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ABSTRACT
Background and Objectives: Non-statin therapy plus lower intensity statin might be an 
alternative in patients with coronary artery disease (CAD). A recent data suggested an 
anti-inflammatory therapy can reduce recurrent cardiovascular events and pioglitazone is 
also an intriguing inflammatory-modulating agent. However, limited data exist on whether 
pioglitazone on top of statins further attenuates plaque inflammation.
Methods: Statin-naïve patients with stable CAD and carotid plaques of ≥3 mm were randomly 
prescribed moderate dose atorvastatin (20 mg/day), or moderate dose atorvastatin plus 
pioglitazone (30 mg/day) for 3 months. The primary endpoint was the change in the arterial 
inflammation of the carotid artery measured by 18F-fluorodeoxyglucose positron emission 
tomography/computed tomography (18F-FDG-PET/CT) during 3 months.
Results: Of the 41 randomized patients, 33 underwent an evaluation by fluorodeoxyglucose 
positron emission tomography/computed tomography (FDG-PET/CT; 17 atorvastatin 
plus pioglitazone and 16 atorvastatin patients). The addition of pioglitazone significantly 
improved the insulin sensitivity and increased the high-density lipoprotein cholesterol after 
3 months. Although a reduction in the (FDG) uptake by pioglitazone on top of atorvastatin 
in carotid arteries with plaque showed marginally statistical significance in the entire patient 
group (atorvastatin plus pioglitazone; −0.10±0.07 and atorvastatin −0.06±0.04, p=0.058), 
pioglitazone showed a further reduction of the fluorodeoxyglucose (FDG) uptake among 
patients who had a baseline FDG uptake above the median (atorvastatin plus pioglitazone; 
−0.14±0.04 and atorvastatin −0.03±0.03, p<0.001).
Conclusions: Pioglitazone demonstrated marginally significant anti-inflammatory effects in 
addition to moderate dose atorvastatin. This may have been due to the lack of power of the 
study. However, pioglitazone may have an anti-inflammatory effect in those patients with 
high plaque inflammation (Trial registry at ClinicalTrials.gov, NCT01341730).

Keywords: Atherosclerosis; Positron emission tomography computed tomography; Carotid 
stenosis; PPAR gamma; Hydroxymethylglutaryl-CoA reductase inhibitors

Korean Circ J. 2018 Jul;48(7):591-601
https://doi.org/10.4070/kcj.2017.0029
pISSN 1738-5520·eISSN 1738-5555

Original Article

Received: Sep 16, 2017
Revised: Feb 18, 2018
Accepted: Mar 14, 2018

Correspondence to
Ki-Bae Seung, MD
Department of Cardiology, The Catholic 
University of Korea College of Medicine, 222, 
Banpo-daero, Seocho-gu, Seoul 06951, Korea.
E-mail: kbseung@catholic.ac.kr

Copyright © 2018. The Korean Society of 
Cardiology
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted noncommercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Eun Ho Choo 
https://orcid.org/0000-0003-3166-3176
Eun-Ji Han 
https://orcid.org/0000-0002-9041-9977
Chan Joon Kim 
https://orcid.org/0000-0003-2929-8325
Sung-Hoon Kim 
https://orcid.org/0000-0002-0457-5309
Joo-Hyun O 
https://orcid.org/0000-0002-6568-5915
Kiyuk Chang 
https://orcid.org/0000-0003-3456-8705

Eun Ho Choo , MD1, Eun-Ji Han , MD2, Chan Joon Kim , MD1,  
Sung-Hoon Kim , MD2, Joo-Hyun O , MD2, Kiyuk Chang , MD2, and  
Ki-Bae Seung , MD1

1Department of Cardiology, The Catholic University of Korea College of Medicine, Seoul, Korea
2Department of Radiology, The Catholic University of Korea College of Medicine, Seoul, Korea

Effect of Pioglitazone in Combination 
with Moderate Dose Statin on 
Atherosclerotic Inflammation: 
Randomized Controlled Clinical Trial 
Using Serial FDG-PET/CT

https://e-kcj.org
http://clinicaltrials.gov/ct2/show/NCT01341730
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0000-0003-3166-3176
https://orcid.org/0000-0003-3166-3176
https://orcid.org/0000-0002-9041-9977
https://orcid.org/0000-0002-9041-9977
https://orcid.org/0000-0003-2929-8325
https://orcid.org/0000-0003-2929-8325
https://orcid.org/0000-0002-0457-5309
https://orcid.org/0000-0002-0457-5309
https://orcid.org/0000-0002-6568-5915
https://orcid.org/0000-0002-6568-5915
https://orcid.org/0000-0003-3456-8705
https://orcid.org/0000-0003-3456-8705
https://orcid.org/0000-0003-3166-3176
https://orcid.org/0000-0002-9041-9977
https://orcid.org/0000-0003-2929-8325
https://orcid.org/0000-0002-0457-5309
https://orcid.org/0000-0002-6568-5915
https://orcid.org/0000-0003-3456-8705
https://orcid.org/0000-0002-6255-7336
http://crossmark.crossref.org/dialog/?doi=10.4070/kcj.2017.0029&domain=pdf&date_stamp=2018-03-22


Ki-Bae Seung 
https://orcid.org/0000-0002-6255-7336

Funding
This study was supported by a grant of the 
Korean Health Technology R&D Project, 
Ministry of Health, Welfare & Family Affairs, 
and the Republic of Korea (A070001).

Conflict of Interest
The authors have no financial conflicts of 
interest.

Author Contributions
Conceptualization: Seung KB, Chang K; Data 
curation: O JH; Formal analysis: Choo EH, 
Han EJ, O JH; Funding acquisition: Seung 
KB; Investigation: Choo EH, Han EJ, Kim CJ, 
O JH, Chang K; Methodology: O JH; Project 
administration: Kim SH; Resources: Kim SH; 
Supervision: Seung KB, Chang K; Validation: 
Chang K; Writing - original draft: Choo EH, 
Chang K; Writing - review & editing: Choo EH, 
Chang K.

INTRODUCTION

Clinical benefits of lipid-lowering with statins are well established. Randomized clinical 
trials have shown that intensive lipid-lowering results in the reduction of cardiovascular (CV) 
events in patients with stable coronary artery disease (CAD).1)2) Despite this high-quality 
evidence of superior effectiveness, high-dose statin therapy is reluctantly prescribed,3) which 
may be explained by concern about high-dose statins causing higher rates of side-effects, 
such as myalgia, transaminitis, and developing diabetes mellitus.1)2)4) Non-statin treatments 
in addition to a moderate dose of statin can be another option in such patients.5)

However, all non-statin treatments are focused on additional lipid-lowering effects beyond 
statin. Interestingly, a recent data suggested that anti-inflammatory treatment can also reduce 
the recurrent CV events on top of statin treatment.6) Although it is used as an anti-diabetic 
agent, pioglitazone, a peroxisome proliferator-activated receptor (PPAR)-γ agonist, is also 
a promising inflammation modulator, which may reduce the rate of CV death, myocardial 
infarctions, and strokes among patients with diabetes7)8) and with insulin resistance.9) 
Pioglitazone successfully retards an increase in the carotid intima-media thickness in patients 
with diabetes10)11) and attenuates plaque inflammation in insulin-resistant patients.12) Even in 
non-diabetic patients, pioglitazone shows an additive anti-inflammatory effect to statins.13)14) 
However, data are limited regarding whether pioglitazone further reduces plaque inflammation 
when combined with moderate dose statins in stable CAD patients with or without diabetes.

18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG-PET/
CT) imaging permits the noninvasive measurement of arterial plaque inflammation and 
successfully monitors alterations following therapy.15)16) Accordingly, we employed serial 
fluorodeoxyglucose positron emission tomography/computed tomography (FDG-PET/CT) 
imaging to address whether pioglitazone further reduced plaque inflammation in patients 
with stable CAD taking moderate dose statin.

METHODS

Design and subjects
This study was a prospective, open-labeled, randomized controlled single-center trial that 
evaluated the anti-inflammatory effects of atorvastatin treatment on an arterial plaque in the 
presence or absence of pioglitazone. Statin-naïve patients with angiographically significant 
stable CAD were imaged with serial FDG-PET/CT to assess the plaque inflammation in the 
carotid arteries and thoracic aorta. The study protocol was approved by the Institutional 
Review Board of Seoul St. Mary's Hospital (approval number: KC09MISV0195). This trial 
is registered with ClinicalTrials.gov, number NCT01341730. All subjects provided written 
informed consent.

Patients who underwent percutaneous coronary intervention due to stable CAD and had 
non-calcified atherosclerotic plaques of ≥3 mm in their carotid arteries identified via 
ultrasound examinations were eligible for this study. We excluded patients with any one of 
the following conditions: patients with acute coronary syndrome, statin or thiazolidinedione 
therapy within 4 weeks prior to the study, elevated liver function enzyme levels, significant 
renal dysfunction, congestive heart failure, less than 18 years of age, or pregnancy. After 
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enrollment, all patients immediately underwent a baseline FDG-PET/CT, were randomized to 
treatment groups and underwent a second FDG-PET/CT after 3 months.

Study treatment
Eligible patients were randomized 1:1 to the atorvastatin (20 mg/day), or atorvastatin (20 
mg/day) plus pioglitazone (30 mg/day) groups for 3 months using a computer-generated 
code after the baseline FDG-PET/CT scanning. Because atorvastatin and pioglitazone exert 
their greatest effects after 1 month,17)18) we administered atorvastatin and pioglitazone for 3 
months. All medications, including anti-diabetic medications, anti-platelet agents, and anti-
hypertensive medications, which were taken by the patients prior to the baseline FDG-PET/
CT scanning, were continued.

18F-FDG-PET/CT analyses
FDG-PET/CT images were visually evaluated for the presence of an abnormal 
fluorodeoxyglucose (FDG) uptake in the bilateral carotid arteries and ascending aorta. 
Next, the FDG uptake in the arterial plaques was quantified by measuring the maximum 
standardized uptake values (SUVs) corrected for the body weight. The SUV was calculated 
using the pixel activity value within the region of interest (ROI) placed on the entire 
vasculature obtained from consecutive co-registered transaxial FDG-PET and contrast-
enhanced computed tomography (CT) images. The SUV was the highest value of the pixel 
activity within the ROI of every vessel. The SUVs were measured along the carotid arteries 
and ascending aorta at 5 mm intervals in an axial orientation. The arterial SUV scores were 
derived by averaging the SUVs for all slices within the arterial territories. The arterial target-
to-background ratio (TBR) was then calculated by dividing the arterial SUV score by the 
blood SUV (background) to produce a blood-corrected artery SUV. Two nuclear medicine 
physicians blinded to the treatment groups made the FDG uptake measurements, and the 2 
measurements were averaged.

Study outcomes
The primary endpoints were comparing the absolute changes in the TBR within an index 
vessel between atorvastatin and atorvastatin plus pioglitazone during the 3 months of 
treatment. An index vessel was defined as a carotid artery with plaque buildup detected before 
the treatment using carotid ultrasound. In cases where both carotid arteries had detectable 
plaque buildup, we chose the artery with the higher TBR as the index vessel. The secondary 
endpoint was the change in the TBR within each carotid artery and the ascending aorta.

Statistical analyses
Based on a previous study, we assumed that 20% of the patients would not be able to be 
evaluated for the primary outcome, and estimated that 20 patients in each treatment group 
would provide an 80% power to detect an absolute decrease of 0.1 or greater in the TBR 
within the index vessel upon the addition of pioglitazone (30 mg), with a standard deviation 
(SD) of 0.1 and α=0.05 on the basis of a previous study.12)

Continuous variables are expressed as the mean±SD or medians (interquartile range), 
whereas categorical variables were expressed as frequencies. Continuous variables were 
compared using the paired t-test or Wilcoxon rank-sum test for changes in each group, and 
an unpaired t-test or the Mann-Whitney U test for differences between groups. Statistical 
significance was defined as a 2-sided p value <0.05.
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RESULTS

Characteristics of the study population
Baseline and follow-up FDG-PET/CT images were available in 33 patients. Sixteen patients 
received atorvastatin, and 17 received atorvastatin plus pioglitazone. The patient population 
details are described in Figure 1. The demographic characteristics at baseline are shown in 
Table 1. There were no significant differences in the baseline data between the 2 groups.

Treatment effects on the metabolic, lipid, and inflammatory parameters
Both treatments were well tolerated, and there were no adverse events. After the 3 months of 
treatment, the atorvastatin plus pioglitazone group showed lower fasting serum insulin levels 
and homeostatic model assessment insulin resistance (HOMA-IR) indices compared with the 
atorvastatin group (Table 2). Although both groups showed similar and significant reductions 
in the serum total cholesterol, triglyceride, and low-density lipoprotein (LDL) cholesterol 
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253 statin-naïve patients with stable CAD

95 non-calcified carotid plaque in carotid US

41 underwent 18F-FDG PET/CT and randomization

20 atorvastatin 20 mg

2 refused treatment
2 withdrawals

17 completed trial16 completed trial

4 withdrawals

21 atorvastatin 20 mg
+ pioglitazone 30 mg

158 were excluded due to:
- 4 prior thizolinedione
- 15 congestive heart failure
- 139 no plaques detected on US,
or plaques too small for evaluation

54 declined to participate

Figure 1. Study flow chart of the patient enrollment. 
CAD = coronary artery disease; 18F-FDG-PET/CT = 18F-fluorodeoxyglucose positron emission tomography/computed 
tomography.

Table 1. Baseline characteristics of the patients
Atorvastatin (n=16) Atorvastatin + pioglitazone (n=17) p value

Age (years) 62.9±11.0 63.4±10.5 NS
Male 8 (50.0) 12 (70.6) NS
BMI (kg/m2) 24.4±2.6 24.6±3.16 NS
Hypertension 7 (43.8) 11 (64.7) NS
Diabetes 4 (25.0) 5 (29.4) NS
Smoking 7 (43.8) 10 (58.8) NS
Multivessel CAD 8 (50.0) 8 (47.1) NS
Values are the mean±standard deviation or number (%).
BMI = body mass index; CAD = coronary artery disease; NS = not significant.
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levels, only the atorvastatin plus pioglitazone group revealed a significant increase in the 
serum high-density lipoprotein (HDL) cholesterol. The serum LDL cholesterol levels dropped 
below 70 mg/dL in two-thirds of the patients (12 of 16 patients in the atorvastatin group, and 
13 of 17 patients in the atorvastatin plus pioglitazone group). The high-sensitivity C-reactive 
protein (hsCRP) serum levels were significantly reduced in both groups. However, the changes 
did not significantly differ between the groups (p=0.83). Both groups also showed similar 
reductions in the serum matrix metalloproteinase-9 (MMP-9) levels.

Treatment effect on the arterial FDG uptake
Representative images of improved FDG uptake in the carotid plaque after combination 
treatment (atorvastatin plus pioglitazone are shown in Figure 2 and the FDG-PET/CT data 
are presented in Table 3. The baseline TBRs of both carotids and the ascending aorta were 
similar between the 2 treatment groups (right carotid artery; p=0.98, left carotid artery; 
p=0.60, and ascending aorta; p=0.06). After the 3 months of treatment, the TBR values in the 
bilateral carotid arteries and ascending aorta were significantly reduced in both groups.

Regarding the primary endpoint of the TBR within the index vessel, the baseline TBR values 
were similar between the groups (p=0.78). The reduction in the TBR within the index vessel 
was greater in the patients with atorvastatin plus pioglitazone than in those with atorvastatin 
and the difference between the 2 groups exhibited a marginal difference (atorvastatin plus 
pioglitazone; −0.10±0.07 and atorvastatin −0.06±0.04, p=0.058, Figure 3A).

We underwent an exploratory analysis dividing the patients according to the baseline TBR 
of the index vessel. The difference between the 2 groups was more evident in patients with 
a baseline TBR above the median (n=8, each in both groups). The patients with a baseline 
TBR above the median (median TBR=1.65) were likely to be more male and hypertensive and 
did not differ in the frequency of diabetes and HOMA-IR compared to those with a baseline 
TBR below the median (Supplementary Table 1). The addition of pioglitazone to atorvastatin 
showed a greater reduction in the TBR from baseline than atorvastatin only in patients with a 
baseline TBR above the median (atorvastatin plus pioglitazone; −0.14±0.04 and atorvastatin 
−0.03±0.03, p<0.001, Figure 3B), though the baseline TBRs were similar (atorvastatin plus 
pioglitazone; 1.83±0.13, atorvastatin; 1.75±0.07, p=0.18). In contrast, the difference in the 
reduction of the TBR was insignificant in the patients with a baseline TBR below the median 
(atorvastatin plus pioglitazone; −0.06±0.05 and atorvastatin −0.08±0.04, p=0.29). For the 
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Table 2. Laboratory findings during a 3-month treatment
Atorvastatin (n=16) Atorvastatin + pioglitazone (n=17) Absolute change  

from baseline p valueInitial Follow-up p value Initial Follow-up p value
Fasting glucose (mg/dL) 104 (93–113) 100 (96–114) 0.24 109 (98–122) 97 (90–123) 0.32 NS
Fasting insulin (µU/mL) 10.8 (6.6–15.6) 11 (7.9–12.4) 0.28 7.9 (6.0–13.2) 6.2 (3.4–7.3) 0.01 NS
HOMA index 4.16±4.28 2.87±1.04 0.25 2.93±1.78 1.63±0.75 0.01 NS
Total cholesterol (mg/dL) 176.2±40.1 135.1±23.5 <0.01 177.7±26.7 137.1±28.1 <0.01 NS
Triglyceride (mg/dL) 124 (108–274) 104 (77–159) 0.03 114 (76–184) 55 (44–114) 0.02 NS
HDL cholesterol (mg/dL) 39.6±11.0 43.7±10.5 0.15 42.9±10.5 51.0±15.2 0.02 NS
LDL cholesterol (mg/dL) 99.9±29.2 66.2±15.0 <0.01 108.8±21.8 64.2±20.2 <0.01 NS
hsCRP (mg/L) 1.7 (0.77–4.1) 0.5 (0.2–1.25) 0.05 2.4 (0.7–3.1) 0.3 (0.2–0.65) 0.05 NS
PAI-1 (ng/mL) 4.24 (2.70–7.66) 3.05 (2.0–5.13) 0.77 2.80 (1.62–4.59) 1.81 (1.17–3.90) 0.13 NS
MCP-1 (pg/mL) 315.6 (218.5–401.3) 226.7 (187.9–305.8) 0.15 252.6 (193.7–314.2) 206.5 (177.6–263.0) 0.06 NS
MMP-9 (ng/mL) 43.3 (33.8–106.3) 27.3 (22.1–44.5) 0.04 69.1 (30.4–110.6) 24.0 (19.2–42.7) 0.01 NS
Values are the mean±standard deviation or median (interquartile range).
HDL = high-density lipoprotein; HOMA = homeostatic model assessment; hsCRP = high-sensitivity C-reactive protein; LDL = low-density lipoprotein; MCP-1 = monocyte 
chemoattractant protein-1; MMP-9 = matrix metalloproteinase-9; NS= not significant; PAI-1= plasminogen activator inhibitor-1.
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secondary endpoints, the change in the arterial TBR values in the bilateral carotid arteries 
and ascending aorta were numerically greater in the atorvastatin plus pioglitazone group 
than atorvastatin group but did not significantly differ between the groups (p=0.53, 0.14, and 
0.47, respectively).
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Baseline

PET image

CT image

Merged image

Axial image

After treatment

Figure 2. Representative images of carotid plaque of a patient treated with atorvastatin and pioglitazone. 
Representative FDG-PET (top), CT (second from top), FDG-PET/CT (third from top) images at baseline (left) and 
at 3-month follow-up (right) are shown. Average of cross-sectional analysis (bottom) of FDG uptakes of the index 
vessel (arrow) was the primary endpoint. 
CT = computed tomography; FDG = fluorodeoxyglucose; FDG-PET = fluorodeoxyglucose positron emission tomography.

Table 3. FDG-PET/CT findings during a 3-month treatment
Atorvastatin (n=16) Atorvastatin + pioglitazone (n=17)

Initial Follow-up p value Initial Follow-up p value
TBR within index vessel 1.63±0.16 1.57±0.19 0.01 1.64±0.20 1.55±0.17 <0.01
TBR of each vessel

Rt. carotid artery 1.62±0.16 1.55±0.19 <0.01 1.62±0.21 1.53±0.18 <0.01
Lt. carotid artery 1.56±0.15 1.51±0.17 0.03 1.59±0.20 1.51±0.17 <0.01
Ascending aorta 1.69±0.18 1.57±0.13 <0.01 1.57±0.16 1.48±0.15 <0.01
Average of 3 vessels 1.62±0.13 1.54±0.15 <0.01 1.59±0.16 1.50±0.14 <0.01

Values are the mean±standard deviation.
FDG-PET/CT = fluorodeoxyglucose positron emission tomography/computed tomography; Lt. = left; Rt. = right; TBR = target-to-background ratio.
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Patients with diabetes and an impaired fasting glucose
In our study, 22 patients (10 patients in the atorvastatin group and 12 patients in the 
pioglitazone plus atorvastatin group) had diabetes or an impaired fasting glucose level 
(fasting glucose ≥100 mg/dL). In those patients, the differences in the changes in the 
hsCRP and TBR within the index vessel between the 2 groups were also insignificant 
(Supplementary Table 2).

DISCUSSION

We assessed the effect of pioglitazone (30 mg/day) on the vascular inflammation of carotid 
arteries using serial FDG-PET/CT in stable CAD patients receiving atorvastatin (20 mg/day) 
with or without diabetes. Although a reduction in the FDG uptake by pioglitazone on top of 
atorvastatin in carotid arteries with a plaque was nearly statistically significant in the entire 
patients, pioglitazone showed a marked reduction of the FDG uptake of the vessels in the 
patients who had a baseline FDG uptake above the median.

Considering the complexity of the atherosclerotic disease process, myriad of effects of 
atorvastatin and pioglitazone, and ambiguity of pioglitazone (which has both plaque stabilizing 
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Figure 3. Absolute change in the FDG uptake in the index vessel during a 3-month treatment. (A) The TBR was evaluated in individual patients at baseline and 
after 3-month treatment with atorvastatin 20 mg (left) and atorvastatin 20 mg plus pioglitazone 30 mg (mid). The absolute change in TBR from baseline (right). 
(B) Individual changes and the absolute change of the TBR in patients with baseline TBR above the median. 
FDG = fluorodeoxyglucose; TBR = target-to-background ratio.
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and destabilizing effects19)), we employed FDG-PET/CT imaging, which is a useful surrogate 
biomarker for the evaluation of anti-atherosclerotic drug effects, to monitor the alterations in 
the vessel wall inflammation over drug treatment.15)17) Since the FDG uptake of calcified or small 
plaques is low or undetectable,20)21) we selected patients with non-calcified plaques of ≥3 mm 
for enrollment in this study. In previous trials, hsCRP was used as a marker for atherosclerotic 
inflammation14) which do not correlate with plaque inflammation on FDG-PET/CT in previous 
studies,15)17) only half of the patients received statins, and the exact statins and doses used 
were not described.12) In contrast, the present study enrolled statin-naïve patients, and all the 
patients were given fixed doses of atorvastatin to minimize the confounding factors.

The difference of carotid TBR by the addition of pioglitazone was smaller (ΔTBR=0.04) 
than we expected from the previous FDG-PET/CT trial examined pioglitazone12) and showed 
marginal significance. Although we enrolled statin-naïve patients with the inflammation 
prone carotid artery, our patients had relatively low inflammation activity of carotid artery 
(mean TBR=1.64) compared to other previous studies (mean TBR >2.0).22) In an exploratory 
analysis, pioglitazone showed more prominent anti-inflammatory effect (ΔTBR=0.1) in 
carotid arteries with high plaque activity (baseline TBR ≥1.65). A study17) which compared the 
anti-inflammatory effect between atorvastatin 80 mg and atorvastatin 10 mg enrolled patients 
who had the baseline TBR ≥1.6 based on another previous trial.15) In this study, atorvastatin 
80 mg resulted in significant additional reductions in TBR by 0.1 compared to atorvastatin 
10 mg. Considering clinical benefit of atorvastatin 80 mg over atorvastatin 10 mg, our result 
suggests that pioglitazone may be another option in high risk patients with CV events even 
after treatment with statins.

Although, guidelines recommend high-intensity statins in patients with documented CAD,23) 
some individuals may experience unacceptable adverse effects when taking the recommended 
intensity of statin, the most commonly reported being muscle-related symptom which may 
lead to statin discontinuation.5) Patients who are statin intolerant may be down-titrated and 
or considered to take non-statin treatment. Recently, anti-inflammatory therapies have been 
proposed to be the next promising therapy to reduce residual CV risk after statin treatment.6)24) 
The PPAR-γ agonist pioglitazone may be another potential anti-inflammatory drug in addition 
to statins.25) Indeed, in vivo studies have demonstrated that pioglitazone successfully reduces 
atheroma inflammation in animal models.26)27) Furthermore, high-dose potent statins cause 
adverse metabolic effects including worse insulin sensitivity and glucose intolerance that 
contribute to increased risk of new-onset diabetes. To optimize simultaneous CV and metabolic 
benefits while minimizing adverse events, a moderate dose of statins combined with PPAR-γ 
agonist may be a good option in patients with stable CAD.28)

Our study had several limitations. First, our small sample size might have limited our data 
interpretation. It is possible that the study was underpowered for testing the significant 
differences. However, we attempted to determine the sample size based on the results 
from a previous study,12) which was the only study that showed the effect of pioglitazone on 
reducing the vascular FDG signals in humans. Second, higher doses of pioglitazone might 
have provided clearer information regarding its anti-inflammatory effects on atherosclerotic 
plaque. However, we chose 30 mg/day of pioglitazone because higher doses are accompanied 
by side-effects. Moreover, higher doses are not typically prescribed in the clinic. Third, 
atorvastatin 20 mg, which is a moderate dose statin, is not the standard of care for secondary 
prevention. Therefore, it is unknown whether pioglitazone on top of a high-dose atorvastatin 
80mg therapy would demonstrate additional anti-inflammatory benefits. Fourth, a TBR above 
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the median analysis was not pre-specified. However, the subgroup analysis of a TBR above 
the median is an exploratory endpoint that suggests that pioglitazone would have particular 
efficacy for plaques that are highly inflamed. Fifth, this study was a single-center study and 
was not a double-blinded study. Larger multicenter outcome studies may be indicated to test 
pioglitazone in patients with sustained plaque inflammation despite statin therapy.

In conclusion, pioglitazone showed a potential to reduce plaque inflammation beyond a 
concomitant moderate dose statin in a serial FDG-PET/CT study of the arteries in patients 
with stable CAD. Pioglitazone could be an option to reduce the vascular inflammation in 
patients with sustained inflammation after statin treatment.

SUPPLEMENTARY MATERIALS

18F-FDG-PET/CT imaging: After 6 hours or more of fasting, patients with blood sugar level 
less than 130 mg/dL were administered 10 to 15 mCi of 18F-FDG intravenously. 90 to 120 
minutes after the FDG injection, PET/CT images of the neck and the chest region were 
obtained using a dedicated PET/CT scanner (High Definition Biograph Truepoint; Siemens, 
Munich, Germany). For carotid imaging, non-contrast-enhanced computed tomography 
(CT) images were obtained from the skull base to the lower margin of the neck and then 
used for attenuation correction (40-section helical, 5 mm section slice). Then aortic imaging 
was performed with a chest CT scan covering the aortic arch (upper limit) to the diaphragm 
(including inferior myocardial wall). The PET images were acquired at 10 minutes per bed, 
from approximately 2 to 4 beds.

Measurement of blood metabolic, lipid, and inflammation parameters: Blood sample 
was collected at baseline and after 3 months of therapy for the measurement of serum 
metabolic, lipid, and inflammation parameters. Fasting serum levels of glucose, total 
cholesterol, triglyceride, direct low-density lipoprotein (LDL) cholesterol and direct 
high-density lipoprotein (HDL) cholesterol were measured on a Hitachi 7600 automatic 
chemistry analyzer (Hitachi Co., Tokyo, Japan) using reagents from Sekisui Medical 
(Tokyo, Japan). High-sensitivity C-reactive protein (hsCRP) levels were measured with an 
immunoturbidimetric assay with reagent from Wako Pure Chemical Industries (Osaka, Japan) 
on Hitachi 7600 automatic chemistry analyzer. Serum insulin levels were measured with 
radioimmunoassay method using the immunoradiometric assay kit from Dinabot Co. (Tokyo, 
Japan). Plasma matrix metalloproteinase-9 (MMP-9), monocyte chemoattractant protein-1 
(MCP-1) and plasminogen activator inhibitor-1 (PAI-1) levels were measured with enzyme-
linked immunosorbent assay kits (R&D systems, Minneapolis, MN, USA). Homeostatic 
model assessment (HOMA) index was calculated using serum glucose and insulin levels.

Supplementary Table 1
Characteristics of patients according to baseline TBR within index vessel

Click here to view

Supplementary Table 2
Results of patients with diabetes and impaired fasting glucose

Click here to view
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