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Abstract

Aims: To examine the effects of pioglitazone or endurance exercise training on cognitive
function in older adults with mild cognitive impairment (MCI) and insulin resistance. Methods:
Seventy-eight adults (mean age + SD: 65 + 7 years) with central obesity and MCI were ran-
domized to 6 months of endurance exercise, pioglitazone or control. Results: Sixty-six par-
ticipants completed the study. Exercise training did not significantly increase peak oxygen
uptake compared to control (p = 0.12). Compared to control, insulin resistance improved in
the pioglitazone group (p = 0.002) but not in the exercise group (p = 0.25). There was no mea-
sureable effect of pioglitazone or exercise on cognitive performance compared to control.
Conclusion: In this pilot study, pioglitazone improved insulin resistance but not cognitive
performance in older adults with MCI and insulin resistance. © 2015 S. Karger AG, Basel

Introduction

Mild cognitive impairment (MCI) is defined as subjective and objective cognitive im-
pairment without functional impairment [1]. Though a controversial entity, MCI - particu-
larly the amnestic subtype - is thought in most cases to represent prodromal Alzheimer’s
disease (AD). The annual conversion rate from MCI to AD appears to range from 5 to 10% [2,
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3], depending on the population studied and the duration of follow-up, and is substantially
higher than the annual incidence rate for dementia in the overall elderly population, esti-
mated at 1-3% [4-6]. Because MClI is often the earliest clinically detectable stage of AD, these
patients may be more responsive to interventions to delay or prevent further cognitive
decline than patients in later stages of disease.

Studies have repeatedly demonstrated that type 2 diabetes increases the risk of cognitive
impairment and dementia, including AD [7-15]. Insulin resistance (IR), defined as a reduction
in the effectiveness of insulin to regulate glucose utilization, is strongly associated with
central obesity and has been linked to cognitive decline and AD even in the absence of type 2
diabetes [16, 17]. Insulin is present in the brain, where it helps to support normal cognitive
function [18], and abnormalities in insulin concentrations and activity have been observed in
the brains of individuals with AD [19]. Interventions that target IR may therefore be helpful
in delaying or preventing further cognitive decline in individuals with prodromal AD.

Both endurance exercise training (EET) [20] and thiazolidinediones (TZDs) [21] are
effective in improving IR. Previous studies suggest EET [22] and TZDs [23-26] may each
improve some aspects of cognitive function in individuals with MCl and/or early AD; however,
no other studies have rigorously examined IR as a potential mechanism. The purpose of this
double-blind, randomized, placebo-controlled pilot study was to determine whether improv-
ing IR with 6 months of EET or the TZD pioglitazone (PIO) would attenuate cognitive decline
in older adults with both MCI and IR at baseline. We hypothesized that treatment with PIO or
EET would have a beneficial effect on cognitive function, i.e. improvement or lesser decline
relative to control (CON; placebo, no exercise), and that changes in cognitive performance
would be correlated with changes in IR.

Methods

Subjects

Participants were sedentary, community-dwelling men and postmenopausal women 55
years of age or older. Participants met the diagnostic criteria for MCI [27] and Adult Treatment
Panel (ATP) III criteria [28] for central obesity (waist circumference of >88 cm for women
and >102 cm for men) as a proxy for IR. Participants were excluded if they had diabetes,
dementia, neurologic comorbidities, exercise-limiting conditions, untreated depression,
thyroid disease or vitamin By, deficiency, uncontrolled hypertension (>160/100 mm Hg),
heart failure (>NYHA class II), contraindications to P10 or were taking cholinergic or anticho-
linergic medications (see online supplement for detailed exclusion criteria; for all online
suppl. material, see www.karger.com/doi/10.1159/000371509).

Study Design

The study was approved by the Colorado Multiple Institutional Review Board, and all
participants provided written informed consent. The study was designed, conducted and
analyzed by the study team, with industry support limited to provision of PIO and matching
placebo (Takeda Pharmaceuticals USA, Inc.). The study was a 6-month, randomized, con-
trolled pilot study of blinded PIO or EET versus blinded CON. It is registered under Clinical-
trials.gov (NCT00736996). Randomization was performed using a documented permuted
block randomization with random block sizes stratified by MCI subtype [amnestic (aMCI) or
non-aMCI] and number of apolipoprotein E (APOE) €4 alleles (0, 1 or 2). Participants and
investigators (except the study pharmacists and statistician) were blinded to drug treatment.
Key outcome measures were assessed at baseline and 6 months by research personnel
blinded to the treatment groups.

KARGER

52



3

Dement Geriatr Cogn Disord Extra 2015;5:51-63

D&mentl DOI: 10.1159/000371509 © 2015 S. Karger AG, Basel
and Geriatric )
Cognitive Disorders www.karger.com/dee
Hildreth et al.: Effects of Pioglitazone or Exercise in Older Adults with Mild Cognitive
Impairment and Insulin Resistance: A Pilot Study
Screening

Participants were screened for possible dementia or untreated depression. Those with
evidence of dementia [Mini-Mental State Examination (MMSE) [29] score <24 or Clinical
Dementia Rating (CDR) [30] sum of boxes score >0.5], functional impairment [Alzheimer’s
Disease Cooperative Study Activities of Daily Living (ADCS-ADL) basic inventory [31] <22],
or untreated depression [Center for Epidemiologic Studies Depression (CES-D) [32] score
>36] were excluded.

Determination of MCI

MCI was determined by a multistep screening process using the revised Mayo Clinic
criteria [27]. Participants were administered a neuropsychological testing battery consisting
of assessments in 4 cognitive domains: memory (Visual Reproduction II [33], Logical Memory
I1 [33], Rey Auditory Verbal Learning Test [34]), language (Boston Naming Test Naming Test
[35], Category Fluency [36]), visuospatial (Block Design [37], Picture Completion [37]) and
executive function (Trail Making Test B [38], Digit Symbol Test [37]). Raw test scores for
these primary cognitive domain measures were transformed into age-adjusted scaled scores
with a mean of 10 and a standard deviation (SD) of 3 using Mayo’s Older American Normative
Studies data [39-44]. Cognitive domain scores were calculated as the arithmetic mean of the
normatively derived scaled scores for all of the tests in that domain. Thus, a domain score of
10 indicates exactly average performance, while a score of 13 indicates performance 1 SD
above the mean relative to healthy age-matched peers. The cognitive domains, specific tests
within each domain and scoring method were identical to that used in the Mayo Clinic Study
of Aging [45, 46]. Participants who scored approximately 1 SD or more below the age-ad-
justed norms in any cognitive domain were considered for possible MCI and underwent a
complete neurobehavioral examination by the study neurologist to rule out any identifiable
neurologic disorder. Because aMCI and non-aMCI may represent different underlying patho-
logic processes and respond differently to the interventions, participants were further clas-
sified as having either aMCI (memory domain impaired) or non-aMCI (memory domain unim-
paired). The determination of presence and type of MCI was made prior to randomization by
consensus of the study investigators, neuropsychologists and neurologists after review of all
available data and according to published criteria [27].

Exercise Testing

A standard treadmill stress test (modified Balke protocol) with electrocardiogram (ECG)
and blood pressure monitoring was used to exclude participants with evidence of heart
disease or other abnormal responses to exercise. Briefly, after a 5-min warm-up, walking
speed was adjusted to elicit 70% of age-predicted maximal heart rate (HR max), and the
treadmill grade increased 2% every 2 min until volitional exhaustion. During the treadmill
test exercise, peak oxygen consumption (VO, peak) and HR max were determined by open
circuit spirometry (TrueMax 2400; Parvo-Medics, Sandy, Utah, USA) and ECG, respectively.

Drug Intervention

Participants randomized to the PIO or CON groups were given 30 mg of P10 or matching
placebo, respectively, to be taken once daily. After 1 month, the dose was increased to 45 mg
of PIO or matching placebo daily as tolerated. Adverse effects and clinical signs of heart failure
were assessed at 2 weeks, and at monthly follow-up visits. Brain natriuretic peptide, hemat-
ocrit, alanine aminotransferase and fasting glucose were monitored throughout follow-up. If
participants complained of adverse events that were intolerable, the dose of PIO or matching
placebo was titrated down to maintain therapy.
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Exercise Intervention

Participants randomized to the EET group began by walking on the treadmill for 15-20
min at moderate intensity (50-60% of HR max) as determined by baseline VO, peak testing.
Thereafter, exercise intensity was progressively increased to 80-85% of HR max, verified by
heart rate monitors. Participants were asked to attend supervised 60-min exercise sessions
3 days per week at our Exercise Research Laboratory. The EET group did not receive placebo.
There was no control exercise; rather, the CON group was instructed to maintain their current
level of physical activity.

Genetic Screening

Participants were prospectively screened and stratified according to the number of
copies of the APOE €4 allele (0, 1 or 2). Briefly, genomic DNA was isolated from whole blood
using a QIAamp DNA Mini Kit (Qiagen, Valencia, Calif., USA). The APOE rs429358 polymor-
phism (¢.388 T>C; p.Cys130Arg) was genotyped in duplicate by PCR-pyrosequencing analysis
(Qiagen) using the following primers: PCR forward, 5'-biotin-GCGGACATGGAGGACGTG-3';
PCR reverse, 5'-ACTGCCAGGCGCTTCTGC-3’, and sequencing, 5'-ACTGCACCAGGCGGC-3'.

Outcome Measures

Cognitive Function

The 4 primary cognitive outcome variables included the change from baseline in the total
score for each of the 4 cognitive domains (memory, language, visuospatial and executive
function).

Secondary cognitive outcomes included change from baseline in the Alzheimer’s Disease
Cooperative Study (ADCS) MCI revision of the Alzheimer’s Disease Assessment Scale-Cog-
nitive subscale (ADAS-Cog) [47], Stroop Color-Word Interference test [48], the Digits
Backward component of the Wechsler Adult Intelligence Scale-Revised Digit Span test [49],
and the Clock Drawing test [50]. All cognitive testing was performed by a trained psychome-
trician in a private setting at baseline and 6 months.

Insulin Sensitivity

Single-stage (40 mU/m?/min), 3-hour hyperinsulinemic, euglycemic clamps were
performed at baseline and 6 months using the methods of DeFronzo et al. [51] and as previ-
ously described [52]. Clamps were performed at the University of Colorado Clinical and Trans-
lational Research Center following a 3-day standardized diet, 12-hour fastand >36 h after any
vigorous exercise. After baseline measurement, insulin was infused (10 min prime, then
constant rate) to maintain hyperinsulinemia. Arterialized [53] plasma glucose was measured
at bedside every 5 min, and 20% dextrose infusion was variably adjusted to maintain eugly-
cemia at 90 mg/dl. Blood samples were collected at baseline and every 10 min, under steady-
state conditions, at the end of the insulin clamp (150, 160, 170 and 180 min) for determination
of plasma substrate and hormone concentrations. Whole-body glucose disposal rates (GDR;
mg/kg/min) were estimated from the steady-state glucose infusion rates.

Body Composition

Whole-body and regional (trunk, arm and leg) fat mass, lean mass, and bone mineral
density were measured by dual X-ray absorptiometry (Hologic Delphi-W; software version
11.2) at baseline and 6 months.

Metabolic and Inflammatory Markers

Assays were performed after an overnight fast at baseline and 6 months. Serum cytokine
levels included high-sensitivity C-reactive protein (immunoturbidimetric method; Beckman
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Coulter, Brea, Calif,, USA), interleukin (IL)-6 and tumor necrosis factor (TNF)-a (ELISA; R&D
Systems, Minneapolis, Minn., USA). Hemoglobin (Hb) Alc was measured using HPLC, and
lipids (total, high-density lipoprotein-C direct, low-density lipoprotein-C direct and triglyc-
erides) were measured using enzymatic methods. All assays were performed by the Uni-
versity of Colorado Clinical and Translational Research Center Core Laboratory.

Statistical Analysis

The primary statistical analysis was an intention-to-treat analysis of the change from
baseline in each of the 4 cognitive domains. The mean change with PIO or EET, separately,
was compared with the mean improvement with CON in a linear regression conditioned on
the stratification categories (MCI subtype and number of APOE €4 alleles) and the baseline
level of the outcome variable. We defined statistical significance as a two-sided p value
<0.0125 (= 0.05/4) to adjust for multiple comparisons. Secondary analyses of the effects of
treatment on IR (GDR) and VO, peak were conducted using the same approach used for the
primary analyses. Spearman’s rank correlations were estimated to evaluate the association
between change in GDR and the cognitive domain scores. Baseline characteristics of the
treatmentgroups were compared using the global F testfrom a one-way ANOVA for continuous
measures or a x? test for independent proportions for categorical measures. Power calcula-
tions suggested that a sample of 27 participants per group would provide at least 80% power
to detecta change of approximately 0.9 SD across each of the 4 cognitive domains. All analyses
were prespecified and prioritized in a statistical analysis plan filed prior to data analysis. All
analyses were conducted using SAS version 9.2 (SAS Institute Inc., Cary, N.C., USA).

Results

Participant Characteristics

Seventy-eight eligible volunteers were randomized to intervention; of these, 12 (15%)
dropped out and refused follow-up (fig. 1). The 66 participants who completed the inter-
vention (85%) were included in the analysis. Participants who dropped out were younger
and more likely to be in the EET group, but were not different from completers in any other
baseline characteristics or primary measures of cognitive function. Among the participants
included in the analysis, baseline differences among the 3 groups were found in ethnicity and
scores on the CES-D, ADAS-Cog and Digits Backward (table 1). Ninety percent of the sample
was characterized as having aMCI.

Intervention Compliance, Physiological Changes and Adverse Effects

Adherence to the study drug determined by pill count at monthly visits was 76% in the
PIO group and 89% in the CON group (p = 0.22). The average PIO dose at the end of the study
was 39 mg; 85% of PIO participants were titrated to and remained at the 45-mg dose.
Adherence to exercise (attending >65% of sessions) was 82% in the EET group. On average,
the EET group exercised 2.6 + 1.0 days per week and 97.9 * 52.6 min per week. The average
HR during exercise was 80 + 5% of HR max. The interventions were well tolerated. Expected
increases in upper respiratory infections (6 PIO; 0 CON) and peripheral edema (4 PIO; 2 CON)
were seen in the P10 group. There were no cases of new or worsening heart failure in the P10
group. Musculoskeletal complaints were more common in the EET group (5 EET; 0 CON).

Oxygen uptake at peak exercise (VO; peak, ml/kg/min) increased by 12.4% in the EET
group compared with 6.0 and 2.0% in the CON and PIO groups, respectively; however, none
of these changes was statistically significant (table 2). Compared to CON, GDR increased and
fasting insulin decreased in the P10 group, but not in the EET group. There was no change in
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Enrollment Assessed for eligibility (n = 396)

Excluded (n = 318)
» Not meeting inclusion criteria (n = 245)
« Declined to participate (n = 73)

Y

Allocation | Randomized (n = 78) |
\4
CON (n =27) EET (n = 26) PIO (n = 25)
A4 A/ A4
Lost to follow-up Lost to follow-up Lost to follow-up
Unwilling to participate (n = 2) Unwilling to participate (n = 9) Unwilling to participate (n = 1)

Analysis

Y Y Y

Analyzed (n = 25) Analyzed (n = 17) Analyzed (n = 25)

Fig. 1. Participant flow diagram.

HbA1c in the PIO or EET group compared with CON. Fasting triglycerides and IL-6 decreased
in all groups; however, neither intervention group differed from CON. Fat mass decreased in
the EET group compared to CON; there were no other significant changes from baseline to 6
months in body composition, blood pressure, metabolic or inflammatory markers.

Cognitive Change Analyses

Cognitive performance did not change significantly from baseline to 6 months in any
group in any of the 4 domains (table 3). There was no measureable effect of either EET or PIO
on the change in any cognitive domain score compared with CON. The only statistically signif-
icant difference in the secondary cognitive outcomes was greater improvement on the
ADAS-Cog in EET [-1.6, 95% confidence interval (CI) -4.9, 1.6] compared with CON (-0.3,
95% CI -3.5, 3.0; p = 0.05).

Exploratory analysis of the individual cognitive tests comprising the various domains
showed that scores on the Block Design test improved in the EET group, although the change
was not significantly different from CON; there was no change in the P10 group. Performance
on the Visual Reproduction test significantly declined in the participants in the PIO group
compared to CON. There were no significant correlations in any group between either change
in GDR or change in VO, peak and cognitive performance.

Discussion
In older adults with MCI and IR, 6 months of PIO had no apparent effect on cognitive
performance relative to CON. Six months of EET also had no apparent effect on cognitive

performance relative to CON, although the high attrition and lack of training effect in the EET
group limits the interpretation of these results. To our knowledge, this pilot study is the first
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Table 1. Demographic and clinical characteristics of the participants at baseline

CON EET PIO p value

(n=25) (n=17) (n=24)
Age, years 64+7 65+6 68+7 0.09
Females 15 (60.0) 7 (41.2) 13 (54.2) 0.48
White 23 (92.0) 15 (88.2) 20 (83.3) 0.51
Hispanic 0 (0.0) 0 (0.0) 4 (16.7) 0.03
Education, years 16+2 16+3 16+2 0.62
aMCI 22 (88.0) 15 (88.2) 22 (91.7) 0.90
APOE ¢4 alleles 0.97

0 18 (72.0) 11 (64.7) 18 (75.0)

1 6 (24.0) 5(29.4) 5(20.8)

2 1(4.0) 1(5.9) 1(4.2)
Antihypertensive medication 10 (40.0) 8(47.1) 14 (58.3) 0.43
Lipid-lowering medication 8(32.0) 7 (41.2) 8(33.3) 0.82
Antidepressant medication 4 (16.0) 4 (23.5) 7 (29.2) 0.54
CES-D 11.1+7.9 9.1+6.1 6.6+3.7 0.04
MMSE 28.8+1.3 28.6+1.1 28.4+1.3 0.64
CDR sum of boxes 0.2+0.3 0.1+0.2 0.2+0.2 0.29
Body composition, metabolic and inflammatory measures
Weight, kg 84.1+14.2 85.3+17.5 84.0+14.8 0.96
BMI 29+4 29+3 31+5 0.40
Waist circumference, cm 104.0+10.3 104.1+12.1 106.3+9.3 0.70
Fat mass, kg 32.1+7.4 30.4+7.4 32.5+9.8 0.72
Fat-free mass, kg 52.0+11.5 549+3.3 51.5+11.7 0.65
SBP, mm Hg 121+13 125+13 127+11 0.19
DBP, mm Hg 76+9 76+10 77+7 0.87
VO, peak, I/min 2.0+.5 1.9+0.5 1.7+0.5 0.22
Glucose disposal rate, mg/kg/min 5.7£2.0 5.6+£2.2 59+2.6 0.92
HbA1c,% 59+0.4 6.0£0.3 5.9£0.5 0.67
Fasting glucose, mg/dl 101+12 102+9 101+13 0.98
Fasting insulin, pU/ml 16.8+7.8 17.1+£8.9 14.5+£6.2 0.45
Leptin, ng/ml 22.2+13.8 18.4+10.1 27.3+22.7 0.25
Total cholesterol, mg/dl 171+36 177+44 162+36 0.46
Triglycerides, mg/dl 136+65 200+226 121442 0.12
HDL cholesterol, mg/dl 41+10 40+10 40+8 0.92
LDL cholesterol, mg/dl 103+27 103+37 98+31 0.84
CRP, mg/1 29+£2.7 3.9+£5.0 3.0£3.6 0.70
IL-6, pg/ml 1.8+1.1 10.4+32.7 1.9+1.2 0.21
TNF-a, pg/ml 1.5+0.9 1.4+0.5 1.8+2.2 0.71
Cognitive measures
Memory domain 9.7+2.1 9.5+2.5 9.2+25 0.80
Language domain 10.8+2.3 11.0+1.7 10.0x1.9 0.26
Visuospatial domain 11.0+2.0 11.6+2.3 10.6+1.8 0.29
Executive domain 9.1+2.1 10.8+2.3 9.9+2.3 0.07
ADAS-Cog 54+2.8 55+1.8 7.2+2.8 0.04
Stroop Color-Word response time, ms 1,474+374 1,339+346 1,574+516 0.22
Digits Backward 6.3+1.7 7.8+1.9 6.3+1.8 0.01
Clock Drawing 19.3+0.9 19.4+0.9 19.3+£1.0 0.95

Values are presented as means * SD or n (%). BMI = Body mass index; SBP = systolic blood pressure;
DBP = diastolic blood pressure; HDL = high-density lipoprotein; LDL = low-density lipoprotein; CRP =
C-reactive protein.
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Table 2. Change from baseline in body composition and metabolic and inflammatory markers

CON (n =25) EET (n=17) PIO (n = 24) p value

EET vs. PIOvs.

CON CON
Weight, kg -2.5(-6.0,1.0) -3.6(-7.1,-0.1) -2.1(-5.6,1.4) 0.17 0.59
Fat mass, kg -2.3(-5.2,0.6) -3.7(-6.6,-0.8) -1.8(-4.7,1.2) 0.03 0.31
Fat-free mass, kg -0.3(-2.3,1.7) 0.1(-2.0,2.1) -0.5(-2.5,1.6) 0.47 0.62
BMI -0.9(-2.1,0.4) -1.2(-2.4,0.1) -0.6 (-1.9,0.6) 0.25 0.32
SBP, mm Hg -5.4(-20,9.4) -10 (-25,4.5) -10 (-25,4.4) 0.13 0.11
DBP, mm Hg 3.5(-5.4,12.5) 0.0 (-9.0,9.1) 0.5(-8.5,9.6) 0.08 0.10
VO, peak, 1/min 0.0 (-0.4,0.5) 0.2 (-0.2,0.6) 0.0 (-0.4,0.5) 0.11 0.99
VO, peak, ml/kg/min 1.3 (-4.1,6.7) 3.2(-2.3,87) 0.9 (-4.6, 6.4) 0.12 0.72
Metabolic markers
HbAlc, % -0.1(-0.2,0.0) -0.0 (-0.2,0.1) -0.2(-0.4,-0.1) 0.65 0.20
Leptin, ng/ml -0.4 (-4.2,3.4) -0.5(-5.0,4.1) 0.5(-3.4,4.5) 0.99 0.72
Fasting glucose, mg/dl -1.4 (-3.7,1.0) 0.7 (-2.1, 3.5) -2.3(-4.7,0.1) 0.27 0.60
Fasting insulin, pU/ml -0.4 (-3.2,2.5) 3.3(-0.0,6.7) -6.7 (-9.6,-3.8)  0.10 0.003
Glucose disposal rate, mg/kg/min 0.1 (-0.6, 0.8) 0.7 (-0.1, 1.6) 1.7 (0.9,2.4) 0.25 0.002
Total cholesterol, mg/dl -1.5(-10.0,6.9) -57(-15.3,38) -7.0(-159,19) 0.52 0.39
Triglycerides, mg/dl -21.9(-39.9,-3.9) -24.3 (-44.8,-3.8) -28.5(-47.5,-9.4) 0.86 0.62
HDL cholesterol, mg/dl 1.7 (-5.3,8.7) -1.0 (-9.1,7.1) -5.1(-125,2.2) 0.62 0.18
LDL cholesterol, mg/dl -0.5(-2.7,1.6) -2.0 (-4.4,0.4) 0.6 (-1.6,2.9) 0.38 0.46
Inflammatory markers
CRP, mg/1 1.4 (-2.2,4.9) -1.0 (-5.3,3.2) 2.9 (-0.8, 6.6) 0.39 0.55
IL-6, pg/ml -1.5(-2.1,-1.0) -2.2(-28,-1.5) -1.8(-2.3,-1.2) 0.15 0.57
TNF-a, pg/ml 0.1(-0.2,0.4) -0.2 (-0.6,0.2) -0.2(-0.5,0.1) 0.22 0.20

Values are unit change (95% CI). Estimates were done in a regression model controlling for baseline value,
number of APOE €4 alleles, and MCI subtype.

to examine both of these interventions in a rigorous randomized controlled trial in a popu-
lation at high risk for cognitive decline by virtue of having both MCI and IR.

TZDs are agonists of the peroxisome proliferator-activated receptor-y (PPAR-y) that
decrease plasma insulin and glucose, and improve insulin sensitivity [21]. TZDs also have
ancillary properties that make them an attractive potential therapy for the prevention or delay
of cognitive decline and AD. Specifically, TZDs have been shown to decrease markers of inflam-
mation and promote vasodilation in humans [21]. Recent evidence suggests that PPAR-y
agonists may also reduce accumulation and increase clearance of -amyloid [54]. Two studies
of rosiglitazone have found improvements in some areas of cognitive function in participants
with aMCI and mild to moderate AD [23, 24]. However, more recent studies failed to find any
effect of rosiglitazone on cognition in participants with mild to moderate AD either as mono-
therapy [55] orasanadjunctto treatmentwith cholinesterase inhibitors [56].To our knowledge,
only 2 other groups have studied the effects of PIO on cognition in participants with MCI or AD.
One group reported improvements in the ADAS-Cog and WMS-R logical memory in partici-
pants with mild to moderate AD or aMCI and noninsulin-dependent type 2 diabetes who
received PIO for 6 months (15-30 mg daily) compared with placebo in a randomized open
controlled study [25, 26]. A second double-blind randomized controlled trial of the safety of
PIO (up to 45 mg daily) in nondiabetic participants with probable AD found that P10 was well
tolerated over an 18-month period, but had no effect on the secondary cognitive outcomes [57].

To our knowledge, ours is the first study to rigorously investigate the mechanistic role of
IR in cognitive decline. We found that PIO significantly improved IR but not cognitive function.
Although GDR determined by hyperinsulinemic-euglycemic clamp is the gold standard for
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Table 3. Change in cognitive function scaled scores from baseline

CON (n =25) EET (n=17) PIO (n = 24) p value
EET vs. PIOvs.

CON CON
Memory Domain Scaled Score 1.2 (-1.0,3.4) 0.7 (-1.5,2.8) 0.8(-1.4,2.9) 0.29 0.35
Visual Reproduction II [33] 1.4 (-2.4,5.1) 0.2(-3.5,39) -0.5(-43,3.2) 0.15 0.009
Logical Memory II [33] 1.5 (-2.5,5.5) 09(-3.0,48) 1.8(-2.1,5.8) 0.48 0.73
Rey Auditory Verbal Learning Test [34] 0.8 (-2.3, 4.0) 1.0 (-2.1,4.1) 1.0(-2.1,4.2) 0.82 0.74
Language Domain Scaled Score 0.4 (-1.9, 2.6) 0.6 (-1.6,2.8) 0.4 (-1.8,2.6) 0.62 0.95
Boston Naming Test [35] 0.8(-2.7,4.4) 0.5(-3.1,4.0) 1.0(-2.5,4.5) 0.61 0.85
Category Fluency [36] -0.4 (-2.8,2.0) 0.5(-1.9,2.8) -0.4(-2.8,2.0) 0.10 0.97
Visuospatial Domain Scaled Score 0.8(-1.2,2.8) 1.1(-09,3.1) 03(-1.7,2.3) 0.51 0.19
Block Design [37] 1.9 (-0.9,4.7) 2.8(0.1,5.5) 1.5(-1.3,4.3) 0.14 0.41
Picture Completion [37] 0.1(-2.7,29) -0.1(-29,2.6) -0.6(-34,2.1) 0.73 0.20
Executive Domain Scaled Score 09 (-1.1,2.9) 0.7 (-1.2,2.6) 1.0(-0.9,3.0) 0.64 0.66
Trail Making Test B [38] 1.5 (-1.6,4.5) 0.8(-2.1,37) 14(-1.6,44) 0.29 0.89
Digit Symbol Test [37] -0.4(-2.1,1.3) 0.1(-15,18) 0.1(-1.6,17) 0.16 0.19

Values are unit change (95% CI).

assessing insulin sensitivity, there is no accepted cutoff value for determining IR; rather, GDR
exists on a spectrum from extremely sensitive to extremely resistant. A GDR of <4.7 mg/kg/
min has been proposed as a conservative estimate for IR based on data from 18 independent
40 mU/m?/min clamp studies [58]. The mean GDR in the present study was 5.68 + 2.21 mg/
kg/min, suggesting the degree of IR was mild. Although we found no correlation between
change in GDR and change in cognitive performance, a larger sample with a greater distri-
bution of GDR values may be needed to detect an association.

The participants in this study differed from those in previous studies of TZDs in several
potentially important ways. First, the degree of cognitive impairment was very mild, as
evidenced by baseline MMSE, CDR and cognitive domain scores. Thus, compared to previous
studies which have primarily included patients with AD or more advanced MCI, participants
in the present study were far less impaired. Second, both aMCI and non-aMCI participants
were included. These subtypes likely have different underlying pathology, with the former
more strongly associated with AD, and may therefore respond differently to the interven-
tions. With the exception of a decrease in TNF-a in the EET group compared to CON, results
from exploratory post hoc analyses on 90% of the sample with aMCI were not significantly
different from those on the full sample (online suppl. table 1). Third, 29% of the participants
in this study were APOE €4 carriers, whereas previous studies of MCI patients have reported
rates >40% [24, 26]. In exploratory post hoc analyses, memory domain scores improved
among noncarriers assigned to P10, but improvements were not significantly different from
CON (online suppl. table 2). Conversely, visuospatial domain scores decreased among noncar-
riers in the PIO group compared to CON. Among noncarriers assigned to EET, IL-6 levels
decreased and fasting insulin increased compared to CON. These results must be interpreted
cautiously due to the small sample sizes, but they suggest there may be differential responses
to the interventions between APOE €4 carriers and noncarriers. Participants were rigorously
evaluated to rule out cognitive impairment due to vascular disease or other medical condi-
tions, but it is possible that this population was skewed toward the subset of individuals with
MCI who do not convert to AD, particularly as biomarkers of AD were not assessed. These
characteristics may explain the absence of decline in any cognitive domain in the CON group;
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indeed, small improvements in all domains were observed across groups. The mild degree of
impairment may have contributed to a learning effect and made it more difficult to detect
changes in cognitive performance.

[t is possible that actions of PIO other than reducing IR may be important for supporting
cognitive function. Although IL-6 and triglycerides decreased in the PIO group, the changes
were not different from CON. Markers of amyloid were not assessed in this study. Although
IR has been repeatedly associated with an increased risk of AD and IR has been demonstrated
in the brains of persons with AD [59], the relation between peripheral and central IR with
respect to cognition is unclear, and improvements in peripheral IR may not translate into
central improvements, which are not easily measured. This is supported by recent studies
demonstrating cognitive benefits of intranasal insulin which bypasses the periphery and
delivers insulin directly to the brain [60].

Data from epidemiologic [61] and randomized controlled trials [22, 62-64] strongly
support a beneficial role for physical activity and exercise on cognitive function. The potential
mechanisms by which exercise may improve cognition are not known, but may include
improvements in IR [20]. In the present study, attrition in the EET group was high, and while
session attendance was high, adherence to the prescribed exercise intervention was subop-
timal as evidenced by the lack of improvement in VO, peak and IR; thus, we cannot draw any
conclusions about the effects of aerobic exercise in this study. Our group has successfully
trained older adults with a similar intervention in previous studies [65-69], and the intensity
of the exercise intervention in the present study was similar to that used by Baker et al. [64]
in cognitively normal participants, but less intense than that in previous studies in MCI
patients. It has been suggested that cognitive function may affect adherence to exercise [70]
and that achieving a higher degree of exercise intensity may require protocol adaptations in
a cognitively impaired population.

This pilot study has some important limitations. Sample sizes for each group were slightly
smaller than planned for, and attrition in the EET group was higher than anticipated; thus,
the study was underpowered. However, given that there was no significant change in cognitive
domain scores in any group, the likelihood of a type Il error is small. We did not include a true
active control for the exercise group (e.g. stretching) or a combined PIO + EET group. It is
possible that practice effects may underlie the small improvements seen from baseline to 6
months; however, use of change scores would likely have equalized these effects across
groups. While we used a comprehensive cognitive testing battery, it is possible that other
aspects of cognition were affected by the intervention. We did not measure any biomarkers
of AD [1] and thus cannot be certain that all of the participants had early AD, although 90%
had aMCI, which is generally thought to represent early AD. We used the ATP-III criteria for
central obesity to coarsely screen for IR. Although waist circumference is a strong predictor
of IR [71, 72], not all individuals with central obesity demonstrate IR. The average fasting
glucose and HbA1c of the population were within the ‘prediabetes’ range [73], but the degree
of IR was mild, with some participants below the lower range. It is possible that outcomes
may differ in a more insulin-resistant population. Finally, the participants were primarily
white, highly educated and generally healthy. Whether our findings would extend to other
populations is not known.

Conclusion
Despite evidence supporting a mechanistic role of IR in the development and progression

of cognitive impairment, 6 months of PIO did not appear to improve cognitive performance
in older adults with MCI and IR in this pilot study. The effects of EET were inconclusive due
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to the high attrition rate and lack of training effect. The current lack of effective treatments
for AD and the rapidly increasing burden of the disease highlight the urgent need for inter-
ventions to delay or prevent decline in individuals with prodromal AD. Studies of longer
duration in patients with a range of levels of cognitive impairment along the spectrum to AD
and exercise interventions tailored to those with cognitive impairment may be helpful in
determining the effects of interventions targeting IR on cognitive function.
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