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Background: Guidelines for switching to triple combination therapy directly after monotherapy failure are limited. This study in-
vestigated the efficacy, long-term sustainability, and safety of either mono or dual add-on therapy using alogliptin and pioglitazone 
for patients with type 2 diabetes mellitus (T2DM) who did not achieve their target glycemic range with metformin monotherapy.
Methods: The Practical Evidence of Antidiabetic Combination Therapy in Korea (PEAK) was a multicenter, placebo-controlled, 
double-blind, randomized trial. A total of 214 participants were randomized to receive alogliptin+pioglitazone (Alo+Pio group, 
n=70), alogliptin (Alo group, n=75), or pioglitazone (Pio group, n=69). The primary outcome was the difference in glycosylated 
hemoglobin (HbA1c) levels between the three groups at baseline to 24 weeks. For durability, the achievement of HbA1c levels <7% 
and <6.5% was compared in each group. The number of adverse events was investigated for safety. 
Results: After 24 weeks of treatment, the change of HbA1c in the Alo+Pio, Alo, and Pio groups were –1.38%±0.08%, –1.03%±0.08%, 
and –0.84%±0.08%, respectively. The Alo+Pio group had significantly lower HbA1c levels than the other groups (P=0.0063, P< 
0.0001) and had a higher proportion of patients with target HbA1c achievement. In addition, insulin sensitivity and β-cell func-
tion, lipid profiles, and other metabolic indicators were also improved. There were no significant safety issues in patients treated 
with triple combination therapy. 
Conclusion: Early combination triple therapy showed better efficacy and durability than the single add-on (dual) therapy. There-
fore, combination therapy with metformin, alogliptin, and pioglitazone is a valuable early treatment option for T2DM poorly con-
trolled with metformin monotherapy. 
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a highly prevalent, yet 
poorly controlled chronic disorder characterized by hypergly-
cemia. Approximately 16.8% of adults have diabetes: however, 
less than one-third of patients achieve the target glycemic level 
(glycosylated hemoglobin [HbA1c] <6.5%) [1,2]. For those 
who fail to reach the target glycemic level, current guidelines 
recommend a stepwise addition of oral hypoglycemic agents 
(OHAs). Metformin remains the most commonly prescribed 
first-line drug, with 77.8% of patients (39.8% dual therapy, 38% 
triple therapy or more) adhering to multiple OHAs [2]. Inter-
estingly, cumulative evidence suggests the benefits of early 
combination therapy with antidiabetic drugs [3-5]. However, 
there is little evidence regarding the benefits of combination 
therapy in Asian populations. Given the availability of multiple 
classes of OHAs on the market [6], it is important to validate 
the optimal combination of OHAs to achieve target glycemic 
levels in patients with T2DM. 

Among the various classes of OHAs, thiazolidinedione de-
creases insulin resistance primarily by acting as a peroxisome 
proliferator-activated receptor-gamma (PPARγ) agonist in adi-
pose tissues, resulting in increased insulin-mediated glucose 
uptake in peripheral tissues [7]. Dipeptidyl peptidase-4 (DPP-
4) inhibitors potentiate glucose-stimulated insulin secretion 
from pancreatic β-cells by increasing serum incretin levels [8]. 
The key process in T2DM pathogenesis involves increased in-
sulin resistance and a subsequent progressive decline in β-cell 
function. In this context, a combination of thiazolidinedione 
and DPP-4 inhibitors may be ideal for stabilizing glucose ho-
meostasis in patients with T2DM. Pioglitazone is the most 
commonly used thiazolidinedione, with proven long-term ef-
ficacy and safety [9,10]. Alogliptin is a selective and potent 
DPP-4 inhibitor with proven efficacy and safety [11-13]. How-
ever, to the best of our knowledge, the efficacy and safety of 
combining pioglitazone with alogliptin after failure of metfor-
min monotherapy has not been thoroughly studied in Asian 
populations [14]. To address this issue, we investigated the effi-
cacy and safety of metformin, alogliptin, and pioglitazone 
combination therapy compared with metformin, alogliptin or 
metformin, and pioglitazone in Korean patients with T2DM 
who had insufficient control with metformin monotherapy.

METHODS

Study design
The Practical Evidence of Antidiabetic Combination Therapy 
in Korea (PEAK) study was a multicenter, double-blinded, 
randomized, placebo-controlled, three-arm parallel trial con-
ducted across 13 centers in Korea. Between January 30, 2015 
and October 4, 2018, we enrolled 279 patients with T2DM 
who were receiving metformin (≥1,000 mg). Of these, 214 eli-
gible participants were randomized into one of three treatment 
groups: the metformin+alogliptin+pioglitazone placebo (Alo) 
group (n=75), the metformin+pioglitazone+alogliptin place-
bo (Pio) group (n=69), and the metformin+alogliptin+pioglit
azone (Alo+Pio) group (n=70). Following a 4-week screening 
period, each patient was prescribed OHAs corresponding to 
their assigned group, maintaining the same metformin dosage 
from the screening period until the end of the trial (Supple-
mentary Fig. 1).

The participants underwent assessments every 12 weeks for 
24 weeks from the initiation of the randomized treatment. In 
addition to pharmaceutical intervention, all participants re-
ceived education on diet, exercise, and lifestyle modification. 
They were also provided a diary for self-monitoring blood glu-
cose. Demographic, anthropometric (height, weight, and body 
mass density), lifestyle (alcohol consumption and smoking 
habits), and medication data were collected. Physical examina-
tions and laboratory assessments were performed at each visit. 

Written informed consent was obtained from all study par-
ticipants. The study was approved by the Institutional Review 
Board at each center and conducted following the ethical prin-
ciples of the Declaration of Helsinki (Approval No: KC14MIM 
V0127) (Clinical Trial Registration Number: clinicaltrial.gov, 
NCT02231021).

Study participants 
This study’s inclusion criteria were as follows: age between 19 to 
75 years, diagnosis of T2DM a minimum of 6 months prior to 
the initiation of the study, body mass index (BMI) within the 
range of 18.5 to 45 kg/m2, baseline HbA1c levels from 7.0% to 
10.0%, indicating suboptimal glycemic control, despite being on 
a stable metformin regimen (≥1,000 mg of the maximally toler-
ated dose), fasting C-peptide level >0.78 ng/mL (0.26 nmol/L), 
systolic/diastolic blood pressure ≤160/100 mm Hg, and a hemo-
globin level of at least 12 g/dL for men and 10 g/dL for women.

Exclusion criteria included the use of medications that sig-
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nificantly influence blood glucose control, such as glucocorti-
coids and pregnancy or lactation. Those with clinically signifi-
cant liver disease, manifested by aspartate aminotransferase 
and alanine aminotransferase levels ≥2.5 times the upper nor-
mal limit, or substantial renal disease, indicated by an estimat-
ed glomerular filtration rate of <50 mL/min, were also ineligi-
ble. Additional conditions for exclusion included New York 
Heart Association (NYHA) Class III–IV heart failure classifi-
cation; diagnoses of hypopituitarism or adrenal insufficiency; a 
history of major surgical procedures, severe infections, or se-
vere trauma within the past 6 months; a history of malignancy 
within the past 5 years; and the presence of active bladder can-
cer. Individuals with rare hereditary problems, such as galac-
tose intolerance, Lapp lactase deficiency, or glucose-galactose 
malabsorption, were deemed unsuitable for this study. A docu-
mented history of hypersensitivity to alogliptin, pioglitazone, 
or any of their components also led to exclusion, as did heavy 
alcohol consumption patterns (≥30 g daily, ≥5 days a week).

The study protocol stipulated that if a participant exhibited 
an HbA1c level >9% and demonstrated symptoms of hyper-
glycemia at the 12-week visit, their involvement in the clinical 
trial would be discontinued, and rescue medications would be 
prescribed to maintain glucose control.

Outcome assessment
This study aimed to assess the efficacy and safety of alogliptin 
and pioglitazone as combination therapy compared to each 
drug individually in managing patients with T2DM who failed 
to achieve glycemic control with metformin monotherapy. The 
principal efficacy endpoint was the change in HbA1c level from 
baseline to week 24. Durability was assessed by comparing the 
number of participants who attained their target HbA1c levels 
(<7.0% or <6.5%) across each group at the end of 24 weeks. 
Secondary endpoints included changes in BMI, insulin sensi-
tivity, β-cell function, glycoalbumin (GA), and the GA/HbA1c 
ratio to evaluate glucose variability as well as fasting insulin and 
glucose levels from baseline to week 24. The incidence rate of 
rescue treatments within the 24-week period was also record-
ed. Our exploratory data analysis evaluated the changes in lipid 
profile parameters, including total cholesterol, triglycerides, 
high-density lipoprotein cholesterol (HDL-C), low-density li-
poprotein cholesterol (LDL-C), free fatty acid (FFA), and apoli-
poprotein B, from baseline to week 24. Safety endpoints includ-
ed the incidence rates of hypoglycemia, severe hypoglycemia 
(defined as hypoglycemia requiring the intervention of another 

person to elevate glucose levels and promote neurological re-
covery), and adverse events of special interest. These include 
heart failure, cardiovascular effects, edema, weight gain, blad-
der tumors, macular edema, bone fractures, pancreatitis, hy-
persensitivity to alogliptin or pioglitazone, and serious adverse 
events. All adverse events were meticulously monitored and 
documented by an investigator who adjudicated the severity 
and potential relationship with the medication. Efficacy at 12 
and 24 weeks was evaluated using standard laboratory mea-
surements conducted at a central laboratory (Meditree Central 
Lab Service, Seoul, Korea).

Statistical analysis 
Baseline characteristics are expressed as mean±standard devi-
ation for normally distributed variables or as median (inter-
quartile range) for non-normally distributed variables. Chang-
es from baseline in efficacy variables were analyzed using the 
analysis of covariance model, with treatment as a fixed factor 
and the baseline value serving as a continuous covariate. The 
primary analysis compared the least-squares mean change in 
HbA1c levels from baseline to week 24 between the treatment 
groups. The Tukey-Kramer adjustment was used for post hoc 
analyses, with the significance level set at α<0.05. Intra-group 
differences in measurements from baseline to weeks 12 and 24 
were assessed using the paired t-test or Wilcoxon signed-rank 
test. The proportion of patients achieving HbA1c levels <7.0% 
and <6.5% at week 24 was analyzed using the chi-square test, 
depending on the data distribution. Missing values were ex-
trapolated using the last observation carried forward in all the 
efficacy analyses. The study was designed to include a random-
ized sample size of 100 patients per treatment arm, providing 
90% power to detect a 0.48% difference in HbA1c change (with 
an assumed standard deviation of 0.73%) between the Alo+Pio 
group and either the Alo or Pio group at a two-sided signifi-
cance level of 0.05. This calculation accounts for an anticipated 
dropout rate of 20%. Randomization of the study groups was 
stratified according to participating sites and baseline HbA1c 
levels (<8.5% or ≥8.5%). All statistical analyses were per-
formed using the SAS software version 9.4 (SAS Institute, 
Cary, NC, USA). Statistical significance was set at P<0.05.

RESULTS

Baseline characteristics 
Of the 216 eligible participants, 214 were randomized into three 
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groups (Alo group, n=75; Pio group, n=69; Alo+Pio group, n= 
70) (Supplementary Figs. 1 and 2). The baseline characteristics 
of the study participants measured at the randomization point 
are described in Table 1. The average age of the study popula-
tion was 58.9±9.2 years. The mean HbA1c was 8.0%±0.4%, 
and the average BMI was calculated to be 25.4±3.3 kg/m². The 
mean duration of T2DM was 9.1±5.7 years. There were no sig-
nificant differences in mean age, sex distribution, BMI, HbA1c 
levels, blood pressure, fasting glucose, or lipid profiles among 
the three groups after randomization. There were no significant 
differences in alcohol consumption, smoking history, diabetes 
duration, physical examination, hypertension, dyslipidemia, 
other comorbidities, medication, and medical compliance (Ta-
ble 1). 

Comparison of glycemic efficacy between alogliptin/
pioglitazone combination therapy and alogliptin or 
pioglitazone mono add-on therapy
Over the study period, the average HbA1c level significantly  
decreased in all groups, with the Alo+Pio group showing the 
greatest reduction. From baseline to week 12, HbA1c decreased 
by –1.14%±0.2%, –0.92%±0.64%, and –0.63%±0.8% in the 
Alo+Pio, Alo, and Pio groups, respectively. This trend persisted 
through week 24, with the Alo+Pio group showing a further de-
crease to –1.38%±0.08%, while the Alo and Pio groups reached 
–1.03%±0.08% and –0.84%±0.08%, respectively (Fig. 1A and 
B). At week 24, 71.43% of the participants in the Alo+Pio group 
achieved HbA1c levels below 7.0%, significantly higher than 
that in the Alo (54.67%) and Pio (37.68%) groups (Fig. 1C). 
Similarly, the Alo+Pio group had a higher proportion of partici-
pants (44.29%) achieving an HbA1c level of less than 6.5% than 

Table 1. Baseline characteristics of the participants

Variable
Group

P value 
Total (n=214) Alo (n=75) Pio (n=69) Alo+Pio (n=70)

Age, yr 58.9±9.2 58.9±8.7 58.12±9.9 59.7±9.0 0.6822a

Age <65 year 144 (67.29) 55 (73.33) 45 (65.22) 44 (62.86) 0.3671

Male sex 122 (57.01) 44 (58.67) 41 (59.42) 37 (52.86) 0.6907

Weight, kg 67.4±11.2 67.8±11.7 69.3±11.3 65.2±10.2 0.1555a

BMI, kg/m2 25.4±3.3 25.5±3.3 25.7±3.3 25.1±3.4 0.4418a

Duration of T2DM, yr 9.1±5.7 9.6 ± 5.6 8.1± 5.6 9.7± 5.8 0.1295a

Metformin dose, mg/day 1,434.8±353.1 1,416.0±361.3 1,476.1±339.4 1,414.3±358.9 0.5226a

Hypertension 128 (59.81) 48 (64.00) 40 (57.97) 40 (57.14) 0.6531

Dyslipidemia 169 (78.97) 61 (81.33) 51 (73.91) 57 (81.43) 0.4562

Current smoker 34 (15.89) 10 (13.33) 14 (20.29) 10 (14.29) 0.7615

Alcohol 96 (44.86) 34 (45.33) 26 (37.68) 36 (51.43) 0.2638

HbA1c, % 8.0±0.4 7.9±0.7 8.1±0.8 8.1±0.8 0.3238a

FBS, mg/dL 160.1±38.4 155.8±36.3 159.3±41.8 165.5±36.9 0.0069a

Fasting C-peptide, ng/dL 1.72±0.75 1.73±0.74 1.79±0.89 1.64±0.61 0.7908a

Glycoalbumin, % 20.3±3.7 19.8±3.5 20.1±3.9 20.9±3.8 0.2220b

GA/HbA1c ratio 2.5±0.4 2.5±0.3 2.5±0.4 2.6±0.4 0.3105b

Total cholesterol, mg/dL 163.6±37.4 163.5±33.3 157.7±34.4 169.4±43.6 0.3751a

Triglyceride, mg/dL 170.4±262.5 163.9±151.9 137.4±68.7 210.0±425.0 0.2791a

HDL-C, mg/dL 51.6±11.7 50.3±11.0 52.9±13.5 51.8±10.6 0.4817a

LDL-C, mg/dL 94.5±30.6 96.3±32.1 91.0±29.8 96.0±30.1 0.4464a

Values are presented as mean±standard deviation or number (%).
Alo, alogliptin; Pio, pioglitazone; BMI, body mass index; T2DM, type 2 diabetes mellitus; HbA1c, glycosylated hemoglobin; FBS, fasting blood 
sugar; GA, glycoalbumin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol. 
aKruskal-Wallis test for nonparametric statistical analysis, bAnalysis of variance (ANOVA) test for parametric analysis. 
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the Alo (17.33%) and Pio groups (17.39%) (Fig. 1D). Further-
more, when comparing the rate of change (%) in HbA1c at the 
12- and 24-week intervals across the groups, the Alo+Pio group 
demonstrated a more pronounced, continuous decrease in 
HbA1c. The number of participants achieving the target HbA1c 
level of less than 6.5% was significantly higher in the triple ther-
apy group than in the other groups. None of the participants re-
quired hyperglycemic rescue treatment, a provision intended 
for individuals with HbA1c levels exceeding 9% at the 12-week 
checkpoint. In summary, the Alo+Pio combination was the 
most effective at reducing HbA1c levels, ensuring that a larger 
proportion of participants achieved the target glycemic range.

Comparison of metabolic parameters between alogliptin/
pioglitazone combination therapy and alogliptin or 
pioglitazone mono add-on therapy
We further explored whether triple or dual combination add-on 
OHA regimens changed the metabolic parameters in patients 

with T2DM. The mean body weight and BMI in the Alo+Pio 
group (0.63±0.93 kg/m2) increased significantly at 24 weeks 
from baseline compared to the Alo group (–0.05±0.74 kg/m2), 
with no discernible difference when juxtaposed with the Pio 
group (0.50±0.78 kg/m2) (P<0.0001). The Alo+Pio cohort wit-
nessed a substantial reduction in the mean change of fasting 
glucose (–39.00±3.21 mg/dL) when contrasted with the Alo 
(–25.57±3.10 mg/dL) and Pio (–25.43±3.22 mg/dL) groups,  
a difference that was statistically significant at 24 weeks (P< 
0.0001). As for fasting insulin, a notable decrease was identified 
in the Pio (–1.54±0.28 μU/mL) and Alo+Pio (–1.4±0.28 μU/
mL) but not in Alo (0.02±0.27 μU/mL) groups (P<0.0001). 
Homeostatic model assessment for insulin resistance (HOMA-
IR) was significantly decreased in the Pio (–0.97±0.12) and 
Alo+Pio (–1.00±0.12) group, underscoring the benefits of pio-
glitazone’s efficacy in ameliorating insulin resistance. With re-
gard to β-cell function, there was a significant increase of ho-
meostatic model assessment for β-function (HOMA-β) in  

Fig. 1. Comparison of glycosylated hemoglobin (HbA1c) Changes between alogliptin (Alo) and pioglitazone (Pio) combination 
therapy and mono add-on therapy. (A, B) Changes in HbA1c during the study period. HbA1c of each group was compared by 
analysis of covariance (ANCOVA) test. The proportion of participants who reached (C) HbA1c <7.0% and (D) HbA1c <6.5% in 
each group was compared by chi-square test. aP<0.0001.
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the Alo (9.00±1.66) and Alo+Pio (6.01±1.72) groups which 
reached a statistically significant difference from the Pio group 
(1.00±1.74, P=0.0042). The mean change in GA levels from 
baseline to 24 weeks demonstrated a significant drop in the Alo+ 
Pio group than that in the Pio group (P=0.0005). However, the 
change in GA/HbA1c ratio was not significantly different among 
the three groups (P=0.1610) (Table 2). Overall, the combina-
tion therapy of Alo and Pio concurrently enhanced insulin re-
sistance and β-cell functionality in patients with T2DM.

Comparison of lipid profiles between alogliptin/
pioglitazone combination therapy and alogliptin or 
pioglitazone mono add-on therapy
Previous studies suggested a possible correlation between thia-
zolidinedione, DPP-4 inhibitor, and lipid metabolism [15-17]. 
Based on these previous reports, we further studied whether 
different alogliptin and/or pioglitazone regimens could change 
the lipid profiles in patients with T2DM. Upon evaluating the 
lipid profile changes at 24 weeks relative to the baseline, a trend 
towards a decrease in total cholesterol was observed exclusively 
in the Alo group; however, this trend was not statistically signif-
icant across the three groups. For triglycerides, the Pio (–37.09± 
11.22 mg/dL) and Alo+Pio (–36.33±11.15 mg/dL) groups 
showed a greater reduction than the Alo group (–4.19±10.73 
mg/dL, P=0.0520). HDL-C levels were more increased in the 
Alo+Pio group (6.34±1.12 mg/dL) than in the Alo group 
(–2.06±1.08, P=0.0001) and were similar to those in the Pio 
group (6.23±1.13 mg/dL, P=0.9970). LDL-C levels tended to 
decrease in the Alo group, although no significant differences 
were detected between the groups. FFA changes were more 
substantial in the Pio (–176.54±30.06 μEq/L) and Alo+Pio 
(–147.02±29.99 μEq/L) groups compared to the Alo group 
(46.87±28.79 μEq/L) (P=0.0051). Apolipoprotein B levels 
showed a downward trend in all three groups, with the Alo+Pio 
group experiencing the greatest decrease, albeit without signifi-
cant differences among the groups. In short, the triple therapy 
by the dual addition of alogliptin and pioglitazone exhibited 
benefits in lipid profile alterations comparable to the effects ob-
served in dual therapy with the addition of pioglitazone alone.

Characteristics of patients who fail on alogliptin or 
pioglitazone combination therapy
To further elucidate who may benefit from early combination 
(triple) therapy, we analyzed the baseline characteristics of pa-
tients who failed to achieve the target glycemic level (HbA1c 

≥6.5%) with alogliptin or pioglitazone add-on therapy (Table 
3). In comparison to those who achieved the target HbA1c, pa-
tients who failed to respond to alogliptin mono add-on therapy 
exhibited higher HbA1c levels (7.61%±0.64% vs. 7.99%±0.68%, 
P=0.0222), lower HOMA-IR values (3.05±2.15 vs. 2.23±1.61, 
P=0.0678), and lower HOMA-β values (31.55±17.93 vs. 23.37± 
13.41, P=0.0678). Similarly, patients who did not achieve the 
target HbA1c with pioglitazone mono add-on therapy demon-
strated higher HbA1c levels (7.48%±0.34% vs. 8.19%±0.79%, 
P=0.0055), fasting blood sugar (FBS; 138.33±15.67 mg/dL vs. 
163.65±44.22 mg/dL, P=0.0366), lower fasting C-peptide lev-
els (1.97±0.56 ng/dL vs. 1.75±0.94 ng/dL, P=0.0469), and low-
er HOMA-β values (37.28±12.95 vs. 24.99±15.48, P=0.0039). 
Additionally, patients who failed on pioglitazone monotherapy 
had a lower BMI (25.43±3.28 kg/m²) compared to those who 
achieved the target glycemic level (27.17±3.06 kg/m²), although 
this difference did not reach statistical significance (P=0.0595). 
No significant differences were found in age, sex, duration of 
T2DM, metformin dose, hypertension, dyslipidemia, smoking 
status, alcohol consumption, GA, and GA/HbA1c ratio between 
those who succeeded or failed on alogliptin or pioglitazone 
mono add-on therapy. 

On the contrary, there was no difference in FBS (163.71± 
35.33 mg/dL vs. 166.90±38.53 mg/dL, P=0.6362), HOMA-IR 
(2.39±0.98 vs. 2.28±1.31, P=0.2820), or HOMA-β (24.38± 
15.82 vs. 21.87±14.46, P=0.3149) between those who succeed-
ed or failed to achieve the target HbA1c with the alogliptin and 
pioglitazone triple combination therapy. To sum up, high FBS, 
low HOMA-IR level, and low HOMA-β levels are the charac-
teristics of patients who fail on alogliptin or pioglitazone mono 
add-on therapy.

Safety outcomes
During the study period, the incidence of adverse events var-
ied across the three groups: 34.67% (42 cases) in the Alo group, 
23.19% (31 cases) in the Pio group, and 32.86% (33 cases) in 
the Alo+Pio group. However, the difference was not statistical-
ly significant, and no adverse reactions were attributed to the 
clinical trial treatment. Hypoglycemia incidence during the 
trial was low and similar across groups, as reported by one 
(1.33%) participant in the Alo group and one (1.43%) partici-
pant in the Alo+Pio group. Importantly, no severe hypoglyce-
mic events were reported. Serious adverse events were report-
ed in 7.14% (six cases) of the participants in the Alo group, 
2.37% (two cases) in the Pio group, and 2.9% (two cases) in the 
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Table 2. Comparison of metabolic parameters between alogliptin/pioglitazone combination therapy and alogliptin or piogli-
tazone mono add-on therapy 

Measurement
Group

P value 
Alo (n=75) Pio (n=69) Alo+Pio (n=70)

Body weight, kg
Baseline 68.1±11.6 69.5±11.5 65.2±10.1
12-week 68.0±11.8 70.4±11.6 66.4±10.1
   Change from baseline –0.09±1.78 0.87±1.73 1.19±1.93 <0.0001
24-week 67.9±11.6 70.9±11.6 66.9±10.3
   Change from baseline –0.16±1.99 1.33±2.13 1.65±2.49 <0.0001

BMI, kg/m2

Baseline 25.7±3.3 25.8±3.3 25.1±3.3
12-week 25.6±3.4 26.2±3.4 25.5±3.4
   Change from baseline –0.03±0.65 0.33±0.66 0.46±0.75 <0.0001
24-week 25.6±3.3 26.3±3.4 25.7±3.4
   Change from baseline –0.05±0.74 0.50±0.78 0.63±0.93 <0.0001

FBS, mg/dL
Baseline 155.8±36.3 159.3±41.8 165.5±36.9 0.0693a

12-week 134.7±24.3 136.4±32.8 123.4±24.1 0.0041a

   Change from baseline –24.0±2.85 –23.41±2.98 –38.27±2.96 0.0004a

24-week 133.3±27.3 134.4±33.9 122.6±24.5 0.0075a

   Change from baseline –25.57±3.10 –25.43±3.22 –39.00±3.21 0.0031a

Fasting insulin, μU/mL
Baseline 5.91±3.24 6.67±4.63 5.68±2.43 0.5672a

12-week 5.91±3.24 6.72±4.65 5.68±2.43 0.5225a

   Change from baseline –0.00±0.03 0.05±0.03 –0.00±0.03 0.3560a

24-week 6.05±3.09 4.72±2.20 4.56±2.25 0.0063a

   Change from baseline 0.02±0.27 –1.54±0.28 –1.40±0.28 <0.0001a

HOMA-β
Baseline 24.79±14.50 27.13±15.70 22.98±15.02 0.1784a

24-week 33.84±20.50 27.49±17.17 29.57±15.27 0.2415a

   Change from baseline 9.00±1.66 1.00±1.74 6.01±1.72 0.0042a

HOMA-IR
Baseline 2.37±1.73 2.77±2.86 2.32±1.17 0.4203a

24-week 2.05±1.28 1.56±0.78 1.45±0.91 0.0016a

   Change from baseline –0.41±0.11 –0.97±0.12 –1.00±0.12 0.0003a

Glycoalbumin, %
Baseline 19.8±3.5 20.1±3.9 20.9±3.8 0.2220b

12-week 16.6±2.7 18.4±4.3 16.5±3.2 0.0017a

   Change from baseline –3.34±0.32 –1.74±0.33 –4.07±0.33 <0.0001a

24-week 17.0±3.1 18.2±3.7 16.8±3.3 0.0529a

   Change from baseline –3.01±0.31 –2.02±0.32 –3.82±0.32 0.0005a

GA/HbA1c ratio
Baseline 2.5±0.3 2.5±0.4 2.6±0.4 0.3105b

12-week 2.4±0.3 2.5±0.4 2.4±0.3 0.2201a

   Change from baseline –0.13±0.03 –0.03±0.03 –0.18±0.03 0.0016b

24-week 2.4±0.3 2.5±0.3 2.5±0.4 0.5703b

   Change from baseline –0.06±0.03 0.02±0.03 –0.05±0.03 0.1610b

Values are presented as mean±standard deviation.
Alo, alogliptin; Pio, pioglitazone; BMI, body mass index; FBS, fasting blood sugar; HOMA-β, homeostatic model assessment for β-function; HOMA-IR, 
homeostatic model assessment for insulin resistance; GA, glycoalbumin; HbA1c, glycosylated hemoglobin. 
aKruskal-Wallis test, bAnalysis of variance (ANOVA) test were used for nonparametric statistical analyses.
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Alo+Pio group. One patient in the Alo+Pio group experienced 
acute pancreatitis and acute cholecystitis due to biliary stones 
but was fully treated. Two cases of ureteral cancer and pruritus 
were potentially linked to drug usage, whereas the other cases 
were deemed unlikely or impossible to evaluate for drug asso-
ciation. Adverse events of special interest, such as cardiovascu-
lar events, were reported in 1.45% of the Pio group and 1.43% 
of the Alo+Pio group. Edema occurred in six participants: one 
(1.33%) in the Alo group, three (4.35%) in the Pio group, and 
two (2.86%) in the Alo+Pio group. However, these incidents 
did not differ significantly between the groups (Table 4). In 
summary, the combined use of Alo and Pio did not significant-
ly increase the incidence of adverse events.

DISCUSSION

The PEAK trial was a multicenter, randomized, double-blind, 

three-arm study that evaluated the efficacy and safety of alo-
gliptin and pioglitazone dual add-on therapy compared to alo-
gliptin or pioglitazone mono add-on therapy in adult patients 
with inadequately controlled T2DM who were already receiv-
ing metformin therapy. The results of this study demonstrated 
that triple therapy with metformin, pioglitazone, and alo-
gliptin could lead to better glycemic control than dual thera-
pies (metformin+pioglitazone or metformin+alogliptin). Fur-
thermore, triple therapy alleviated insulin resistance and en-
hanced β-cell function without increasing the incidence of ad-
verse events.

Our results indicate that the early combination of pioglitazone 
and alogliptin after the failure of metformin therapy can pro-
vide better glycemic control than pioglitazone or alogliptin sin-
gle add-on therapy. Previous studies have demonstrated the 
benefits of early combination therapy. In the Vildagliptin Effica-
cy in combination with metfoRmIn For earlY treatment of type 

Table 4. Serious adverse events

Measurement
Group

Alo (n=75) Pio (n=69) Alo+Pio (n=70)

Subjects with SAEs 2 (2.67) [2] 2 (2.90) [2] 5 (7.14) [6]
Cardiac disorders
   Angina unstable 0 (0.00) [0] 1 (1.53) [1] 0 (0.00) [0]
Gastrointestinal disorders
   Oesophageal perforation 0 (0.00) [0] 1 (1.53) [1] 0 (0.00) [0]
   Pancreatitis acute 0 (0.00) [0] 0 (0.00) [0] 1 (1.43) [1]
Hepatobiliary disorders
   Cholecystitis acute 0 (0.00) [0] 0 (0.00) [0] 1 (1.43) [1]
Infections and infestations
   Bronchiolitis 0 (0.00) [0] 1 (1.53) [1] 0 (0.00) [0]
Injury, poisoning and procedural complications
   Meniscus injury 1 (1.33) [1] 0 (0.00) [0] 0 (0.00) [0]
Musculoskeletal and connective tissue disorders
   Osteoarthritis 0 (0.00) [0] 0 (0.00) [0] 1 (1.43) [1]
Neoplasms benign, malignant and unspecified
   Ureteric cancer 0 (0.00) [0] 0 (0.00) [0] 1 (1.43) [1]
Reproductive system and breast disorders
   Breast calcifications 0 (0.00) [0] 0 (0.00) [0] 1 (1.43) [1]
Skin and subcutaneous tissue disorders 
   Pruritus 0 (0.00) [0] 0 (0.00) [0] 1 (1.43) [1]
Hypoglycemia 1 (1.33) 0 (0.00) 1 (1.43)

Values are presented as number (%) [no. of events].
Alo, alogliptin; Pio, pioglitazone; SAE, serious adverse event.
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2 diabetes (VERIFY) study, the use of metformin plus vildagliptin 
from the early stage of T2DM provided more durable long-term 
clinical benefits than metformin monotherapy; this finding has 
also been validated in Asian populations [3,18,19]. The Efficacy 
and Durability of Initial Combination Therapy for Type 2 Dia-
betes (EDICT) study compared early three-drug combination 
therapy (metformin, pioglitazone, and exenatide) with sequen-
tial therapy (metformin followed by sulfonylurea and insulin 
glargine) in patients newly diagnosed with T2DM. Early three-
drug combination therapy provided superior and durable glyce-
mic control compared to sequential therapy [4]. In our study, 
the Alo+Pio group showed a continuous decrease in HbA1c at 
24 weeks (Fig. 1B), suggesting a durable glycemic efficacy of the 
triple combination therapy. In line with previous studies, our 
study demonstrates the effectiveness and durability of glycemic 
control with early combination therapy in patients with T2DM. 

By subgroup analysis, we delineate the specific group of T2DM 
patients who might potentially benefit from early alogliptin 
and pioglitazone combination therapy following metformin 
treatment (Table 3). The characteristic of patients who failed to 
reach target blood sugar levels (HbA1c 6.5%) in the alogliptin 
group and pioglitazone group was lower in β-cell function. On 
the other hand, compared to the pioglitazone group or the alo-
gliptin group, we could observe a higher HbA1c target achieve-
ment rate in the triple combination group, which was regard-
less of their baseline β-cell function. Therefore, T2DM patients 
with low β-cell function might exceptionally benefit from early 
triple combination therapy. Given that low β-cell function is 
characteristic of Korean T2DM patients, our study provides 
practical evidence supporting the implementation of early 
combination therapy in this particular patient population.

Insulin resistance and subsequent β-cell dysfunction are key 
components of T2DM pathogenesis. Pioglitazone acts as a 
PPARγ agonist in adipocytes, decreasing FFA spillage into the 
muscles or liver, thus increasing insulin sensitivity. Alogliptin 
acts on β-cells to increase glucose-stimulated insulin secretion 
and on α-cells to decrease glucagon secretion [20]. Consistent 
with this previous knowledge, our data indicate that piogli-
tazone and alogliptin combination therapy can decrease se-
rum-FFA levels and HOMA-IR but increase HOMA-β. While 
the HOMA-β value in the alogliptin and pioglitazone dual 
add-on therapy group was lower than that in the alogliptin 
monotherapy group, we speculate that this could be attributed 
to the improvement in hyperinsulinemia achieved through the 
use of pioglitazone. Furthermore, fasting glucose levels were 

significantly lower in the triple combination group than in the 
dual combination group, which may be attributed to the com-
bined effect of increased hepatic insulin sensitivity caused by 
pioglitazone and decreased glucagon caused by alogliptin (Ta-
bles 2 and 5) [20,21]. Serum HDL-C levels increased in the pi-
oglitazone alone and the alogliptin/pioglitazone combination 
groups (Table 5). This result is consistent with previous reports 
[16,22] and is thought to be mediated by the increased expres-
sion of apolipoprotein A1 by thiazolidinedione [23].

Patients with T2DM in East Asia are characterized by high 
visceral fat mass and lower β-cell volume. These characteristics 
make East Asian patients with T2DM more susceptible to insu-
lin resistance and β-cell failure [24,25]. Given this pathophysio-
logical background, East Asian patients with T2DM may bene-
fit from early combination therapy with thiazolidinedione and 
DPP-4 inhibitors. To note, the baseline BMI of the participants 
in our study was 25.4±3.3 kg/m2, yet they still exhibited insulin 
resistance (HOMA-IR in Table 2) despite relatively high doses 
of metformin usage (1,434.8±353.1 mg). We speculate that the 
participants in our study represented the typical characteristics 
of patients with T2DM in East Asia, providing further practical 
evidence for the prescription of OHAs. The efficacy of the pio-
glitazone and alogliptin combination therapy was previously 
studied by another group [14]. This double-blind, randomized 
controlled trial evaluated the glycemic profiles between alo-
gliptin and alogliptin/pioglitazone combination add-on groups 
after failure of metformin monotherapy in patients with T2DM. 
However, only a small proportion (7.86%) of Asian populations 
was included in the study. Additionally, a study conducted in 
Korea compared the non-inferiority of pioglitazone add-on 
therapy with glimepiride after a combination of metformin and 
alogliptin dual therapy [26]. Our study differs from this in that 
we compared the efficacy and safety of alogliptin and piogli-
tazone combination therapy with those of alogliptin or piogli-
tazone mono add-on therapy in patients who did not achieve 
the target glycemic level with metformin. To the best of our 
knowledge, this study is the first to demonstrate the efficacy 
and safety of pioglitazone/alogliptin combination therapy after 
the failure of metformin treatment in patients with T2DM in 
East Asia.

Alogliptin and pioglitazone combination treatment was well 
tolerated by most participants and very few experienced seri-
ous adverse events. We observed slight weight gain in the pio-
glitazone and pioglitazone/alogliptin treatment groups. Well-
known thiazolidinedione-related side effects, such as heart 
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Table 5. Comparison of lipid profiles between alogliptin/pioglitazone combination therapy and alogliptin or pioglitazone mono 
add-on therapy

Measurement
Group

P value
Alo (n=75) Pio (n=69) Alo+Pio (n=70)

TC, mg/dL

Baseline 163.5±33.3 157.7±34.4 169.4±43.6 0.3751

12-week 157.7±33.8 159.0±33.4 162.5±36.7 0.8200

   Change from baseline –5.85±3.28 –1.43±3.44 –4.14±3.41 0.6480

24-week 157.2±30.4 162.5±35.7 164.8±38.4 0.6579

   Change from baseline –6.27±3.25 2.13±3.41 –1.95±3.38 0.2050

TG, mg/dL

Baseline 163.9±151.9 137.4±68.7 210.0±425.0 0.2791

12-week 152.1±85.8 114.9±64.9 122.8±88.0 0.0011

   Change from baseline –17.75±8.91 –52.56±9.31 –51.22±9.25 0.0094

24-week 165.0±95.1 126.9±70.1 141.8±140.4 0.0015

   Change from baseline –4.19±10.73 –37.09±11.22 –36.33±11.15 0.0520

HDL-C, mg/dL

Baseline 50.3±11.0 52.9±13.5 51.8±10.6 0.4817

12-week 49.0±10.1 58.7±13.9 56.0±11.5 <0.0001

   Change from baseline –1.61±0.88 6.08±0.92 4.25±0.91 <0.0001

24-week 48.5±11.5 58.9±14.6 58.1±14.0 <0.0001

   Change from baseline –2.06±1.08 6.23±1.13 6.34±1.12 <0.0001

LDL-C, mg/dL

Baseline 96.3±32.1 91.0±29.8 96.0±30.1 0.4464

12-week 91.8±30.7 87.9±31.2 92.3±32.4 0.5869

   Change from baseline –4.05±2.56 –4.08±2.68 –3.30±2.65 0.9720

24-week 90.8±28.0 90.6±33.9 92.4±31.6 0.8979

   Change from baseline –4.97±2.64 –1.44±2.76 –3.19±2.73 0.6520

Free fatty acid, μEq/L

Baseline 758.6±225.9 746.0±250.3 838.9±333.5 0.5162

12-week 748.9±256.9 591.9±249.0 635.9±225.6 0.0007

   Change from baseline –24.43±26.25 –177.21±27.39 –164.54±27.33 <0.0001

24-week 726.9±250.4 593.3±258.1 652.2±280.6 0.0118

   Change from baseline –46.87±28.79 –176.54±30.06 –147.02±28.99 0.0051

Apolipoprotein B, mg/dL

Baseline 90.2±23.8 83.6±22.3 90.0±20.4 0.0462

12-week 84.5±22.9 75.8±22.7 78.7±22.5 0.0016

   Change from baseline –5.14±1.83 –8.93±1.92 –10.82±1.89 0.0900

24-week 85.7±20.8 78.7±23.1 79.9±23.8 0.0482

   Change from baseline –3.82±1.92 –6.22±2.01 –9.49±1.98 0.1200

Values are presented as mean±standard deviation. The Kruskal-Wallis test was used for nonparametric statistical analyses.
TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol. 
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failure and fractures, were not observed during the study peri-
od. However, long-term data should be followed to strengthen 
the findings of our study.

In Korea, DPP-4 inhibitors remain the most commonly pre-
scribed second-line OHAs after metformin treatment, whereas 
the prescription rate of thiazolidinediones remains relatively 
low [2]. Our data provide practical evidence to encourage early 
combination therapy with thiazolidinediones and DPP-4 in-
hibitors following metformin treatment. Thiazolidinediones 
have beneficial effects, particularly with respect to cerebrovas-
cular complications [27-30]. Pioglitazone has been shown to 
reduce all-cause mortality, nonfatal myocardial infarction, and 
stroke in T2DM patients with a previous history of macrovas-
cular complications [27]. Pioglitazone has also been shown to 
reduce cerebrovascular events in non-diabetic but insulin-re-
sistant populations with a history of stroke [30]. Given the high 
burden of cerebrovascular complications in Asian patients 
with T2DM [31,32], early combination therapy with thiazoli-
dinedione and DPP-4 inhibitors may provide additional bene-
fits that were not covered in this study.

The present study had several limitations. First, the study 
was followed up for a relatively short period (24 weeks) with a 
small number of participants. We planned a long-term exten-
sion study but failed because of the low participation rate. Sec-
ond, since this study used only specific regimens, the results 
for other types of DPP-4 inhibitors and thiazolidinediones are 
unknown. A large-scale retrospective analysis of early combi-
nation therapy with thiazolidinediones and DPP-4 inhibitors 
would strengthen the significance of this study. Third, there are 
limitations to cost-effectiveness because of the increase in the 
number of drugs administered during early combined therapy.

In conclusion, this study demonstrated the efficacy and safe-
ty of dual add-on of alogliptin+pioglitazone compared with 
alogliptin and pioglitazone added on alone in patients with 
T2DM poorly controlled with metformin. We speculate that 
this study provides practical evidence for physicians to pre-
scribe OHAs to Korean patients, who may benefit from a 
pathophysiological standpoint. Future large-scale, long-term 
data will further strengthen the value of this study.
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Supplementary Fig. 1. Study scheme. Patients with type 2 diabetes mellitus who fail to achieve target glycosylated hemoglobin on 
metformin monotherapy were radomized to alogliptin (Alo) mono add-on, pioglitazone (Pio) mono add-on, or Alo+Pio double 
add-on.

69 Pio

7 Withdrawal of consent
2 Poor drug compliance

1 Other

59 Completed 10 Withdrawn

70 Alo+Pio

1 Protocol violation 
7 Withdrawal of consent 

62 Completed 8 Withdrawn

1 Protocol violation
2 Withdrawal of consent

1 Other

71 Completed 4 Withdrawn

279 Subjects screened

216 Subjects randomised

214 Subject receiving medication

2 Did not receive any medication

63 Screening failures

75 Alo
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Supplementary Fig. 2. Patients enrollment. T2DM, type 2 diabetes mellitus; MFOM, metformin; Alo, alogliptin; Pio, piogli-
tazone.
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