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Background/purpose: Dipeptidyl peptidase-4 (DPP-4) inhibitors are the most popular oral

antidiabetic drugs (OADs) in recent 20 years because of the low risk of hypoglycemia, inter-

mediate efficacy to lower glycated hemoglobin (△HbA1c): 0.5–0.9%, neutral effect on body

weight change, convenience for usage (mostly once daily), and rare occurrence of major side

effects. The purpose of this study was to determine the important predictors of the efficacy of

naïve use of DPP-4 inhibitors in Taiwanese patients with type 2 diabetes mellitus (T2D).

Methods: A retrospective observational study was conducted. Of the T2D patients, 193

(122 men) naïve DPP-4 inhibitor users with an age of 58.0 ± 12.6 years, disease duration 5.4

± 4.7 years, body mass index (BMI) 26.1 ± 4.3 kg/m2, and estimated glomerular filtration

rate 95.9 ± 27.0 mL/min/1.73M2 were assessed for △HbA1c in 6 months.

Results: After 6 months of DPP-4 inhibitors use, mostly second or third line of OADs (2.8 ±

0.7 kinds of OADs), 193 T2D patients (mean baseline HbA1c: 8.4 ± 1.4%) had △HbA1c 1.1

± 1.2% on average (P < 0.01). The group with a higher baseline HbA1c level had more

effective efficacy (△HbA1c ≥0.5%) in lowering HbA1c. Single regression analysis showed

that the change in HbA1c after 6 months of treatment was positively associated with the

baseline HbA1c level (R = 0.71, P < 0.001). In addition, multiple regression analysis showed

that contributors to decrease HbA1c level after 6 months were high baseline HbA1c level,

low BMI, short T2D duration, and fewer kinds of OADs.

Conclusion: Our study suggested that high baseline HbA1c level, low BMI, short T2D

duration, and fewer kinds of OADs are the predictors of the efficacy of DPP-4 inhibitors in

Taiwanese patients with T2D. The baseline HbA1c level, in particular, played the most

important role in effective efficacy (△HbA1c ≥0.5%).

Keywords: dipeptidyl peptidase-4 inhibitor, type 2 diabetes, HbA1c, predictor of efficacy

Introduction
Dipeptidyl peptidase-4 (DPP-4) inhibitors are the most popular oral antidiabetic

drugs (OADs) in recent 20 years.1 They mainly inhibit DPP-4 enzymes and elevate

the concentrations of endogenous incretins, which increase insulin secretion and

decrease glucagon secretion;2 therefore, they decrease plasma glucose levels. In

clinical practice, DPP-4 inhibitors have a low risk of hypoglycemia, neutral effect

on body weight change, and intermediate efficacy to lower glycated hemoglobin

(△HbA1c: 0.5–0.9% on average) as second and third lines of OADs according to

the previous clinical trials.3–6 Most importantly, they are convenient for usage

(usually taken once daily) and have rare major adverse effects.7 However, DPP-4
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inhibitors may non-selectively inhibit other member pro-

teins of the DPP-4 gene family, including DPP-8, DPP-9,

and fibroblast activation protein. The biological effects of

the above inhibition remain unclear.8,9 The long-term

safety of DPP-4 inhibitors, as well as their high cost and

lack of definite cardiovascular benefits,10 is a serious con-

cern, which all physicians face the dilemma of whether to

continue the use of DPP-4 inhibitors especially when the

efficacy is not as good as expected (△HbA1c <0.5%).

The purpose of the study was to find out the important

predictors for the efficacy of the naïve use of DPP-4 inhibitors

in Taiwanese patients with type 2 diabetes mellitus (T2D).

Research Design and Methods
A retrospective observational study was carried out from the

principal investigator’s outpatient department in Taiwan

Adventist Hospital between January 2013 and November

2016. The study enrolled T2D patients with a naïve prescrip-

tion for DPP-4 inhibitors, despite taking other kinds of OADs

(metformin, pioglitazone, acarbose, sulfonylurea, etc.) before.

Patients who were on current insulin treatment were not

included in order to simplify the variants. The patients were

followed up at the clinic every 2–3 months. The glycemic

control was monitored by blood HbA1c level before and

after the prescription of DPP-4 inhibitors. The follow-up per-

iod was 6 months. During these 6 months, there was no dose

adjustment for the other kinds of OADs or no additional new

OAD prescriptions. △HbA1c for 6 months was calculated

(△HbA1c = baseline HbA1c–post 6-month HbA1c).

△HbA1c ≥0.5% was defined as effective and △HbA1c

<0.5% as noneffective. The characteristics of patients (age,

gender, body mass index [BMI], T2D duration, baseline

HbA1c level, renal function, and the number of OADs used

[including DPP-4 inhibitors]) were analyzed. Renal function

was recorded as estimated glomerular filtration rate (eGFR)

using themodification of diet in renal disease study equation.11

In order to simplify and minimize the variants, the

patients were excluded if they were hospitalized or suffered

from systemic diseases such as acute cardiac insults (acute

heart failure and acutemyocardial infarction), hyperglycemic

crisis, acute kidney injury (serum creatinine level increased

to two times higher or eGFR decreased to >50%), acute liver

failure (serum glutamic pyruvic transaminase or serum glu-

tamic-oxaloacetic transaminase increased to two to three

times higher), cancer, sepsis, acute gastrointestinal bleeding

with severe anemia, and major surgery during the 6-month

period.We also excluded patients with intolerance to the side

effects of DPP-4 inhibitor (headache, flu-like symptoms,

etc.) and who have no regular clinic follow-up or blood

test. This study was approved by the Institutional Review

Board of Taiwan Adventist Hospital and conducted in accor-

dance with the Declaration of Helsinki. Although the institu-

tional review board specifically waived the need for patient

consent due to the retrospective nature of the review, we

confirmed that the data were anonymized and maintained

with confidentiality during the study.

Statistical Analysis
Numeric values are presented as mean ± standard deviation

and categorical values as n (%). Paired t-test was used to

analyze the differences of clinical and laboratory characteris-

tics between effective and noneffective patients, analysis of

variance for numeric data, and Chi-square test for some cate-

gorical data. The degrees of association among independent

variables for HbA1c level after 6 months, including age, gen-

der, BMI, eGFR level, T2D duration, and the number of kinds

of OADs, were assessed by multiple regression analyses. A

P-value of <0.05 was considered statistically significant.

Results
Patient Disposition and Characteristics
There were 296 naïve DPP-4 inhibitor users with T2D

initially enrolled in the study. We traced 6-month follow-

up in chart records, and 103 patients were excluded (12

patients due to acute cardiac insults, 1 for cancer, 1 for

sepsis, 2 for hyperglycemic crisis, 4 for acute kidney

injury, 2 for acute liver failure, 2 for DPP-4 inhibitors

side effect intolerance, and 79 for irregular clinic follow-

up; Figure 1). Clinical and laboratory characteristics of

193 T2D patients were summarized (Table 1). Most of

the 193 T2D patients (mean baseline HbA1c: 8.4 ±

1.4%) used DPP-4 inhibitors as a second or third line of

OADs (2.8 ± 0.7 kinds of OADs), and the efficacy was

△HbA1c: 1.1 ± 1.2% on average. Of these 193 patients,

71 (37%) were women and had older age than men (61.1 ±

11.5 vs 57.4 ± 13.0 years, P = 0.009). Other characteristics

were similar. Over the 6-month DPP4-inhibitor treatment

period, none of the 193 patients reported experiencing any

side effects, such as severe hypoglycemia or pancreatitis.

The Effective (△HbA1c ≥0.5%) Group
Had a Significantly Higher Baseline HbA1c

Level
Of these 193 patients, 138 (71.5%) were effective (△HbA1c

≥0.5%) with mean △HbA1c: 1.5 ± 1.1% compared with
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noneffective (△HbA1c <0.5%) group with mean△HbA1c:

0.0 ± 0.4% (P < 0.001; Table 2). The effective group had a

significantly higher baseline HbA1c level in statistic. The

age, BMI, T2D duration, eGFR level, and the number of

kinds of OADs played no significant roles in effective effi-

cacy (△HbA1c ≥0.5%).

A High Baseline HbA1c Level, Low BMI,

Short T2D Duration, and Fewer Kinds of

OADs are Predictors to Decrease HbA1c

Levels After Treatment with DPP-4

Inhibitors
Stepwise multiple regression analysis was performed to eluci-

date independent determinants for decreased HbA1c level 6

months after the start of treatment. It was shown that the base-

line HbA1c level was a positive contributor to change in

HbA1c at 6 months after the start of treatment and that BMI,

T2Dduration, and the number of kinds ofOADswere negative

contributors to change (Table 3). Single regression analysis

showed that the change in HbA1c after 6 months of treatment

was positively associated with the baseline HbA1c level (R =

0.71, P < 0.001) and it was negatively associated with BMI (R

= 0.43, P < 0.001), T2D duration (R = 0.23, P < 0.001), and

kinds of OADs (R = 0.43, P < 0.001) (Figure 2). This implies

that the decrease inHbA1c level is greater in patients with high

baselineHbA1c level, lowBMI, short T2Dduration, and fewer

kinds ofOADs.Associationswith age, gender, and eGFR level

were statistically excluded.

Discussion
Nowadays, except for metformin, which is the first drug of

choice, there is still lacking evidence on what kind of

glucose-lowering agents need to be chosen as the second,

third, and fourth lines of OADs. The challenge of a com-

bination treatment for T2D is to find out the best balance

between better glycemic responses and fewer side effects

via appropriate individualized therapy. Knowing the phe-

notype of patients who will respond to a drug might be the

most important information for drug selection. It has not

been established which patients will benefit from the treat-

ment of DPP-4 inhibitors, especially in Taiwan.

In this retrospective observational study, DPP-4 inhibi-

tors were effective (△HbA1c ≥0.5%) in decreasing the

HbA1c level after 6 months of treatment in 71.5% of

Taiwanese patients with T2D. We pointed out that the

contributors that decrease HbA1c levels after treatment

with DPP-4 inhibitors were high baseline HbA1c level,

January 2013 – October 2016

T2D outpatient department 

296 Naïve DPP4-i user were enrolled

6 months follow up HbA1c

193 persons

(122 male(63%) 71 female(37%))

HbA1c 0.5%  

138 persons (71.5%)

(90 male(65%) 48 female(35%)

HbA1c 0.5% or worsen Hba1c 

55 persons (28.5%)

(32 male(58%) 23 female(42%))

103 persons were excluded

12 Acute cardiac insults

1 Cancer

4 Acute kidney injury

2 Hyperglycemic crisis

2 Acute liver failure

2 Intolerance

1 Sepsis

79 poorly follow up

Figure 1 Study flow.

Abbreviations: DPP4-i, dipeptidyl peptidase-4 inhibitors; T2D, type 2 diabetes mellitus; HbA1c, glycated hemoglobin.
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low BMI, short T2D duration, and fewer kinds of OADs.

High baseline HbA1c level was the most significant

predictor for effective efficacy (△HbA1c ≥0.5%) of

DPP-4 inhibitors in Taiwanese patients with T2D.

For a higher baseline HbA1c level with a greater

reduction in HbA1c, our study focused on its role in

effective efficacy (△HbA1c ≥0.5%) and provided

Taiwanese patient-level data, consistent with previous

studies of other countries, which were described by

Nomiyama et al,12 Maeda et al,13 and Yagi et al14

Furthermore, Esposito et al reported the meta-regression

of a 0.26% greater reduction in HbA1c with every

increase of 1% of baseline HbA1c, a response to DPP-4

inhibitors.15 Little is known on this subject, but it is clear

that a baseline HbA1c level is the most readily identifi-

able predictor of response to most antidiabetic drugs.16,17

The reasons why we suggest using DPP-4 inhibitors pre-

ferentially are its low risk of hypoglycemia, neutral effect

on body weight change, rare occurrence of major side

effects and recent evidence to improve long-term glyce-

mic durability, consistent with “VERIFY” study with the

strategy of an early combination treatment approach with

DPP-4 inhibitors plus metformin.18 However, more con-

sensus is needed to determine what a good response

means, such as a great △HbA1c level or an HbA1c

achievement <7%, which is a treatment target of the

current guidelines.19,20 It is difficult to answer that reduc-

tion of HbA1c from 9% to 8% or from 7.5% to 6.8% is a

better response. More comprehensive studies and ana-

lyses are required for the influence of a baseline HbA1c

level in long-term glycemic control.21,22

Lower BMI predicted better efficacy of DPP-4 inhibi-

tors in our study. It has been suggested that leaner indivi-

duals with T2D tend to have a greater defect in insulin

secretion than obese ones, instead of insulin resistance.

Thus, in patients with lower BMI, the insulin secretory

stimulation by DPP-4 inhibitors may respond better.

Kirino et al showed a high BMI correlation with an

increased DPP-4 activity.23 The Danish ADDITION-PRO

study reported that obese and overweight individuals had

up to 20% reduction in plasma glucagon-like peptide-1

(pGLP-1) response to an oral glucose tolerance test com-

pared with those with normal weight.24 pGLP-1 is an

insulinotropic incretin produced by enteroendocrine L

cells in the small intestine, and the pGLP-1 receptor sys-

tem has been shown to affect central satiety process and

feeding behavior.25,26 DPP-4 enzyme is in charge of rapid

degradation of pGLP-1 and DPP-4 inhibitors, which pri-

marily inhibit this pathway for the treatment of T2D.27,28

The studies of both Kirino and the ADDITION-PRO

Table 1 Clinical and Laboratory Characteristics of 193 Patients

with T2D

Age (Years) 58.0 ± 12.6

BMI (kg/m2) 26.1 ± 4.3

T2D duration (years) 5.4 ± 4.7

eGFR (mL/min/1.73 m2) 95.9 ± 27.0

Baseline HbA1c (%) 8.4 ± 1.4

△HbA1c (%) 1.1 ± 1.2

Kinds of OADs 2.8 ± 0.7

Monotherapy (baseline HbA1c 9.4 ± 2.8%) 3 (1.6%)

DPP4-i 3

Dual therapy (baseline HbA1c 7.8 ± 1.5%) 55 (28.5%)

DPP4-i + Met 51

DPP4-i + TZD 2

DPP4-i + SU 2

Triple therapy (baseline HbA1c 8.6 ± 1.3%) 114 (59.1%)

DPP4-i + Met + SU 102

DPP4-i + Met + TZD 2

DPP4-i + Met + Glinides 5

DPP4-i + TZD + SU 1

DPP4-i + Met + AGI 4

Quadruple therapy (baseline HbA1c 8.6 ± 1.1%) 20 (10.4%)

DPP4-i + Met + TZD + SU 13

DPP4-i + Met + TZD + Glinides 3

DPP4-i + Met + Glinides + AGI 4

Quintuple therapy (baseline HbA1c 9.3%) 1 (0.5%)

DPP4-i + Met + SU + AGI + TZD 1

DPP4-i

Vildagliptin 101 (52.3%)

Saxagliptin 60 (31.1%)

Linagliptin 32 (16.6%)

Other OADs

Biguanides 185 (95.9%)

SU 119 (61.7%)

TZD 22 (11.4%)

Glinides 12 (6.2%)

AGI 9 (4.7%)

Statins 131 (67.9%)

Comorbidities

Hypertension 117 (60.6%)

Dyslipidemia 143 (74.1%)

Coronary artery disease 35 (18.1%)

Note: Values are presented as mean ± standard deviation or number (%).

Abbreviations: BMI, body mass index; T2D, type 2 diabetes mellitus; eGFR,

estimated glomerular filtration rate; △HbA1c, lower glycated hemoglobin; OADs,

oral antidiabetic drugs; DPP4-i, dipeptidyl peptidase-4 inhibitors; Met, metformin;

TZD, thiazolidinediones; SU, sulfonylureas; AGI, α-Glucosidase inhibitors.
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accounted for less efficacy of DPP-4 inhibitors in high

BMI groups. In addition, a meta-analysis study reported

by Cai et al showed greater glucose-lowering efficacy of

DPP-4 inhibitors in Asian patients than in Caucasian

patients.29 Plausible explanations for the observed differ-

ences may be a clear separation of baseline BMI (25.55 ±

1.44 kg/m2 in Asian studies and 31.13 ± 1.36 kg/m2 in

Caucasian studies) and a meaningful increase of DPP-4

inhibitors to about 20–30% in lower BMI groups, which

affected the pharmacokinetic concentrations and pharma-

codynamic responses.30,31

It is a common consent that baseline HbA1c level is a

predictor of response to DPP-4 inhibitors, but BMI had

been rarely reported as a positive association.22 Yagi et al

reported low baseline BMI as a predictor of efficacy in

Japanese patients,14 the same as in our study in Taiwanese

patients, which means that baseline BMI is a unique pre-

dictor for Asian patients treated with DPP-4 inhibitors.

The issue of early combination treatment in patients with

short duration of type 2 diabetes compared with standard-of-

care initial metforminmonotherapy following by initial failure

and sequential combination with other OADs requires careful

consideration. Early synergistic combination treatment poten-

tially enhances the clinic efficacy, which is well established

from many studies and significantly increases glycemic dur-

ability, which is supported by the recent “VERIFY” study.18

This may be attributed to the complementary mechanism of

combination treatment and relatively preserved β-cell function

in patients with short duration of T2DM. Long-term T2D

duration entails a progressive decline in β-cell function and

failure in glycemic control due to the impaired capacity of

insulin secretion by insulin secretagogues (sulfonylureas) and

DPP4-inhibitors, which was described by Brath et al32

Moreover, while long duration of T2DMmight develop hyper-

glycemic memory and epigenetic alterations, standard-of-care

initial monotherapy following by initial failure and sequential

combination might be introspected in the future. Our DPP-4

inhibitor study showed T2D duration as a negative contributor

to the change in theHbA1c level.We also found fewer kinds of

OADs as another negative contributor that decreases HbA1c

Table 2 Comparison of Age, BMI, T2D Duration, eGFR, the Number of Kinds of OADs and Baseline HbA1c Between Effective

(△Hba1c ≥0.5%) and Noneffective (△Hba1c <0.5%) Groups: The Effective Group Had a Significantly Higher Baseline HbA1c

Level (P < 0.001)

△Hba1c ≥ 0.5% △Hba1c < 0.5%
P

Total

138 (72%)

Women

48 (35%)

Men

90 (65%)

Total

55 (28%)

Women

23 (42%)

Men

32 (58%)

△Hba1c (%) 1.5 ± 1.1 1.6 ± 1.0 1.5 ± 1.2 0.0 ± 0.4 0.1 ± 0.4 0.0 ± 0.4 <0.001***

Age (years) 58.3 ± 13.0 60.6 ± 11.6 57.0 ± 13.5 57.4 ± 11.9 60.0 ± 11.4 54.1 ± 11.2 NS

BMI (kg/m2) 25.8 ± 4.3 25.5 ± 4.6 25.9 ± 4.2 27.0 ± 4.2 26.4 ± 4.2 27.5 ± 4.3 NS

T2D duration (years) 5.6 ± 5.0 5.9 ± 4.6 5.5 ± 5.2 4.9 ± 3.9 5.7 ± 4.0 4.3 ± 3.7 NS

eGFR (mL/min/1.73 m2) 96.1 ± 27.5 98.9 ± 34.4 94.5 ± 23.0 95.7 ± 26.2 100.4 ± 28.6 92.3 ± 24.2 NS

Kinds of OADs 2.8 ± 0.7 2.9 ± 0.5 2.8 ± 0.7 2.8 ± 0.6 2.7 ± 0.6 2.8 ± 0.7 NS

Baseline HbA1c (%) 8.8 ± 1.4 8.9 ± 1.3 8.7 ± 1.5 7.4 ± 1.0 7.6 ± 1.0 7.3 ± 1.0 <0.001***

Note: ***P-value <0.001 and bold values are considered statistically significant. Values are presented as mean ± standard deviation or number (%).

Abbreviations: NS, nonsignificant; △HbA1c, lower glycated hemoglobin; BMI, body mass index; T2D, type 2 diabetes mellitus; eGFR, estimated glomerular filtration rate;

OADs, oral antidiabetic drugs.

Table 3 Multiple Regression Analysis for Determinants of the Degree of Decrease in HbA1c Level After 6 Months of Treatment:

Baseline HbA1c Level Was a Positive Contributor to Change in HbA1c at 6 Months After the Start of Treatment; BMI, T2D Duration,

and the Number of Kinds of OADs Were Negative Contributors to Change

Variable Coefficient 95% CI Standardized Coefficient P-value

Baseline HbA1c +0.64 0.56 to 0.72 +0.75 <0.001***

BMI −0.03 −0.05 to −0.001 −0.10 0.045*

T2D duration −0.04 −0.06 to −0.01 −0.14 0.007**

Kinds of OADs −0.22 −0.41 to −0.04 −0.13 0.020*

Note: *P-value <0.05, **P-value <0.01, ***P-value <0.001 and bold values are considered statistically significant.

Abbreviations: CI, confidence interval; HbA1c, glycated hemoglobin; BMI, body mass index; T2D, type 2 diabetes mellitus; OADs, oral antidiabetic drugs.
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level, which indicated that the early usage of DPP4-inhibitors

benefits glycemic control,which is consistentwith the previous

recommendations of Del Prato et al.33

Our study had several limitations. This was a retrospec-

tive study with a small sample size and only 6 months

follow-up period in our hospital. Some kinds of DPP4-

inhibitors (sitagliptin and alogliptin) were not available in

our hospital during the enrolling period. The study con-

tained a patient selection bias. Also, we could not compare

the different kinds of DPP-4 inhibitors and other OADs,

including the use of insulin, as the characteristics of the

patients. We excluded patients with coadministration of

insulin because frequently adjusting the dosage of insulin

was supposed to increase the possibility of bias. Further

long-term and large randomized controlled trials are needed

to investigate the clinical significance of these findings.

Conclusion
The study suggested that high baseline HbA1c level, low

BMI, short T2D duration, and fewer kinds of OADs are

the predictors of the efficacy of DPP-4 inhibitors in

Taiwanese patients with T2D. Baseline HbA1c level

played the most important role in effective efficacy

(△HbA1c ≥0.5%).
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Figure 2 (Continued).
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