NEUROBIOLOGY
OF
AGING

o

g 3N
ELSEVIER Neurobiology of Aging 32 (2011) 1626-1633

www.elsevier.com/locate/neuaging

Efficacy of PPAR-y agonist pioglitazone in mild Alzheimer disease

Tomohiko Sato*, Haruo Hanyu, Kentaro Hirao, Hidekazu Kanetaka,
Hirofumi Sakurai, Toshihiko Iwamoto

Department of Geriatric Medicine, Tokyo Medical University, 6-7-1 Nishishinjuku Shinjuku-ku, Tokyo 160-0023, Japan

Received 1 July 2009; received in revised form 18 September 2009; accepted 14 October 2009
Available online 17 November 2009

Abstract

To test the effects of the PPAR-y agonist pioglitazone on cognition, regional cerebral blood flow (rCBF), and plasma levels of AB40 and
AP42, we conducted a 6-month, randomized, open-controlled trial in patients with mild Alzheimer disease (AD) accompanied with type 11
diabetes mellitus. We randomly assigned 42 patients to either the group treated with 15-30 mg pioglitazone daily (n =21, pioglitazone group)
or not (n=21, control group). The pioglitazone group improved cognition and rCBF in the parietal lobe, while the control group showed
no such improvement. The plasma AB40/AB42 ratio increased in the control group, but showed no significant change in the pioglitazone
group. Both groups showed good control of diabetes during the study. In addition, pioglitazone treatment resulted in a decrease in fasting
plasma insulin levels, indicating enhanced insulin sensitivity. The results of this pilot study demonstrated that pioglitazone exhibited cognitive
and functional improvements, and stabilization of the disease in diabetic patients with AD. Pioglitazone may offer a novel strategy for the

treatment of AD.
© 2009 Elsevier Inc. All rights reserved.
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1. Introduction

There is a growing body of evidence that conditions caused
by insulin abnormalities, such as impaired glucose toler-
ance and type II diabetes mellitus (DM), have increased
risk of age-related cognitive decline and Alzheimer’s dis-
ease (AD) (Yoshitake et al., 1995; Ott et al., 1999; Peila et
al., 2002; Luchsinger et al., 2001). Insulin resistance and
peripheral hyperinsulinemia have been known to promote
the neurodegeneration that occurs in AD, such as beta amy-
loid (AB) deposits and increase of tau hyperphosphorylation
(Craft and Watson, 2004; Biessels et al., 2006; Cole et al.,
2007; Neumann et al., 2008). Therefore, correcting insulin
dysregulation may offer a novel strategy for the treatment
of AD. A recent clinical trial performed by Reger et al.
(2008) showed that the administration of intranasal insulin
improved cognitive performance in elderly patients with
early AD and amnestic mild cognitive impairment (MCI).
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On the other hand, pharmacologic treatment with thiazo-
lidinedions, such as rosiglitazone and pioglitazone, agonists
of the nuclear receptor peroxisome proliferator-activated
receptor y (PPAR-y), may offer some therapeutic relief for
AD by lowering peripheral insulin and enhancing insulin
sensitivity. In addition, PPAR-y agonists have been shown
to inhibit inflammatory gene expression, alter A home-
ostasis and exhibit neuroprotective effects (Landreth, 2007,
Neumann et al., 2008; Jiang et al., 2008). It has recently been
demonstrated that 6 months of treatment with rosiglitazone
preserved cognitive function for patients with AD and amnes-
tic MCI compared with a placebo-treated group (Watson et
al., 2005).

To test the effects of the PPAR-y agonist pioglitazone on
cognition, regional cerebral blood flow (rCBF), and plasma
levels of AB40 and AB42, we conducted a 6-month, random-
ized, open-controlled trial in patients with AD with type 11
DM. In the future, number of patients with AD and DM will
increase steadily in the context of an aging population. The
aim of this study was to determine whether pioglitazone may
be effective for the treatment of these conditions.
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2. Methods
2.1. Subjects

We enrolled 42 patients with mild AD (a Clinical Demen-
tia Rating score of 0.5 or 1) (Hughes et al., 1982) with type
II DM from the Memory Clinic at the Tokyo Medical Uni-
versity Hospital. We established a diagnosis in each case
using the National Institute of Neurological and Commu-
nicative Disorders and Stroke and the Alzheimer’s Disease
and Related Disorders Association criteria (McKhann et
al., 1984) for probable AD. Patients taking donepezil (a
cholinesterase inhibitor) were enrolled, provided that the
dose had remained unchanged from 6 months before par-
ticipation through the study. No subjects were taking any
medication known to affect cognition or behavior during the
study, including neuroleptics, benzodiazepines, and antide-
pressants. In the present study, subjects were excluded if they
had any evidence of other neurologic or psychiatric disorders
sufficient to cause memory impairment, including depression
or anxiety disorder as reflected by a score of more than 5
on the Geriatric Depression Scale-15 (Sheikh and Yesavage,
1986). Diabetes was defined as the use of an oral hypo-
glycemic drug or a casual (nonfasting) plasma glucose level
of 200 mg/dl or more, or a fasting plasma glucose level of
126 mg/dl or more, according to the Report of the Expert
Committee on the Diagnosis and Classification of Diabetes
Mellitus (1997). Subjects were also excluded if they had clin-
ically significant medical problems, including cancer within
the preceding 3 years, chronic renal or heart failure, severe
pulmonary disease, or poorly controlled diabetes or use of
insulin.

Written informed consent was obtained from all subjects
and from the legal representatives of the subjects with AD.
This study was approved by the ethics committee of our
institute.

2.2. Study protocol

The study was set up as a prospective randomized,
open-controlled design. Subjects were randomly assigned
to treatment with pioglitazone 15-30 mg daily [pioglitazone
group, n=21 (15mg, n=19; 30mg, n=2)] or not (control
group, n=21) with a simple sealed envelope method, in
addition to their previous treatment for control of DM, includ-
ing sulfonylureas, biguanides, and a-glucosidase inhibitors.
Safety evaluations conducted throughout the study included
physical examinations for edema or other adverse effects,
vital sign measurement, and standard laboratory tests (hema-
tology and liver function tests).

2.3. Metaboli, neuropsychological measures, and Ap
measurements

We administered the Mini-Mental State Examination
(MMSE) (Folstein et al.,, 1975), Alzheimer’s Disease

Assessment Scale-Cognitive Subscale Japanese version
(ADAS-Jcog) (Honma et al., 1992), Wechsler Memory
Scale-revised (WMS-R) logical memory-I (Wechsler, 1987),
Frontal Assessment Battery (FAB) (Dubois et al., 2000), and
category fluency at baseline and 6 months after treatment. For
category fluency, subjects were asked to generate as many
items as possible from the category animals, and then veg-
etables, with 60 s allowed for each semantic category. The
total number of correct words (animals and vegetables) was
summed to obtain the total category fluency score. All tests
were administered by an experienced psychometrist, blinded
to the clinical data.

Additional measures included fasting plasma glucose
(FPG), hemoglobin Alc (HbAlc), fasting immunoreac-
tive insulin (FIRI), and homeostasis model assessment
ratio (HOMA-R). Plasma insulin levels were measured by
radioimmunoassay. Plasma AB40 and AB42 concentrations
were determined by sandwich enzyme-linked immunosor-
bent assays (ELISA) using the BANSO capture antibody
and C-terminal specific detector antibodies BA27 and BCO5
(Kawarabayashi et al., 2001; Fukumoto et al., 2003). We have
demonstrated this ELISA system to detect AB40 or A342 at
concentrations as low as 2 pmol/L.

2.4. rCBF study

We underwent SPECT studies at baseline and 6 months
after treatment to measure rCBF deficits. The intervals
between the cognitive assessment and rCBF study in
all subjects were within 2 weeks. SPECT studies after
intravenous injection of 222 MBq of N-isopropyl-p-['2*I]
iodoamphetamine were performed using a triple-head rotat-
ing gamma camera (PRISM 3000 XP, Philips Medical
System, Cleveland, USA) with a fan-beam collimator per-
mitting a spatial resolution of 6.8 mm full width at half
maximum.

Three-dimensional stereotactic surface projections (3D-
SSP) created with the Neurological Statistical Image
Analysis Software (Neurostat) developed by Minoshima et
al. (1995) were used to evaluate the spatial distribution
of abnormal CBF. Each image set was realigned to the
bicommissure stereotactic coordinate system (Talairach and
Tournoux, 1998). Each brain was standardized anatomically
to match a standard atlas brain while preserving rCBF activ-
ity. Subsequently, maximum cortical activity was extracted
to adjacent predefined surface pixels on a pixel-by-pixel
basis using a 3D-SSP technique. Data sets were normal-
ized to the mean cortical activity. To quantify rCBF deficits,
the normalized brain activity of each patient was compared
with that of 28 normal controls (12 men and 16 women,
mean age 75.1 £6.4 years) using pixel-by-pixel z-score
analysis: [(normal mean) — (individual value)]/(normal SD).
A positive z-score represents a reduced rCBF in the patient
relative to the normal control mean.

To demonstrate rCBF alterations, two-sample #-test values
were calculated on a pixel-by-pixel basis between controls
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and each group at initial SPECT, and then transformed to z-
values by a probability integral transformation. Furthermore,
to assess rCBF changes, differences between the initial and
last SPECT data were compared in each group. Next, to mea-
sure rCBF reduction, the mean z-score for each patient was
calculated by the stereotactic extraction estimation method
(Mizumura et al., 2003). Mean z-scores for each gyrus of
the frontal, parietal, temporal, occipital, and limbic lobe of
the right and left hemispheres were automatically measured
(average z-value of the coordinates with a z-value that exceeds
0 of the threshold value). Each mean value for a patient was
compared to the corresponding mean values of 28 control
subjects on a region-by-region basis and the magnitude of
CBF reduction was expressed as a z-score. The method of
rCBF measurement was described elsewhere in detail (Hanyu
et al., 2008).

2.5. ApoE phenotyping

ApoE phenotypes were determined from plasma sam-
ples by isoelectric electrophoresis and immunoblotting. A
detailed procedure has been described previously by Kataoka
et al. (1994).

2.6. Statistical analysis

Values were expressed as means = standard deviation.
Statistical analysis was performed using paired and unpaired
t-test, the chi-square test, Mann—Whitney U test, and
Wilcoxon signed-rank test. A comparison of mean z-scores
for cerebral subregions between the two groups was per-
formed by one-way ANOVA and post hoc #-tests with
Bonferroni’s corrections. A p value of less than 0.05 was
considered to indicate a statistically significant difference.

3. Results
3.1. Comparisons of subjects characteristics (Table 1)

There were no significant differences between the piogli-
tazone group and the control group in age, gender, education,
duration of symptoms, numbers using donepezil, number of
ApoEe4 carriers, or treatment of DM. The frequency of med-
ical comorbidity, such as hypertension, hyperlipidemia, and
ischemic heart disease, was similar in the groups.

3.2. Metabolic, neuropsychological, and plasma AB40
and AB42 changes (Table 2)

At baseline, no significant differences between the two
groups were found in metabolic measurements, including
FPG, HbAlc, FIRI, and HOMA-R and in neuropsychologi-
cal performance, including the MMSE, ADAS-Jcog, WMS-R
logical memory-I, FAB, and category fluency. At month 6,
FPG and HbA Ic decreased significantly than those at base-

Table 1

Comparisons of subject characteristics.

Pioglitazone group

Control group

No. of patients 21 21

Age (years) 774+6.2 77.6£6.5
Gender (men/women) 11/10 9/12
Education (years) 119+£25 114+£2.6
Duration (years) 2.8+0.7 29+0.8
No. using donepezil 10 (48%) 10 (48%)

ApoEe4 status

Treatment for diabetes mellitus

10 carriers/11
non-carriers

9 carriers/12
non-carriers

Diet only 9 (43%) 8 (38%)

Hypoglycemic agents 12 (57%) 13 (62%)
Sulfonylureas 8 10
Biguanides 2 3
a-Glucosidase inhibitors 4 4

Medical complications

Hypertension 8 (38%) 9 (43%)

Hyperlipidemia 4 (19%) 4 (19%)

Ischemic heart disease 2 (10%) 3 (14%)

line in both groups, while FIRT and HOMA-R decreased
significantly in the pioglitazone group, but not in the con-
trol group. The MMSE, ADAS-Jcog, and WMS-R logical
memory-I improved significantly in the pioglitazone group,
while the ADAS-Jcog worsened significantly in the control
group. Neither group showed any significant change in the
FAB and category fluency.

We measured plasma AB40 and AB42 levels in 17 sub-
jects with the pioglitazone group and 18 subjects with the
control group. At baseline, no significant differences were
observed in AB40, AB42, and AB40/AB42 ratio between the
groups. At month 6, there was a tendency toward decrease of
AB42 in the control group. As a result, the AB40/AB42 ratio
increased significantly in the control group, while it showed
no significant change in the pioglitazone group.

3.3. rCBF changes

Table 3 shows the z-scores of each region at baseline
and month 6 in both groups. Fig. 1a and b shows relative
decrease of rCBF in the pioglitazone group and control group
compared to normal controls at baseline, respectively. Both
groups showed significant decreases in rCBF of the pari-
etotemporal lobe, posterior cingulate, and frontal lobe, which
are considered characteristic features of AD. There were no
significant differences of z-score in each region between the
two groups. Fig. 2a and b shows rCBF changes from baseline
at month 6 in both groups. The pioglitazone group showed
an improvement of rCBF in the right and left parietal lobe
and some regions of the frontal lobe. In contrast, the con-
trol group showed no improvement of rCBF in any brain
regions. Quantitative z-score analysis showed a significant
increase of rCBF in the right superior parietal lobule, right
and left inferior parietal lobules, and left postcentral gyrus in
the pioglitazone group. In contrast, there was no significant
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Table 2
Metabolic, neuropsychological, and plasma AB40 and AB42 changes.

Pioglitazone group

Control group

Baseline Month 6 Baseline Month 6

Metabolic changes

Fasting plasma glucose (mg/dl) 137 + 41 121 + 27" 148 + 40 131 + 29"

Hemoglobin Alc (%) 6.8+ 12 6.4+ 1.1 6.9+ 1.0 6.5+ 0.8"

Fasting immunoreactive insulin (nU/ml) 74 +3.6 57 +23" 6.6 £ 4.8 6.5 £2.7

HOMA-R 24+ 12 1.6 £0.8™ 22+£15 1.9 £ 0.8
Neuropsychological change

MMSE 22.1 £35 23.1 +4.1" 219 £ 34 21.6 £3.0

ADAS-Jcog 155 +£59 142 + 6.5 153 £ 4.7 17.5 £ 52"

WMS-R logical memory I 6.5 + 4.1 7.8 £ 4.7 57 +32 54 +3.6

Frontal assessment battery 11.8 £ 3.0 11.8 £ 3.0 109 + 2.1 10.2 + 2.6

Category fluency 20.2 £ 6.4 21.0 £ 6.4 19.6 £ 3.8 19.5 £ 3.9
Plasma AB40 and AB42 changes

AB40 (pmol/L) 54.8 £ 18.9 535 £ 19.7 549 £ 21.6 53.6 £27.1

AB42 (pmol/L) 6.2+20 63 £22 77 +£42 6.0 £+ 2.6

AB40/AB42 93 +32 9.1 £35 7.6 £22 9.5 +39"

Values are mean £ SD.
* p<0.05 compared with baseline.
* p<0.01 compared with baseline.

increase of rCBF in any regions of the control group. No sig-

nificant decrease of rCBF was found in any regions of both
groups.

3.4. Adverse events

Three patients in the pioglitazone group had mild periph-
eral edema, but the adverse effect was tolerated without
discontinuation of the study medication.

4. Discussion

We found that the pioglitazone group showed improve-
ments of scores on the MMSE, ADAS-J-cog, and WMS-R
logical memory-I, while the control group showed worsened
scores on the ADAS-Jcog after 6 months of treatment. In
addition, our SPECT study demonstrated that the pioglita-
zone group showed an improvement of rCBF in the parietal
lobe, while the control group showed no significant changes
of rCBF in any brain region after 6 months of treatment, com-
pared with baseline values. Although both groups showed
improvements of FPG and HbAlc levels after 6 months of
treatment, pioglitazone treatment resulted in a significant
decrease in FIRI and HOMA-R, indicating enhanced insulin
sensitivity. Our results suggest beneficial effects of pioglita-
zone in patients with mild AD with DM.

A number of studies have examined potential mechanisms
through which PPAR-y agonists might act to ameliorate AD
pathogenesis and progression (Landreth, 2007; Neumann et
al., 2008; Jiang et al., 2008). As shown in the present study,
PPAR-+y agonists improve sensitivity to insulin by decreasing
circulating insulin and increasing insulin mediated glucose
uptake. They enhanced insulin action in the brain, resulting

in cognitive improvement. AD has a significant inflammatory
component which has been linked to AR accumulation and
neuronal loss. PPAR-vy agonists also demonstrate to reduce
the levels of multiple inflammatory mediators. Some studies
have showed that they suppress the AB-mediated activation
of microglia (Combs et al., 2000) and inhibit AR production
stimulated by inflammatory cytokines (Sastre et al., 2003,
2006). In addition, the involvement of PPAR-y agonists in
the regulation of AP production and metabolism has recently
been investigated. Heneka et al. (2005) reported that pioglita-
zone treatment decreased B-secretase-1 (BACE1) associated
with lower plaque burden in an animal model of AD. Pedersen
et al. (2006) reported that rosiglitazone attenuated reductions
in insulin-degrading enzyme activity and reduced brain lev-
els of AB42 in Tg2576 mice. PPAR-y activation has also
been associated with stimulation of A3 clearance (Camacho
et al., 2004). Furthermore, PPAR-y agonists could reduce
phosphorylation of tau protein, resulting in inhibition neu-
rofibrillary tangle accumulation in AD (d’Abramo et al.,
2006). A recent experimental study showed that pioglita-
zone not only overcomes cerebrovascular dysfunction and
altered neurometabolic coupling in AD transgenic mice, but
also counteracts cerebral oxidative stress and glial activation
(Nicolakakis et al., 2008). Considering these potentially effi-
cacious effects, PPAR-y agonists, such as rosiglitazone and
pioglitazone, may offer a novel strategy for the treatment of
AD.

Recently, a randomized, double-blind pilot trial demon-
strated that 6 months of treatment with rosiglitazone showed
improvements in memory and selective attention, associated
with less reduction in plasma AB40 and AB42 of 20 patients
with AD and MCI compared with 10 control patients (Watson
et al., 2005). Another study on 511 AD patients demon-
strated that ApoEe4 non-carriers exhibited cognitive and
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Table 3

Mean z-scores for cerebral subregions at initial and last SPECT studies for each group.

T. Sato et al. / Neurobiology of Aging 32 (2011) 1626—1633

Pioglitazone group

Control group

Baseline Month 6 Baseline Month 6
Frontal lobe
Superior frontal gyrus L 0.85 £+ 0.46 0.74 £ 0.32 0.90 £ 0.34 0.96 £ 0.46
R 0.71 £ 0.26 0.70 £ 0.28 0.96 £ 0.40 0.96 £ 0.41
Middle frontal gyrus L 0.84 £ 0.35 0.75 £ 0.28 0.89 £+ 0.36 1.05 + 0.53
R 0.88 £ 0.36 0.78 £ 0.27 1.04 £ 0.48 1.06 + 0.57
Inferior frontal gyrus L 0.81 + 0.37 0.83 £+ 0.37 1.01 £ 0.48 1.16 = 0.70
R 0.77 £ 0.49 0.72 + 0.34 0.93 £+ 0.37 0.95 £+ 0.55
Medial frontal gyrus L 0.89 £+ 0.42 0.83 + 0.34 0.98 £ 0.41 1.00 £ 0.43
R 0.84 £+ 0.31 0.75 £ 0.39 0.96 £+ 0.44 0.95 £+ 0.40
Orbital gyrus L 0.65 £ 0.66 0.74 £+ 0.67 1.18 £ 0.83 1.17 £ 0.72
R 0.83 £ 0.84 0.88 £ 0.82 1.04 £ 0.88 0.96 £+ 0.82
Rectal gyrus L 0.63 £+ 0.46 0.72 £ 0.59 0.89 £+ 0.53 0.89 £+ 0.58
R 0.75 £ 0.49 0.67 £+ 0.62 0.80 £+ 0.57 0.95 + 0.53
Paracentral lobule L 0.52 + 0.34 0.44 £ 0.32 0.61 + 0.39 0.59 £ 0.37
R 0.41 £+ 0.33 0.38 £ 0.32 0.55 £ 0.33 0.49 £+ 0.31
Precentral gyrus L 0.71 + 0.22 0.70 £+ 0.26 0.71 £ 0.38 0.76 £ 0.45
R 0.63 + 0.34 0.66 £+ 0.44 0.68 £+ 0.31 0.70 £+ 0.35
Subcallosal gyrus L 0.50 + 0.44 0.53 £ 0.46 0.72 £ 0.65 0.94 £ 0.61
R 0.35 £ 0.37 0.64 + 0.52 0.75 £ 0.66 0.66 £+ 0.47
Parietal lobe
Superior parietal lobule L 091 + 0.47 0.80 + 0.36 0.82 £ 0.35 0.85 £ 0.42
R 0.95 £+ 0.40 0.76 &+ 0.31" 0.82 £+ 0.50 0.77 £ 0.37
Inferior parietal lobule L 1.24 £ 0.64 0.97 & 0.40" 1.14 + 0.39 1.17 £ 0.58
R 1.44 £ 0.95 1.03 4+ 0.49" 1.16 £ 0.54 1.17 £ 0.65
Angular gyrus L 1.38 =+ 1.03 1.29 £ 0.56 1.25 £ 0.62 1.18 £ 0.78
R 1.53 £ 0.85 1.45 £ 1.00 1.18 £ 0.94 1.22 £ 0.97
Postcentral gyrus L 0.83 + 0.38 0.59 & 0.26" 0.78 + 0.47 0.82 + 0.61
R 0.81 £+ 0.67 0.71 £ 0.51 0.85 £ 0.43 0.67 £ 0.43
Precuneus L 1.18 £ 0.54 1.05 £ 0.47 0.98 £ 0.52 1.12 £ 043
R 091 £+ 0.44 0.89 £+ 0.46 0.85 £ 0.48 0.90 £+ 0.39
Supramarginal gyrus L 1.35 £ 1.01 1.02 + 0.47 1.13 £ 0.69 1.06 £+ 0.59
R 1.31 £ 0.89 1.08 £ 0.55 1.29 £ 0.82 1.23 + 0.90
Temporal lobe
Superior temporal gyrus L 0.92 £+ 0.39 0.95 + 0.38 1.06 £+ 0.34 0.98 £ 0.45
R 1.04 £ 0.49 0.96 £ 0.48 1.00 £ 0.40 1.04 £ 0.39
Middle temporal gyrus L 1.03 £ 0.51 1.10 £ 0.34 1.10 £ 0.29 1.12 £ 0.40
R 1.17 £ 0.54 1.07 + 0.63 0.95 £0.35 1.02 £ 0.45
Inferior temporal gyrus L 0.84 + 0.35 1.01 + 0.57 1.02 £ 0.45 1.06 £ 0.50
R 0.99 £+ 0.72 0.95 £+ 0.82 0.90 £ 0.42 0.97 £ 0.51
Transverse temporal gyrus L 0.66 + 0.57 0.60 &+ 0.57 0.46 £ 0.96 0.65 £ 1.06
R 0.57 + 0.58 0.63 £ 0.68 0.59 £+ 1.07 0.56 £+ 0.68
Occipital lobe
Superior occipital gyrus L 0.87 £ 0.76 0.88 £ 0.60 0.70 £ 0.66 0.61 £+ 0.64
R 0.91 £+ 0.86 0.98 £+ 0.87 0.79 £+ 0.93 0.84 £+ 1.05
Middle occipital gyrus L 0.83 £ 0.48 1.04 £ 0.48 0.79 £ 0.49 0.67 £ 0.46
R 0.88 + 0.42 0.92 £+ 0.37 0.63 £ 0.52 0.69 £ 0.65
Inferior occipital gyrus L 0.53 £0.34 0.66 £ 0.44 0.73 £ 1.09 0.53 £ 0.86
R 0.58 £ 0.41 0.73 £ 0.73 0.43 £+ 0.60 0.37 £ 0.63
Cuneus L 0.77 £ 0.44 0.78 £ 0.48 0.65 £ 0.66 0.56 £ 0.56
R 0.51 £ 0.28 0.62 £+ 0.45 0.56 £+ 0.63 0.54 £+ 0.60
Fusiform gyrus L 0.84 £ 0.27 1.09 £ 0.48 1.06 £ 0.71 1.07 £+ 0.63
R 0.73 £+ 0.60 0.83 £ 0.70 0.66 £+ 0.31 0.80 £+ 0.44
Lingual gyrus L 0.53 £0.31 0.70 £ 0.72 0.60 £+ 0.91 0.50 £ 0.82
R 0.35 £ 0.22 0.50 £+ 0.65 0.37 £ 0.63 0.28 £+ 0.58
Limbic lobe
Thalamus L 0.37 £ 0.32 0.38 £ 0.29 0.38 £ 0.32 0.65 £+ 0.33
R 0.48 £+ 0.43 0.37 £ 0.51 0.46 £ 0.38 0.48 £+ 0.42
Cingulate gyrus L 0.93 £ 0.32 0.92 £+ 0.32 0.97 £0.43 1.07 £ 0.37
R 0.80 £ 0.21 0.86 + 0.21 0.93 £+ 0.40 0.92 £ 0.38
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Table 3 ( Continued )

Pioglitazone group

Control group

Baseline Month 6 Baseline Month 6
Parahippocampal gyrus L 0.83 + 0.53 0.88 £ 0.59 0.85 £ 0.45 0.96 £ 0.47
R 0.80 £ 0.73 0.83 £ 0.72 0.74 £+ 0.35 0.75 + 0.39
Anterior cingulate L 0.96 £ 0.48 0.89 £ 0.43 0.95 £ 0.46 1.12 £ 0.37
R 0.84 £+ 0.35 0.83 £ 0.38 0.88 £+ 0.42 1.00 £ 0.38
Posterior cingulate L 1.00 £+ 0.48 0.94 £+ 0.47 0.99 £ 0.51 0.93 £0.39
R 0.94 £+ 0.41 0.94 £ 0.39 0.86 £+ 0.44 0.82 £+ 0.43
Uncus L 0.82 £ 0.55 0.96 + 0.67 1.23 £ 0.76 1.25 £ 0.77
R 0.85 £+ 0.83 0.95 + 1.02 0.85 £+ 0.54 0.82 £+ 0.49

* p<0.05 as compared with each score at baseline SPECT.

functional improvement in response to rosiglitazone (Risner
et al., 2006). Consistent with these clinical trials, our results
indicate favorable effects of pioglitazone on cognition. In
addition, we demonstrated an improvement of rCBF deficits
in the parietal lobe by pioglitazone treatment. Posterior asso-
ciation cortices, including the parietal lobe, are associated

(a) Pioglitazone Group

RT MID

RT LAT LT LAT

(b) Control Group

Fig. 1. Three-dimensional views of decreased rCBF in the pioglitazone
group (a) and control group (b) compared to normal controls at baseline,
respectively. Both groups showed significant decrease of rCBF in the pari-
etotemporal, posterior cingulated, and frontal lobe.

(a) Pioglitazone Group

e s >

(b) Control Group

Fig. 2. Statistical maps showing relative changes in rCBF on repeated
SPECT studies in the pioglitazone group (a) and control group (b). The
pioglitazone group showed an improvement of rCBF in the right and left
parietal lobe and some regions of the frontal lobe, while the control group
showed no improvement of rCBF in any brain regions.

with occurrence of AD pathology. Indeed, a decreased rCBF
in these regions is considered a radiological marker for the
diagnosis of AD (Matsuda, 2001). Therefore, our SPECT
study suggests that pioglitazone might act in some regions
relevant to neurodegeneration in AD, resulting in cognitive
improvement and slowing of clinical progression. Unlike the
results of Watson et al. (2005) we failed to show significant
changes in AB40 and AB42 levels after treatment. However,
there was a non-statistically significant tendency toward a
decrease in APB42 and subsequently a significant increase of
AB40/ABA42 ratio in the control group, but not in the piogli-
tazone group. Considering that plasma AB42 decreases with
AD progression (Mayeux et al., 2003), our results support
the concept of stabilization of the disease by pioglitazone
treatment.

Although a previous large trial of rosiglitazone demon-
strated that ApoEe4 positive patients showed no improve-
ment on cognition (Risner et al., 2006), we did not find a
correlation between the therapeutic effects of pioglitazone
and ApoEe4 status, perhaps because of the small sample
size. Two ongoing trials of rosiglitazone in AD and MCI in
which participants will be stratified by ApoEe4 carrier sta-
tus will provide a more definitive data of ApoE-dependent
effects. Since the basic actions of pioglitazone are the ability
of PPAR-y receptor to regulate the sensitivity of peripheral
tissues and fat to insulin action, other factors, such as the
degree of insulin resistance, plasma glucose or insulin levels,
and obesity, may affect therapeutic effects of pioglitazone.
Further large group studies are in a large sample will be
required to confirm the correlation of effects of pioglitazone
with these factors.

Our study naturally has some limitations. First, because
this study was not blinded, the possibility of a placebo effect
cannot be excluded. In addition, the numbers of subjects
in each group were small. Secondly, it remains uncertain
whether the 6 months of study duration is appropriate to
assess the clinical efficacy in patients with AD. In general, the
rate of decline in neuropsychological function can be quite
variable. There may be a plateau of stabilization on the cog-
nitive impairment, especially at the very early stages of AD
(Haxby etal., 1992). Since our patients had mild stage defined
by CDR 0.5 or 1 and a mean MMSE score of around 22 at
initial evaluation, most patients in this group may have had
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a steady course of decline. Thirdly, we used 3D-SSP, but
not statistical parametric mapping (SPM), as an analysis of
functional brain imaging. Both methods show possible defor-
mation artifacts. Although 3D-SSP technique is less affected
by the presence of atrophy than SPM (Ishii et al., 2001), it
does not have several statistical functions applicable in SPM.
Therefore, we compared the mean z-score for each gyrus
between the groups and mean z-score changes between ini-
tial and last SPECT studies automatically measured by the
stereotactic extraction estimation method (Mizumura et al.,
2003).

Nevertheless, our findings that pioglitazone has beneficial
effects on cognitive and functional improvements in patients
with AD warrants further large-scale, double-blinded, long-
term studies to confirm the clinical efficacy of pioglitazone
treatment.

5. Conclusion

PPAR-y agonist pioglitazone treatment resulted in
improvements of cognition and rCBF, and in stabilization of
the disease in diabetic patients with AD. In addition, piogli-
tazone improved not only FPG and HbAlc but also FIRI
and HOMA-R, indicating enhanced insulin sensitivity. Our
results suggest that pioglitazone is a new and potentially
efficacious treatment of AD with DM.
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