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■ Abstract 
This article gives an overview of two recent trials investigat-
ing rosiglitazone, a thiazolidinedione, in its potential to pre-
vent type 2 diabetes (T2D) and in its effectiveness in mono-
therapy. Thiazolidinediones are among the most important 
developments of recent years for combating T2D and there-
fore worth to revisit. The possible influence of thiazolidines 
in improving beta-cell function is discussed as well as the 

potential effects on insulin resistance and obesity. Novel, 
incretin-based therapies (GLP-1 analogues and DPP-4 in-
hibitors) and their effects on beta-cell function and beta-cell 
mass are also summarized and critically evaluated. 
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Introduction 
 

   he recent focus on beta-cell function in type 2 
   diabetes (T2D) has gained renewed interest. In 

the pathophysiology of T2D, insulin resistance and a 
growing defect in insulin secretion are important char-
acteristics [1-3]. The United Kingdom Prospective 
Diabetes Study (UKPDS) revealed that at the time of 
diagnosis 40-50% of beta-cell function is already lost - 
with a further decrease in beta-cell function as the dis-
ease progresses [4]. None of the oral antidiabetic 
agents used in the UKPDS were capable of ameliorat-
ing the loss of beta-cell function. The decline in beta-
cell function is seen as a cause for the necessity to in-
tensify the therapy in T2D [5]. The attainment and 
maintenance of near-normal glycemia is very important 
since it reduces the risk of long-term complications of 
T2D [6-8]. 

Thiazolidinediones are oral antidiabetic agents in-
troduced in the late 1990s which are known to reduce 
insulin resistance by sensitizing muscle, liver, and adi-

pose tissue to insulin by activating the PPARγ receptor 
[9]. Several clinical studies in subjects with prediabetes 
(i.e. impaired glucose tolerance, IGT, impaired fasting 
glucose, IFG, and previous gestational diabetes, 
pGDM) and also with T2D suggest that thiazolidin-
ediones not only ameliorate insulin resistance, but also 
preserve beta-cell function [10-13]. This class of sub-
stances has therefore been considered to be beneficial 
for the treatment of T2D. In a large prospective study, 
the thiazolidinedione pioglitazone improved glycemic 
control and reduced cardiovascular complications that 
were defined as secondary endpoints [14]. 

Rosiglitazone in diabetes prevention 

Two important large trials with rosiglitazone that 
were recently completed, have obtained important data 
in evaluating the clinical effectiveness of thiazolidin-
ediones and their influence on beta-cell function, the 
Diabetes Reduction Assessment with Ramipril and 
Rosiglitazone Medication (DREAM) study and the A 
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Diabetes Outcome Progression Trial (ADOPT). The 
DREAM trial was designed to investigate the potency 
of rosiglitazone or ramipril to prevent or delay T2D in 
a prediabetic cohort of 5269 subjects with IGT or IFG 
without previous cardiovascular disease over a period 
of three years [12]. The study had a double-blind, ran-
domized “2-by-2 factorial design”. Subjects received 
ramipril in a daily dose of up to 15 mg/d or a placebo 
and rosiglitazone in a daily dose up to 8 mg/d or a pla-
cebo. The composite primary endpoint consisted of a 
conversion to T2D or death. A secondary endpoint 
was defined as regression from prediabetes (IFG or 
IGT) to normoglycemia. 

Ramipril did not change the incidence of the pri-
mary endpoint in the "intention to treat" analysis 
(18,1% with ramipril vs. 19,5% with placebo; hazard 
ratio 0.91 for ramipril, 95% confidence interval [CI] 
0.81-1.03; p = 0.15). More patients in the ramipril 
group reached the secondary endpoint normoglycemia 
(hazard ratio 1.16, 95% CI 1.07-1.27; p = 0.001). The 
fasting glucose was identical in both groups at the end 
of the study, the 2-hour glucose after an oral glucose 
tolerance test (OGTT) was lower in the ramipril group 
(135.1 mg/dl vs. 140.5 mg/dl, p = 0.01) [15]. 

Rosiglitazone led to a 14.4% absolute risk reduction 
of the primary endpoint (hazard ratio 0.40, 95% CI 
0.35-0.46, p < 0.0001) corresponding to a number 
needed to treat (NNT) of 7. The rosiglitazone group 
also showed better results concerning the secondary 

endpoint (50.5% rosiglitazone vs. 30.3% 
placebo, hazard ratio 1.71, 95% CI 1.57-
1.87; p < 0,0001). Congestive heart fail-
ure was more common in the rosiglita-
zone group (14 vs. 2 patients) and was 
not influenced by ramipril. Body weight 
increased significantly in the rosiglita-
zone group [12]. In summary, rosiglita-
zone reduced the diabetes incidence in 
subjects with IFG and IGT in the 
DREAM study, whereas ramipril had no 
effect (Figure 1). In a recent, still unpub-
lished report, the results of the 3 months 
washout phase of the DREAM trial 
were reported at the International Dia-
betes Federation (IDF) conference. Dur-
ing the washout phase, the diabetes inci-
dence increased in the rosiglitazone 
group, indicating that rosiglitazone does 
not promote a sustained effect to im-
prove beta-cells function or beta-cell 
mass. 

In diabetes prevention, a lifestyle in-
tervention with the aim to increase physical activity 
and to change dietary habits with a reduction in the to-
tal caloric intake and reduction of saturated fatty acids 
is also highly effective. The Finnish Diabetes Preven-
tion Study (DPS) showed that such a lifestyle interven-
tion effectively reduced the relative risk of a progres-
sion from IGT to T2D by 58% in 4 years [16]. Addi-
tionally, a significant weight loss was observed in the 
subjects that received intensive multiprofessional 
counseling to achieve the goals of the lifestyle inter-
vention. In subjects that reached all the predefined in-
tervention goals, no progression to diabetes was ob-
served. Similar results were observed in the Diabetes 
Prevention Program (DPP) [17, 18]. In this study, an 
additional comparison was made between a lifestyle 
intervention and a pharmacological intervention with 
metformin. Metformin was less effective than the life-
style intervention regarding the conversion to diabetes 
and concerning weight loss [18]. In an Indian-Asian 
population, a lifestyle intervention was also more ef-
fective than an intervention with metformin, the com-
bination of lifestyle intervention and pharmacological 
intervention had no additional benefit in this group 
[19]. Despite the risk reduction for progression to dia-
betes with rosiglitazone observed in the DREAM trial, 
an intervention with rosiglitazone seems unfeasible for 
subjects with impaired glucose regulation and low ab-
solute cardiovascular risk. First of all, the rosiglitazone 
dose chosen in the DREAM trial was comparatively 

Rosiglitazone
Placebo

0              1                  2            3            4
Years

C
um

ul
at

iv
e

ha
za

rd
0.6

0.5

0.4

0.3

0.2

0.1

0.0

Number at risk

Rosiglitazone:    2635            2538            2414            1310       217

Placebo:        2634            2470            2150            1148            177  
 
Figure 1. Time to occurrence of the primary outcome, the conversion to 
T2D, in the DREAM study. Results are reproduced based on [12]. 
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high, at 8 mg/d. The greater benefits in higher risk in-
dividuals would have to be balanced against the likely 
increased risk of heart failure [14, 20]. Lifestyle inter-
ventions for diabetes prevention have been shown to 
be cost effective and their effect is sustained for a long 
time span, in contrast to the negative results of the 
wash-out phase in the DREAM trial [21]. Therefore, 
such non-pharmacological interventions should remain 
the mainstay for the prevention of T2D [22]. 

Rosiglitazone and the failure of oral mono-
therapy 

The ADOPT study was a clinical trial designed to 
evaluate the durability of glycemic control in patients 
with T2D receiving monotherapy with either rosiglita-
zone, metformin or the sulfonylurea glyburide (gliben-
clamide). All patients were treatment-naïve concerning 
diabetes therapy and had a duration of diabetes of less 
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Figure 2. Fasting plasma glucose (A), glycated hemoglobin (B), insulin sensitivity (C) and beta-cell function (D) in the 
ADOPT trial [25]. The total number of patients included for each measurement at annual time points is indicated below 
each graph. In all panels, data are presented as means ± SEM, with the treatment difference at 4 years and the annual-
ized rate of change (slope) from 0.5 to 5 years. Insulin sensitivity and beta-cell function were determined by homeostasis 
model assessment (HOMA 2) and are expressed as a percentage of the value in a normal reference population. The 
treatment difference is expressed as the relative percentage difference between the rosiglitazone group and each com-
parison group at 4 years; the slopes are the annual percent change. Asterisks denote significant differences between the 
rosiglitazone group and the other treatment groups with the Hochberg adjustment. Results are reproduced based on [25]. 
 



 
Type 2 Diabetes and Pharmacological Interventions The Review of Diabetic Studies 211  

  Vol. 3 ⋅ No. 4 ⋅ 2006 
 

www.The-RDS.org  Rev Diabetic Stud (2006) 3:208-216  

than three years when entering the trial. The primary 
outcome was the time to monotherapy failure on the 
basis of fasting plasma glucose levels of >180 mg/dl 
after an overnight fast. The trial enabled the direct 
comparison of the metabolic effects of these three 
commonly used glucose-lowering agents over a median 
period of 4 years in 4360 patients. Secondary end-
points were the levels of fasting plasma glucose and 
glycated hemoglobin, insulin sensitivity, and beta-cell 
function [23, 24]. 

In this prospective, double-blind, randomized mul-
ticenter study, the cumulative incidence of monother-
apy failure at 5 years was 15% with rosiglitazone, 21% 
with metformin, and 34% with glyburide. The corre-
sponding relative risk reduction for rosiglitazone was 
32%, as compared with metformin, and 63%, as com-
pared with glyburide (p < 0.001 for both comparisons). 
At the 4-year evaluation, 40% of the 1456 patients in 
the rosiglitazone group had a glycated hemoglobin 
level of less than 7%, as compared with 36% of the 
1454 patients in the metformin group (p = 0.03) and 
26% of the 1441 patients in the glyburide group (p < 
0.001). The maximal treatment effect on glycated he-
moglobin was achieved at 12 months for patients in 
the rosiglitazone and metformin groups and at 4 
months for those in the glyburide group. The differ-
ence in the durability of the treatment effect was 
greater between rosiglitazone and glyburide than be-
tween rosiglitazone and metformin. After the 4 year 
observational period, the difference in the mean 
HbA1c between the metformin group and the rosigli-
tazone group was negligible with only a 0.13% differ-
ence in favor of rosiglitazone. Beta-cell function, as 
determined by homeostasis model assessment 
(HOMA), showed a higher increase in the glyburide 
group (mean ratio of the 6-month value to the baseline 
value, 1.45; 95% CI, 1.42 to 1.48) than in either the 
rosiglitazone group (1.17; 95% CI, 1.15 to 1.19) or the 
metformin group (1.16; 95% CI, 1.14 to 1.19). There-
after, levels of beta-cell function determined by 
HOMA declined in all three groups (Figure 2). The 
annual rate of decline after 6 months was greatest in 
the glyburide group (6.1%), followed by the metformin 
group (3.1%) and the rosiglitazone group (2.0%) (p < 
0.001 for the comparison rosiglitazone vs. glyburide 
and p = 0.02 for the comparison rosiglitazone vs. met-
formin). The therapy with the sulfonylurea glyburide 
was associated with a lower risk of cardiovascular 
events including congestive heart failure than the ther-
apy with the thiazolidinedione rosiglitazone (p < 0.05). 
The cardiovascular risk associated with metformin was 
similar to that with rosiglitazone. Rosiglitazone treat-

ment was associated with more weight gain (4.8 kg 
weight gain; 95% CI, 4.3 to 5.3) and edema than either 
metformin (-2.9 kg weight loss; 95% CI, -3.4 to -2.3) 
or glyburide (1.6 kg weight gain; 95% CI, 1.0 to 2.2) 
but with fewer gastrointestinal events than metformin 
and with less hypoglycemia than glyburide (p < 0.001 
for all comparisons) [25]. 

The authors of the study conclude that an initial 
treatment of T2D in therapy-naive patients with 
rosiglitazone slowed the progression to monotherapy 
failure more effectively than did either metformin or 
glyburide. Although rosiglitazone was more effective 
overall than metformin in this study, heterogeneity 
analyses showed no subgroup differences apart from a 
greater effect in older patients and those with a larger 
waist circumference [25]. It is not known, whether the 
differences between the different pharmacological 
agents investigated in the ADOPT-trial have any effect 
on disease progression or on vascular complications. 

In the new joint consensus statement on the man-
agement of hyperglycemia in T2D released by the 
American Diabetes Association (ADA) and the Euro-
pean Association for the Study of Diabetes (EASD) 
[26], the algorithm for the initiation of treatment of 
T2D has defined a lifestyle intervention and met-
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Figure 3. Insulin secretion rates in 13 subjects with T2D 
given an i.v. infusion of exenatide or saline and 12 healthy 
volunteers given an i.v. infusion of saline. Repeated-
measures ANOVA indicated significant differences in insu-
lin secretion as measured by AUC analysis of the first (0-
10 min) and second-phase (10-120 min) insulin release 
between subjects with T2D treated with exenatide and sa-
line. Exenatide-treated T2D subjects also had a signifi-
cantly increased second-phase insulin release, compared 
with healthy volunteers. Data represent mean ± SEM. Re-
sults are reproduced based on [35]. 
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formin therapy as the first step after the diagnosis of 
diabetes. Metformin has been chosen on the basis of 
the favorable data of the UKPDS and due to the long 
experience and low costs associated with this drug [7]. 
The UKPDS also demonstrated a beneficial effect of 
metformin therapy on CVD outcomes [7], which 
needs to be confirmed. Metformin therapy is not asso-
ciated with weight gain, but with weight neutrality or 
even modest weight loss. Thiazolidinediones are in-
cluded in the treatment algorithm as a second step in 
conjunction with metformin, if one of the therapeutic 
aims is to avoid hypoglycemia [26]. This decision is 
mainly based on limited data concerning the glucose 
lowering effect and on long term outcome data with 
thiazolidinediones in monotherapy. An additional dis-
advantage of the thiazolidinediones is the weight gain 
caused by an increase in subcutaneous adiposity and 
fluid retention. As mentioned above, this therapy is 
also associated with an increase in congestive heart 
failure [27]. In the second step of treatment intensifica-
tion, the alternatives to adding a thiazolidinedione to 
metformin are adding a sulfonylurea or basal insulin. 
The latter is considered to be the most effective op-
tion. According to the consensus guideline, monother-
apy with rosiglitazone is not feasible as the first thera-
peutic step in T2D therapy. 

Thiazolidinediones and beta-cell function 
The results with a high dose of rosiglitazone on 

diabetes prevention in the DREAM study are not un-
expected, since another thiazolidinedione, troglitazone, 
reduced the incidence of T2D in the TRIPOD and the 
DPP (Diabetes Prevention Programme) study. Trogli-
tazone was even more effective than metformin or 
acarbose in the diabetes prevention trials [10, 11, 28]. 
So far, there are no mechanistic studies in prediabetes 
demonstrating a thiazolidinedione-induced direct im-
provement of beta-cell function. Animal experiments 
show some evidence that thiazolidinediones may pre-
serve beta-cell function [29]. These experiments unfor-
tunately do not clarify whether this is a direct effect by 
lowering the concentrations of beta-cell toxic free fatty 
acids or tumor necrosis factor alpha (TNF-α) or 
whether this is just an effect explained by normaliza-
tion of glucose and ameliorating glucose toxicity. The 
negative results on the preservation of beta-cell func-
tion in the wash-out phase of the DREAM study and 
the observation in the ADOPT trial concerning the 
gradual decline of beta-cell function over time in the 
rosiglitazone group leave some doubt about the hy-
pothesis that thiazolidinediones have a specifically 

beneficial effect on beta-cell function. The hope that 
thiazolidinediones may affect the underlying patho-
physiology of T2D by protecting beta-cell function and 
may alter the course of the disease is only weakly sup-
ported by ADOPT. The initial improvement in insulin 
secretion at 1 year was not sustained, and the differ-
ence in insulin secretion between rosiglitazone and 
metformin over time, albeit significant, was small in 
real terms. Improved insulin sensitivity appears to be 
the most durable effect of rosiglitazone [30]. More 
studies are warranted to elucidate the potential mecha-
nisms by which thiazolidinediones affect beta-cell 
function. Thiazolidinediones, especially rosiglitazone, 
also improve fatty liver (steatosis hepatis) in T2D and 
could therefore influence beta-cell function indirectly 
by changing the pattern of secretion of hepatic factors 
acting on the beta-cell [31]. 

Incretin based therapies and beta-cell func-
tion 

Concerning the influence of positive pharmacologic 
actions on beta-cell function and beta-cell mass, in-
creasing study data are being collected from incretin-
based therapies for T2D. These treatments use either 
pharmacologically high concentrations of the incretin 
hormone glucagon-like peptide-1 (GLP-1) in the form 
of degradation resistant GLP-1 analogs, or elevate en-
dogenous GLP-1 concentrations by inhibiting the deg-
radation of GLP-1 through the enzyme dipeptidyl pep-
tidase IV (DPP-4) [32]. While GLP-1 analogs are pep-
tides that need to be injected subcutaneously for ther-
apy, DPP-4 inhibitors are orally active. 

Exenatide (Byetta®) is the first incretin mimetic 
peptide that was approved for T2D therapy in patients 
not controlled with a treatment of either metformin, a 
sulfonylurea or a combination of both [33]. In animal 
studies, exenatide improved beta-cell function and in-
creased beta-cell mass. Exenatide causes an increase of 
beta-cell mass through the stimulation of islet cell neo-
genesis from precursor cells on the one hand, and 
through the inhibition of apoptosis of beta-cells on the 
other [34]. In man, there are indirect data showing an 
improvement in various surrogate parameters for beta-
cell function, along this line, the first phase of insulin 
secretion is restored by exenatide treatment [35] (Fig-
ure 3). In clinical studies available on exenatide so far, 
this treatment led to a sustained HbA1c reduction of 
1.1% in a study period of 2 years and a continuous and 
significant body weight reduction of 4.7 kg on average. 
The HbA1c reduction was independent from the 
weight loss [33, 36]. Furthermore, exenatide was able 
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to restore the first phase of insulin secretion in T2D 
patients [35]. 

So far, there are no clinical endpoint studies with 
exenatide proving a halt in, or substantial influence on 
disease progression of T2D with exenatide therapy 
[33]. Liraglutide, a GLP-1 analogue still in phase III 
clinical studies, also showed positive effects on beta-
cell function and mass in animal models [37]. In clini-
cal studies, liraglutide lowered HbA1c and fasting 
plasma glucose dose dependently (HbA1c reduction 
0.75% with 0,75 mg/d liraglutide in a 12 week study) 
and promoted weight loss [37, 38]. In a step-wise hy-
perglycemic clamp study, liraglutide improved beta-cell 
responsiveness in T2D patients [39]. 

Currently, there are two 
DPP-4 inhibitors: sitagliptin 
and vildagliptin, which are far 
advanced in development. Si-
tagliptin has just been ap-
proved for T2D therapy. The 
sitagliptin analogue des-fluoro 
sitagliptin improved glycemic 
parameters in a diabetic mouse 
model and normalized islet cell 
architecture and insulin content 
[40] (Figure 4). Further mecha-
nistic studies are needed to 
show whether this is a direct 
effect of the DPP-4 inhibitor 
on beta-cells or whether the 
improvement is mediated by 
the normalization of glucose. 
Vildagliptin also improved 
beta-cell function in a mouse 
model [41] as well as postpran-
dial beta-cell function parame-
ters in man in a one-year clini-
cal study [42]. 

In a 24 week clinical study, 
sitagliptin in montherapy low-
ered HbA1c up to maximally 
0.94% dependent on the base-
line HbA1c and the dose of si-
taglitptin. In a meal tolerance 
test, sitagliptin 100 and 200 mg 
significantly decreased 2-h 
postprandial glucose (PPG) 
(placebo-subtracted PPG -46.7 
mg/dl and -54.1 mg/dl, respec-
tively). Results for the above 
mentioned key efficacy pa-
rameters were not significantly 

different between sitagliptin doses. The HOMA of 
beta-cell function and proinsulin-to-insulin ratio im-
proved with sitagliptin. The incidence of hypoglycemia 
was similar, and overall gastrointestinal adverse experi-
ences were slightly higher with sitagliptin. No mean-
ingful body weight changes from baseline were ob-
served with sitagliptin 100 (-0.2 kg) or 200 mg (-0.1 kg) 
[43]. 

In a study comparing the effectiveness of vil-
dagliptin with rosiglitazone directly over 24 weeks, 
HbA1c was reduced to a similar extent. At the end of 
the study, vildagliptin was as effective as rosiglitazone, 
improving HbA1c by -1.1 (p < 0.001) and -1.3 (p < 
0.001), respectively, meeting the statistical criterion for 
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Figure 4. Immunohistochemical analysis of pancreatic sections of HFD/STZ-
diabetic mice treated with vehicle or des-fluoro-sitagliptin. Mice were treated 
with des-F-sitagliptin at indicated dosages for 11 weeks. Whole pancreas from each 
mouse was cryopreserved, and consecutive sections were stained with hematoxylin 
and eosin (H&E), anti-insulin antibody (green), or anti-glucagon antibody (red). 
Shown are representative islets from each group with each staining, and the overlay 
of the insulin and glucagon staining (I/G). Reproduced based on [40]. 
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non-inferiority (upper-limit 95% CI for between-
treatment difference ≤ 0.4%). The fasting plasma glu-
cose decreased more with rosiglitazone than with vil-
dagliptin. Body weight did not change in vildagliptin-
treated patients (-0.3 kg) but increased in rosiglitazone-
treated patients (+1.6 kg, p < 0.001 vs. vildagliptin). 
Relative to rosiglitazone, vildagliptin significantly de-
creased triglycerides, total cholesterol, and LDL, non-
HDL, and total-to-HDL cholesterol (-9 to -16%, all p 
< 0.01) but produced a smaller increase in HDL cho-
lesterol (+4 vs. +9%, p = 0.003). The incidence of 
edema was greater with rosiglitazone (4.1%) than vil-
dagliptin (2.1%) [44]. 

Like for the GLP-1 analogues, there are no end-
point studies with the novel substance class of the 
DPP-4 inhibitors yet. It is therefore not clear as to 
whether these substances will be able to change the 
disease progression of T2D in clinical practice. 
Conclusions 

The relative effectiveness and relative costs of 
antidiabetic medications, their exact profiles of adverse 

events, and their potential risks and benefits should be 
considered, to help inform the choice of pharmaco-
therapy for patients with T2D [45]. From the study 
data presented here, incretin-based therapies show an 
effectiveness on glycemic parameters that is compara-
ble to established treatment forms for T2D. However, 
these therapies have the advantage of being either 
weight neutral (DPP-4 inhibitors) or even capable of 
promoting weight loss (incretin mimetics). Besides 
these effects on body weight, data from different stud-
ies (animal models, isolated islet cell models and in 
clinical studies) suggest a beneficial effect of incretins 
on beta-cell function independent of glucose lowering. 
Another advantage over thiazolidinediones is the pat-
tern of side-effects, where incretin-based therapies do 
not show an increase in congestive heart failure. How-
ever, endpoint studies are needed to investigate the po-
tential of incretin mimetics and DPP-4 inhibitors to 
influence the course of T2D and increasing beta-cell 
failure as well as studies showing other positive end-
points. 
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