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Aims: To determine the impact of race and ethnicity on the efficacy, body weight and hypogly-

caemia incidence with vildagliptin treatment in patients with type 2 diabetes mellitus using

patient-level data from the vildagliptin clinical trial programme.

Methods: Data from 22 randomized, placebo-controlled global and local (Japan, China) registra-

tion studies of vildagliptin (50 mg once-daily or twice-daily) of ≥12-week duration were ana-

lysed by race (Caucasian [n = 2764] and Asian [n = 2232]) and by ethnicity (Japanese, Chinese,

and Indian). The placebo-subtracted differences in the change in glycated haemoglobin (HbA1c)

and body weight from baseline to week 12 or week 24 were evaluated by race or ethnicity

using repeated measure analysis of unstructured covariance. Hypoglycaemia incidences were

summarized using descriptive statistics.

Results: The HbA1c reduction from baseline with vildagliptin was similar across the racial/eth-

nic subgroups (−0.83% � 0.02% to −1.01% � 0.05%). Placebo-corrected HbA1c reduction was

similar between Caucasian (−0.68% � 0.03%) and Asian (−0.80% � 0.03%) patients (P value

for interaction = .56); analysis by race and ethnicity showed better efficacy (P < .02) in Japa-

nese patients. Japanese patients were drug-naïve and treated with a single oral anti-diabetes

drug only; they showed no response to placebo. Weight neutrality of vildagliptin was demon-

strated in all groups (0.47 � 0.11 kg to −0.29 � 0.08 kg). Hypoglycaemic events (≥1) were

infrequent in all ethnic subgroups.

Conclusions: The glycaemic efficacy of vildagliptin was similar in Caucasian and Asian patients.

The slightly better efficacy observed in Japanese patients was driven by the absence of placebo

effect and might be explained by their earlier stage of diabetes compared to other subgroups.
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1 | INTRODUCTION

The global epidemic of type 2 diabetes mellitus (T2DM) is growing at an

alarming rate. The prevalence is estimated to further increase in the com-

ing decades, with the biggest rise expected in developing countries.1

International guidelines advocate effective and safe treatment of diabe-

tes, tailored to the individual patient profile, to achieve and maintain ade-

quate glycaemic control without risk of hypoglycaemia or weight gain.2

It has been suggested that the pathophysiology of T2DM may

vary between races in terms of differences in defects in insulin

secretion and insulin resistance,3–7 and thus may have a differen-

tial impact on the response to treatment. Furthermore, the glycae-

mic response to anti-diabetes drugs may vary among ethnic

cohorts because of lifestyle as well as circumstantial factors,8 as

does the risk of hypoglycaemia.9 Therefore, understanding the

impact of race and ethnicity on the efficacy and safety of anti-
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diabetes drugs in patients with T2DM is of both scientific and

practical interest.10–13

Recent meta-analyses of studies with dipeptidyl peptidase-4 inhibi-

tors (DPP-4 inhibitors) and glucagon-like peptide-1 (GLP-1) receptor

agonists14–17 that evaluated the difference in glycaemic control between

Caucasians and Asians suggested a slightly better efficacy in Asian

patients with T2DM than in Caucasian patients. However, these meta-

analyses did not differentiate among patients from the Asian regions

(except for Japan) and included a mixed population. Moreover, these

publications did not report the potential differences in hypoglycaemia

incidence, a common adverse effect of treatment intensification.

Vildagliptin, a DPP-4 inhibitor, has been extensively studied glob-

ally as well as in trials conducted in patients with T2DM from India,

China and Japan, and has demonstrated improved glycaemic control

with a low incidence of hypoglycaemia and weight neutrality.18 The

primary objective of the current analysis was to assess the impact of

race and ethnicity on the glucose-lowering efficacy of vildagliptin

and, additionally, to assess the effects on body weight and incidence

of hypoglycaemia in different racial/ethnic subgroups.

2 | MATERIALS AND METHODS

2.1 | Study design

This was a post-hoc exploratory analysis including patient-level data

from 22 randomized, placebo-controlled monotherapy or combination

therapy (add-on to oral anti-diabetes drugs [OADs] or insulin) trials

with vildagliptin, carried out between 2005 and 2013. Clinical trials

with a duration of at least 12 weeks comparing vildagliptin (50 mg

once daily [qd] or 50 mg twice daily [bid]) with placebo were pooled

(Tables S1 and S2).19–40 Studies using active comparators were not

included, because such studies were not performed in Japan, and

only one active-controlled study was performed in China (acarbose)

while different comparators were used in global studies (sulphony-

lurea [SU], thiazolidinediones or metformin).

2.2 | Statistical analysis

The patient-level data were presented by race (Caucasian and Asian

groups) and by ethnicity (Chinese, Japanese, and Indian subgroups)

within the Asian population. Patient demographics and baseline charac-

teristics were summarized using descriptive statistics. A repeated meas-

ure analysis of unstructured covariance model was used to evaluate the

primary endpoint, the effect of race or ethnicity on the placebo-

subtracted differences in the change in glycated haemoglobin (HbA1c;

Japanese Diabetes Society [JDS] HbA1c values were corrected to those

of the National Glycohemoglobin Standardization Program [NGSP]) from

baseline to week 12. A linear model was used, with age (years), gender,

racial/ethnic subgroup, diabetes duration (years), baseline HbA1c, base-

line fasting plasma glucose (FPG), background therapy at baseline (drug

naïve, OADs alone or in combination, insulin alone or with OADs), study

treatment, visit, study, treatment by visit interaction, treatment by

racial/ethnic subgroup interaction and treatment by racial/ethnic group

by visit interaction as fixed effects and patient as a random effect

nested within treatment. A 12-week cut-off was used for the primary

analysis (efficacy), irrespective of the individual study duration, to allow

a uniform comparison across racial and ethnic subgroups. This timepoint

was selected because of the duration of the Japanese studies

(12 weeks, in line with local regulatory requirements). The same model

used for the primary endpoint (without adjustment for background ther-

apy at baseline) was used for analysis of the secondary endpoint, change

in body weight at week 12 and 24. The incidence of hypoglycaemia

(number of patients with hypoglycaemia, severe hypoglycaemia and dis-

continuations because of hypoglycaemia) during 12 and 24 weeks

(except for Japanese studies) of treatment from the safety population

was summarized using descriptive statistics. The power for race/ethnic-

ity by treatment (vildagliptin 50 mg bid/qd and placebo) interaction at

week 12 was calculated using two-way analysis of variance.

2.3 | Ethics and good clinical practice

All studies contributing to this pooled analysis were conducted in

accordance with the International Conference on Harmonisation-

Good Clinical Practice (ICH-GCP) guidelines and the principles of the

Declaration of Helsinki. All study protocols were approved by the rel-

evant independent ethics committee/institutional review board. All

patients from each study provided written informed consent.

3 | RESULTS

3.1 | Patient population

The study population included 2764 Caucasian and 2232 Asian

patients with T2DM. The Japanese and Chinese studies included

645 and 1005 patients, respectively; 436 patients from India partici-

pated in the global studies. Asians were younger (56.7 � 9.9 years),

had a shorter duration of T2DM (7.7 � 6.4 years) and a lower body

mass index (BMI, 25.6 � 3.4 kg/m2) than Caucasians (Table 1).

Patients from the Indian subgroup were youngest (53.1 � 10.2 years)

but had the highest HbA1c (8.7% � 1.0%) and lowest FPG (8.9 � 2.5

mmol/L) (Table 1). The Japanese subgroup had few female patients

(32.4%) and the lowest baseline HbA1c (8.1% � 0.8%). In this sub-

group, patients were drug-naïve or used 1 OAD prior to initiating vil-

dagliptin, while more than 80% of patients in the Indian subgroup

were on insulin or SU background therapy (Figure 1).

3.2 | Glycaemic control

The change in HbA1c from baseline to week 12 with vildagliptin

treatment was similar across the groups, ranging between

−0.83% � 0.02% and −1.01% � 0.05%. However, the placebo

responses differed; the Japanese subgroup had the smallest response

to placebo (+0.05%) while the other groups showed a small (−0.14%

in Caucasians) to moderate (−0.27% in Chinese) improvement with

placebo. Consequently, the greatest placebo-subtracted improvement

in HbA1c was observed in the Japanese subgroup (−1.04% � 0.06%)

while the smallest treatment effect was observed in the Chinese and

Caucasian groups (−0.66% � 0.05% and −0.68% � 0.03%, respectively)

(Table 2).
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When only race (Caucasian and Asian) was included in the analytical

model for evaluating the efficacy (placebo-subtracted differences in the

“change in HbA1c from baseline”), no significant race by treatment

interaction was observed (P = .56). However, when the Japanese

subgroup was excluded from the Asian pool and included in the model

as a separate group, a significant association with efficacy emerged

(race/ethnicity—efficacy interaction P = .017 for Caucasian, Asian

[without the Japanese subgroup] and Japanese). This finding was main-

tained when the Caucasian, Chinese, Indian, and Japanese subgroups

were analysed individually, confirming a significant association of eth-

nicity with efficacy (interaction P = .019 for all) driven by the Japanese

subgroup. The power for race/ethnicity by treatment interaction at

week 12 was 0.987, confirming the above associations.

3.3 | Body weight

The mean changes from baseline in body weight at weeks 12 and

24 in the vildagliptin-treated patients were comparable, with no sig-

nificant increase in body weight across different subgroups (week 12:

Caucasians, 0.15 � 0.06 kg; Asians, 0.03 � 0.06 kg; Japanese,

0.47 � 0.11 kg) (Table 3).

3.4 | Hypoglycaemic events

Overall, hypoglycaemic events were infrequent in all the ethnic sub-

groups, and did not accumulate over time. The lowest incidence of

hypoglycaemia at week 12 was reported in the Japanese subgroup

(0.9%). While the addition of vildagliptin significantly reduced overall

TABLE 1 Baseline patient demographics and background characteristics by race and ethnicity (randomized set)

Caucasians Asians Japanese1 Chinese Indian
(n = 2764) (n = 2232) (n = 645) (n = 1005) (n = 436)

Age, years 61.0 � 11.2 56.7 � 9.9 59.3 � 9.1 56.7 � 9.7 53.1 � 10.2

Women 1253 (45.3) 987 (44.2) 209 (32.4) 515 (51.2) 185 (42.4)

BMI, kg/m2 31.9 � 5.2 25.6 � 3.4 24.7 � 3.1 25.5 � 3.1 26.5 � 3.6

HbA1c, % 8.3 � 0.9 8.4 � 0.9 8.1 � 0.8 8.5 � 0.9 8.7 � 1.0

FPG, mmol/L 9.9 � 2.7 9.2 � 2.2 9.0 � 1.9 9.5 � 2.3 8.9 � 2.5

Duration of T2DM, years 8.3 � 7.8 7.7 � 6.4 7.2 � 6.0 7.7 � 6.1 7.5 � 7.2

Values are expressed as mean � SD or n (%).

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; SD, standard deviation; T2DM, type 2 diabetes
mellitus.
1 All Japanese studies were of 12-weeks duration.

FIGURE 1 Proportion of patients (randomized set) receiving various background anti-diabetes therapies by racial/ethnic subgroups: A,

Caucasians (n=2764); B, Asians (n=2232); C, Japanese (n=645); D, Chinese (n=1005); and E, Indian (n=436). Abbreviations: OAD, oral anti-
diabetes drug; SU, sulphonylurea.

KOZLOVSKI ET AL. 431



glycaemia, the incidence of hypoglycaemia between vildagliptin- and

placebo-treated patients was overall similar in all subgroups (Table 4).

The highest overall incidence of hypoglycaemia at week 24 was

reported in the Indian subgroup (7.1% of patients with ≥ 1 event,

with a similar incidence in both vildagliptin and placebo groups). Dur-

ing the 24-week study period, severe hypoglycaemic events were

rare; 6 Caucasian patients (3 on vildagliptin, 3 on placebo) and 2

Indian patients (placebo-treated, on insulin background therapy)

reported severe hypoglycaemic events.

4 | DISCUSSION

To our knowledge, this is the first study with incretin-based therapies

using patient-level data from a large pool of randomized controlled

trials to explore the efficacy and safety of a DPP-4 inhibitor by race

and ethnicity. We demonstrated that the efficacy of vildagliptin was

overall similar in Asian and Caucasian patients. Analysis by ethnicity

showed a slightly better efficacy in Japanese patients compared with

the other Asian subgroups or Caucasians, primarily because of the

TABLE 2 Adjusted mean change in HbA1c (%) from baseline to 12 weeks with vildagliptin 50 mg qd/bid and placebo by racial/ethnic

subgroups

Race/ethnicity
Mean baseline

HbA1c

Adjusted mean change from
baseline (SE)

Difference in adjusted mean change
(Vildagliptin − Placebo)

Vildagliptin;
placebo, n

Vildagliptin/
placebo

Vildagliptin
50 mg qd/bid Placebo Mean (SE) 95% CI

Caucasians 1340; 939 8.3/8.2 −0.83 (0.02) −0.14 (0.02) −0.68 (0.03)1 −0.74, −0.63

Asians 1123; 894 8.4/8.5 −0.96 (0.02) −0.16 (0.02) −0.80 (0.03)1 −0.86, −0.74

Japanese 339; 285 8.1/8.1 −0.99 (0.04) 0.05 (0.04) −1.04 (0.06)1 −1.15, −0.93

Chinese 529; 387 8.4/8.5 −0.94 (0.03) −0.27 (0.03) −0.66 (0.05)1 −0.75, −0.57

Indian 187; 164 8.6/8.8 −1.01 (0.05) −0.19 (0.05) −0.82 (0.07)1 −0.97, −0.68

All values are expressed as % units unless specified.

Abbreviations: bid, twice daily; CI, confidence interval; HbA1c, glycated haemoglobin; qd, once daily; SE, standard error.
1 P < .0001 compared to placebo. P-value for interaction term = .019.

TABLE 3 Adjusted mean (SE) change from baseline in body weight (kg) at weeks 12 and 24 with vildagliptin 50 mg qd/bid and placebo by

racial/ethnic subgroups

Adjusted mean change from baseline, Week 12 Adjusted mean change from baseline, Week 24

Vildagliptin Vildagliptin Placebo Placebo Vildagliptin Vildagliptin Placebo Placebo

Race/ethnicity

n 50 mg qd/bid n n 50 mg qd/bid n

Caucasians 1317 0.15 (0.06) 890 −0.32 (0.06) 1280 0.28 (0.07) 842 −0.34 (0.08)

Asians 1097 0.03 (0.06) 879 −0.36 (0.07) 786 0.04 (0.09) 603 −0.44 (0.10)

Japanese 274 0.47 (0.11) 222 −0.33 (0.12) N/A1

Chinese 543 −0.29 (0.08) 411 −0.44 (0.10) 519 −0.13 (0.11) 375 −0.55 (0.12)

Indian 210 0.01 (0.14) 185 −0.26 (0.15) 202 0.21 (0.17) 170 −0.27 (0.19)

All values are expressed as mean (SE) unless specified. P-value for interaction term at week 12 = 0.6245, and at week 24 = 0.3550.

Abbreviations: bid, twice daily; qd, once daily; N/A, not available; SE, standard error.
1 All Japanese studies were of 12-weeks duration.

TABLE 4 Hypoglycaemia incidences from baseline to 12 weeks and 24 weeks with vildagliptin 50 mg qd/bid and placebo by racial/ethnic

subgroups

Hypoglycaemic events (%) (number of patients with ≥ 1 event)1 Caucasians Asians Japanese Chinese Indian

Overall up to 12 weeks 133/2754 (4.8) 56/2230 (2.5) 6/645 (0.9) 17/1004 (1.7) 26/435 (6.0)

Vildagliptin 72/1614 (4.5) 33/1228 (2.7) 4/349 (1.1) 8/568 (1.4) 16/230 (7.0)

Placebo 61/1140 (5.4) 23/1002 (2.3) 2/296 (0.7) 9/436 (2.1) 10/205 (4.9)

Overall up to 24 weeks 162/2754 (5.9) 59/2230 (2.6) 19/1004 (1.9) 31/435 (7.1)

Vildagliptin 87/1614 (5.4) 35/1228 (2.9) (N/A)2 10/568 (1.8) 18/230 (7.8)

Placebo 75/1140 (6.6) 24/1002 (2.4) 9/436 (2.1) 13/205 (6.3)

Data are expressed as n (%).

Abbreviations: bid, twice daily; N/A, not available; qd, once daily.
1 Safety population set.
2 All Japanese studies were of 12-weeks duration.
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absence of response to placebo in the Japanese studies. The study

found no relevant differences in HbA1c reductions from baseline

across the racial and ethnic subgroups, a finding consistent with an

analysis of efficacy in drug-naïve Caucasian and Japanese patients.41

One could argue that the observed similar reduction in HbA1c from

baseline with vildagliptin across the racial/ethnic subgroups suggests

better efficacy in Japanese patients, given that this subgroup had the

lowest baseline HbA1c and, therefore, a smaller HbA1c reduction

would be expected. However, there are differences between the Jap-

anese and the other populations which may, to some extent, contrib-

ute to this observed difference in efficacy. The usage pattern of

background anti-diabetes therapy in the different subgroups, span-

ning from only drug-naïve/single OAD treatment in the Japanese

patients to dual OAD or insulin treatment in the Indian patients, sug-

gests that patients may have been at different stages of disease, with

more preserved β-cell function in the Japanese subgroup than in the

others. This might be supported by the fact that patients from India

are diagnosed with T2DM substantially late in the natural course of

the disease,42,43 when β-cell dysfunction has already set in.

The better placebo-corrected efficacy in Japanese patients was

driven by an absence of response to placebo, while there was a varia-

ble degree of response to placebo in Caucasian, Chinese and Indian

subgroups. This might be attributed to the better adherence to die-

tary and treatment recommendations on the part of Japanese

patients. A study assessing food-intake patterns in Japanese patients

with T2DM suggested that the diet composition of these patients

was closer to dietary recommendations for T2DM than the typical

diet of Western patients with diabetes.44 Similarly, better adherence

to pharmacotherapy before and during clinical studies45 and a more

stringent general follow-up of patients with diabetes in Japan was

reported.46 Another possible explanation for the better efficacy of

vildagliptin in Japanese patients, that is, because of increased expo-

sure to vildagliptin or better pharmacodynamics, is considered

unlikely as the pharmacokinetic/pharmacodynamic studies with vilda-

gliptin in Caucasian, Chinese and Japanese subjects showed similar

results across the groups.47–49

Differences in genetics and pathophysiology of T2DM in Japa-

nese and Caucasian patients could also play a role. Genetic studies

revealed genes for susceptibility to T2DM and specific to the Japa-

nese population.50 Such genetic variations between Japanese and

Caucasian populations could be the root cause of differences in insu-

lin sensitivity and β-cell secretion, with a potential impact on treat-

ment response. However, a recent study in native Japanese and

Caucasian patients on the pathophysiology of glucose intolerance

revealed that disposition indices, characterizing the interplay between

insulin resistance and insulin secretion, were not different in Japanese

and Caucasian patients with T2DM, suggesting a similar pathophysi-

ology of the disease.4 Therefore, genetics and potentially associated

differences in the pathophysiology of T2DM between Caucasians

and Asians are less likely to explain the observed difference in the

efficacy of vildagliptin between these populations.

The race and ethnicity of the study population were not associ-

ated with the placebo-subtracted differences in change in body

weight from baseline. While treatment with vildagliptin showed

weight neutrality in all populations, the Asian population in our

analysis had a lower baseline BMI vs the Caucasian population, as

expected. A meta-analysis14 comparing the HbA1c-lowering efficacy

of a DPP-4 inhibitor in Asian and Caucasian populations revealed no

correlation between BMI and HbA1c-lowering with the DPP-4 inhibi-

tor in studies investigating a population with an average BMI ≥ 30

kg/m2; however, it revealed a significant correlation between BMI

and HbA1c-lowering with a DPP-4 inhibitor in studies investigating a

population with an average BMI < 30 kg/m2. In our analysis, the

baseline BMI in the Japanese group was close to the BMI of the

Indian and Chinese groups; thus, it is unlikely that lower BMI is driv-

ing the slightly higher efficacy of vildagliptin in the Japanese patients.

The slight variations in the incidence of hypoglycaemia with vil-

dagliptin across the ethnic subgroups could be explained by differ-

ences in background anti-diabetes medication; more than 80% of

patients in the Indian subgroup were at a more advanced stage of

T2DM, using insulin or SU in combination with metformin before the

start of the study, whereas none from the Japanese subgroup was on

such treatments. Furthermore, despite similar background treatments,

the incidence of hypoglycaemia in the Chinese subgroup was lower

than that in the Caucasian group. Cultural patterns in reporting

adverse events, such as hypoglycaemia, might be a plausible reason

for this difference.51,52 Importantly, the incidences of hypoglycaemia

between vildagliptin- and placebo-treated patients were similar

within the different racial/ethnic subgroups, indicating a low risk of

hypoglycaemia with vildagliptin treatment.

The present pooled analysis has some limitations. The differences

in background anti-hyperglycaemic therapies among the populations

might contribute to a degree of heterogeneity in the assessment of

comparable glucose-lowering efficacy, whereas studies performed in

different populations with the same treatment have avoided this

potential bias.14,53 However, inclusion of background therapy as a

covariate in the statistical model should have addressed this issue. In

spite of this limitation, our findings are in line with the meta-analysis

by Park et al., who found an even greater difference in the efficacy of

DPP-4 inhibitors between Japanese vs non-Japanese trials.16 Further-

more, β-cell function was not measured systematically during the vil-

dagliptin clinical trial programme; adherence to diet and exercise was

not assessed, nor were data on treatment-adherence prior to the

study collected. Therefore, our assumptions of differences in lifestyle

factors and compliance with treatment are not supported by the data

but, rather, are based on published literature.

In conclusion, in this patient-level pooled analysis, vildagliptin

demonstrated a robust glucose-lowering efficacy, weight neutrality

and no increased incidence of hypoglycaemia as compared to placebo

in patients with T2DM, independent of race. The slightly better

glucose-lowering efficacy observed in Japanese patients may be

explained by differences in the patient population, that is, Japanese

patients being at an earlier stage of diabetes with more preserved

β-cell function and/or better adherence to dietary and therapeutic

recommendations.
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