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BACKGROUND

The pathophysiology of type 2 diabetes differs markedly by ethnicity.

PURPOSE

A systematic review and meta-analysis was conducted to assess the impact of
ethnicity on the glucose-lowering efficacyof theneweroral agents, sodium–glucose
cotransporter 2 inhibitors (SGLT-2i), glucagon-like peptide 1 receptor agonists (GLP-
1RA), and dipeptidyl peptidase 4 inhibitors (DPP-4i), using evidence from ran-
domized clinical trials (RCTs).

DATA SOURCES

A literature searchwas conducted in PubMedof all randomized, placebo-controlled
trials of DPP-4i, SGLT-2i, and GLP-1RA. The search strategywas developed based on
Medical Subject Headings (MeSH) terms and keywords.

STUDY SELECTION

A total of 64 studies that qualified for meta-analysis after full-text review based on
predefined inclusion and exclusion criteriadRCTs with at least 50 patients in each
arm, >70% of population from Asian or white group, duration ‡24 weeks, and
publication up to March 2019dwere selected for systematic review and meta-
analysis.

DATA EXTRACTION

Data extraction was done for aggregated study-level data by two independent
researchers. Absolute changes in HbA1c (%) from baseline to 24weeks between the
drug and placebo were considered as the primary end point of the study.

DATA SYNTHESIS

Change in HbA1c was evaluated by computing mean differences and 95% CIs
between treatment and placebo arms.

LIMITATIONS

The study is based on summarized data and could not be separated based on East
Asians and South Asians.

CONCLUSIONS

The glucose-lowering efficacy of SGLT-2i, and to a lesser extent DPP-4i, was greater
instudiesofpredominantlyAsianethnicity comparedwithstudiesofpredominantly
white ethnicity. There was no difference seen by ethnicity for GLP-1RA.
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Type 2 diabetes presents a global threat
to health. According to the International
Diabetes Federation 2017 report, China
has the highest number of people (114.4
million) with diabetes in the age-group
20–79 years. This is closely followed by
India (72.9 million), which is projected to
have the highest number of people with
diabetes by 2045 (134.3 million) (1). Yet,
most studies of diabetes are undertaken
in Western populations (2), and treat-
ment guidelines do not take ethnicity
into account. The latest consensus report
by the American Diabetes Association
and the European Association for the
Study of Diabetes recommends the use
of relatively newer drugs such as sodium–

glucose cotransporter 2 inhibitors (SGLT-
2i), glucagon-like peptide 1 receptor
agonists (GLP-1RA), and dipeptidyl pepti-
dase 4 inhibitors (DPP-4i) in combination
with metformin and lifestyle adjustments
(3), unless cost is an issue. Nearly one-half
of subjects with diabetes fail to achieve
the recommended treatment target, and
the reasons for this are multifactorial
(4,5).
The pathophysiology and metabolic

phenotype of type 2 diabetes differ
markedly by ethnicity. For example,
Southeast Asians and South Asians de-
velop type 2 diabetes at younger age and
lower BMI than whites (6–8), and b-cell
deficiency has been reported to be a
feature of Asian diabetes (6). These
pathophysiological differences may im-
pact on treatment efficacy, asmost diabetes
therapies largely target the underlying
pathophysiological defects.
Even though a large number of studies

have been carried out to measure safety
and efficacy of antidiabetes agents, only
a few report on these measures in those
of different ethnicity. Previous meta-
analysis on DPP-4i (reported in 2013)
and GLP-1RAs (reported in 2014) based
on ethnicity have reported that Asians
responded better than non-Asians (9–11).
These studies defined a population as
Asian if it was .50% Asian and white if
the population was ,50% Asian and
included studies of short duration. There
are no previous studies reporting efficacy
of SGLT-2 inhibitors based on ethnicity.
Thus, we performed a systematic review
and meta-analysis to comprehensively
assess the impact of ethnicity on the
glucose-lowering efficacy of relatively
newer antidiabetes agentsdSGLT-2i,
GLP-1RA, and DPP-4idusing published

evidence from randomized clinical trials
(RCTs) reported up to 31 March 2019.

METHODS

Participants of three groups were con-
sidered for the study: 1) those receiving
DPP-4i alone or in combination with
other drugs, 2) those receiving SGLT-2i
aloneor in combinationwithotherdrugs,
and 3) those receiving GLP-1RA alone or
in combination with other drugs.

Data Sources and Searches
The meta-analysis was carried out using
methods proposed in the Preferred Re-
porting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement (12).
A literature search was conducted in
PubMed for studies published up to
31 March 2019 by two independent
investigators (S.G. and A.Y.D.) of all ran-
domized, placebo-controlled trials of
DPP-4i, SGLT-2i, andGLP-1RA. The search
strategywas developed based onMedical
Subject Headings (MeSH) terms and key-
words. The search algorithm is presented
in detail in Supplementary Material.

Study Selection
A title-based search was conducted fol-
lowed by abstract screening. A full paper
search of potentially eligible studies was
also performed based on the predefined
inclusion and exclusion criteria. Any dis-
crepancies in selection were resolved
by a third researcher (E.R.P.).

Inclusion Criteria
1. RCT on adult, nonpregnant partici-

pants aged $18 years with type 2
diabetes.

2. The efficacy of the drug was the
primary outcome of the study.

3. Study reported the effect of drug
versus placebo on HbA1c in partici-
pants who were either drug näıve or
on background therapy.

4. Study reported outcome by ethnicity,
andoneethnicgroupconstitutedat least
70% or more participants.

5. Studies were filtered on the basis of
human subjects, clinical trials, andage
.19 years.

6. Study written in English.

Exclusion Criteria
1. Study duration was ,24 weeks or

.52 weeks.
2. The study had ,50 participants in

each study arm.

3. Participants were on insulin as back-
ground therapy.

4. Studies that were extensions of pre-
vious RCTs.

5. Studies that included participants in
inpatient care.

6. Non-RCT studies and reviews.

Data Extraction
Data extraction was done for aggre-
gated study-level data by two indepen-
dent researchers. Absolute changes in
HbA1c (%) from baseline to 24 weeks
between the drug and placebo were
considered as the primary end point
of the study. If data were not available
for 24 weeks, 52 weeks was considered.
Studies with duration .52 weeks were
excluded, as these were open-label ex-
tensions. A standardized prepiloted form
was used to extract data from the in-
cluded studies for assessment of study
quality and synthesis. Extracted informa-
tion included author, year of publication,
sample sizes, participant demographics
and baseline characteristics, interven-
tions, and HbA1c outcomes of the lowest
dose (in case multiple doses were re-
ported and placebo). Further, the studies
were classified by ethnicities provided
in terms of whether percentage of par-
ticipants in a particular ethnic group
was .70%. A hierarchical approach was
adopted to decide the relevance of stud-
ies based on title, abstract, and full
manuscript. If a study had more than
two relevant arms, each armwas treated
separately. Selection process of relevant
studies retrieved from databases was
shown in a PRISMA-compliant flowchart.

We have used the classification of
“Asian” or “white” of each study as it
was reported in the manuscript. Where
studies were conducted in relatively ho-
mogenouspopulations inAsian countries
(e.g., Korea, China, Japan, and Taiwan),
we have considered the participants to
be in the “Asian” group. We have also
followed the definitions of “East Asians”
(China, Japan, Mongolia, North Korea,
and South Korea) and “South Asians”
(Afghanistan, Bangladesh, Bhutan, India,
Maldives,Mauritius,Nepal, Pakistan, and
Sri Lanka) from previous reports (13,14).

Toensuremorerobustethnicity-specific
outcomes, we required .70% of the
population to be Asian or white for the
study to be allocated to that ethnic
group, and to ensuremore robust treat-
ment effects we limited our studies to
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those where the study duration was
$24 weeks and where there were.50
participants in the intervention and
comparison arms.

Quality Assessment
The quality of eligible studies was eval-
uated by two independent researchers
using the Cochrane Collaboration’s risk-
of-bias tool (15) for assessing the design,
execution, and reporting of the included
RCTs. Risk of bias was assessed in random-
sequence generation and allocation con-
cealment (selection bias), blinding of
participants and personnel (performance
bias), incomplete outcome data (attri-
tion bias), and selective reporting (report-
ing bias). The risk of bias was classified
as high, low, or unclear. Funnel plot and
Egger test were carried out to assess the
publication bias of the overall studies for
each drug.

Data Synthesis and Analysis
For each drug group, ameta-analysis was
performed with the combined data and
stratified analysis by ethnic group using
the meta package in RStudio (version
1.0.153). Change in HbA1c was evaluated
by computing mean differences (MDs)
and 95% CIs between treatment and
placebo arms. The MDs were calculated
as the change frombaseline to end point.
When SD was not reported, it was esti-
mated by the formula provided by the
Cochrane Handbook for Systematic Re-
views of Interventions (16). Forest plots
for white- and Asian-dominant groups
were constructed using RStudio. Higgins
I2 statistic was used to evaluate between
study heterogeneity and classified as low
(,25%), moderate (25–75%), or high
(.75%) (16). The Q statistic was used
as a test of heterogeneity. t2 was esti-
mated by the DerSimonian-Laird estima-
tion method (17). A random effects
model was used to estimate the pooled
effect. Statistical significance was con-
sidered as P value ,0.05. Tests for sub-
group differences were carried out to
check whether there were any signifi-
cant differences between ethnic groups.
Meta-regression analyseswere performed
to determine whether estimates of treat-
ment effects were associated with pre-
specified clinical characteristics such as
age, duration of disease, percentage of
specific ethnic group, percentageofmen,
baseline BMI, and baseline HbA1c. A sen-
sitivity analysis was conducted considering

study duration from 12 weeks to 52
weeks for all of the three drug groups,
with all other criteria kept the same.

This review is registered with PROS-
PERO (CRD42019133587).

RESULTS

DPP-4i

Search Results and Study Characteristics

Initially, 1,411 articles were identified
from the database, 12 articles were
identified from references of other ar-
ticles, and26articleswere included in the
meta-analysis. A total of 26 comparison
pairs were retrieved, which satisfied the
selection criteria (Supplementary Fig.
1A). The total number of study partic-
ipants was 8,531, of whom 4,728 were
randomized to treatment arms and3,803
to theplaceboarms. Thewhite-dominant
group (17 studies) consisted of 5,185
participants, of whom 3,051 participants
were randomized in the treatment group
and 2,134 participants in the placebo
group. The Asian-dominant group (nine
studies) consistedof3,346participants, of
whom 1,677 participants were random-
ized in the treatment group and 1,669
participants in the placebo group (Fig. 1).
The summaryof included studies is shown
in Supplementary Table 1.

Quality of Included Studies and Publication

Bias Assessments

For the adequacy of sequence genera-
tion, 13 studies were categorized as
unclear and 13 studies were categorized
as low risk. All the included studies
achieved the double blinding for the
participants and the personnel. The al-
location concealment was unclear in
16 studies, and 10 studies were at low
risk. There was no particular indication
of incomplete data, selective reporting,
or other biases in any of the included
studies (Supplementary Table 1A and
Supplementary Fig. 1B). The Egger test
and funnel plot suggested that there was
no asymmetric pattern and no particular
concern regarding publication bias (P 5
0.626) (Supplementary Fig. 1C and D).

Efficacy Outcomes

HbA1c data were pooled from the 26 com-
parison pairs from 26 studies. Overall,
the difference between the treatment
and placebo groups was 20.53 (95%
CI 20.62, 20.44; I2 5 78%) favoring
treatment (Fig. 1). In thewhite-dominant
group, the difference between treatment
and placebo groups was 20.49 (95%

CI 20.59, 20.38; I2 5 74%) favoring
treatment. In the Asian-dominant group,
the difference between treatment and
comparisongroupswas20.62 (CI20.80,
20.45; I2 5 84%) favoring treatment
(Fig. 1). The test for subgroup differences
(random effects model) showed no dif-
ference (P 5 0.1919) between the two
groups (Supplementary Table 2A).

Exploratory Analysis

The median duration of diabetes was
6.1 years (range 2.9–12.2) in the white-
dominant group and 6.4 years (0.97–
8.15) for the Asian-dominant group.
The median HbA1c at baseline was
8.065% (7.8–8.6) in the white-dominant
group and 8.5% (7.9–9.4) in the Asian-
dominant group. The median BMI at
baseline was 31.7 kg/m2 (28.1–32.90)
in thewhite-dominantgroupand25.9kg/m2

(25.30–27.90) in the Asian-dominant
group.

Meta-Regression

The univariate meta-regression analysis
showed that age (P 5 0.33), percentage
participants who were white (P5 0.12),
HbA1c at baseline (P5 0.98), duration of
diabetes (P 5 0.22), percentage of par-
ticipants who were men (P 5 0.60), and
BMI at baseline (P 5 0.38) were not
associated with the change in HbA1c from
baseline (Supplementary Table 3 and
Supplementary Fig. 4).

Sensitivity Analysis

Here, we included additional studies
with a shorter duration (from 12 weeks
to 52 weeks). Out of the 1,411 articles
identified from the database, an addi-
tional 7 studies were identified, totaling
33 studies included in the sensitivity
analysis. Overall, the difference between
the treatment group and comparison
group was 20.59 (95% CI 20.70,
20.48; I2 5 94%) favoring treatment
(Supplementary Fig. 1E). In the white-
dominant group, the difference between
treatment group and comparison group
was 20.49 (95% CI 20.59, 20.39; I2 5
73%) favoring treatment. In the Asian-
dominant group, the difference between
treatment and comparison groups was
20.73 (95% CI20.88,20.57; I2 5 94%)
favoring treatment (Supplementary Fig.
1E). Testing for subgroup differences
(randomeffectsmodel) showedagreater
response in the Asians compared with
thewhite-predominant group (P5 0.0098)
(Supplementary Table 2B).
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SGLT-2i

Search Results and Study Characteristics

Sixteen articles were included in the study
from the 555 articles that were identified
from the database (Supplementary Fig.
2A). The total number of study partic-
ipants was 4,189, of whom 2,178 were
randomized in the treatment group and
2,011 were from placebo group. The
white-dominant group (nine studies)
consisted of 3,015 participants, of whom
1,515 participants were randomized in the
treatment group and 1,500 participants in
the placebo group. The Asian-dominant
group (seven studies) consisted of 1,174
participants, of whom 663 participants
were randomized in the treatment group
and 511 participants in the placebo group.
The summary of included studies is shown
in Supplementary Table 1.

Quality of Included Studies and Publication

Bias Assessments

All of the studies were double-blind for
the participants and personnel. For the
adequacy of sequence generation, five
studies were categorized as unclear,
eight studies were categorized as low
risk, and three studies were categorized
as high risk. The allocation concealment
was unclear in 4 studies, 11 studies were
at low risk, and2 studieswere athigh risk.
There was no particular indication of
incomplete data, selective reporting,
or other biases in any of the included
studies (Supplementary Table 1B and
Supplementary Fig. 2B). The Egger test
and funnel plot suggested that there was
no asymmetric pattern and no particular
concern regarding a publication bias
(Supplementary Fig. 2B and C).

Efficacy Outcomes

HbA1c data were pooled from the 16
comparison pairs from 16 studies. Over-
all, the difference between the treat-
ment group and comparison group
was 20.79 (95% CI 20.91, 20.66;
I2 5 80%) favoring treatment (Fig. 2).
In the white-dominant group, the dif-
ference between treatment group and
comparison group was 20.64 (95% CI
20.74, 20.53; I2 5 44%) favoring treat-
ment. In the Asian-dominant group,
the difference between treatment and
comparison groups was 20.96 (95%
CI 21.10, 20.82; I2 5 66%] favoring
treatment. Testing for subgroup differ-
ences (random effects model) showed a
significant difference (P 5 0.0003) be-
tween the two groups (Supplementary
Table 2A).

Figure 1—Forest plot for white- and Asian-dominant groups for DPP-4i. See references 24–49 for complete citations.
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Exploratory Analysis

The median duration of diabetes was 8.3
years (range 5.64–12.3) in the white-
dominant group and 7.49 years (4.72–
11.6) for the Asian-dominant group. The
median HbA1c at baseline was 8.17% (7.8–
9.3) in the white-dominant group and
8.18% (7.9–8.45) in the Asian-dominant
group. The median BMI at baseline
was 31.9 kg/m2 (31.2–33.3) in the white-
dominant group and 25.59 kg/m2 (25.07–
26.0) among the Asian-dominant group.

Meta-Regression

The univariate meta-regression analysis
showed that percentage of participants
who were white (P , 0.01) and BMI at
baseline (P 5 0.01) are associated with
change in HbA1c from baseline. On the
other hand, age (P 5 0.38), HbA1c at
baseline (P5 0.80), duration of diabetes
(P 5 0.85), and percentage of partici-
pants who were men (P5 0.1) were not
associated with change in HbA1c from
baseline (Supplementary Table 3 and
Supplementary Fig. 5).

Sensitivity Analysis

Includingfive additional studies between
12 and 24 weeks’ duration, we pooled
HbA1c data from 21 comparison pairs

from 21 studies. Overall, the difference
between the treatment group and com-
parison group was20.70 (95% CI20.82,
20.58; I2 5 84%) favoring treatment
(Supplementary Fig. 2E). In the white-
dominant group, the difference between
treatment group and comparison group
was 20.57 (95% CI 20.69, 20.44; I2 5
69%) favoring treatment. In the Asian-
dominant group, the difference between
treatment and comparison groups was
20.85 (95% CI21.03,20.66; I2 5 87%)
favoring treatment (Supplementary Fig.
2E). Test for subgroup differences (ran-
dom effects model) showed a difference
(P 5 0.0182) between the two groups
(Supplementary Table 2B).

GLP-1RA

Search Results and Study Characteristics

A total of 1,481 articles were identified
from the database and 4 articles were
identified from references of other ar-
ticles, from which 22 articles were in-
cluded in themeta-analysis (Supplementary
Fig. 3A). A total of 23 comparison pairs
were retrieved, which satisfied the se-
lectioncriteria. The total numberof study
participants was 6,559, of whom 3,608

were randomized in the treatment group
and 2,951 were from placebo group. The
white-dominant group (19 studies, 20
arms) consisted of 5,682 participants,
of whom 3,608 participants were ran-
domized in the treatment group and
2,951 participants in the placebo group.
The Asian-dominant group (three studies)
consisted of 877 participants, of whom
438 participants were randomized in the
treatment group and 439 participants in
the placebo group. A summary of included
studies is shown in Supplementary Table 1.

Quality of Included Studies and Publication

Bias Assessments

All the 22 of the studies achieved the
double blindness for the participants and
the personnel. For the adequacy of se-
quence generation, 14 studies were cat-
egorized as unclear and 8 studies were
categorized as low risk. The allocation
concealment was unclear in 6 studies,
and 16 studies were at low risk. There was
no particular indication of incomplete data,
selective reporting, or other biases in any
of the included studies (Supplementary
Table 1C and Supplementary Fig. 3B). The
Egger test and funnel plot suggested that
there was no asymmetric pattern and no

Figure 2—Forest plot for white- and Asian-dominant groups for SGLT-2i. See references 50–65 for complete citations.
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particular concern regarding a publica-
tion bias (Supplementary Fig. 3C and D).

Efficacy Outcomes

HbA1cdatawerepooled fromthe23com-
parisonpairs from22studies.Overall, the
difference between the treatment group
and comparison group was 20.78 (95%
CI 20.88, 20.69; I2 5 79%) favoring
treatment (Fig. 3). In thewhite-dominant
group, thedifferencebetween treatment
groupand comparison groupswas20.79
(95%CI20.89,20.69; I2577%) favoring
treatment. In the Asian-dominant group,
the difference between treatment and
comparison groups was 20.76 (95%
CI 21.19, 20.33; I2 5 90%) favoring
treatment (Fig. 3). Test for subgroup
differences (randomeffectsmodel) showed
no statistically significant difference
(P 5 0.8957) between the two groups
(Supplementary Table 2A).

Exploratory Analysis

The median duration of diabetes was
7.6 years (range 2.8–13.6) in the white-

dominant group and 9.3 years (4.0–13.7)
for the Asian-dominant group. The me-
dian HbA1c at baseline was 8.1% (7.5–9.3)
in the white-dominant group and 8.54%
(7.95–8.6) in the Asian-dominant group.
The median BMI at baseline was 32.94
kg/m2 (29.9–36.9) in the white-dominant
group and 25.4 kg/m2 (25.3–26.8) in
the Asian-dominant group.

Meta-Regression

The univariate meta-regression analysis
showed age (P 5 0.98), percentage of
participants who were white (P5 0.99),
HbA1c at baseline (P5 0.99), duration of
diabetes (P 5 0.54), percentage of par-
ticipants who were men (P 5 0.59), and
BMI at baseline (P 5 0.94) were not
significantly associated with change in
HbA1c frombaseline (Supplementary Table
3 and Supplementary Fig. 6).

Sensitivity Analysis

Includingfouradditional studiesthatwere
identified between 12 and 24 weeks’ du-
ration, we pooled HbA1c data from 27

comparison pairs from 26 studies. Over-
all, the difference between the treatment
group and comparison group was 20.79
(95% CI20.88,20.70; I25 76%) favoring
treatment (Supplementary Fig. 3E). In the
white-dominant group, the difference be-
tween treatment group and comparison
group was20.79 (95% CI20.89,20.70;
I2 5 75.1%) favoring treatment. In the
Asian-dominant group, the difference be-
tween treatment and comparison groups
was 20.79 (95% CI 21.03, 20.54; I2 5
82%) favoring treatment (Supplementary
Fig. 3E). Testing for subgroup differences
(random effects model) showed no sta-
tistically significant difference (P50.9657)
between the two groups (Supplementary
Table 2B).

DISCUSSION

The current systematic review and
meta-analysis focuses on the HbA1c-
lowering efficacy of DPP-4i, SGLT-2i,
and GLP-1RA in ethnically white and

Figure 3—Forest plot for white- and Asian-dominant groups for GLP-1RA. See references 47, 65–85 for complete citations.
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Asian participants. Compared with
whites, Asians respond better to
SGLT-2i. Even though the primary anal-
ysis of DPP-4i showed no difference in
response to DPP-4i between the two
groups, the sensitivity analysis including
shorter duration studies did show that
Asians respond better to DPP-4i than
whites, in keeping with previous re-
ports. No difference was found in the
response to GLP-1RA between Asians
and whites.
This is the first meta-analysis that

reports glycemic response to SGLT-2i
by ethnicity. Our results showed that
the Asians respond better to SGLT-2i
compared with the white-dominant
group. In the meta-regression, the per-
centage of the population who were
white and BMI at baseline were associ-
ated with HbA1c reduction, whereas
baseline HbA1c was not correlated. A
recent meta-analysis showed that effi-
cacy and safety of SGLT-2iwere favorable
in East Asian patients with type 2 di-
abetes (13). It is interesting to know that
SGLT-2i also show greater, albeit non-
significant, cardiovascular risk reduction
in Asians compared with other ethnic
groups (18).
Although no significant difference

was found between the two groups
for DPP-4i, the reduction in HbA1c levels
at study end point was greater for the
Asian-dominant studies (between-group
difference P 5 0.1919). However, our
sensitivity analysis that included studies
of shorter duration (from 12 weeks) did
show a 20.11% significantly greater re-
duction in HbA1c in the predominantly
Asian group compared with the predom-
inantly white population. A previous
meta-analysis by Kim et al. (9) reported
that DPP-4i showed greater HbA1c-lower-
ing effect in Asian-dominant studies than
innon–Asian-dominantstudies(between-
group difference 20.18%, P 5 0.006). In
another review, Ito et al. (19) hypothe-
sized that DPP-4i had greater efficacy
among East Asian participants than their
white counterparts due to the different
pathophysiology of type 2 diabetes be-
tween the two ethnic groups. Inter-
estingly, these two meta-analyses also
included studies of 12 weeks’ duration
or longer. Finally, in an individual-level
analysis of Trial Evaluating Cardiovascular
Outcomes With Sitagliptin (TECOS), Davis
et al. (20) showed that the greatest initial
reduction of HbA1c was observed in East

Asians on sitagliptin. It is not clear why
our primary analysis based upon studies
of at least 24 weeks showed a smaller
differencebetweenethnic groups; there
was no obvious difference or bias in-
troduced in the shorter-duration stud-
ies, but the results would suggest that
thedifference seen at 12weeksdoesnot
persist to 24 weeks or longer. Previous
studies on sitagliptin and vildagliptin
have reported that the clinical pharma-
cokinetic characteristics of DPP-4i were
not different among Asians, blacks, His-
panics, and whites, suggesting that dif-
ferences in response are more likely to
reflect phenotypic or pathophysiologi-
cal differences (21,22). Lower BMI has
been reported to be associated with a
better glycemic response (23), yet in
the current study, the meta-regression
showed no correlation between age,
BMI at baseline, percentage of partic-
ipants who were white, HbA1c at base-
line, duration of diabetes, percentage of
participants who were men, and HbA1c
reduction. This meta-regression sug-
gests that the greater HbA1c reduction
seen in Asians in ourmeta-analysis is not
driven by the higher HbA1c at recruit-
ment in the Asian populations. There
may, however, be other differences
between ethnic groups that are not
captured in the recorded baseline char-
acteristics, such as adherence, that
could have contributed to differences
in results. The use of other glucose-
lowering agents in the trials was quite
similar between Asian- andwhite-dominant
studies and, hence, is unlikely to explain
ethnic differences in treatment efficacy
(Supplementary Table 4).

In the present meta-analysis, no dif-
ference in efficacy was found between
the white- and Asian-dominant groups
(P 5 0.8957) among the studies of GLP-
1RA. In a previous meta-analysis con-
ductedonglucagon-likepeptide1analogs
by Kim et al. (10), it was found that HbA1c
reduction from baseline was greater in
Asian-dominant groups than in non–
Asian-dominant groups. The fact that
we show no evidence of difference in
response between Asians and whites is at
odds with this previous report. However,
unlike forDPP-4i, forGLP-1RA, inclusionof
shorter-duration studies in our analysis,
similar to that of Kim et al., did not make
any difference to the estimate of efficacy
difference. Even though our study had
only three Asian studies included, these

differed from that of the three Asian
studies included by Kim et al. in their
meta-analysis. Thus, our lack of replication
of the previous meta-analysis may reflect
this small number of studies and hetero-
geneity between studies in the Asian
population.

The only remaining differences were
that in our study design, to ensure sep-
aration between studies reporting effi-
cacy inwhites versusAsians,wedefineda
population cutoff of 70%, whereas Kim
et al. used a 50% cutoff, and we only
included studies that had 50 patients per
treatment arm.

There are some limitations to this
study. First, this systematic review and
meta-analysis is based on summarized
data of RCT studies. Further investigation
of individual-level trial data based on
ethnicity is required to confirm the re-
ported differences for SGLT-2i and DPP-
4i. Second, due to lack of enough studies
that satisfied our inclusion and exclusion
criteria, studies could not be separated
based on South Asians and East Asians. It
is known from previous reports that South
Asians and East Asians are ethnically
heterogeneous, and this demands that
more studies be conducted in the South
Asian region (14).

In conclusion, the glucose-lowering
efficacy of SGLT-2i and DPP-4i was higher
in the Asian-dominant group compared
with the white-dominant group but not
for and GLP-1 analogs. Our data suggest
that, if our results are replicated by
individual-level patient analyses from
clinical trials, ethnicity should be incor-
porated into the treatment guidelines.

Further studies would also be war-
ranted as to the physiological or phar-
macological basis of these differences,
given the reported b-cell deficiency and
visceral adiposity in Asians.
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