
989

Effect of Pioglitazone and Ramipril on Biomarkers of Low-Grade 
Inflammation and Vascular Function in Nondiabetic Patients with 

Increased Cardiovascular Risk and an Activated Inflammation:  
Results from the PIOace Study

Andreas Pfützner, M.D., Ph.D.,1,2 Markolf Hanefeld, M.D.,3 Lida A. Dekordi, M.D.,1 Jürgen Müller, 
M.Sc.,4 Iris Kleine, M.Sc.,5 Winfried Fuchs, M.D., Ph.D.,5 and Thomas Forst, M.D.1

Author Affiliations: 1IKFE–Institute for Clinical Research and Development, Mainz, Germany; 2University of Applied Sciences, Bingen, Germany; 
3GWT, Dresden, Germany; 4Acromion GmbH, Frechen, Germany; and 5Takeda Pharma GmbH, Aachen, Germany

Abbreviations: (ACE) angiotensin-converting enzyme, (ACT NOW) Actos Now for Prevention of Diabetes, (ANCOVA) analysis of covariance, 
(B) β-cell function, (DREAM) Diabetes REduction Assessment with ramipril and rosiglitazone Medication, (ELISA) enzyme-linked immunosorbent assay, 
(eNOS) endothelial nitric oxide synthase, (HbA1c) hemoglobin A1c, (HDL) high-density lipoprotein, (HOMA) homeostatic model assessment,  
(HOPE) Heart Outcomes Prevention Evaluation, (hs-CRP) high-sensitivity C-reactive protein, (IR) insulin resistance, (JUPITER) Justification for the 
Use of Statins in Primary Prevention: An Intervention Trial Evaluating Rosuvastatin, (LDL) low-density lipoprotein, (LOCF) last observation carried 
forward, (MAPK) mitogen-activated protein kinase, (MCP-1) macrophage chemoattractant protein-1, (MMP9) matrix metalloproteinase-9, (NO) 
nitric oxide, (OGTT) oral glucose tolerance test, (oxyLDL) oxidized low-density lipoprotein, (PIO) pioglitazone, (PIRA) pioglitazone+ramipril,  
(PPARγ) peroxisome proliferator-activated receptor-γ, (RAM) ramipril, (RAS) renin-angiotensin system, (S) insulin sensitivity, (SAE) serious adverse event, 
(SD) standard deviation

Keywords: cardiovascular pharmacology, clinical trial, hypertension, inflammation, pioglitazone

Corresponding Author: Andreas Pfützner, M.D., Ph.D., IKFE, Institute for Clinical Research and Development, Parcusstr. 8, D-55116 Mainz, Germany; 
email address andreasp@ikfe.de

 Journal of Diabetes Science and Technology
 Volume 5, Issue 4, July 2011
 © Diabetes Technology Society

Abstract

Aims:
This study investigated the effects of pioglitazone (PIO), ramipril (RAM), or their combination (PIRA) on low-grade 
inflammation in nondiabetic hypertensive patients with increased cardiovascular risk.

Methods and Results: 
Patients enrolled in this placebo-controlled, double-blind, randomized, parallel trial (72 male, 77 female, aged 
60 ± 9 years, body mass index 30.4 ± 4.7 kg/m², duration of hypertension 9 ± 8 years) were treated with either 
30/45 mg PIO (dose titration), 2.5/5 mg RAM, or their combination for 12 weeks. A reduction in high-sensitivity 
C-reactive protein was observed with PIO (-0.89 ± 1.98 mg/liter; -25%) and PIRA (-0.49 ± 2.11 mg/liter; -16%), 
while an increase was seen with RAM (0.58 ± 2.13 mg/liter; +20%, p < .05 vs PIO and PIRA). The 24-hour blood 
pressure profile showed a small increase with both monotherapies but a decrease with PIRA (p < .05 vs PIO). 
Improvements in biomarkers of chronic systemic inflammation and insulin resistance (IR) were observed in the PIO 
and PIRA arms only [PIO/RAM/PIRA: homeostasis model of assessment of IR: -0.78 ± 1.39 (-29%)/0.15 ± 1.03 (+5%)/ 
-1.44 ± 2.83 (-40%); adiponectin: 8.51 ± 5.91 (+104%)/ 0.09 ± 2.63 (+1%)/ 8.86 ± 6.37 mg/liter (+107%); matrix metallo-
proteinase-9: -48 ± 127 (-12%)/-1 ± 224 (0%)/-60 ± 210 ng/ml (-13%), p < .05 for RAM vs PIO or PIRA in all cases].

Conclusions: 
Our 3-month study in nondiabetic hypertensive patients showed a decrease in biomarkers of IR and chronic 
systemic inflammation with the PIO monotherapy and the PIRA combination only, which may help to explain 
some findings in other cardiovascular outcome trials.
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Introduction

Insulin resistance (IR) has been identified as a driving 
force for metabolic syndrome, impaired glucose tolerance, 
and diabetes mellitus,1 and has been considered as a 
treatment target in published guidelines.2 In concert with 
β-cell dysfunction and visceral adipogenesis, endothelial
and metabolic IR support a chronic systemic inflammation 
of the vasculature, which impairs the prognosis of the 
disease and contributes to the overall increased macro-
vascular risk of the affected patients.3 In cases of vascular 
IR, insulin binding to the endothelial receptor does not 
enhance the vasoprotective endothelial nitric oxide 
synthase (eNOS) activity but rather activates the mitogen-
activated protein kinase (MAPK) pathway resulting in 
cell proliferation and atherosclerosis.4

The increased insulin demands and the compensating 
increased insulin secretion by the β-cells support visceral 
lipid tissue growth when sufficient caloric uptake occurs.  
This in turn impairs IR and induces activation of 
monocytes/macrophages by means of a complex adipokine 
secretion pattern, including but not limited to multiple 
proinflammatory cytokines such as interleukin-6, tumor 
necrosis factor-α, and interferon-g.5,6 Further adipokines 
contributing to the well-known clinical symptoms of 
hypertension and dyslipidemia are angiotensin and  
free fatty acids.7,8 These mechanisms can be prevalent 
prior to development of hyperglycemia, which occurs 
when pancreatic compensation mechanisms fail, and 
needs to be understood as a symptom rather than as 
a cause of the disorder. Glucotoxicity, however, adds 
another contributing factor to the increasingly persistent 
vascular damage.9,10

In this context, patients with normoglycemic vascular 
IR and chronic systemic inflammation—also referred to 
as cardiodiabetes—have a particularly critical situation.  
The underlying metabolic disorder is not visible by 
measures of routine diagnostics, and treatment guidelines 
do not reflect the need for an effective IR therapy,  
e.g., by a peroxisome proliferator-activated receptor-g 
(PPARg) stimulation.

The importance of metabolic and vascular IR for the 
pathophysiology of the disease is underscored by the 
findings of a significantly delayed progression of patients 
with impaired glucose tolerance to overt diabetes when  
treated with pioglitazone in the Actos Now for Prevention  
of Diabetes (ACT NOW) study11 or rosiglitazone in the 
Diabetes Reduction Assessment with Ramipril and 

Rosiglitazone Medication (DREAM) trial.12 Even regression 
to normal glucose results was seen in a substantial number 
of patients in both trials. It has also been observed that 
drugs inhibiting the renin-angiotensin system (RAS) 
may prevent progression to diabetes in patients with 
cardiovascular disease or hypertension.13 In the DREAM 
trial,14 the angiotensin-converting enzyme (ACE) inhibitor 
ramipril had no significant effect on diabetes progression 
but significantly increased the number of patients with 
regression to normoglycemia.

In another study, we demonstrated that nondiabetic 
patients with vascular IR and dyslipidemia treated with 
pioglitazone therapy experience an overall reduction in the 
chronic systemic inflammation, which was significantly 
more pronounced than with an alternative simvastatin 
therapy.15 In this study, we investigated the effect of 
pioglitazone, ramipril, and their combination on chronic 
systemic inflammation in nondiabetic patients with 
hypertension.

Patients and Methods
This prospective, double-blind, randomized, parallel, 
multicenter trial was performed in accordance with all 
applicable ethical and regulatory standards as set forth 
by the Declaration of Helsinki, the Guidelines for Good 
Clinical Practice, and local German clinical trial regulations. 
The study was approved by the responsible ethics 
committee, and patients signed informed consent prior 
to any study procedure. Patients could be included if they 
presented with the following criteria: arterial hypertension, 
age 30–75 years, stable treatment with an ACE inhibitor 
for at least 12 weeks, and a high-sensitivity C-reactive 
protein (hs-CRP) value of ≥1.0 mg/liter and <10.0 mg/liter. 
Exclusion criteria were type 1 or type 2 diabetes mellitus, 
other chronic inflammatory diseases causing elevated 
CRP values, uncontrolled hypertension (>180/100 mm Hg), 
persistent systolic hypotension (<90 mm Hg), drug or 
alcohol abuse, progressive fatal disease, pregnancy or 
breastfeeding, and significant cardiovascular, respiratory, 
hepatic, renal, or hematological disease.

Study Objectives and Design
The primary objective of the study was to compare 
the effects of three therapies (1) pioglitazone (PIO), 
(2) ramipril (RAM), and (3) combination PIO and 
RAM (PIRA) on biomarkers of low-grade systemic 
inflammation and vascular function in patients with 
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increased cardiovascular risk versus the effects of or a 
combination of both. The primary efficacy variable was the 
change of the hs-CRP value after 12 weeks of treatment 
as compared to baseline. Secondary study objectives 
were the influence of the applied treatments on other 
laboratory parameters of inflammation and vascular  
function [macrophage chemoattractant protein-1 (MCP-1), 
matrix metalloproteinase-9 (MMP-9), P-selectin], measures 
of glucose metabolism, β-cell function, and IR [fasting 
glucose, fasting insulin, hemoglobin A1c (HbA1c), intact 
proinsulin, C-peptide, homeostatic model assessment of 
insulin sensitivity (HOMA-S), adiponectin], and lipid 
metabolism [high-density lipoprotein (HDL), low-density 
lipoprotein (LDL), oxidized low-density lipoprotein 
(oxyLDL), total cholesterol, triglycerides]. In addition,  
a 24-hour blood pressure profile was evaluated at 
baseline and at the end of therapy after 12 weeks.  
Safety was assessed by documenting the incidence of 
adverse events, changes in biochemical safety parameters, 
and drop-out numbers.

After screening, each patient eligible for the study received 
the next consecutive randomization/patient number from 
a block of randomization numbers per site. They were 
randomized to start any of the three treatment arms 
with a 2-week titration phase followed by 10 weeks of 
full-dose treatment: PIO: pioglitazone hydrochloride 
(15/30 mg) + placebo; RAM: ramipril (2.5/5 mg) + placebo; 
PIRA: pioglitazone hydrochloride (15/30 mg) + ramipril 
(2.5/5 mg). After 2 weeks, all patients were to be on 
the highest dose of the respective study drug(s) and 
no down titration was possible until the end of the 
observation period. Any existing stable ACE-inhibitor  
therapy was stopped and replaced by the study drugs on 
this occasion. At baseline and endpoint, an oral glucose 
tolerance test (OGTT) was performed to evaluate the 
diabetes status of the investigated population.

Laboratory Measurements
Blood samples were immediately centrifuged, and plasma 
and serum samples were kept at -20 °C until laboratory 
testing. Hs-CRP was measured by turbidimetry and lipids 
(total cholesterol, LDL, HDL, triglycerides) were measured 
by means of standard dry chemistry methods (both 
testings; Olympus System Reagent, Olympus Diagnostica, 
Hamburg, Germany). HbA1c was determined by means 
of high performance liquid chromatography (Adams 
TMA1C HA-8160, Menarini Diagnostics, Florence, Italy). 
Glucose was measured by using a standard glucose 
oxidase reference method (Super GL, Ruhrtal Labor 
Technik, Delecke-Möhnesee, Germany). Fasting serum  
insulin was determined by means of chemiluminescence 

(MLT Insulin Assay, Invitron, Monmouth, UK). 
Intact proinsulin was assessed by enzyme-linked 
immunosorbent assay (ELISA) (TECOmedical, Heidelberg, 
Germany). A radioimmunoassay was used to determine 
total adiponectin levels (Millipore, St. Charles, MO). 
ELISAs from R&D Systems (Wiesbaden, Germany)  
were used for the determination of P-selectin, MMP-9, 
and MCP-1.

Insulin resistance (HOMA-IR) and β-cell function 
(HOMA-B) were calculated from the fasting insulin and 
glucose values using homeostasis model assessment 
analysis [HOMA-IR score = insulin (mU/liter) × glucose 
(mmol/liter)/22.5,16 with values >2 classified as insulin 
resistant;17 β-cell function was calculated by the same 
methodology: HOMA-B = insulin (mU/liter) × 20/glucose 
(mmol/liter) – 3.5].16

Statistical Analysis
Based on other study results with PIO and RAM, it was 
calculated that 40 patients per treatment arm would 
provide 80% power (type II error rate of b = 0.20) to 
detect an effect size [i.e., the ratio between the difference  
in means and the common standard deviation (SD)] of 
0.634 using a two-group t-test with a type I error rate 
of a = 0.05 (two-sided). As it was expected that about 
16% of the randomized patients would not be available 
for the full analysis set, a total of 144 patients (i.e., 48 per 
treatment group) had to be randomized in order to achieve 
at least 120 evaluable patients for the efficacy analyses.

All analyses with respect to safety and tolerance were 
performed for all patients treated. All efficacy analyses 
were carried out for the full analysis set, which consisted 
of all patients who had a baseline value for hs-CRP  
<10 mg/liter and at least one postbaseline assessment 
for hs-CRP ≤10 mg/liter. Patients with hs-CRP values  
>10 mg/liter were excluded from the analysis, as these 
values may indicate an unspecific inflammation 
independent from any chronic systemic vascular inflam-
mation.18 Patients who terminated treatment before the 
end of week 12 were considered with their individual 
last value under study medication [last observation carried 
forward (LOCF) method]. Missing baseline hs-CRP levels 
were not replaced. The absolute values and percentage 
changes from baseline were presented after 12 weeks of 
treatment including titration period. All analyses were 
performed in an exploratory sense with appropriate 
parametrical and nonparametrical methods. The hs-CRP 
and the other efficacy parameters were evaluated using 
descriptive statistics primarily with adequate methods 
for continuous or categorical variables (absolute values 
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for each time of documentation and, if appropriate, changes 
from baseline). In addition, two-sided 95% confidence 
intervals and two-sided p values for within- and between-
group treatment differences were calculated for the 
absolute change from baseline, considering an analysis 
of covariance (ANCOVA) model with the fixed effect factors 
for treatment group and center and with the baseline 
value as covariate. P values <.05 were considered to be 
statistically significant.

Results
Out of 440 patients screened initially, 172 were randomized 
and treated (safety analysis set, 62 in PIO monotherapy 
vs 53 in RAM monotherapy vs 57 in PIRA combination 
therapy). A total of 46 patients (26.7%; 20 vs 15 vs 11) 
discontinued the study prematurely. The main reasons 
for termination were adverse events (n = 22, 8 vs 7 vs 7), 
uncontrolled hypertension (n = 15; 5 vs 7 vs 3), or patient 
decision (n = 6, 3 vs 2 vs 1). Patient allocation is shown 
in Figure 1 and patient characteristics of the full analysis 

set of 149 patients are provided in Table 1. According to 
the study documentation, the mean compliance could be 
calculated between 97.0 and 98.5% for the vast majority 
of the patients, i.e., nearly all treated patients in this study 
took two tablets of study medication daily, as planned, 
for about 12 weeks.

The results of OGTTs performed at baseline and endpoint 
are provided in Figure 2. Results indicate that the 
overall majority of the patient cohort was normoglycemic 
throughout the investigation and had no indication of 
overt diabetes.

The primary efficacy parameter, mean absolute change of 
hs-CRP values after 12 weeks of treatment as compared 
to baseline, was -0.89 ± 1.98 (-0.50) mg/liter for PIO mono-
therapy (p = .0237), 0.58 ± 2.13 (0.23) mg/liter for RAM 
monotherapy (p = .1382), and -0.49 ± 2.11 (-0.60) mg/liter 
for PIRA therapy (p = .0652). A decrease of hs-CRP was 
observed in 36/52 (69.2%) PIO monotherapy patients vs 
20/44 (45.5%) RAM monotherapy patients vs 35/53 (66.0%) 

Figure 1. Patient allocation during the study.
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Table 1.
Patient Characteristics at Baseline. Values Are Given as Mean ± SD or as Absolute Percentage 

Parameter Total PIO RAM PIRA

n 149 52 44 53

Gender (male/female) 72/77 22/30 25/19 25/28

Age (years) 60 ± 9 60 ± 9 61 ± 9 60 ± 8

Body mass index (kg/m²) 30.4 ± 4.7 29.9 ± 4.6 30.5 ± 4.3 30.8 ± 5.1

Duration of hypertension (years) 9.4 ± 8.4 8.9 ± 7.7 10.8 ± 10.1 8.6 ± 7.4

Smoker 20 (13.4%) 6 (11.5%) 6 (13.6%) 8 (15.1%)

Blood pressure (mm Hg)
Systolic
Diastolic

128 ± 11
78 ± 8

128 ± 11
78 ± 9

129 ± 12
76 ± 8

128 ± 10
79 ± 7

RAS inhibitors 
Ramipril

100%
42.3%

100%
36.5%

100%
40.9%

100%
49.1%

β-blockers 36.2% 34.6% 38.6% 35.8%

Diuretics 22.8% 21.2% 18.2% 28.3%

Calcium channel blockers 21.5% 23.1% 25.0% 17.0%

Centrally acting antihypertensives 7.4% 7.7% 9.1% 5.7%

Antilipidemic treatment

Statins 19.5% 17.3% 20.5% 20.8%

Ezetimibe 2.0% 0% 4.5% 1.9%

Figure 2. Classification of patients in the three treatment arms by means 
of the oral glucose tolerance tests at baseline and endpoint.

PIRA patients. The changes were significantly different 
between the groups for PIO vs RAM and PIRA vs RAM  
(p < .05). The percentage reduction in hs-CRP levels in 
each treatment group is displayed in Figure 3.

Also, comprehensive changes were seen in many of the 
secondary efficacy parameters. The baseline and endpoint 
values of these observation parameters are provided in 

Figure 3. Percentage change in mean hs-CRP from baseline to endpoint 
in the three treatment arms.

Table 2 and the percentage changes from baseline in 
Figure 4. Insulin resistance as assessed by the HOMA-IR 
score improved only with PIO monotherapy and with 
PIRA combination therapy, whereas an impairment was 
seen with RAM monotherapy (p < .001 vs the two other 
groups). A comparable pattern of changes from baseline 
that partly reached statistical significance between the 
groups was also seen for MMP-9, (PIO vs RAM: p < .05), 
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Table 2.
Primary and Secondary Efficacy Parameters at Baseline and Endpoint for the Entire Study Population  
(n = 149; Values Are Given as Mean ± SD)

Parameter Weeks
PIO; n = 52 RAM; n = 44 PIRA; n = 53

Mean ± SD Mean ± SD Mean ± SD

hs-CRP (mg/liter) 
0
12

3.54 ± 2.54
2.65 ± 2.02a,d

2.90 ± 2.26
3.47 ± 2.62

2.98 ± 2.15
2.50 ± 1.98a

HbA1c (%)
0
12

5.4 ± 0.3
5.4 ± 0.3

5.6 ± 0.4
5.6 ± 0.6

5.5 ± 0.4
5.4 ± 0.3

HOMA-IR (mU x mmol/liter²)
0
12

2.71 ± 1.75
1.93 ± 1.37a 

2.98 ± 1.45
3.13 ± 1.61d

3.61 ± 3.10
2.17 ± 1.65a

HOMA-B (mU/mmol)
0
12

111 ± 83
86 ± 57a,d

109 ± 48
114 ± 62d

142 ± 122
99 ± 69a,d

Fasting insulin (µU/ml)
0
12

10.7 ± 6.6
7.9 ± 5.4a

11.6 ± 5.1
12.0 ± 5.9d

14.3 ± 12.2
8.9 ± 6.5a

Fasting glucose (mg/dl)
0
12

100 ± 11
97 ± 8b 

103 ± 12
105 ± 13d

101 ± 11
98 ± 11a

2-hour OGTT glucose (mg/dl)
0
12

119 ± 33
111 ± 41

132 ± 41
130 ± 43

123 ± 34
111 ± 31

Triglycerides (mg/dl)
0
12

136 ± 69
122 ± 79b 

135 ± 65
135 ± 69

132 ± 75
123 ± 51

Total cholesterol (mg/dl)
0
12

189 ± 30
189 ± 31

183 ± 35
184 ± 32

194 ± 34
197 ± 37

LDL cholesterol (mg/dl)
0
12

138 ± 29
135 ± 30

137 ± 31
104 ± 34

144 ± 40
145 ± 38

HDL cholesterol (mg/dl)
0
12

53 ± 12
54 ± 12

51 ± 11
50 ± 10d

52 ± 11
54 ± 12

MCP-1 (pg/ml)
0
12

457 ± 103
443 ± 106

514 ± 127
507 ± 122 

436 ± 129
429 ± 105

MMP-9 (ng/ml)
0
12

388 ± 180
340 ± 141b

432 ± 201
430 ± 237

461 ± 242
401 ± 215

P-selectin (ng/ml)
0
12

143 ± 52
135 ± 51

139 ± 62
140 ± 56

135 ± 48
140 ± 57

Adiponectin (mg/l)
0
12

8.2 ± 5.0
16.8 ± 8.2a,d

8.7 ± 6.5
8.8 ± 5.8d

8.3 ± 5.2
17.1 ± 8.2a,d

24-hour systolic blood pressure 
(mm Hg)

0
12

128 ± 11
135 ± 12c,d

129 ± 12
131 ± 13

128 ± 10
128 ± 11c,d

24-hour diastolic blood pressure 
(mm Hg)

0
12

78 ± 9
81 ± 9c,d

76 ± 8
77 ± 8

79 ± 7
77 ± 7c,d

24-hour heart rate (beats/min)
0
12

70 ± 9
71 ± 9

70 ± 9
69 ± 10

70 ± 11
73 ± 9

Nocturnal systolic blood pressure 
decrease (mm Hg)

0
12

12.1 ± 6.9
12.6 ± 6.6

12.0 ± 6.8
11.2 ± 5.4

11.8 ± 6.8
11.2 ± 5.3

Nocturnal diastolic blood pressure 
decrease (mm Hg)

0
12

14.1 ± 8.5
13.8 ± 7.2

14.4 ± 8.3
15.0 ± 6.4

14.2 ± 7.6
15.0 ± 6.4

a p < .05 for PIO vs RAM and RAM vs PIRA
b p < .05 for PIO vs RAM
c p < .05 for PIO vs PIRA
d p < .05 vs baseline 

triglycerides (PIO vs RAM: p < .05), HDL-cholesterol, 
(RAM vs PIRA: p = .0573), LDL-cholesterol (not significant), 
and adiponectin (PIO or PIRA vs RAM: p < .001). There were 

differences among the groups with regard to glucose 
metabolism in several patients. Therefore, these analyses 
were repeated exclusively with patients showing no glucose 
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deterioration during the entire study. They were similar 
to those obtained with the entire study population for 
all observation parameters, but some differences were not 
statistically significant because of the smaller sample size.

Changes in the 24-hour blood pressure profile revealed 
increases in mean systolic blood pressure and mean 
diastolic blood pressure in the PIO and RAM groups, 
whereas a slight decrease occurred in the PIRA treatment 
group. These within-group differences were statistically 
significant for the PIO and PIRA groups. Furthermore, 
the between-group difference for PIO monotherapy vs 
PIRA combination therapy was statistically significant for 
both mean systolic (p = .0048) and mean diastolic (p = .0026) 
blood pressures. The remaining within- and between-
group comparisons did not show clinically relevant or 
statistically significant differences. There were no major 
differences within and/or between the groups regarding 
the dynamics of nocturnal blood pressure changes.

Both drugs were well tolerated. Body weight only increased 
to a minor extent (+0.5 kg) with PIO in both groups (PIO 
and PIRA) and remained stable with RAM. There were 
no significant differences between the groups at baseline 
or endpoint. Adverse events were documented in 134/172 
(77.9%; 54 in PIO vs 39 in RAM vs 41 in PIRA) patients, 
showing 359 (147 vs 99 vs 113) single events classified 
as treatment adverse events. Most frequently reported 
events were nasopharyngitis in 30/172 patients (17.4%; 
9 vs 9 vs 12), headache in 24 (14.0%; 12 vs 3 vs 9), 
hypertension in 17 (9.9%; 7 vs 5 vs 5), peripheral edema 
in 15 (8.7%; 10 vs 2 vs 3), arteriosclerosis (symptoms of 
peripheral occlusive artery disease or angina) in 11 (6.4%;  
3 vs 5 vs 3), upper abdominal pain in 9 (5.2%; 4 vs 3 vs 2), 
and hypertensive crisis in 7 patients (4.1%; 2 vs 4 vs 1).

The events were predominantly classified to be nonserious 
and mild or moderate in nature (344/359; 141 vs 98 vs 105).  
In 7/172 patients (4.1%; 3 vs 1 vs 3), a total number of 15  
(6 vs 1 vs 8) events were classified as serious adverse 
events (SAE), mainly due to hospitalization. All SAEs were 
described as isolated episodes except for hypertensive 
crisis (2  patients). The SAEs were allocated to injuries in 
3 patients (2 vs 0 vs 1), to musculoskeletal and vascular  
disorders in 2 patients each (0 vs 1 vs 1 and 1 vs 0 vs 1, 
respectively), and to gastrointestinal, general, and nervous 
system disorders in 1 patient each (all PIRA). In 2 patients 
(RAM and PIRA), the documented SAEs (arthralgia and 
malaise/loss of consciousness/subdural hematoma, 
respectively) were rated as possibly related to study drug 
administration. There were no cases of coughing reported 
as adverse events in the study.

Discussion
Metabolic syndrome is associated with an increase in 
cardiovascular complications. Disturbances in insulin 
efficacy and insulin secretion are major features of 
metabolic syndrome and might precede the development 
of diabetes mellitus by decades. Investigations have 
highlighted the link between disturbances in insulin 
physiology and subsequent mechanisms of atherosclerosis. 
Insulin resistance is an early feature of increasing 
visceral adipose tissue and is directly associated with 
the activation of a couple of atherogenic pathways. 
Independent from metabolic IR, vascular IR may have 
deleterious effects, including a further increase in chronic 
systemic inflammation and the activation of the MAPK 
pathway, accelerating the atherogenic process.4

These circumstances may explain the glucose-independent 
antiinflammatory effects of PPARg-activation by PIO or 
RAM, which have been demonstrated in numerous 
clinical trials targeting all kinds of clinical and biochemical 
surrogate markers of cardiovascular risk, including 
carotid intima media thickness,19–21 plaque volume,22 
hs-CRP,23–26 and MMP-927. In the PROactive study,28–30 
these effects resulted in significant and clinically meaning-
ful reductions in several secondary outcome measures 
such as macrovascular death, reinfarction, and restroke. 
In our opinion, these results support the use of PIO for 
treatment of systemic vascular inflammation early on 
in the development of cardiometabolic syndrome with all 
its different phenotypes and clinical pictures, including 
patients without overt diabetes.

Figure 4. Percentage changes of major secondary efficacy parameters 
from baseline to endpoint in three treatment arms.
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Clearly, we did not consider PIO to be an antihypertensive 
drug. The expected improvement in vascular IR and the 
antiinflammmatory effects of PIO led us to investigate  
the use of this drug in normoglycemic patients with 
elevated chronic systemic inflammation and hypertension. 
In another investigation (PIOstat),15,31 we treated normo-
glycemic patients with vascular IR and increased 
macrovascular risk because of dyslipidemia with PIO, 
simvastatin, or their combination and were able to 
demonstrate a significantly more pronounced effect of 
PIO on biomarkers of cardiovascular risk as compared 
to simvastatin. A synergistic effect was observed when 
both drugs were given in combination. In this trial, we 
used a comparable protocol to investigate the effects of 
PIO and RAM in nondiabetic patients with increased 
cardiovascular risk because of hypertension. Again, the 
treatment groups with PIO showed the best outcome 
regarding the changes in surrogate biomarkers of cardio-
vascular and metabolic risk. While RAM in a 5-mg dose 
alone did not significantly influence the macrovascular or 
metabolic risk profile, addition of the PPARg agonist PIO 
altered the outcome after 3 months in the same direction 
as PIO monotherapy alone. There were some differences 
regarding glycemic control in the investigated patient 
population but repeating the analysis only with patients 
showing no glycemic deterioration (e.g., impaired glucose 
tolerance or overt diabetes) during the entire observation 
period resulted in similar changes of the observation 
parameters compared to those seen in the total study 
cohort. In the Heart Outcomes Prevention Evaluation 
(HOPE) study,13 RAM significantly reduced the rates of 
death, myocardial infarction, and stroke in a broad range 
of high-risk patients with and without diabetes after  
5 years of therapy. However, in the HOPE study, RAM 
was used at a concentration of 10 mg/day as compared to 
the 5 mg/day investigated in our trial. In HOPE,32 RAM 
treatment also appeared to have a delaying effect on the 
progression of impaired glucose tolerance to overt type 2 
diabetes mellitus. However, when RAM was tested and 
compared over 4 years with rosiglitazone in the DREAM 
trial with a 2×2 facultative study design, none of these 
effects could be confirmed in a patient population with 
impaired glucose tolerance.14 On the other hand, both 
rosiglitazone and PIO have demonstrated an impressive 
efficacy in delaying diabetes progression and even 
driving regression to normoglycemia in a considerable 
number of patients with impaired glucose tolerance in 
the DREAM study12 and the ACT NOW trial11, respectively. 
Based on the findings of our trial, which demonstrated 
no improvement of cardiovascular and metabolic risk 
markers by RAM, it can be speculated that the findings 

in the placebo-controlled HOPE study can be attributed 
to the higher RAM dose with better hypertension control. 
In addition, the groups were not entirely comparable 
and the antihypertensive effects of RAM may be more 
important for risk reduction in patients with a more 
advanced cardiovascular disease and hypertension than 
in a population with a moderate risk profile such as in  
this study.

There was a slight increase of blood pressure with PIO 
and stable blood pressure with RAM monotherapy in 
this trial, as RAM is an antihypertensive drug and PIO 
has consistently shown antihypertensive effects in many 
other trials.33–36 However, a replacement of the stable 
antihypertensive pretreatment with ACE inhibitors by 
the respective study medication took place at the time 
of randomization. There was no wash-out period of the 
previous ACE inhibitor, as hypertension control was not 
the primary objective of this trial; we wanted to avoid 
any hypertensive situation because of a potentially 
delayed onset of antihypertensive effects with PIO. 
Hypertension is clearly not the primary indication for 
use of PIO, and RAM may not have been dosed high 
enough to further improve blood pressure. This explains 
the findings on hypertension control with both drugs 
when given as monotherapy. The combination of PIO and  
RAM, however, was able to maintain and improve the 
hypertension control in comparison to the two mono-
therapy arms, most likely because of synergistic effects 
on blood pressure.

About a third of all patients with essential hypertension 
reveal an impaired circadian pattern of blood pressure. 
This phenomenon, called non-dipping (i.e., a lack of 
normal nocturnal fall in blood pressure), is related to 
a higher incidence of end-organ damage such as left 
ventricular hypertrophy and may worsen the prognosis 
of hypertensive subjects.37,38 PIO has been described to 
reverse this situation.33,35 Although not reaching the level 
of statistical significance, this was also indicated by an 
improvement in the nocturnal decrease in systolic blood 
pressure in our present trial. However, there was no 
significant difference regarding the number of patients 
affected by these changes (e.g., switching from dipper 
to nondipper or vice versa) between the groups in  
this study.

Our 12-week treatment with PIO in nondiabetic hyper-
tensive patients with increased cardiovascular risk 
and activated inflammation clearly showed a decrease 
of more than 15% in mean hs-CRP within the studied 
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period for both PIO monotherapy and PIRA combination 
therapy groups. In terms of safety, the study did not 
reveal any potentially new or unexpected signs or 
symptoms allocated to the study drugs in comparison 
to the known range of thiazolidinedione- and/or ACE-
inhibitor-specific adverse reactions. Observations such 
as hypotension, peripheral edema, headache, dizziness, 
and gastrointestinal problems are consistent with the 
expected adverse event profiles of the drugs used. 
In contrast, findings such as anxiety, nervousness, 
hyperhidrosis, diabetes, and general indisposition can 
be rated as usual for a clinical trial considering a patient 
collective with an increased cardiovascular risk.

Both groups with PIO offer clearly positive results in 
terms of several established clinical and laboratory 
markers for cardiovascular diseases and risk factors. 
Obvious beneficial influences in terms of pleiotropic effects 
were observed for the parameters of inflammation and 
vascular function (hs-CRP, MCP-1, MMP-9), glucose 
tolerance/insulin sensitivity (glucose, insulin, adiponectin, 
HOMA-S, HOMA-B), and lipid metabolism (HDL, LDL, 
triglycerides, adiponectin). Many of the observed effects 
were statistically significant versus RAM monotherapy 
for the primary pooled-center analysis on hs-CRP, as well 
as for the per-protocol evaluation.

In our other investigation with normoglycemic patients, 
vascular IR, and dyslipidemia (PIOstat study),15,31 we 
demonstrated the importance of IR therapy for reduction of 
chronic systemic inflammation, which was independent 
from applied antilipidemic simvastatin therapy. In the 
PIOstat study, simvastatin lowered hs-CRP by 16% and  
PIO by 30%. The combination of both showed a synergistic 
effect with a 44% lowering of hs-CRP. Stronger statins 
such as atorvastatin or rosuvastatin have shown stronger 
hs-CRP-lowering effects that reach reductions similar  
to what we report herein and in other trials for PIO.  
In the Justification for the Use of Statins in Primary 
Prevention: An Intervention Trial Evaluating Rosuvastatin 
(JUPITER) trial,39 rosuvastatin lowered hs-CRP by 37% 
in 12 months, which was associated with substantial 
reduction in cardiovascular events. In this context, the 
combination of drugs with antiinflammatory effects 
via different mechanisms of action may help generate 
attractive hypotheses for further clinical studies.

In this article, we now confirm these findings also 
for elevated blood pressure, where PIO also has an 
additional benefit on hypertension and chronic systemic 
inflammation in comparison to antihypertensive therapy 
with RAM alone. If these results are confirmed in 

further studies, PIO may be a suitable addition to 
antihypertensive therapy with ACE inhibitors in patients 
with vascular IR and increased chronic systemic inflam-
mation, as shown, e.g., by hs-CRP levels indicating 
a moderate to high cardiovascular risk (1–10 mg/dl).  
In any case, our results underscore the benefit of an  
early IR treatment in this patient population at high risk 
for macrovascular disease.
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