enrollment criteria of CVOTs

Baseline
characteristics

REWIND [7] EXSCEL [9] LEADER [11] SUSTAIN-6 [13]

Cardiovascular ECVD, SCVD, or

CV risk

70% with ECVD ECVD or CV risk ECVD or CV risk

Age (years) C 50 if ECVD,

C 55 if SCVD,

or C 60 if CV risk

C 18 C 50 if ECVD or C 60 if

CV risk

C 50 if ECVD or C 60 if

CV risk

BMI (kg/m2) C 23 None None None

HbA1c (%) B 9.5 6.5 to 10 C 7 C 7

eGFR (mL/

min/

1.73 m2)

C 15 and not on

dialysis

C 30 Number of patients with

eGFR\ 30 restricted

to 2.5% of population

None

Medication Excluded patients

who use premix or

bolus insulin

or[ 2 oral classes

in 3 months prior

to index

Excluded patients who

use insulin within

2 weeks of index

or[ 3 oral classes in

3 months prior to

index, or previous

treatment with a GLP-

1 receptor agonist

Excluded patients who use

a GLP-1 RA, DPP4

inhibitor, or

pramlintide within

3 months of index; use

of insulin other than

human NPH insulin or

long-acting insulin

analogue or premixed

insulin within

3 months prior to

screening

Excluded patients who use

a GLP-1 RA or

pramlintide within

3 months of index; if

use a DPP4 inhibitor

within 1 month of

index; if being treated

with[ 2 classes of orals

at index

BMI body mass index, CV cardiovascular, DPP4 dipeptidyl peptidase 4, ECVD established cardiovascular disease, eGFR
estimated glomerular filtration rate, GLP-1 RA glucagon-like peptide 1 receptor agonist, SCVD subclinical cardiovascular
disease
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and the results are shown in Table S2 in the
supplementary material. In addition, we exam-
ined the number and proportion of patients in
the 3B population matching on seven baseline
characteristics (age, gender, BMI, HbA1c, eGFR,
history of CVD, prior MI) of each CVOT and
those who met at least two, at least four, or at
least six characteristics. The results are shown in
Table S3 in the supplementary material.

RESULTS

Analysis Based on I/E Criteria

A total of 25,411 patients in the 3B study were
included in our analyses. The proportions of the
3B population that would have been enrolled
into REWIND, EXSCEL, SUSTAIN-6, and LEA-
DER if all six I/E criteria were met are shown in
Fig. 1. We found that 31.1% (n = 7903) of the
3B population would have been eligible for
enrollment into REWIND, 11.3% (n = 2872) for
EXSCEL, 12.9% (n = 3295) for LEADER, and
15.0% (n = 3822) for SUSTAIN-6 on the basis of
all six I/E criteria. Among the four CVOTs,
REWIND would have enrolled more than twice
as many Chinese patients with T2DM as
EXSCEL, LEADER, and SUSTAIN-6.

Analysis Based on Baseline Characteristics

Baseline characteristics of the 3B population
and each CVOT population are summarized in

Table 2. The REWIND population most closely
matched the 3B population on gender, duration
of diabetes, HbA1c, DBP, LDL-c, CVD history,
and prior MI. The EXSCEL population most
closely matched 3B population on age, BMI,
and SBP. The SUSTAIN-6 population most clo-
sely matched 3B population on eGFR. The
LEADER population did not outperform other
CVOTs when matching with 3B population on
any characteristics.

Analysis Based on Individual
Characteristics in 3B Population

The number and percentage of individuals in
the 3B population who matched the 11 key
baseline characteristics in each CVOT are
shown in Table 3. The numbers and percentages
of 3B patients matching on characteristics such
as duration of diabetes, HbA1c, eGFR, LDL, SBP,
and DBP were comparable across all four
CVOTs. For individual characteristics, REWIND
matched with 3B on the highest number of
characteristics across the four CVOTs. REWIND
most closely matched 3B on gender, LDL-c,
CVD history, and prior MI; EXSCEL most clo-
sely matched 3B on age and DBP; LEADER most
closely matched 3B on BMI, HbA1c, and SBP;
SUSTAIN-6 most closely matched 3B on dura-
tion of diabetes, HbA1c, and eGFR. When any
eight or more (58.4%) and any 10 or more
(36.4%) of the 11 key characteristics had to be
met, REWIND exceeded the other CVOTs in
matching with the 3B population.

Sensitivity Analysis

Consistent results were obtained for the analysis
of I/E criteria including and excluding antidia-
betic medication (Table S2 in the supplemen-
tary material). The number and proportion of
individuals in the 3B population matching on
seven key baseline characteristics (age, gender,
BMI, HbA1c, eGFR, CVD history, and prior MI)
of each CVOT population are shown in Table S3
in the supplementary material. In these sensi-
tivity analyses, REWIND performed better than
other CVOTs in matching with the 3B
population.

Fig. 1 Generalizability of inclusion–exclusion criteria in
four GLP-1 RA CVOTs
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DISCUSSION

This study assessed the generalizability of four
GLP-1 RA CVOTs (Dulaglutide-REWIND, Exe-
natide-EXSCEL, Liraglutide-LEADER, Semaglu-
tide-SUSTAIN-6) to Chinese patients with
T2DM. On the basis of six key I/E criteria, our
findings suggest that REWIND would have
enrolled the largest proportion of general Chi-
nese patients with T2DM among the four
CVOTs. REWIND performed better than other
CVOTs in matching with the largest proportion
of the 3B population on key baseline
characteristics.

Several prior studies assessing the generaliz-
ability of the GLP-1 RA CVOTs to the general
T2DM population worldwide have been

conducted [21, 22, 32]. Boye et al. reported that
REWIND was more generalizable to the US adult
T2DM population than other GLP-1 RA CVOTs
(42.6%) [21]. Sciannameo et al. found that
REWIND was most generalizable (35.8%) to the
general European T2DM population compared
with other GLP-1 RA CVOTs [22]. Although the
proportion of reference population eligible for
REWIND is slightly lower in our study (31.1%)
compared to the US and Italian studies, our
conclusion that REWIND is most generalizable
to Chinese patients with T2DM among CVOTs
is consistent with these studies, which corrob-
orates the finding regardless of differences in
geographical and cultural factors.

There have been reports of ethnic differences
in response to GLP-1 RAs treatment between

Table 2 Baseline characteristics of 3B population and each CVOT population

Characteristics 3B population [24] REWIND [7] EXSCEL [9] LEADER [11] SUSTAIN-6 [13]

Age (years) 62.6 ± 11.8 66.2 ± 6.5 62.7 ± 9.2* 64.3 ± 7.2 64.6 ± 7.4

Gender, n (%)

Male 11,933 (47.0%) 5321 (53.7%)* 9148 (62.0%) 6003 (64.3%) 2002 (60.7%)

Female 13,478 (53.0%) 4589 (46.3%)* 5604 (38.0%) 3337 (35.7%) 1295 (39.3%)

BMI (kg/m2) 24.8 ± 3.6 32.3 ± 5.7 31.8 ± 5.9* 32.5 ± 6.3 32.8 ± 6.2

Diabetes duration (years) 8.1 ± 6.8 10.0 ± 7.2* 12 ± 8.1 12.7 ± 8.0 13.9 ± 8.1

HbA1c (%) 7.6 ± 2.0 7.3 ± 1.1* 8.0 ± 1.2 8.7 ± 1.5 8.7 ± 1.5

eGFR (mL/min/1.73 m2)

\ 60 28.9% 22.2% 18.6% 21.8% 28.5%*

C 60 71.1% 77.8% 81.4% 78.2% 71.5%*

SBP (mmHg) 133.0 ± 15.7 137.2 ± 16.8 135.0 ± 15.6* 135.9 ± 17.8 135.6 ± 17.2

DBP (mmHg) 78.8 ± 9.0 78.5 ± 9.8* 80.0 ± 11.1 77.2 ± 10.3 77.0 ± 10.0

LDL-c (mg/dL) 109.4 ± 35.2 99.0 ± 37.9* 88.0 ± 37.0 89.5 ± 35.5 82.3 ± 45.6

CVD history, n (%) 5751 (22.6%) 3111 (31.4%)* 10,769 (73.0%) 7598 (81.4%) 1994 (60.5%)

Prior MI, n (%) 711 (2.8%) 1600 (16.2%)* NA 2864 (30.7%) 1072 (32.5%)

This table compares the characteristics of the adult T2D population with reported characteristics from patients enrolled in
each of the CVOTs. Asterisks indicate the minimal differences between adult T2D population and the CVOTs
BMI body mass index, CVD cardiovascular disease, DBP diastolic blood pressure, eGFR estimated glomerular filtration rate,
HbA1c hemoglobin A1c, LDL-c low-density lipoprotein cholesterol, MI myocardial infarction, SBP systolic blood pressure
Mean and SD for 3B population—calculated on the basis of 3B data, mean and SD for other trials—reports from previous
trials/publications
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Asians and Caucasians which may be ascribed
to differences in the pathophysiology of T2DM,
dietary habits, and genetic factors [33–35].
Notably, most of the patients recruited in the
previous CVOTs were Caucasians; therefore, the
Asian population was underrepresented. A
meta-analysis suggests that the Asian subgroup
may receive greater cardiovascular benefit from
GLP-1 RAs; however, the results are limited by
the small sample size [36]. Our study examined
the generalizability of CVOTs to general Chi-
nese patients with T2DM using three different
approaches and found that the cardioprotective
properties of GLP-1 RAs are most generalizable
to the Chinese T2DM population in real-world
clinical practice.

It is worth noting that the 3B population has
lower BMI, higher LDL, and lower proportions

of pre-existing CVD or prior MI compared to the
CVOTs. For example, the proportion of patients
with CVD history is 22.6% in the 3B study,
comparable to REWIND (31.4%) and the global
estimate (32.2%), but much lower than the
other CVOTs [37]. This study demonstrated that
89.4% of the 3B population matched the
inclusion criteria of CVD history in REWIND,
which is much higher than that in EXSCEL
(33.3%) [9], LEADER (29.6%) [11], and SUS-
TAIN-6 (40.8%) [13], suggesting that REWIND
and the 3B population were most closely mat-
ched on CVD history. This may have con-
tributed to the generalizability of REWIND
which accounted for I/E criteria more applicable
to the general T2DM populations during study
design compared to other CVOTs. Dulaglutide
was approved by the US Food and Drug

Table 3 Number and proportion of 3B population matched on the baseline characteristics of each CVOT population

Baseline characteristics REWIND [7] EXSCEL [9] LEADER [11] SUSTAIN-6 [13]

Age 18,193 (71.6%) 22,680 (89.2%)* 19,816 (78.0%) 20,244 (79.7%)

Gender 24,504 (96.4%)* 20,935 (82.4%) 20,123 (79.2%) 21,424 (84.3%)

BMI (kg/m2) 22,340 (87.9%) 23,604 (92.9%) 23,735 (93.4%)* 23,103 (90.9%)

Duration of diabetes 24,757 (97.4%) 25,073 (98.7%) 25,079 (98.7%) 25,125 (98.9%)*

HbA1c 20,133 (79.2%) 19,870 (78.2%) 20,916 (82.3%)* 20,916 (82.3%)*

eGFR (C 60 mL/min/1.73 m2) 24,816 (97.7%) 23,647 (93.1%) 24,682 (97.1%) 25,411 (100%)*

SBP 24,436 (96.2%) 24,167 (95.1%) 24,593 (96.8%)* 24,520 (96.5%)

DBP 24,566 (96.7%) 25,039 (98.5%)* 24,584 (96.7%) 24,457 (96.2%)

LDL-c 24,325 (95.7%)* 23,546 (92.7%) 23,434 (92.2%) 24,250 (95.4%)

CVD history 21,782 (85.7%)* 8457 (33.3%) 7532 (29.6%) 10,361 (40.8%)

Prior MI 6353 (25.0%)* NA 2772 (10.9%) 2587 (10.2%)

C 4 characteristics 22,568 (88.8%) 22,061 (86.8%) 22,950 (90.3%) 23,512 (92.5%)*

C 8 characteristics 14,832 (58.4%)* 14,080 (55.4%) 13,062 (51.4%) 14,308 (56.3%)

C 10 characteristics 9247 (36.4%)* 3789 (14.9%) 3075 (12.1%) 4571 (18.0%)

BMI body mass index, CVD cardiovascular disease, DBP diastolic blood pressure, eGFR estimated glomerular filtration rate,
HbA1c hemoglobin A1c, LDL-c low-density lipoprotein cholesterol, MI myocardial infarction, SBP systolic blood pressure
For means (age, BMI, duration of diabetes, SBP, DBP, LDL-c, and HbA1c), matching the enrollment characteristic was
defined as mean ± 1.96 times the standard deviation; For percentages (male gender, eGFR, CVD history, and prior MI),
matching the enrollment characteristic was defined as the percentage ± 5%
Asterisks indicate the largest proportion

Diabetes Ther (2021) 12:1861–1870 1867



Administration (FDA) in early 2020 for the
reduction of major adverse cardiovascular
events in adult patients with T2DM and estab-
lished CVD or multiple cardiovascular risk fac-
tors. This study has generated evidence further
supporting that REWIND results are broadly
generalizable to the Chinese T2DM population
with established CVD or multiple cardiovascu-
lar risk factors, which could be used in clinical
decision-making in the treatment of T2DM in
China. Moreover, the 3B study illustrated that
72% of the T2DM population had hypertension,
dyslipidemia, or both [24], suggesting that the
majority of patients with T2DM in China are at
high risk of developing cardiovascular events.
The primary prevention of cardiovascular com-
plications is an important factor to consider in
antidiabetic treatment prescribing in Chinese
patients with T2DM.

This study has several strengths. First, the
study included four CVOTs of GLP-1 RAs cur-
rently available (or soon will be) in China. Sec-
ond, the analysis employed three approaches in
assessing the generalizability of CVOTs to the
3B population, enhancing the reliability of the
results. Third, sensitivity analyses were per-
formed and conclusions were consistent, which
supported the robustness of the findings.
Fourth, the 3B population were recruited from
primary, secondary, and tertiary hospitals in all
major geographic regions of China, which
broadly represents the Chinese T2DM popula-
tion [24].

Our study also has some limitations. First,
although the 3B population provides the most
representative data available for patients with
T2DM in China, the population size is still
limited. Also, as the 3B study was conducted
several years ago, the population may not rep-
resent the current population. Second, self-re-
ported information (i.e., duration of diabetes)
in the 3B study may suffer from recall bias.

In summary, this study assessed the gener-
alizability of results of four GLP-1 RAs CVOTs to
general Chinese patients with T2DM. Although
none of the CVOTs could fully represent the
Chinese T2DM population, the REWIND study
of once-weekly dulaglutide is more generaliz-
able than the other three CVOTs.
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