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ABSTRACT
Aims/Introduction: To evaluate whether there is disparity of the efficacy and all-cause
mortality and other adverse effects between Asian and non-Asian patients with sodium–
glucose cotransporter 2 (SGLT2) inhibitors treatment.
Materials and Methods: Randomized clinical trials publicly available before January
2017, comparing SGLT2 inhibitors treatment with a placebo in type 2 diabetes patients
were identified. The association between treatment and outcomes was estimated by com-
puting the weighted mean difference for glycated hemoglobin level, blood pressure level,
lipid profile levels and bodyweight, and the odds ratios for adverse events.
Results: A total of 17 trials with Asian patients were included and 39 trials with non-
Asian patients were included. Comparison of the glycated hemoglobin decreases cor-
rected by a placebo between Asian and non-Asian patients showed that there was a
non-significant difference of 0.05% between groups (P > 0.05). Comparisons of the body-
weight changes and blood pressure changes corrected by a placebo between Asian and
non-Asian patients did not show a significant difference between groups (P > 0.05). The
risk of all-cause mortality was not increased when compared with a placebo both in Asian
and non-Asian populations, and the risk of genital infection in Asian and non-Asian popu-
lations were both significant increased.
Conclusions: Overall, according to the present meta-analysis, comparison of the effi-
cacy in SGLT2 inhibitors treatment between Asian and non-Asian type 2 diabetes patients
showed no significant difference in glycated hemoglobin reduction and bodyweight
reduction. Furthermore, no disparity was found in the risk of all-cause mortality or hypo-
glycemia in SGLT2 inhibitors treatment between Asian and non-Asian patients.

INTRODUCTION
The sodium–glucose cotransporter 2 (SGLT2) inhibitors are a
new class of oral antidiabetic drugs, which reduce hyper-
glycemia by increasing urinary glucose excretion independently
of insulin secretion or action. Recently, many randomized con-
trolled trials have shown that SGLT2 inhibitors improved glyce-
mic control in patients with type 2 diabetes both as

monotherapy and as add-on therapy1–4. So far, approximately
six kinds of SGLT2 inhibitors have been approved as dapagli-
flozin, canagliflozin, empagliflozin, ipragliflozin and ertugliflozin
in the Western market, and another two kinds of SGLT2 inhi-
bitors as tofogliflozin and luseogliflozin have been approved in
Japan.
With the increasing prevalence of type 2 diabetes in the

Asian population, and the unmet need for both good glucose
control and low incidence of adverse effects, the efficacy ofReceived 5 July 2017; revised 23 September 2017; accepted 4 October 2017
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novel agents, such as SGLT2 inhibitors, in the Asian population
are expected to be as effective as the efficacy in the non-Asian
population when treating patients with type 2 diabetes.
Although several studies of SGLT2 inhibitors treatment have
been carried out in Asian type 2 diabetes patients1–4, compar-
isons between Asian and non-Asian populations on glucose
control, bodyweight control and blood pressure control, as well
as the risk of all-cause mortality, hypoglycemia and other
adverse effects have not been well studied.
Because of the lower body mass index (BMI) of Asian

patients compared with that of non-Asian patients5,6 and the
different genetic and pharmacogenetics ethnic background7,8,
we hypothesize that the efficacy of glucose control and body-
weight control or the adverse effects between the two ethnicities
might be different. Therefore, the aim of the present meta-ana-
lysis was to evaluate the efficacy, as well as the adverse effects,
between Asian and non-Asian type 2 diabetes patients with
SGLT2 inhibitors.

METHODS
Search strategy
Randomized clinical trials publicly available before January
2017, comparing SGLT2 inhibitors treatment with a placebo in
type 2 diabetes patients were identified. The following terms
were used for searching: type 2 diabetes, sodium–glucose
cotransporter 2 inhibitors, dapagliflozin, canagliflozin, empagli-
flozin, ipragliflozin, tofogliflozin, luseogliflozin, ertugliflozin and
randomized controlled trials. The databases of MEDLINE and
the Cochrane Library Central Register of Controlled Trials were
searched, first in December 2015 and second in January 2017.
The registration number of this meta-analysis is
CRD42016047666.

Inclusion criteria and data extraction
The inclusion criteria were as follows: (i) placebo-controlled
trial of SGLT2 inhibitor treatment; (ii) type 2 diabetes patients;
(iii) study length >12 weeks; (iv) the efficacy of glucose control
was the primary outcome of the study; and (v) the trials were
randomized controlled trials. The exclusion criteria were as fol-
lows: (i) active controlled study; (ii) non-randomized trial; (iii)
trials in type 1 diabetes patients; (iv) study length <12 weeks;
and (v) the efficacy of glucose control could not be collected
from the trial.
Two investigators (XYG and YFC) screened the titles and

abstracts independently to identify potentially eligible trials.
Any potentially relevant citation was then evaluated in full-text.
Any discrepancies were discussed with a third author (WJY)
until a consensus was reached. The two investigators indepen-
dently reviewed the main reports and supplementary materials,
and extracted study and patient characteristics and treatment
strategies. Each study included in this meta-analysis was catego-
rized as an Asian study or non-Asian study according to
whether the percentage of Asian participants in each study was

≥50% or not. The quality of each study and the risk of bias
were evaluated using the Cochrane instrument.

End-points
The primary end-point of the present meta-analysis was the
efficacy of glucose control in SGLT2 inhibitors treatment
between Asian and non-Asian type 2 diabetes patients. The sec-
ondary end-points were the placebo-corrected changes from
baseline of bodyweight, blood pressure, lipid profile between
Asian and non-Asian populations, as well as the risk of adverse
effects between Asian and non-Asian type 2 diabetes patients.

Statistical analysis
Treatment effects were estimated by random effects or fixed
effects pairwise meta-analysis. The association between treat-
ment and outcomes was estimated by computing the weighted
mean difference (WMD) for glycated hemoglobin (HbA1c)
level, blood pressure level, lipid profile levels and bodyweight,
and by computing the odds ratios (ORs) for all-cause mortality,
adverse events and hypoglycemia, together with 95% confidence
intervals (95% CI). Higgins I2 statistics were used to quantify
the percentage of the total variance in the summary estimate as
a result of between-study heterogeneity. Publication bias was
assessed through a funnel plot and Egger’s test analysis. Statisti-
cal testing was two-sided, with P < 0.05 considered statistically
significant. Most statistical analyses were carried out with the
Review Manager statistical software package (version 5.2; Nor-
dic Cochrane Centre, Copenhagen, Denmark). Meta-regression
analysis was carried out with STATA (version 11.0; StataCorp,
College Station, TX, USA). The present meta-analysis was car-
ried out according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses guidelines for carrying out and
reporting meta-analyses of randomized controlled trials.

RESULTS
Studies included in the meta-analysis and qualifications
The electronic searching began from December 2015 to January
2017 and retrieved 1989 citations. The flowchart of included
studies is summarized in Figure 1. Overall, 56 randomized clin-
ical trials were eligible for inclusion in the review. In Asian
populations, 17 trials were included1–4,9–21, among which two
trials with dapagliflozin treatment compared with a placebo,
three trials with canagliflozin treatment compared with a pla-
cebo, three trials with ipragliflozin treatment compared with a
placebo, two trials with tofogliflozin treatment compared with a
placebo, two trials with empagliflozin treatment compared with
a placebo and five trials with luseogliflozin treatment compared
with a placebo (shown in Table S1). In non-Asian populations,
39 trials were included22–60, among which 18 trials with dapa-
gliflozin treatment compared with a placebo22–40, seven trials
with canagliflozin treatment compared with a placebo41–47, 10
trials with empagliflozin treatment compared with a placebo48–
57, two trials with ipragliflozin treatment compared with a
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placebo58,59 and one trial with ertugliflozin treatment compared
with a placebo60 (shown in Table S2).
By using the Cochrane instrument, the risk of bias was eval-

uated. Overall, the risk of bias was low, the random sequence
generation, the allocation concealment, the blinding of partici-
pants and personnel, the blinding of outcome assessment, and
the incomplete outcome data were all well reported, and the
selective reporting was low (Figures S1 and S2).

Baseline characteristics between Asian and non-Asian patients
For Asians, 2,600 patients were included in SGLT2 inhibitors
treatment, whereas for non-Asians, 12,272 patients were
included in SGLT2 inhibitors treatment. Comparisons of the

baseline characteristics between Asians and non-Asians showed
that baseline weight and baseline BMI were significantly differ-
ent (BMI 26.4 kg/m2 vs 31.4 kg/m2, P < 0.05; weight 71.2 kg
vs 87.0 kg, P < 0.05). Details are given in Table 1.

HbA1c changes in SGLT2 inhibitors treatment
Overall, in Asian patients, compared with a placebo, the SGLT2
inhibitors treatment resulted in a significantly greater change in
HbA1c (WMD -0.65%, 95% CI -0.73% to -0.56%, P < 0.01).
In dapagliflozin treatment, the HbA1c change from baseline
was -0.74% compared with a placebo with statistical signifi-
cance (95% CI -0.77% to -0.71%, P < 0.01). In canagliflozin
treatment, tofogliflozin treatment, ipragliflozin treatment and

The search results for SGLT2 inhibitors

through database searching (n = 1,994).

Studies assessed for eligibility (n = 284)

Studies excluded (n = 1,710):

489 were duplicated; 

970 were not clinical trials; 

251 were not implemented in type 2 diabetes patients.

12 investigated hospitalized  patients.

Studies evaluating the  efficacy of SGLT–2 inhibitors in

type 2 diabetes patients (n = 128)

Studies included in this meta-analysis (n = 56) 

Studies in Asian patients (n = 17)

66 did not evaluate efficacy of SGLT2 inhibitors;

41 were not randomized clinical trials;

15 with study duration <12 weeks;

22 included T1DM patients also;

Studies excluded (n = 156):

23 studies did not evaluate the efficacy compared with placebo treatment;

16 studies were not randomized clinical trials;

10 studies did not showed weight changes from baseline in both active hypoglycemic group

and placebo group;

8 studies did not use HbA1c as the indicator of efficacy;

8 studies of which the study duration lasted no more than 8 weeks; 

7 studies were duplicated reported trials.

Studies excluded (n = 72);

Studies in non-Asian patients (n = 39)

Figure 1 | Flowchart of studies in Asian and non-Asian type 2 diabetes patients included in the present meta-analysis. SGLT2, sodium–glucose
cotransporter 2; T1DM, type 1 diabetes mellitus.
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luseogliflozin treatment, the HbA1c changes also significantly
decreased (WMD -0.77%, 95% CI, -1.16% to -0.38%; -0.70%,
95% CI -0.98% to -0.43%; -0.65%, 95% CI -1.24% to -0.07%;
and -0.49%, 95% CI -0.73% to -0.25%, respectively; all
P < 0.01).
In non-Asian patients, compared with a placebo, the SGLT2

inhibitors treatment was associated with a significantly greater
decrease in HbA1c (WMD -0.60%, 95% CI -0.64% to -0.56%,
P < 0.01). The dapagliflozin treatment, canagliflozin treatment,
empagliflozin treatment and ipragliflozin treatment led to
HbA1c decrease from baseline in 0.58%, 0.71%, 0.57% and
0.62%, respectively, when compared with a placebo with statis-
tical significance.
Comparison of the HbA1c decreases corrected by a placebo

between Asians and non-Asians showed that there was a non-
significant difference of 0.05% between groups (P > 0.05).
Details are shown in Table 2. In dapagliflozin treatment, the
difference between groups was 0.16% with statistical significance
in favor of Asian populations, but in canagliflozin treatment
and ipragliflozin treatment, the differences between groups were
not significant.
Meta-regression analysis showed that the HbA1c decrease

from baseline was not associated with baseline HbA1c, baseline
weight or baseline BMI, baseline age or sex, study duration, or
duration of diabetes in both Asian and non-Asian populations.

Weight changes in SGLT2 inhibitors treatment
In Asians, compared with a placebo, treatment with SGLT2
inhibitors led to a significant decrease in bodyweight (WMD -
1.86 kg, 95% CI -2.03 to -1.70 kg, P < 0.01). Treatments with
dapagliflozin, canagliflozin, ipragliflozin, tofogliflozin and luseo-
gliflozin also led to significant decreases in bodyweight respec-
tively (WMD -1.92 kg, 95% CI -2.04 to -1.80 kg; -2.01 kg,
95% CI -2.80 to -1.21 kg; -1.55 kg, 95% CI -1.94 to -1.17 kg;
-2.35 kg, 95% CI -2.87 to -1.83 kg; -1.68 kg, 95% CI -1.95 to
-1.41 kg; all P < 0.01). In non-Asians, compared with a pla-
cebo, treatment with SGLT2 inhibitors was associated with a
significant decrease in bodyweight (WMD -1.94 kg, 95% CI -

2.24 to -1.65 kg, P < 0.01). Treatments with dapagliflozin,
canagliflozin, empagliflozin and ipragliflozin also led to signifi-
cant decreases in bodyweight, respectively. Comparison of the
bodyweight changes corrected by a placebo between Asians and
non-Asians showed that there was no difference between
groups (P > 0.05). Details are shown in Table 2.
Meta-regression analysis showed that the bodyweight

decrease from baseline was not associated with the HbA1c
changes from baseline, baseline weight or BMI, baseline age or
sex, study duration, or duration of diabetes in both Asians and
non-Asians.

Blood pressure changes in SGLT2 inhibitors treatment
Compared with a placebo, in Asians, treatment with SGLT2
inhibitors led to a significant decrease in the level of systolic
blood pressure (SBP; WMD -3.55 mmHg, 95% CI -5.93 to -
1.17 mmHg, P < 0.01) and a significant decrease in the level of
diastolic blood pressure (DBP; WMD -2.39 mmHg, 95% CI -
3.23 to -1.54 mmHg, P < 0.01). In non-Asians, treatment with
SGLT2 inhibitors was associated with a significant decrease
both in the level of SBP (WMD -4.38 mmHg, 95% CI -5.01
to -3.75 mmHg, P < 0.01) and in the level of DBP (WMD -
1.79 mmHg, 95% CI -2.10 to -1.48 mmHg, P < 0.01, respec-
tively). Details are shown in Table 2.
Comparison of SBP change from baseline between Asian

and non-Asian patients showed that the difference was
0.83 mmHg without significance (P > 0.05). Comparison of
DBP change from baseline between Asians and non-Asians also
showed a non-significant difference (P > 0.05). Comparisons
between Asians and non-Asians in each kind of SGLT2 inhibi-
tor treatment are also shown in Table 2.
Meta-regression analysis showed that the SBP changes from

baseline were not associated with baseline SBP, baseline weight
or BMI, baseline age or sex, or study duration, in both Asians
and non-Asians. The DBP changes were not associated with
baseline characteristics either.

Lipid profile changes in SGLT2 inhibitors treatment
In Asians, compared with a placebo, treatment with SGLT2
inhibitors was associated with a significant decrease in triglyc-
eride (TG) level (WMD -17.66 mg/dL, 95% CI -23.63 to -
11.70 mg/dL, P < 0.01), but a significant increase in the level
of total cholesterol (T-CHO) and high-density lipoprotein
cholesterol (HDL-C; WMD 4.26 mg/dL, 95% CI 2.07 to
6.45 mg/dL, P < 0.01 and 4.22 mg/dL, 95% CI 3.46 to
4.99 mg/dL, P < 0.01, respectively). The level of low-density
lipoprotein cholesterol (LDL-C) was also significant increased
with SGLT2 inhibitors (WMD 4.10 mg/dL 95% CI 1.66 to
6.54 mg/dL, P < 0.01). In non-Asians, the level of TG was also
significantly decreased, and the levels of T-CHO, LDL-C and
HDL-C were significantly increased. Details are also shown in
Table 2.
Comparison of the efficacy on lipid profiles in SGLT2 inhibi-

tors treatment between Asians and non-Asians showed that the

Table 1 | Baseline characteristics between Asian and non-Asian type 2
diabetes patients receiving sodium–glucose cotransporter 2 inhibitors
treatment

Variables Asian Non-Asian

No. studies 17 39
Age (years) 56.6 – 3.3 57.1 – 4.6
Male (%) 33.9 47.1
BMI (kg/m2) 26.4 – 1.6 31.4 – 1.8*
Weight (kg) 71.2 – 4.1 87.0 – 5.5*
DM duration (years) 6.4 – 2.3 7.4 – 4.6
HbA1c (%) 8.00 – 0.00 8.13 – 0.41

*P-value <0.05. BMI, body mass index; DM, diabetes mellitus; HbA1c,
glycated hemoglobin.
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decrease of TG level from baseline in Asians was significantly
superior to that in non-Asians with a 12.52-mg/dL (P < 0.05)
difference between groups; the increase of HDL-C in Asians
was also significantly superior to that in non-Asians with a
3.34-mg/dL (P < 0.05) difference between groups, and the
increase of T-CHO and LDL-C level from baseline in Asians
was comparable with that in non-Asians. (1.29 mg/dL and
1.01 mg/dL, respectively, P > 0.05). Details are shown in
Table 2.
Meta-regression analysis showed that the TG decrease from

baseline was not associated with baseline TG, baseline weight
or BMI, baseline age or sex, or HbA1c changes from baseline
in both Asians and non-Asians, and the increase of T-CHO or
LDL-C or HDL-C was not associated with baseline lipid level,
baseline weight or BMI, baseline age or sex, or HbA1c changes
from baseline in both Asians and non-Asians.

Effects on liver enzymes in SGLT2 inhibitors treatment
In Asians, compared with the placebo, treatment with SGLT2
inhibitors led to a significant decrease in alanine aminotrans-
ferase level, as well as a significant decrease in gamma-glutamyl
transferase level. In non-Asians, treatment with SGLT2 inhibi-
tors resulted in a significant decrease in alanine aminotrans-
ferase level and also in aminotransferase level. No significant
difference was found in aminotransferase and alanine amino-
transferase between Asian and non-Asian patients with SGLT2
inhibitors treatment. Data for gamma-glutamyl transferase was
not enough for comparison. Details are shown in Table 2.

All-cause mortality with SGLT2 inhibitors treatment
In Asians, compared with a placebo, the risk of all-cause mor-
tality was not significantly increased (OR 1.05, 95% CI 0.11 to
9.77, P = 0.97). In non-Asians, compared with a placebo, the
risk of all-cause mortality was not significantly increased (OR
0.85, 95% CI 0.52 to 1.39, P = 0.52). The between-group differ-
ence of all-cause mortality in SGLT2 inhibitors treatment in
Asians and non-Asians was not statistical significant (P > 0.05).

Adverse effects with SGLT2 inhibitors treatment
The risk of hypoglycemia in the treatment of SGLT2 inhibitors
in Asians was significantly increased compared with a placebo
(OR 1.78, 95% CI 1.14 to 2.79, P < 0.01), and also significantly
increased in add-on treatment (OR 2.05, 95% CI 1.11 to 3.81,
P = 0.02), but not in monotherapy (OR 1.51, 95% CI 0.79 to
2.89, P = 0.21). The risk of hypoglycemia in non-Asians was
also significantly increased compared with a placebo (OR 1.25,
95% CI 1.13 to 1.39, P < 0.01), and in add-on treatment (OR
1.26, 95% CI 1.13 to 1.39, P < 0.01), but not in monotherapy
(OR 1.17, 95% CI 0.59 to 2.29, P = 0.66). The between-group
difference of SGLT2 inhibitors in Asians and non-Asians was
not statistically significant (P > 0.05).
The risk of urinary infection during treatment with SGLT2

inhibitors in Asians was not increased compared with a placebo
(OR 1.01, 95% CI 0.67 to 1.54, P = 0.95). The risk of genital

infection in Asians was significantly increased compared with a
placebo (OR 2.24, 95% CI 1.18 to 4.25, P < 0.05). However,
the risk of genital infection and urinary infection in non-Asians
with SGLT2 inhibitors treatment were both significantly
increased compared with a placebo (OR 3.79, 95% CI 3.09 to
4.66, P < 0.01 and OR 1.14, 95% CI 1.01 to 1.29, P = 0.03,
respectively). Details are shown in Table 3.
Compared with a placebo, treatment with SGLT2 inhibitors

was associated with a significantly increased risk of ketosis in
Asian patients (OR 3.30, 95% CI 1.27 to 8.59, P < 0.01).

DISCUSSION
According to the present meta-analysis, comparison of HbA1c
decreases from baseline with SGLT2 inhibitors treatment
between Asian and non-Asian patients showed that HbA1c
decreased more in Asians than that in non-Asians, with the dif-
ference of 0.05% between groups without significance
(P > 0.05). Although baseline characteristics of the present
meta-analysis as well as previous studies5,6 showed that the
baseline BMI and baseline bodyweight were significantly lower
in Asians, meta-regression analysis from this study showed that
the HbA1c decrease from baseline was neither associated with
baseline weight or baseline BMI, nor with baseline HbA1c,
baseline age or sex, study duration, or duration of diabetes in
both Asians and non-Asians. The previous hypothesis that
there might be a difference of the efficacy on glucose control
was not confirmed by the present meta-analysis.
The efficacy in SGLT2 inhibitors treatment on bodyweight

decrease was also comparable between Asians and non-Asians.
Although there were significant differences of baseline BMI and
bodyweight between Asians and non-Asians, this meta-regres
sion analysis showed that the bodyweight decrease from base-
line was not associated with the HbA1c changes from baseline,
or baseline weight or BMI in both Asian and non-Asian popu-
lations. The mechanisms of SGLT2 inhibitors treatment on
bodyweight might be due to caloric loss through glucose excre-
tion in the urine61, or due to reduced total body fat and lean
body mass, as well as visceral adipose tissue62, or due to
improvements in weight-related quality of life63.
Furthermore, the efficacy on SBP of SGLT2 inhibitors treat-

ment in Asians showed no significant decrease compared with
a placebo, but in non-Asians showed a significant decrease.
However, comparisons between Asian and non-Asian patients
showed no significant difference. Comparisons of DBP change
from baseline in Asians and non-Asians also showed non-
significant difference; though, both in Asian and non-Asian
populations, the DBP levels were significantly decreased. The
mechanism of SGLT2 inhibitors reducing blood pressure has
not been well established. It was suggested that it might be
related to improved glycemic control, diuretic effects, weight
loss, reduced arterial stiffness or direct vascular effects61,64–66.
However, emerging data also suggested that SBP lowering was
independent of weight loss in canagliflozin treatment67. Accord-
ing to the meta-regression analysis of the present meta-analysis,
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the SBP changes and DBP changes were not associated with
baseline SBP, baseline weight or BMI or bodyweight decrease,
baseline age or sex, or study duration, in both Asians and non-
Asians.
Comparison of the efficacy on lipid profiles between Asians

and non-Asians showed that the reduction of TG level in
Asians was superior to that in non-Asians, the increase of
HDL-C in Asians was also superior to that in non-Asians, and
the increase of T-CHO and LDL-C level from baseline in
Asians was comparable with that in non-Asians. It was dis-
cussed previously that the effects on lipid profile appeared lim-
ited and probably not clinically relevant68. The possible
mechanism reported was by reducing LDL catabolism and lipid
utilization69. Meta-regression analysis from this the present
showed that the TG reduction and HDL increase were not
associated with baseline TG level or HDL level, baseline weight
or BMI, baseline age or sex, or HbA1c changes from baseline
in both Asian and non-Asian populations, which suggested that
the lipid profile changes might be independent from the glu-
cose level changes.
No disparity of the risk of all-cause mortality was found in

the present meta-analysis, which did not show the possible dis-
parity found in the randomized placebo-controlled trial of Car-
diovascular Outcomes and Mortality of Empagliflozin in
Type 2 Diabetes (EMPA-REG) study70. In that trial, the pre-
specified subgroup analysis showed that in Asians, the hazard
ratio for the primary outcome was lower than that in white or
in black populations, though without significance. Therefore,
the result from the present meta-analysis confirmed that both
Asians and non-Asians might benefit from SGLT2 inhibitors
treatment.

According to this analysis, treatment with SGLT2 inhibitors
was not associated with the risk of hypoglycemia when taken
as monotherapy or in combination with other antidiabetes
agents not associated with hypoglycemia, but was associated
with increased risk of hypoglycemia when used in combination
with insulin or sulfonylureas, both in Asian and non-Asian
patients. The low risk of hypoglycemia with SGLT2 inhibitors
was due to the mechanism of SGLT2 inhibitors – that they act
independently of the glucose-dependent secretion of insulin by
the pancreatic b-cells. Another possible reason was the renal
threshold of glycemia, below which SGLT2 inhibitors would
not be expected to cause further urinary glucose excretion.
Results from the present meta-analysis showed that the risk

of urinary infection with SGLT2 inhibitors treatment in Asians
was not increased when compared with a placebo, but was sig-
nificantly increased in non-Asians. The risk of genital infection
in Asians and non-Asians was significantly increased. It is
known that the possible reason for the increased risk of genital
infection and urinary infection is because of the glycosuric
effect of SGLT2 inhibitors71. However, in Asian patients, the
risk of urinary infection was not significantly increased accord-
ing to the present meta-analysis. The reason for this is not clear
so far. The number of patients involved in the analysis for uri-
nary tract infection was 1,272 and 5,867 for Asians and non-
Asians, respectively. Therefore, one possible reason might be
associated with the analysis for urinary infection in Asians
being underpowered. To explain this phenomenon more
clearly, large data of Asian populations are required in the
future.
In terms of the risk of ketosis with SGLT2 inhibitors treat-

ment, the present meta-analysis showed that in Asians, the risk

Table 3 | Adverse effects in sodium–glucose cotransporter 2inhibitors treatment between Asian and non-Asian type 2 diabetes patients

SGLT2 inhibitors Asian Non-Asian

No. participants
(SGLT2i vs placebo)

OR 95% CI I2 No. participants
(SGLT2i vs placebo)

OR 95% CI I2

All-cause mortality
Total 3,126/1,426 1.05 0.11,9.77 0% 12,175/5,852 0.85 0.52, 1.39 0%

Hypoglycemia
Total 2,889/1,272 1.78* 1.14,2.79 1% 12,272/5,791 1.25* 1.13,1.39 0%
Mono 1,999/924 1.51 0.79,2.89 0% 1,545/540 1.17 0.59,2.29 0%
Add on 890/348 2.05* 1.11.3.81 79% 10,727/5,251 1.26* 1.13.1.39 0%
Add on + SU – – – – 2,551/1,701 1.22* 1.04,1.43 19%
Add on + MET/TZD – – – – 5,818/2,507 1.44 1.00,2.07 0%
Add on + INS – – – – 2,358/1,043 1.20 0.91,1.57 56%

Genital infection
Total 2,889/1,272 2.24* 1.18,4.25 0% 12,633/5,867 3.79* 3.09,4.66 15%

Urinary infection
Total 2,889/1,272 1.01 0.67,1.54 0% 12,633/5,867 1.14* 1.01,1.29 0%

Ketone urine/ketosis
Total 595/242 3.30* 1.27,8.59 0% – – – –

*P-value <0.05. CI, confidence interval; INS, insulin; MET, metformin; SGLT2, sodium–glucose cotransporter 2; SGLT2i, sodium–glucose cotransporter 2
inhibitor; SU, sulfonylurea; TZD, thiazolidinedione.
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of ketosis was significantly increased with SGLT2 inhibitors
treatment when compared with a placebo. Studies included in
this meta-analysis in non-Asians have not reported on the risk
of ketosis; therefore, comparison between these two populations
on the risk of ketosis could be carried out. It is known that
both the US Food and Drug Administration72 and the Euro-
pean Medicines Agency73 warned that SGLT2 inhibitors might
result in euglycemic ketoacidosis. Though the adverse events
reported in the randomized controlled trials included in the
present meta-analysis were not ketoacidosis but ketosis, the
high risk of this adverse effect in SGLT2 inhibitors treatment
compared with a placebo should be treated cautiously and stud-
ied further.
The present meta-analysis compared the placebo-corrected

efficacy in glucose control, bodyweight control, blood pressure
control, lipid profile control and the risk of adverse effects of
SGLT2 inhibitors treatment between Asians and non- Asians in
a large sample of type 2 diabetes patients. However, as a meta-
analysis, the study still had some limitations. Data from sepa-
rate studies, especially between Asian and non- Asian popula-
tions, were combined for the evaluation of the efficacy, as well
as adverse effects. The inclusion criteria and the variables, such
as age, body mass index, HbA1c level, bodyweight and duration
of diabetes, might be different across studies, which could cause
a high level of heterogeneity. If the level of heterogeneity was
high, we used the random effects model for analysis, and also
carried out sensitivity analysis. Baseline data between Asians
and non-Asians were not comparable, but we used meta-regres-
sion analysis to evaluate the association of the efficacy and
baseline variables, and adjusted the covariates. Another limita-
tion was that there are several doses of SGLT2 inhibitors. In
the present analysis, if there were several doses of SGLT2 inhi-
bitors in one study, only the standard dose of each SGLT2
inhibitor treatment arm was included. For example, 10 mg
dapagliflozin, 300 mg canagliflozin, 25 mg empagliflozin,
300 mg ipragliflozin, 40 mg tofogliflozin and 5 mg luseogliflo-
zin. If there was only one dose of SGLT2 inhibitors in one
study, this dose of each SGLT2 inhibitor treatment arm was
included. In Asian patients, there are three studies with 2.5 mg
luseogliflozin treatment and three studies with 50 mg ipragliflo-
zin treatment. In non-Asian patients, all studies included were
with the standard dose. Therefore, for most of studies included,
there was no difference in the dosage between Asian and non-
Asian type 2 diabetes patients. We also carried out sensitive
analysis to evaluate the efficacy with different dosages, but no
significant difference was found. Furthermore, publication bias
is possible, because positive results had a greater chance of
being selected for publication than negative results. We used
the funnel plot assessment to minimize this limitation, of
course, the present results should be interpreted cautiously.
Overall, according to the present meta-analysis, comparison

of the efficacy in SGLT2 inhibitors treatment between Asian
and non-Asian type 2 diabetes patients showed no significant
difference in HbA1c reduction and bodyweight reduction.

Furthermore, no disparity was found in the risk of all-cause
mortality or hypoglycemia in SGLT2 inhibitors treatment
between Asian and non-Asian patients.
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Additional Supporting Information may be found in the online version of this article:

Figure S1 | Evaluation of the risk of bias in sodium–glucose cotransporter 2 inhibitors treatment in Asian type 2 diabetes patients.
Figure S2 | Evaluation of the risk of bias in sodium–glucose cotransporter 2 inhibitors treatment in non-Asian type 2 diabetes
patients.
Table S1 | Characteristics of randomized controlled trials in sodium–glucose cotransporter 2 inhibitors treatment in Asian type 2
diabetes patients.
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