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aBsTRaCT
Context

Type 2 diabetes (T2DM) management requires continuous treatment intensification due 

to progressive beta-cell function decline in insulin resistant individuals. Initial combination 

therapy of a dipeptidyl peptidase (DPP)-4 inhibitor with a thiazolidinedione (TZD) to improve 

both beta-cell function and insulin sensitivity may be rational.

objective

To assess the effects of the DPP-4 inhibitor alogliptin (ALO) combined with the TZD pioglitazone 

(PIO), versus ALO monotherapy or placebo (PBO), on beta-cell function and glycemic control 

in T2DM.

Design, setting, Patients

A 16-week two-center, randomized, double-blind, placebo-controlled, parallel-arm intervention 

study in 71 patients with well-controlled T2DM (age 59.1±6.3 years; A1C 6.7±0.1%) treated 

with metformin, sulfonylurea or glinide monotherapy was conducted.

Intervention

Combined ALO 25 mg and PIO 30 mg daily or ALO 25 mg daily monotherapy or PBO. 

Main outcome measures

Change in A1C and fasting plasma glucose (FPG) from baseline to week 16. In addition change 

in parameters beta-cell function parameters obtained from standardized meal tests at baseline 

and week 16.

Results

ALO/PIO and ALO decreased A1C from baseline by 0.9±0.1% and 0.4±0.2% respectively 

(both P<0.001 vs PBO). FPG was decreased to a greater extent by ALO/PIO compared to ALO 

monotherapy (P<0.01). ALO/PIO treatment improved beta-cell glucose sensitivity (vs. PBO; 

P<0.001) and fasting secretory tone (vs. PBO; P=0.001), while ALO monotherapy did not change 

beta-cell function parameters. All treatments were well tolerated.

Conclusion

Short-term treatment with ALO/PIO or ALO improved glycemic control in well-controlled T2DM 

patients, but only combined ALO/PIO improved beta-cell function. These data support that 

initial combination therapy with a DPP-4 inhibitor and TZD to address multiple core defects in 

T2DM may be a sensible approach. 
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Type 2 diabetes mellitus (T2DM) is characterized by beta-cell dysfunction against a background of 

reduced insulin sensitivity (1, 2). These defects are usually present long before the presence of 

overt hyperglycemia (3). Over time, T2DM patients require repetitive therapy intensification as the 

disease progresses due to the relentless decline of beta cell function. The optimal management for 

hyperglycemia in T2DM patients is still under debate. Despite the availability of novel therapeutic 

agents, optimal glycemic control is achieved only in a minority of patients and is often of short 

duration (4). This may in part be due to the currently advocated treatment paradigm, which is 

characterized by a stepwise approach (5). After initiation of lifestyle interventions and metformin 

treatment, another hypoglycemic agent, classically sulfonylurea, or basal insulin is added (1). The 

recent position statement for hyperglycemia treatment of the ADA and EASD, however, recommends 

a more individualized approach after metformin failure (5). Accordingly, the current position 

statement allows early introduction of recently developed drugs, i.e. the thiazolidinediones (TZDs), 

glucagon-like peptide-1 receptor agonists (GLP-1RA) or dipeptidyl peptidase-4 (DPP-4) inhibitors, 

based on assessment of individuals patient- and disease characteristics in association with drug-

related properties (5). Despite this broadening of treatment options, the stepwise approach may be 

ineffective due to the fact that intensification is often delayed (6) and serial failures are frequently 

observed due to modest A1C reductions following introduction of glucose-lowering therapies after 

metformin therapy (7). In addition, the current treatment strategy does not address the multiple 

core defects of T2DM at the same time, i.e. islet-cell dysfunction, insulin resistance, impaired 

incretin effect and a state of low-grade inflammation.

Another regimen that was proposed, but for which to date evidence is scarce, is to start aggressively, 

using initial combinations of different agents that address the core defects of T2DM at the same time 

(1, 6, 8). In this regard, combination therapy with incretin-based therapies, i.e. either GLP-1 RA or 

DPP-4 inhibitor, agents that were shown to improve alpha- and beta-cell function in humans (9, 10), 

and insulin sensitizing agents, such as metformin or TZDs may have synergistic, more durable, and 

potentially disease modifying effects. Beside their effects on islet cell function, DPP-4 inhibitors are 

weight-neutral and their use is associated with low hypoglycemia rates (11). TZDs not only enhance 

hepatic and peripheral insulin sensitivity, but were also shown to improve beta-cell function (12). 

Indeed, TZDs uniquely were shown to durably lower A1C in several studies in T2DM up to several 

years of treatment (1). 

Previously, combined DPP-4 inhibitor and TZD treatment improved glycemic control in T2DM, when 

used as add-on therapy (13, 14) or initial combination therapy (15, 16). However, the effects on 

beta-cell function of initial combined DPP-4/TZD therapy in T2DM patients have currently not been 

studied. In the present study we investigated the effects of initial combination therapy with the DPP-

4 inhibitor alogliptin (ALO) (17) and the TZD pioglitazone (PIO) on model-derived parameters of beta-
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cell function, obtained from standardized meal tests in T2DM patients, whose glycemic control was 

just off target on monotherapy with one single oral hypoglycemic agent (metformin, sulfonylurea or 

glinide). The effects of initial combination therapy were compared to ALO monotherapy or placebo 

(PBO). 

MaTeRIaL anD MeThoDs
Patients

Subjects were recruited from community hospital diabetes outpatient clinics and by newspaper 

advertisements. Seventy-one patients were enrolled (Figure 1). Study participants were between 

18 and 70 years old, had T2DM and had not reached adequate glycemic control with diet and 

exercise or a stable dose of metformin, sulfonylurea, or glinide for more than 3 months prior to 

screening. Major entry criteria included a baseline A1C 6.5-9.0% (48-75 mmol/mol), fasting plasma 

glucose (FPG) <13.3 mmol/L and BMI 23-45 kg/m2 (18). All non-excluded medications should have 

been taken on a stable dose since at least four weeks prior to screening. The participants agreed to 

maintain their previous diet and exercise regimen during the full course of the study.

Figure 1. Patient disposition

Major exclusion criteria included use of weight-lowering drugs, glucocorticoids, lipid-lowering 

agents (other than statins or ezetimibe) or any investigational blood-glucose lowering agent within 

the past three months. Furthermore, patients with a history of type 1 diabetes, hypertension, or 

allergies to ALO or PIO were excluded. The study protocol was approved by the ethics review board 
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at each study site and was in accordance with the principles described in the declaration of Helsinki. 

All study participants gave their written informed consent before screening. The study is registered 

with ClinicalTrials.gov (NCT00655863).

study Design

This was a 16-week phase IIIB, double-center, randomized, double blind, placebo-controlled, 

parallel-group trial comparing the effects of ALO alone, combination therapy with ALO and PIO, or 

placebo (PBO). The study was performed between August 2007 and December 2009 in two study 

sites (university hospitals) in Sweden and the Netherlands.

Following the screening visit and confirmation of eligibility, patients were randomized (allocation by 

central office) within 14 days at baseline to one of three treatment groups in a 1:1:1 ratio to receive 

ALO 25 mg daily, co-administration of ALO 25 mg and PIO 30 mg (ALO/PIO) daily, or PBO. Mean 

adherence during the study was similar for the PBO (96.1%), ALO (97.8%), and ALO/PIO groups 

(97.4%). All participants, investigators performing measurements or examinations, or investigators 

assessing the outcomes were blinded to group assignment. The participants returned to the study 

site at weeks 4, 8 and 16 for study assessments. Patients were asked to fast overnight for 8 hours 

and to abstain from alcohol ingestion for 3 days and from strenuous exercise for 24 h prior to the 

screening, baseline and weeks 4, 8 and 16 visits.

standardized Meal Test

At baseline and week 16 a standardized meal was given in the morning. No study medication was 

given before the test meal at baseline. Study medication was taken with 200 ml water 30 min prior 

to the meal at week 16. The standardized test meal, which contained approximately 919 kcal with 

14% protein, 49% fat, and 36% carbohydrates, was consumed within 10 min. Blood samples were 

drawn from a catheter placed in the antecubital vein at 15 and 5 minutes before starting the meal, 

and 0.25, 0.5, 1, 2, 3, 4, 5, 6, 7, and 8 hours after the meal. Subjects were allowed to drink only 

water until the final blood sample had been collected. Glucose, insulin and C-peptide samples were 

obtained at every time point of the standardized test meal. A1C was obtained during the study visits 

at baseline, week 8 and week 16.

analytical Determinations

Plasma glucose, insulin and C-peptide were analyzed at the Department of Clinical Chemistry, 

Sahlgrenska University Hospital, Göteborg, Sweden.

Data analyses

Absolute area under the 8-h postprandial curves (AUC) for glucose, insulin and C-peptide curves 

was determined by using the trapezoidal rule. Homeostatic model assessment of insulin sensitivity 
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(HOMA-S) was calculated for fasting insulin sensitivity (19). Oral glucose insulin sensitivity (OGIS) as 

a measure for postprandial insulin sensitivity was calculated (20).

Beta-cell Function during the Meal Challenge Test

Beta-cell function during the standardized double meal challenge test was assessed by mathematical 

modeling which was described in detail previously (21, 22). In short, the model describes the 

relationship between insulin secretion and glucose concentration as the sum of two components. The 

first component represents the dependence of insulin secretion on absolute glucose concentrations 

at any time point and is characterized by a dose-response function relating the two variables. The 

characteristic parameter of the dose response is its mean slope, denoted here as glucose sensitivity. 

The dose response is modulated by both glucose-mediated and non-glucose-mediated factors (i.e. 

non-glucose substrates, gastrointestinal hormones, and neurotransmitters), which are collectively 

modeled as a potentiation factor. The excursion of the potentiation factor was quantified using 

a ratio between mean values at times 160-180 min and 0–20 min, and is called the potentiation 

factor ratio (PFR). In addition, the fasting secretory tone is calculated from the dose-response curve 

as insulin secretion rates (ISR) at the glucose concentration of 8 mmol/L. The second component 

of the model describes the insulin response to the rate of change of glucose concentration. This 

component is termed rate sensitivity, which is related to early insulin release. 

statistical analyses

The primary endpoint of the study, on which the power analysis was based, was change from 

baseline in postprandial incremental AUC for triglycerides at week 16, and was reported before 

(18). Postprandial glucose, insulin and C-peptide concentrations were secondary objectives. 

Modeling analysis of beta-cell function was an exploratory endpoint of the original study protocol. 

The statistical analyses were conducted using an analysis of covariance (ANCOVA) model. Change 

from baseline in beta-cell parameters (glucose sensitivity, fasting ISR, rate sensitivity, PFR) and 

other parameters of interest were used as the response variable, treatment as fixed effect, and 

the respective baseline values as a covariate in addition to age at baseline and treatment-induced 

changes in bodyweight. Comparisons between each pair of treatment arms were obtained using 

contrasts and a 2-sided 0.05 significance level. No multiplicity adjustments were used. Data are 

presented as mean values ± SEM. All statistical analyses were run on SPSS for Mac version 19.0 

(SPSS, Chicago, IL, USA).

ResuLTs
Baseline characteristics

Table 1 lists the characteristics in the three treatment groups at baseline. The entire study population 

was Caucasian and 70% were male. No differences in demographic characteristics, medical history 
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or use of concomitant medications (Supplemental Table 1) were observed among the treatment 

groups at baseline. Importantly, there were no differences between the use of insulin secretagogues 

at baseline (Table 1). Overall, diabetes was well controlled, however, A1C was just above target 

as recommended by the ADA/EASD guidelines for patients with uncomplicated T2DM of relatively 

short duration and in the absence of significant co-morbidity (5). 

Table 1. Baseline characteristics 

PBo aLo aLo/PIo

N 24 25 22

Sex (% men) 83 60 68

Age (years) 59.1±6.2 58.7±6.5 59.1±6.9

Weight (kg) 101.8±12.0 93.7±10.8 93.1±13.2

BMI (kg/m2) 32.1±4.0 31.1±4.2 31.2±3.5

Systolic blood pressure (mmHg) 141±2 140±3 139±4

Diastolic blood pressure (mmHg) 86±1 83±2 83±2

Diabetes duration (years) 5.5±3.2 6.4±3.6 5.0±3.8

A1C (%) 6.6±0.7 6.8±0.8 6.6±0.6

Fasting glucose (mmol/l) 8.9±1.6 9.3±2.8 8.5±2.0

Metformin/other oral hypoglycemic agent (n, %) 23 (96) 22 (88) 21 (95)

Use of sulfonylurea (n, %) 6 (25) 6 (24) 8 (36)

Use of glinidines (n, %) 4 (17) 3 (12) 1 (5)

Mean ± SE. Abbreviations: ALO: alogliptin; BMI: body mass index; PBO: placebo; PIO:
pioglitazone. 

At 16 weeks, ALO/PIO increased, while ALO monotherapy reduced weight from to baseline (Table 

1), resulting in a significant between-group difference of 1.8±0.7 kg (ALO/PIO vs ALO monotherapy; 

P<0.001).

Parameters of glycemic control

Following 16 weeks of treatment, both ALO/PIO and ALO significantly reduced A1C from baseline, 

as compared to PBO (P<0.001) (Table 2; Figure 2A). Similarly, fasting glucose concentrations were 

reduced by both ALO/PIO and ALO treatment (Table 2; Figure 2B). Both parameters were reduced 

by ALO/PIO combination therapy to a greater extent than ALO monotherapy (Table 2; Figure 2A-B).

Postprandial measures

Both ALO/PIO combination therapy and ALO monotherapy decreased postprandial glucose 

concentrations (Table 2; Figure 2C-E). The surplus reduction of postprandial glucose concentrations 
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Table 2. anthropometric and metabolic parameters at baseline and at week 16 of treatment with alogliptin/
pioglitazone combination therapy, alogliptin monotherapy or placebo.

week 0 week 16 Change from BL P1 P2 P3

Weight 
(kg)

PBO 102±2 102±2 0.4±0.3

0.06 0.427 0.008ALO 94±2 94±2 -0.5±0.6

ALO/PIO 94±3 94±3 1.2±0.4

A1C 
(%)

PBO 6.6±0.1 7.0±0.2 0.4±0.1

<0.001 <0.001 <0.001ALO 6.8±0.2 6.4±0.2 -0.4±0.2

ALO/PIO 6.6±0.1 5.7±0.1 -0.9±0.1

FPG 
(mmol/l)

PBO 8.9±0.3 9.6±0.4 0.7±0.3

0.008 <0.001 0.001ALO 9.3±0.6 8.2±0.5 -1.1±0.6

ALO/PIO 8.5±0.4 6.6±0.3 -1.9±0.4

FPI 
(pmol/l)

PBO 130±12 128±12 -2±7

0.515 0.001 <0.001ALO 118±11 121±11 3±7

ALO/PIO 114±15 89±8 -25±11

HOMA-S
(%)

PBO 373 37±3 0±2

0.473 <0.001 <0.001ALO 42±4 37±3 -3±3

ALO/PIO 46±5 57±4 10±4

AUCglucose

(mmol/l•8hr)
PBO 75±3 81±4 6±2

0.008 <0.001 <0.001ALO 81±5 69±5 -12±6

ALO/PIO 79±5 57±4 -22±4

AUCinsulin

(pmol/l•8hr)
PBO 2846±320 2879±354 33±149

0.310 <0.001 0.002ALO 2595±251 2274±269 -321±150

ALO/PIO 2747±317 1925±211 -822±206

AUCC-peptide

(nmol/l•8hr)
PBO 16.5±1.2 18.7±1.6 2.3±0.9

0.085 0.003 0.198ALO 17.3±1.2 16.2±1.2 -1.1±0.7

ALO/PIO 17.4±1.4 15.8±1.5 -1.5±1.2

AUCglucagon

(mg/l•8hr)
PBO 30.9±2.6 32.3±2.0 1.4±1.5

<0.001 <0.001 0.674ALO 28.9±2.1 23.2±1.9 -5.7±1.6

ALO/PIO 32.7±2.7 25.5±2.0 -7.2±1.7

AUCGLP-1 active

(pmol/l•8hr)
PBO 1365±232 1231±236 -133±127

<0.001 0.009 0.081ALO 1553±254 4954±840 3401±739

ALO/PIO 1070±152 3035±416 1965±359

OGIS
(pmol/min.m2)

PBO 228±8 214±7 -14±6

0.04 <0.001 <0.001ALO 229±10 249±1 20±13

ALO/PIO 241±12 306±13 63±15

Mean ± SE. P1 indicates PBO vs ALO. P2 indicates PBO vs ALO/PIO. P3 indicates ALO vs
ALO/PIO. Abbreviations: AUC: area under the curve; BL: baseline; FPG: fasting plasma glucose; FPI: fasting 
plasma insulin; OGIS: oral glucose insulin sensitivity.
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by ALO/PIO over ALO monotherapy was significant. ALO/PIO combination therapy reduced 

postprandial insulin and C-peptide concentration, while ALO vs PBO did not affect postprandial 

insulin and C-peptide concentrations, (Table 2). Postprandial levels of GLP-1 were significantly 

enhanced in patients with ALO/PIO as compared to PBO, with the largest increase in the ALO 

monotherapy arm. Postprandial glucagon levels were suppressed to a similar extent by ALO/PIO 

and ALO monotherapy (Table 2).

Model-derived beta-cell function parameters

Combined ALO/PIO vs PBO, but not ALO monotherapy, significantly improved beta-cell glucose 

sensitivity (58±18%) and insulin secretion at a fixed glucose level (35±19%). None of the treatment 

arms affected rate sensitivity and PFR (Figure 3; Supplemental Table 2).

Figure 3. Changes in model-derived beta-cell function parameters after treatment with alogliptin/
pioglitazone (aLo/PIo) combination therapy, aLo monotherapy or placebo (PBo) treatment for 16 weeks. 
Glucose sensitivity (A) and insulin secretion rate (ISR) at a fixed glucose lever (B-F) were improved by ALO/PIO 
combination therapy, but not by ALO monotherapy. Rate sensitivity and potentiation factor ratio (PFR) were not 
altered by any treatment (C,D). *P<0.05; ** P<0.01; *** P<0.001.
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Insulin sensitivity

Fasting insulin sensitivity, defined as HOMA-S, was significantly increased by ALO/PIO combination 

therapy as compared to both PBO and ALO, but was not altered by ALO monotherapy (Table 2). 

However, both ALO/PIO and ALO, relative to PBO, improved postprandial insulin sensitivity (OGIS) 

(Table 2). As expected, ALO/PIO resulted in a significantly greater improvement in OGIS as compared 

to ALO monotherapy (Table 2).

safety and tolerability

The incidence of adverse events (AEs) was 59% for the ALO/PIO group, 63% for the PBO group and 

76% for the ALO group as reported previously (18).

The most common adverse events by preferred term were nasopharyngitis, constipation, and 

dizziness. Mild hypoglycemia was reported by three individuals in the ALO/PIO arm, but none in 

other groups. Most AEs were mild in severity and assessed as related to study treatment. Five 

severe AEs were reported in three subjects, none resulting in discontinuation from the study, and 

no deaths occurred during the course of the study. Of the five severe AEs, three were reported 

for one subject in the ALO/PIO group as a result of an incident (fall, head injury, and concussion), 

which were considered by the investigator not to be related to study drug. The other severe AEs 

were gastric ulcer and nephrolithiasis, reported for one subject each in the ALO group. Both were 

assessed as related to study drug. No clinically relevant changes in laboratory tests, ECGs, or physical 

examination findings were observed. ALO was generally safe and well tolerated in this study as 

monotherapy and as co-administered with PIO. The incidence of AEs and severe AEs was low and 

consistent with previous studies (18). 

DIsCussIon

In the present study, we demonstrate for the first time that initial combination therapy with ALO/

PIO in patients with uncomplicated T2DM just above glycemic targets on a single oral hypoglycemic 

agent improves glycemic control by improving both islet-cell function and insulin sensitivity as 

compared to ALO monotherapy and PBO. Importantly, combined intervention with ALO/PIO therapy 

was well tolerated.

Currently, a large proportion of T2DM patients fails to achieve optimal glycemic control, despite an 

increasing number of pharmacological treatment options (23). This may be partly due to the currently-

advocated, stepwise treatment intensification regimen using single agents (5). This strategy may not 

be optimal since T2DM is characterized by several simultaneously occurring pathophysiological core 

defects leading to hyperglycemia, including impaired insulin secretion, enhanced glucagon secretion 

and increased hepatic glucose production, impaired incretin action and reduced peripheral insulin 
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sensitivity (1). Collectively, these defects lead to the heterogeneous phenotype of T2DM that may 

warrant treatment with multiple hypoglycemic agents with complementary mechanisms of action. 

Accordingly, we examined the combination of DPP-4 inhibition, using ALO, and the insulin sensitizing 

TZD PIO in early T2DM. Indeed, the combination of these drugs was associated with a greater 

reduction in fasting and post-meal glucose levels and A1C, which confirmed previous findings (15), 

by addressing multiple above-mentioned core defects of T2DM at the same time. First, ALO/PIO 

combination therapy improved beta-cell function. Using modeling analysis of glucose and C-peptide 

concentrations following a standardized meal test, we observed improvement of glucose sensitivity 

of the beta cell and increased fasting insulin secretion rates by ALO/PIO treatment both compared 

to ALO monotherapy and PBO, indicating improved beta-cell function. This improvement in beta-

cell function is likely a combined effect of both ALO and PIO. DPP-4 inhibitors were extensively 

shown to enhance static and dynamic beta-cell measures, the latter including the insulinogenic 

index, mathematical model-derived parameters beta-cell glucose sensitivity and fasting insulin 

secretion, and hyperglycemic clamp-measured first-phase, second-phase and arginine-induced 

insulin secretion (9, 24). PIO was also shown to improve model-derived parameters of beta-cell 

function in subjects with T2DM (25), and in patients at high risk to develop T2DM (26). However, 

whether these improvements are direct effects of TZD at the level of the beta cell, as suggested by 

in vitro studies (27), or secondary to changes in insulin sensitivity, remains uncertain. 

Secondly, in addition to changes in beta-cell function, ALO/PIO treatment improved alpha-cell 

function as well. ALO/PIO treatment resulted in reduced glucagon levels, which contribute to 

improved glycemic control by reducing hepatic glucose production (28). Lowering of postprandial 

glucagon levels has been extensively shown following short-term and long-term treatment with 

DPP-4 inhibitors (9), which may be attributed to increased GLP-1 levels (29). Indeed, active GLP-1 

levels were significantly increased by treatment with ALO/PIO. 

Finally, in addition to beneficial effects of ALO/PIO on islet-cell function and incretin levels, 

combined ALO/PIO treatment improved measures of fasting (HOMA-S) and postprandial (OGIS) 

insulin sensitivity. PIO is well known to increase both hepatic and skeletal muscle insulin sensitivity 

(12). Moreover, PIO improves adipose tissue function by stimulating adequate production of 

adipocytokines such as adiponectin and leptin, and also stimulates fatty acid uptake, thus protecting 

non-adipose tissue from lipid overload (30). ALO treatment on the other hand is not associated 

with improvements in peripheral insulin sensitivity, although by reducing glucagon levels, hepatic 

glucose production may be reduced during hyperinsulinemia. In our study, improved insulin 

sensitivity contributed to the reduction in A1C levels by ALO/PIO treatment, since both fasting and 

post-meal glucose levels were reduced in the presence of declined fasting and postprandial insulin 

levels respectively.
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Interestingly, ALO/PIO improved these aspects in patients with uncomplicated T2DM with glucose 

levels just above glycemic targets as recently issued by the ADA/EASD guidelines (5), leading to an 

impressive 0.9% reduction in A1C. Greater reductions in A1C levels up to 1.5% were demonstrated 

with DPP-4 inhibitor/TZD combination therapy in T2DM patients with A1C levels of 8-9% at baseline 

(15, 16). Similarly as observed in our study, in those trials hypoglycemia rates were comparable to 

PBO. This may be attributed to the fact that insulin secretion by ALO and PIO is related to prevailing 

glucose levels, and as such, no inappropriate insulin secretion occurs. 

Another advantage of combination therapy is that side effects may be minimalized, since lower 

dosages of each drug can be administered (8, 31). For PIO there are long-term safety concerns due 

to reports of increased risk to develop bladder cancer (32) and bone fractures (33), in addition to 

their well-known fluid-retaining effects. These side effects are mostly related to higher dosages, 

while importantly, anti-hyperglycemic effects are retained at lower dosages. Since TZDs were 

durably shown improve glycemic control (1) by preventing further decline of beta-cell function (34) 

and PIO is not associated with increased risk for cardiovascular disease (35, 36), PIO is an attractive 

glucose-lowering compound, especially in lower dosage.

The effects of ALO monotherapy in our study were relatively modest. ALO monotherapy increased 

GLP-1 concentrations, reduced glucagon concentrations and improved insulin sensitivity, which may 

have been due to reduction in hepatic glucose production due to suppression of glucagon levels. 

Unfortunately, we did not use tracer methodology to test this hypothesis. Interestingly, inspite of 

the greatest increase in GLP-1 afer ALO monotherapy, these changes did not translate into better 

beta-cell function or increased C-peptide secretion. An explanation could be that our patients 

displayed only modest hyperglycemia, and DPP-4 inhibitors are well known to work in a glucose-

dependent mechanism. 

Limitations of our study include the relatively small size of the study, adequate glycemic control 

at baseline and lack of a PIO monotherapy arm. However, our sample size proved to be sufficient 

to detect the observed A1C changes. Also, although the good overall glycemic control at baseline 

in our population may have precluded further A1C lowering, especially by glucose-dependent 

DPP-4 inhibitors, the combination of ALO/PIO lowered A1C by a further 0.9% without increasing 

hypoglycemia risk. Finally, we did not include a separate PIO arm, as the effects of PIO monotherapy 

on glycemic variables have been extensively studied and published (12, 15).

In conclusion, ALO/PIO combination therapy improved fasting and postprandial glucose levels by 

addressing partly overlapping and complimentary core defects of T2DM, and was well tolerated. 

Ongoing and future studies will need to demonstrate potential benefits of early aggressive 

combination therapy as compared to the currently advocated stepwise treatment protocol. 
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suppplemental Table 1. use of concurrent (non-glucose lowering) medication in the study population

PBo aLo aLo/PIo

N 24 25 22

Lipid-lowering agents 13 (54) 15 (60) 12 (55)

RAS blockers 13 (54) 9 (36) 9 (41)

Beta-blocking agents 8 (33) 7 (28) 7 (32)

Diuretics 5 (21) 6 (24) 6 (27)

Anti-thrombotic agents 4 (17) 3 (12) 4 (18)

Data are numbers or %. Abbreviations: ALO: alogliptin; PBO: placebo; PIO: pioglitazone; 
RAS, renin-angiotensin system

supplemental Table 2. Changes in model-based beta-cell function parameters after treatment with alogliptin/
pioglitazone (aLo/PIo) combination therapy, aLo monotherapy and placebo (PBo) treatment

week 0 week 16 Change 
from BL

P1 P2 P3

Glucose sensitivity
(pmol/min.m2.mmol/l)

PBO 47±5 41±4 -6±3 0.229 <0.001 0.001

ALO 47±4 51±6 4±5

ALO/PIO 46±5 70±8 23±6

Rate sensitivity
(pmol/m2.mmol/l)

PBO 796±131 1253±2005 458±242 0.197 0.803 0.344

ALO 904±179 847±146 -95±176

ALO/PIO 972±170 1287±336 318±327

Insulin secretion at 8 mM 
glucose
(pmol/min.m2) 

PBO 256±27 249±28 -7±11 0.141 0.001 0.038

ALO 240±24 276±23 36±20

ALO/PIO 250±19 328±28 76±21

Potentiation factor ratio
(dimensionless)

PBO 1.7±0.1 1.8±0.1 0.1±0.1 0.371 0.956 0.440

ALO 1.6±0.1 1.6±0.1 0.1±0.1

ALO/PIO 1.5±0.1 1.6±0.1 0.1±0.1

Mean ± SE. P1 indicates PBO vs ALO. P2 indicates PBO vs ALO/PIO. P3 indicates ALO vs ALO/PIO. BL: baseline.




